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EDITORIAL

The Millennium Development Goals
A Challenge to Epidemiologists
Margaret F. McCann

W

ith this issue, EPIDEMIOLOGY joins with more than 230 journals throughout the world
in the Council of Science Editors’ Global Theme Issue on Poverty and Human
Development.1 The purpose of this initiative is “to raise awareness, stimulate interest, and
stimulate research into poverty and human development.”1 For us as epidemiologists, this
theme translates to a focus on poverty and health.
The Millennium Development Goals (MDGs)2 include a litany of high-priority
health concerns (Table). Although these Goals cry out for the attention of epidemiologists,
they are seldom mentioned in epidemiology circles. The Millennium Declaration and the
MDGs were adopted by the member states of the United Nations in 2000; we are now
midway between their adoption and the target date of 2015. Results are mixed, but UN
officials are confident that the Goals are achievable—if adequate resources are forthcoming.2 Although these necessary resources are primarily financial, they also include a
knowledge base to guide the effective deployment of interventions. What are the
underlying causes of these health and development concerns? What interventions are most
successful? How can indicators of success best be measured? These questions are the
domain of epidemiologists.
The 8 MDGs and selected indicators are presented in the Table. Progress has been
made in eradicating extreme poverty and hunger (Goal 1), but this progress has not been
uniform. Rates continue to be high in both sub-Saharan Africa and Southern Asia
(primarily the Indian subcontinent). Jeffrey Sachs3 argues that the poorest countries are
trapped below the first rung of the development ladder, unable to gain a foothold. African
countries in particular are stuck in this “poverty trap.”
Where poverty is being reduced, income inequality is stark and rising. The poorest
20% of the population in developing countries was responsible for only 5% of national
consumption in 1990, and this figure declined to 4% in 2004; the lowest share is for Latin
America and the Caribbean, at 3%.4
Rates of primary education (Goal 2) and of disparity between girls’ and boys’
enrollment rate (Goal 3) are improving—again, with dramatic differences among regions.
An intervention that illustrates the interrelated nature of the Millennium Goals is
providing meals for schoolchildren, which could simultaneously improve their health,
their ability to focus on their schoolwork, and their attendance at school.3
Goal 4 calls for a reduction in child mortality. Deaths to children under the age of
5 years (per 1000 live births) have decreased in developing regions from 106 in 1990 to
87 in 2004. Still, these numbers are in sharp contrast to the current rate of 7 per 1000 in
developed regions.4 Similarly, the infant mortality rate has declined from 72 to 59 (per
1000 live births) in developing countries, whereas the rate in the developed world is 6.
Rates are highest in sub-Saharan Africa. The biggest reductions in child mortality have
occurred for children who live in urban areas, whose mothers have some education, and
whose families are in the upper income levels.2 There are also unexpected variations
among countries; for example, Cuba has a lower infant mortality rate than the United
Copyright © 2007 by Lippincott Williams & Wilkins
ISSN: 1044-3983/07/1806-0653
DOI: 10.1097/EDE.0b013e3181577669
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TABLE. Progress Toward the Millennium Development Goals: Selected Indicators
1. Eradicate extreme poverty and hunger
Halve, between 1990 and 2015, the proportion of people whose income is less than $1 per day
Percent of people living on less than $1 per day
1990
32
2004
19
Percent share of poorest quintile in national consumption
1990
4.6
2004
3.9
Halve, between 1990 and 2015, the proportion of people who suffer from hunger
Percent of children under age 5 yr, who are underweight
1990
33
2005
27
2. Achieve universal primary education
Ensure that, by 2015, children everywhere, boys and girls alike, will be able to complete a full course of primary schooling
Percent of primary-school-age children who are enrolled in school
1991
80
2006
88
3. Promote gender equality and empower women
Eliminate gender disparity in primary and secondary education preferably by 2005 and in all levels of education no later than 2015
Ratio of girls’ primary-school enrollment percent to boys’ enrollment percent4
1991
0.87
2004
0.94
4. Reduce child mortality
Reduce by two-thirds, between 1990 and 2015, the under 5 mortality rate
Mortality rate of children under age 5 yr per 1000 live births
1990
106
2005
83
Infant deaths per 1000 live births4
1990
72
2004
59
Percent of children 12-23 mo, who received at least 1 dose of measles vaccine
1990
71
2005
75
5. Improve maternal health
Reduce by three-quarters, between 1990 and 2015, the maternal mortality ratio
Maternal deaths per 100,000 live births, 20004
450
Percent of deliveries attended by skilled health care personnel
1990
43
2005
57
Percent of married women, age 15-49 yr, who are currently using contraception
1990
55
2005
64
6. Combat HIV/AIDS, malaria, and other diseases
Have halted by 2015 and begun to reverse the spread of HIV/AIDS
Percent of adults, age 15-49, with HIV4
1990
0.4
2005
1.1
Have halted by 2015 and begun to reverse the incidence of malaria and other major diseases
Percent of children sleeping under insecticide-treated bed nets
Senegal
7
Zambia
23
(Continued )
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TABLE. (Continued)
Tuberculosis cases per 100,000 population
1990
2006

367
255

7. Ensure environmental sustainability
Integrate the principles of sustainable development into country policies and programs and reverse the loss of environmental resources
Emissions of carbon dioxide (CO2) (billions of metric tons)
Developing regions
1990
6.9
2004
12.4
Developed regions
1990
9.7
2004
12.5
Halve, by 2015, the proportion of the population without sustainable access to safe drinking water and basic sanitation
Percent of population using improved sanitation
1990
35
2004
50
Improve the lives of at least 100 million slum dwellers by 2020
Percent of urban population living in slums
1990
47
2005
37
8. Develop a global partnership for development
(See text.)
Results are presented for developing regions of the world, unless otherwise indicated.
From The Millennium Development Report 2007,2 unless otherwise indicated.

States.5 These comparisons may hold some clues as to which
causes of death merit the most attention and which interventions may be most successful.
Another indicator related to Goal 4 is the percent of
children who have received at least one dose of measles
vaccine. Vaccination efforts since 2000 have dramatically
decreased the numbers of measles deaths to children—from
873,000 worldwide in 1999 to 345,000 in 2005.2 Although
this decline was sharpest in Africa, vaccination coverage
continues to be lowest in sub-Saharan Africa, as well as in
Oceania and Southern Asia. Measles vaccination is not only
an important indicator in its own right, but serves as a
surrogate for access to basic health services. Measles vaccination programs are an opportunity for capacity-building and
for providing other interventions, such as mosquito nets and
vitamin A supplements.2
Despite the goal of improving maternal health (Goal 5),
more than half a million women die each year from complications of pregnancy and childbirth.2 In developing regions,
450 mothers die for every 100,000 live births, compared with
14 in developed regions; the figure for sub-Saharan Africa is
920 and for Southern Asia, 540.4 Causes of death vary
considerably among regions, necessitating careful consideration of possible interventions in each locale.2
The proportion of deliveries attended by skilled health
care personnel has increased slightly, from just under half to
just over half (Table). Women who have completed at least
© 2007 Lippincott Williams & Wilkins

secondary school are twice as likely to have skilled personnel
at their deliveries, compared with mothers who have no
education.2 Coverage of prenatal care is also improving; most
women in all regions are now seen for at least one prenatal
visit, although the recommended 4 visits are much less likely.
Prevention of unplanned pregnancy could potentially
avert one-fourth of maternal deaths. Contraceptive prevalence is increasing (Table), but remains particularly low in
sub-Saharan Africa (21%).2 A recent report from the British
Parliament6 states that the Millennium Goals “are difficult or
impossible to achieve with the current levels of population
growth,” “improved access to family planning is one of the
most cost-effective ways of reducing infant and maternal
mortality,” and “关t兴he ability of women to control their own
fertility is absolutely fundamental to women’s empowerment
and equality.”
Goal 6 is to combat HIV/AIDS, malaria, and other
diseases. The statistics for HIV are grim. Worldwide, 4.3
million people became infected with HIV in 2006; 40 million
people are living with HIV; and 2.9 million died of AIDS in
2006.2 HIV prevalence is estimated to be 1.1% for adults (age
15– 49) in developing regions and 0.5% in developed regions—and a staggering 5.8% in sub-Saharan Africa.4 Only
28% of persons with HIV in developing regions are receiving
antiretroviral treatment.2 Even worse, only 11% of HIVpositive pregnant women receive services to prevent HIV
transmission to their infants.2
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Malaria intervention efforts have intensified in the last
decade; increases are being seen in the percent of children
sleeping under insecticide-treated bed nets (Table) and in use
of the recommended therapy.2 The prevalence of tuberculosis
is also falling (Table).
Ensuring environmental stability (Goal 7) remains well
out of reach.2 Emissions of greenhouse gases continue to
increase dramatically in both developed and developing regions (Table). The percent of the population using improved
sanitation is increasing and the percent of urban residents
who live in slums is decreasing, but progress is slow.
A global partnership for development (Goal 8) will
require official development assistance, market access, debt
relief, and access to affordable essential drugs and new
technologies (especially information and communications).2,3
Most critical is the need for developed countries to fulfill their
commitments to allocate 0.7% of gross national income to
official development assistance, as promised in the Millennium Declaration and subsequent multilateral agreements.
Sadly, only 5 countries have so far met this goal (Denmark,
Luxembourg, the Netherlands, Norway, and Sweden).2 Official development assistance in 2006 represented only 0.3% of
developed countries’ national income and is in fact decreasing: the total in 2006 was $100 billion less than in 2005.
How can epidemiologists play a role in achieving the
Millennium Development Goals? Several papers in this issue
of EPIDEMIOLOGY provide examples. Fleischer et al8 find
depressive symptoms among low-income women in rural
Mexico to be associated with such factors as low socioeconomic status (Goal 1: eradicating extreme poverty), low
educational attainment (Goal 2: universal primary education),
and lack of personal control (Goal 3: empowering women).
Cesar Victora9 focuses his commentary on the challenges of
assessing progress toward the fourth Goal—reducing child
mortality; he asks, “Where are the epidemiologists?”
Marie O’Neill10 and other officers of the International
Society for Environmental Epidemiology (ISEE; the journal’s
affiliate society) discuss the role of environmental epidemiologists in the study of poverty, environment and health
(Goal 7: environmental sustainability). Another paper addressing environmental concerns looks at air pollution, social
deprivation, and mortality (Njss et al11). Earlier this year in
these pages Colin Soskolne and colleagues in ISEE12 called
for expanding the scope of environmental epidemiology to
better address the complexities of environmental sustainability. In the same issue, researchers from the World Health
Organization concluded that 24% of the global burden of
disease was due to environmental health factors, that much of
this could be averted by existing cost-effective interventions,
and that doing so would address several of the other MDGs.13
Commenting on these 2 papers, Jonathan Samet14 noted that
one of the challenges for this ambitious agenda is funding,
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Low-tech and high-tech in Hanoi: signs of global development.

suggesting that epidemiologists play a role in soliciting funds
for this endeavor.
The United Nations report on the Millennium Goals2
notes that political stability and achievement of development
goals are interdependent—a point illustrated by Paula
Brentlinger and Miguel Hernán15 in their examination of
armed conflict and poverty in Central America. Finally,
Nancy Krieger16 argues that “epidemiologists cannot ignore
poverty” in that poverty and inequity are intertwined with
most conditions important to public health.
The MDGs have become the currency of the realm
for demographers, economists, and others involved in
international development. It’s time for these Goals to
become an explicit part of the research agenda for epidemiology, as well.
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Why Epidemiologists Cannot Afford to Ignore Poverty
Nancy Krieger
Abstract: Epidemiologists cannot afford to ignore poverty. To do so
would, first, wrongly obscure the devastating impact of poverty on
population health, and, second, undercut our commitment to scientific rigor. At issue is doing correct science, not “politically correct”
science. Blot poverty and inequity from view, and not only will we
contribute to making suffering invisible but our understanding of
disease etiology and distribution will be marred. To make this case,
I address current debates about the causal relationships between
poverty and health, and provide examples of how failing to consider
the impact of socioeconomic position has biased epidemiologic
knowledge and harmed the public’s health. By definition, the people
we study are simultaneously social beings and biologic organisms—
and we cannot study the latter without taking into account the
former. It is the responsibility of all epidemiologists, and not only
social epidemiologists, to keep in mind the connections between
poverty and health.
(Epidemiology 2007;18: 658 – 663)

T

he topic of poverty is nothing new to epidemiology.
Indeed, our field’s emergence as a scientific discipline
in the early 19th century was intimately entangled with
research on destitution, spurred by the global public health
impact of that era’s massive transformations in ways of
living and of dying.1– 4 The Industrial Revolution and the
unleashing of laissez-faire capitalism sparked the creation of
a fast-growing impoverished urban working class, massive
increases in international trade, and an expanding military
presence in colonized countries and outposts across the 5
continents.1– 4 Cities in Europe and the Americas swelled in
size, as did their levels of squalor, stench, poverty, and
disease.1– 4 Cholera and yellow fever were brought to the
“West” by army routes and commerce, including the slave
trade. These devastating “emerging diseases” of the age were
all the more dreadful because they were lethal maladies of
unknown etiology and inexplicable onset.1– 4 To these diseases and the other endemic causes of death, the poor disFrom the Department of Society, Human Development and Health, Harvard
School of Public Health, Boston, Massachusetts.
Correspondence: Nancy Krieger, Department of Society, Human Development and Health, Kresge 717, Harvard School of Public Health,
677 Huntington Avenue, Boston, MA 02115. E-mail: nkrieger@hsph.
harvard.edu.
Copyright © 2007 by Lippincott Williams & Wilkins
ISSN: 1044-3983/07/1806-0658
DOI: 10.1097/EDE.0b013e318156bfcd
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proportionately succumbed.1– 4 Available jobs paid starvation
wages and were dangerous; slum housing was unsafe,
crowded, and without private plumbing; malnutrition and
other comorbidities were rampant; and the poor could not
afford to flee these conditions when pestilence struck.1– 4
Through the urgent study of these problems, epidemiology, as
a self-designated field of scientific study, was born.1
Epidemiology’s early focus on poverty was thus a
necessity, not an option. But in this widely-trumpeted era of
the human genome,5–7 what relevance does poverty have to
epidemiology today?
One ready answer: in a world where 2 in 5 of our
planet’s 6⫹ billion people lack sanitation and live on less
than $2 a day (ie, “absolute poverty,” as defined by the World
Bank), where 1 in 5 lack access to clean water and live in
extreme poverty on less than $1 a day, and where less than
1% of the world’s adult population owns 40% of the world’s
wealth while 50% owns less than 1%,8 –10 documenting and
analyzing links between impoverishment and population
health remains a public health imperative. The magnitude of
the problem is vividly portrayed in the maps of global
inequities in poverty, wealth, and health shown in Figure 1.8
Second, even in the world’s wealthy countries—where
most of the institutions that teach epidemiology are located—
economic deprivation remains strongly associated with morbidity and mortality.11–18 For example, I live in Boston,
Massachusetts, home to “74 colleges, universities and prestigious research institutions,”19 including 2 schools of public
health20 and 3 medical schools.21 My colleagues and I recently have shown that in Boston, fully 25 to 30% of
premature deaths before age 75 occurring in 1999 –2001 in
the city’s poorest census tracts would not have happened if
their residents had died at the same age-specific mortality
rates as persons residing in the most affluent census tracts
(Fig. 2).22 Statewide, risk of premature mortality increased
with level of poverty and was nearly 2.5 times higher among
persons living in the most compared with the least impoverished census tracts.23 In 2006, 12% of the total US population
and 20% of US children under age 524—including, respectively, 8 and 12% of white non-Hispanics, 25% and 38% of
the black population, and 22% and 31% of Hispanics24—
lived in households below the notoriously low25 US poverty
line. Whether one conducts epidemiologic research in impoverished or wealthy countries, economic deprivation is present
and it matters.
Epidemiology • Volume 18, Number 6, November 2007
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A

Map 180: Absolute poverty (up to $2 a day); “territory size shows the
proportion of all people living on less than or equal to US$2 in
purchasing power parity a day.”

C

Map 261: Infant mortality; “territory size shows the proportion of infant
deaths worldwide that occured there.”

Why Epidemiologists Cannot Afford to Ignore Poverty

B

Map 169: Wealth; “territory size shows the proportion of worldwide
wealth, that is the Gross Domestic Product based on exchange rates with
the US$, that is found there.”

D

Map 261: Mortality 1-4 year olds; “territory size shows the proportion of
all deaths of children aged over 1 year and under 5 years old, that
occured there.”

FIGURE 1. Global inequities in poverty, wealth and health (2002): maps from the Worldmapper Project (www.worldmapper.
org),8 scaled according to the variable depicted. Copyright 2006 SASI Group (University of Sheffield) and Mark Newman
(University of Michigan), and used with permission.

Beyond these substantive problems, there is still another reason why epidemiologists cannot afford to ignore
poverty: our commitment to scientific rigor, no matter what
our topical interests. At issue is doing correct science26—and
not, as some would have it, “politically correct” science.27
Blot poverty and inequity from view, and our understanding
of disease etiology and distribution will be marred. To make
this case, I address 2 unspoken questions in our field to argue
why it is our intellectual responsibility to address poverty and
health.

QUESTION 1: DO WE REALLY NEED MORE
RESEARCH ON POVERTY AND HEALTH?
Stated simply: yes. Though consensus may exist that
poverty and poor health are associated, there is considerable
division as to why they are linked. In the United States and
globally, longstanding arguments continue to rage over
whether “the poor” fare poorly because of (a) their own
innate deficiencies, whether moral, intellectual, or biologic;
(b) a causal arrow that runs principally from poor health to
© 2007 Lippincott Williams & Wilkins

economic poverty, with illness interfering with earning (and
learning) capacity; or (c) social injustice, requiring redistributive justice (which is where the weight of the evidence
lies).11–18,25–34 Within the United States and other wealthy
countries, additional debates focus on whether poverty’s harm is
due to material want versus psychosocial stress, and thus on
whether the public health and policy focus should be on “poverty,” ostensibly affecting a minority, versus the “socioeconomic
gradient,” ostensibly affecting everyone.11–18,33–36 Not surprisingly, these disputes hinge on how poverty is conceptualized,
measured, and analyzed. Ongoing arguments, now centuries old,
continue to question whether “poverty” and “the poor” should be
defined with reference to “absolute” versus “relative” measures,
income versus consumption, and solely economic deprivation
versus additional aspects of social exclusion.11–18,30 –36
These sharp debates arise because of their policy and
political ramifications: who stands to gain, and who stands
to lose? On one side of the poverty-health debates are
proponents of the unbridled free market; on the other, are
those who seek a more democratically controlled and
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FIGURE 2. A, Census tract poverty levels, Boston, MA, 2000 and B, population attributable fraction, in relation to census tract
poverty, for premature mortality (death before age 75): Boston, MA, 1999 –2001. Reprinted with permission from J Urban Health.
2006;83:1063–1084.

egalitarian economy.11–18,25,30 –33 Disputes between “neomaterialist” and “psychosocial” epidemiologists— both of
whom seek to increase social equality and reduce health
inequities—are likewise heated, with their focus not on
whether but how inequality harms health, and hence what
the societal remedies should be.13–18,35,36
Beyond the overtly political aspects of the poverty
health debates looms still another problem: the complexity
of causal inference, especially when studying population
health.37– 41 For obvious reasons, researchers cannot ethically randomize people to various levels of economic
resources. One alternative is to analyze the health impact
of economic policies whose enactment varies by time or
space. Even so, it can be difficult to disentangle the impact
of a particular policy from the effects of other contemporaneous societal changes.37,38 Another alternative is to
conduct longitudinal analyses of socioeconomic position
and health across the life course, although few populationbased longitudinal datasets have high-quality data on both
health status (eg, based on physical examination and biomarkers, rather than self-reported health) and socioeconomic position (at the individual, household, or area level,
let alone all 3).37,38 Grappling with these problems has led
to improvements in methods, questions, and data for epidemiology overall. For example, epidemiology’s recent
adoption of multilevel, life course, instrumental variable,
and propensity score analytic methods have all been propelled by debates over how social conditions shape
health.37,38
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There accordingly are at least 2 reasons for continuing
to study poverty and health. One is to keep before the public’s
eye the magnitude of the problem, so that the suffering can be
made actionable, rather than be ignored or accepted as inevitable.11–18 Doing this work, and doing it well, is a core public
health function of epidemiology.
The second reason is to make good on the claims of
science to adjudicate among competing claims.39 – 41 To those
who charge that investigating links between poverty and
health is political, not scientific,27 the obvious rejoinder is
that it is even more political to ignore these connections than
to study them.14 –17,25,26,33,40,41 Our testing of ideas in the
public domain, using rigorous and transparent methods, is
what allows us to move beyond mere opinion and prevents
ideology from being the sole arbiter of what counts as
knowledge.26,40,41 As long as poverty exists and is associated
with health, debates will rage over why these connections
exist. Consequently, one of the essential “uses of epidemiology” (famously argued by Jeremy Morris in his pathbreaking
1957 epidemiology textbook by this name42) is precisely to
ensure the existence of sound population-based data on poverty and health. With such data, we can rigorously test
hypotheses regarding the direction of the causal arrows and
measure the magnitude of poverty’s toll on population health.

QUESTION 2: WHY BOTHER ABOUT POVERTY
IF YOU’RE NOT A “SOCIAL EPIDEMIOLOGIST”?
What if your primary interest, as an epidemiologist, has
nothing to do with the links between poverty and health? Do
© 2007 Lippincott Williams & Wilkins
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you still need to pay attention to how economic circumstances affect health?
Yes, for 2 reasons. One is the serious problem of
confounding: many of the exposures epidemiologists are
interested in coexist and are jointly embodied—not necessarily because they are causally connected, per se, but because
they are entangled by the ways people actually live in their
societal context, replete with constraints as well as possibilities.14,16,40 The second is the problem of selection: whom we
study sets the range of possibility for comparisons. If the
range is too narrow, whether by design or by selection bias,
the constrained variability may preclude detecting important
etiologic exposures, or may bias estimates of their effect.
Consider the shock waves still rippling from release of
the Women’s Health Initiative (WHI) results in 2002.43,44
Whatever controversies may persist over links between hormone therapy and adverse or beneficial cardiovascular outcomes,43–50 the evidence now clearly shows that the failure of
some observational studies to control adequately economic
affluence—and its inevitable association with better health
and a greater likelihood of being prescribed and being able
to afford hormone therapy—wrongly found that hormone
therapy reduced risk of cardiovascular disease.44,46,50 Prior to
the WHI results, however, proponents of hormone therapy
discounted these concerns, arguing that controlling for education, or studying women who belonged to one overall
occupational group (eg, nurses), was sufficient to address
socioeconomic confounding.44,51,52
What harm was caused by failing to take class seriously? One answer lies in the population burden of iatrogenic
breast cancer brought about by uncritical use of hormone
therapy.44,53
Recall that epidemiologic data had clearly shown that
the absolute risk of breast cancer was higher than that of
cardiovascular disease among perimenopausal women, particularly among the great majority who were nonsmokers.44,53 Thus, recommendations for hormone therapy effectively asked these women to increase their short-term and not
inconsiderable risk of cancer, with the hope of decreasing
their long-term risk of cardiovascular disease.44,53 The tradeoff has been costly. Studies conducted between 2002 and
2005 in the United States, United Kingdom, Australia, and
Norway suggest that hormone therapy accounts for somewhere between 10 and 25% of observed breast cancer cases.54 –57 In the United Kingdom, this has been estimated to
translate to an extra 20,000 breast cancers among women
ages 50 – 64 in the past decade alone.54 New results, moreover, using post-WHI cancer registry data, indicate that
between 2002 and 2003, US breast cancer rates fell by
7–11%, with this extraordinary decline especially evident
among the types of breast cancer most linked to hormone
therapy, ie, estrogen-receptor positive tumors among postmenopausal women.58 – 61 If, as suspected, this drop is shown
© 2007 Lippincott Williams & Wilkins
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to be causally related to the decline in hormone therapy,
above and beyond any concurrent reduction of mammography rates,58 – 61 it would profoundly underscore the serious
harms that can arise if epidemiologists ignore the impact of
socioeconomic position on health.
Consider, as well, how socially-patterned selection bias
can compromise investigation of causal associations. A
thoughtful study demonstrates this problem by exploring
unexpected results in a population-based case-control analysis of Hodgkin lymphoma.62 In the original study, the response rate for cases was 87% but only 65% for controls—the
latter rate albeit on par with those reported in most current
population-based epidemiologic studies.63,64 Comparing the
sociodemographic characteristics of participating versus nonparticipating controls, the investigators found that among the
controls, there was over-representation of women who were
older, less educated, of color, and of higher birth order and
higher parity.62 The net result was that adjustment of odds
ratios for bias “strengthened previously null findings for
education and for parity, breast-feeding and miscarriages in
young adult women.”62 Thus, the initial study’s neglect of the
socioeconomic patterning of selection bias “resulted in a
failure to identify potential etiologic leads.”62 One can only
wonder how epidemiologic knowledge would change if every
study were able to compare and adjust for the sociodemographic characteristics and life experiences of the participants
and nonparticipants.
Consequently, far from being a “nuisance” issue, the
social patterning of who is and is not in our epidemiologic
studies has major implications for etiologic analysis. By
definition, the people we study are simultaneously social
beings and biologic organisms16,40,41—and we risk serious
error if we attempt to study the latter without taking into
account the former.
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CONCLUSION: SOCIETAL RELATIONSHIPS AND
PROCESSES OF IMPOVERISHMENT ARE THE
CONTEXT OF EPIDEMIOLOGY
The voices and self-reported experiences of the
poor—and not just renditions of their lives by “outsiders”—are essential.25,32–34,65– 67 However, epidemiology’s
concern cannot simply be about “the poor.” A comparison
group is needed. By analogy, were we to study the impact
of smoking on the health of smokers alone, we would be
able to ascertain only the differential exposure and susceptibility among the exposed, rather than the impact of
exposure versus no exposure.68
More profoundly, the “poor” do not exist in isolation—
they are as integrally a product of the workings of each
society’s political economy as any other economic group,
including the wealthy.13–17,25,32–34,69 The “poor” are not “the
problem”; rather, the problem lies in the societal relationships
and processes leading to and perpetuating impoverishment.
Health inequities are created by unfair and unjust policies and
practices that preferentially reward certain groups, economically and socially, at the expense of others.12,70 A corollary is
that unfair relationships between groups shape characteristics
of the groups themselves, including their health status. That
is, group properties can arise because of relationships among
groups, not because these characteristics are somehow “innate.”26,70 Mistake one for the other, and the causal arrows
will point in the wrong direction.
This is why social relationships are at the crux of
Peter Townsend’s 1986 classic article “Why are the many
poor?”69 This commentary was concerned with persistent
socioeconomic and health inequities in the United Kingdom, and followed the famous UK Black Report,71 which
Townsend coauthored and which put health inequities on
the map for our generation.11,12,40,41 As argued by
Townsend, it’s not simply that there are rich and poor;
rather, there are rich because there are poor.69 To achieve
health equity, Townsend concluded, “The only long-term
remedy is to restrict the power and wealth of the rich, to
dismantle the present structures of social privilege, and to
build social institutions based on fair allocation of wealth
and on social equality.” These are testable propositions. It
is long past time to alter the equation linking poverty and
poor health. In its place, and consonant with our discipline’s deep roots, let me propose: social justice ⫹ human
rights ⫽ health equity.
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Poverty, Environment, and Health
The Role of Environmental Epidemiology
and Environmental Epidemiologists
Marie S. O’Neill,*† Anthony J. McMichael,‡ Joel Schwartz,§ and Daniel Wartenberg¶
Abstract: International attention is focusing increasingly on environmental concerns, from global warming and extreme weather to
persistent chemical pollutants that affect our food supplies, health
and well-being. These environmental exposures disproportionately
affect the poor and those residing in developing countries, and may
partly explain the persistent social gradients in health that exist
within and between nations. We support recent calls for environmental epidemiologists to play a more active role in furthering the
global agenda for sustainability, environmental health and equity.
We further suggest that the discipline of environmental epidemiology, as well as relevant funding agencies, broaden their focus to
include rigorous research on the upstream, larger-scale societal
factors that contribute to inequitable patterns of exposure and health
outcomes. By widening the scope of our vision and increasing the
strength and breadth of the evidence base about how poverty and
environment together affect health, we can better participate in
efforts to promote social justice and responsible use and protection
of the environment, and thus reduce health inequities. That is both a
primary mode and rationale for achieving sustainability.
(Epidemiology 2007;18: 664 – 668)
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overty and its impact on human development have been
the focus of concern, study, and interventions for centuries. More recently, issues of poverty have become entwined
with environmental issues. The changing environment affects
the human condition, often in the interaction with poverty and
social injustice. Such problems have become increasingly
prominent concerns in research and public health practice.
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Environmental concerns include the growth of the world’s
population, technological development, and the increase of
environmental contamination and pollution worldwide— disrupting various physical, chemical and biologic processes,
and even entire ecosystems. Today, the prospect of major
environmental changes and potential disasters, such as global
warming, water shortages, and inadequate local food supplies
in some regions, have led to a reconsideration and reevaluation of where the world is heading, and what policy and
technical responses are needed to sustain our very being.
This month, in light of these concerns, more then 220
scientific journals throughout the world will simultaneously
“publish papers . . . to raise awareness, stimulate interest, and
stimulate research into poverty and human development.”1
The International Society for Environmental Epidemiology
(ISEE) is proud to have been invited to participate even
though the society is not typically thought of as addressing
issues of poverty and human development. For many years,
we have been the primary professional society associated
with the journal EPIDEMIOLOGY, and have proffered commentaries from leading environmental epidemiologists on pressing environmental health problems of our time, including the
potential role of environmental exposures in the association
of poverty and health, and suggestions of specific research
directions for improving public health globally.2,3
Foremost among these efforts has been an examination of
the United Nations’ Millennium Development Goals (MDGs),4
including discussions at a plenary session of our 2005 Annual
Conference held in Johannesburg, South Africa. Based in part on
that session, in which several of us participated, Soskolne and
colleagues,5 in these pages, called for focusing increased concern and action on sustainability. Specifically, they stressed the
importance of linking concerns about equity, both within and
between nations, to the environmental exposures that likely
contribute to persistent social gradients in health.5,6 This proposal addressed the links between environment, health and
sustainability and called for a broadening of the traditional
vision of environmental epidemiology to integrate “sustainability,” with a more global and international focus, particularly
addressing North-South equity concerns.
Building on this seminal proposal, we suggest several
emerging directions for environmental epidemiology that
Epidemiology • Volume 18, Number 6, November 2007
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address the interactions of environmental exposures and poverty that may affect public health, the role of environmental
epidemiology in research and action in response to these
impacts, prospects for funding, and future directions for
research and policy in the context of increasing interest in
global health.

PHYSICAL ENVIRONMENTAL EXPOSURES AND
POVERTY
Exposure to chemical, biologic, and radioactive substances that impair health continue to be important subjects of
research and action,2,3 with increasing and compelling evidence of irrevocable global environmental change due to
human activities.7 These activities bring to the fore the need
to understand and adapt to the consequences of these changes
for human health.8 Priorities for study and subsequent intervention include respiratory infections and cardiovascular impairment associated with indoor exposures to air pollution
from biomass fuel combustion9; similar effects of outdoor air
pollutants10,11; diarrheal disease related to lack of adequate
water for drinking and sanitation12; exposure to heatwaves
such as the one occurring in Europe in 200313; and increasing
evidence of the role that persistent organic pesticides may
play in reproductive and cancer outcomes.14 Further, the
populations most vulnerable to environmental insults are
those with fewer resources, older technology, and more
compromised health, and yet research and interventions are
not always focused on these populations. It is imperative that,
in conducting the research and recommending increased prevention, remediation, and interventions, we, as scientists,
consider the interactive effects of these vulnerabilities (such
as poverty, malnutrition and other medical impacts of deprivation) with environmental triggers in assessing effects and
impacts. For example, in addressing the unusual frequency
and severity of heat waves seen over the past few years in the
United States and Europe, it is not sufficient to recommend
that people spend more time in cool or climate-controlled
locations, or that they get air conditioners or use other
technological fixes, unless they have the access and resources
to do so. It is also important to explore the role that environmental exposures, not simply social factors and deprivation,
play in the association of poverty with health.
Poverty can mean different things in different contexts,
depending on how it is measured and conceptualized, but the
discussion about poverty is fundamentally linked with understanding the causes and implications of inequality in access to
material and psychosocial goods and resources.15 In recent
years, environmental epidemiologists and others concerned
with environmental health have been asking how the physical
and social environments (conceptualized in terms of poverty,
deprivation, and other metrics) together may contribute to
worsening health and quality of life,16,17 in part because of
moral concerns about equity in the distribution of poor health
© 2007 Lippincott Williams & Wilkins
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and the circumstances that produce it,18 but also out of
concern about efficiency of interventions. Simultaneously,
researchers focusing on social determinants of health are
offering explanations that include physical environmental
exposures patterned by social circumstances for observed
differences in health outcomes across social groups or geographic areas.19,20
One example of this growing interest is a recent review
of the emerging literature examining how socioeconomic
circumstances can modify the effects of air pollution on
mortality.21 This review highlights the challenges of making
inference and generalizations when socioeconomic indicators
are often available at only coarse geographic resolution or
when variation in study designs prevents valid comparison of
results. The authors comment on the importance of considering the ranges of typical exposures within different communities in evaluating how socioeconomic circumstances
modify air pollution effects. Very large differences, indeed of
varying orders of magnitude, in air pollution exposures are
seen between cities in Asia and Africa and cities in many
parts of the industrialized world, as substantiated by directly
monitored and estimated levels of particulate pollution in
hundreds of global cities.22 Accounting for how these exposure differences may relate to or be modified by social
context is an important research challenge.
The agendas of reducing such unfairly distributed environmental exposures (environmental justice) and the inequitable burden of poverty are converging, as reflected in
recent suggestions to integrate efforts to make equitable
environmental health policies with action on social, economic, and political disparities23; to address environmental
health concerns along with the social determinants of health
in governmental policies and programs24,25; and the inclusion
of the concept of environmental equity in a separate chapter
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of the 2006 global update of the World Health Organization
(WHO) air quality guidelines.26
But how does integrated research that incorporates both
poverty and environmental exposure provide evidence that
can lead to preventive interventions?27

PREVENTIVE INTERVENTIONS
The definition of “preventive interventions” and the
level at which they are implemented (from individually-based
interventions, such as vitamin supplementation or genetic
counseling to population-based changes in energy policy, tax
structure and other “nonhealth” policies that have important
health consequences) can influence the scope of the disciplinary lens of environmental epidemiology. Indeed, the debate
over the purview of epidemiology and appropriate level of
focus has been continuing for some time, addressing issues
such as individual versus population health, upstream versus
downstream causes, and what type of research will lead to the
greatest good for population health.28 –31
The global agenda that Soskolne and colleagues5 propose may lead to beneficial changes as research questions are
framed in a way that brings environmental health into discussions of such issues as energy use where the health
implications often take a back seat to economic and other
considerations. An excellent example of an energy-related
preventive intervention is the coal use ban in Ireland, which
resulted in substantial reductions in air pollution and declines
in cardiovascular and respiratory mortality.32
One important feature of the MDGs, upon which the
Soskolne global agenda is based, is that only the seventh
explicitly addresses the environment (Table 1). In fact, sustainability and environmental quality are essentially prerequisites to attaining the other development goals, and it is
therefore very important that the framers and government
implementers of these goals consider them in this light.
A more integrated vision of health, human development, poverty reduction, and environmental improvements in
global policy agenda is also called for by David Victor,33 who
suggests that the sustainable development agenda has actually
been driven too much by environmental concerns in isolation
from broader social and health considerations. Sustainable
development’s original purpose was to help “the poor live
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better, healthier, and fairer lives on their own terms,” but this
only can be achieved through “economic development, in
particular poverty alleviation” as well as “the other 2 prongs
of sustainability: environmental protection and social justice.”33 Victor recommends that the sustainability agenda “be
revived by following 4 courses of action: making a priority of
alleviating poverty, dropping the environmental bias that has
hijacked the entire movement, favoring local decisions over
global ambitions, and tapping into new technologies to spur
sustainable growth.”
For those of us who define ourselves by our interest in
environmental health and quality, Victor’s33 perception that
environmentalists have “hijacked” a movement with a narrow
perspective that does not leave room for other concerns
affecting health and development is food for thought. This
call to broaden thinking to clarify linkages between environment and these other important goals might also be applied to
the World Bank. The Bank is funding many water projects in
the developing world in the interest in fostering improved
health, but other environmental health concerns emerge from
Bank-funded energy projects and roads. The poor tend to live
closer to roads and polluting facilities, so these projects may
be both increasing pollution and contributing to inequitable
exposures. Recent studies on intake fraction (the likelihood of
a particle or molecule penetrating into the lung) show that
traffic exhaust can have an order of magnitude higher exposure probability, particularly near roads.34 What is needed is
a more holistic, or systems, approach to such situations, to
make sure that the solution to one problem is not the cause of
another.
Concerns about “unfair gaps” in health and well-being
among “vulnerable and socially disadvantaged people” led to
the formation of the WHO Commission on the Social Determinants of Health in 2005.35 This WHO initiative, which has
similarities to the global agenda for environmental epidemiology, explicitly calls for commitment to the value of equity,
and advocates an “evidence-based approach” intended to
encourage more effective translation of research results into
policy action.36 It also discusses the importance of studying
the patterns of distribution of health determinants, thus requiring an approach that incorporates multiple causes—proximal, intermediate, and distal— of ill health.35(p. 16)

THE FUNDING CLIMATE
TABLE 1. The Eight Millennium Development Goals
1.
2.
3.
4.
5.
6.
7.
8.

Eradicate extreme poverty and hunger
Achieve universal primary education
Promote gender equality and empower women
Reduce child mortality
Improve maternal health
Combat HIV and AIDS, malaria, and other diseases
Ensure environmental sustainability
Develop a global partnership for development
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We strongly believe that research addressing complex
systems and incorporating interdisciplinary approaches is
needed to generate knowledge to inform prevention, foster
sustainable development, and improve the human condition.
These goals explicitly include examination of more upstream
forces that affect the distribution of health-promoting or
harming conditions, be they social or “environmental,” as
part of more traditional mechanistic research on health.
To facilitate and refocus research in this direction,
funding sources, too, must prioritize research designed to
© 2007 Lippincott Williams & Wilkins
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integrate social conditions with environmental conditions,
economic solutions with scientific solutions, short-term impacts with long-term impacts, and a focus on equity of care
and health status for all. For example, we would like to see
the strategic plan of the U.S. National Institute for Environmental Health Sciences (NIEHS), which has placed an emphasis on disease outcomes, clinical medicine and mechanistic research, broaden to call for research that addresses more
upstream risks and exposures, and embrace more explicitly
the broad concerns of equity and global sustainability. This
same suggestion would apply to funding bodies in other parts
of the world. We believe that mechanistic research (eg,
effects of particular metals on cardiovascular function) and
research that focuses on more broadly defined exposures and
health outcomes (eg, effects of urban sprawl or green space
on obesity rates) can both contribute to the evidence base for
preventive interventions and lead to the improvement of the
human condition. Although the use of modern molecular and
genetic tools for promoting environmental justice has been
met with mixed reviews by environmental justice activists,
several acknowledge the importance of these sophisticated
tools in providing strong evidence for exposures leading to
adverse health outcomes in affected communities,37 as do we.
We note that global health is emerging as a priority for
NIEHS,38,39 and research areas under this rubric include
health issues that disproportionately impact developing countries (including indoor biomass fuel burning), echoing the
global agenda’s call for more North-South collaboration. We
hope that funding entities will follow up on and prioritize
these types of issues and approaches.
More generally, we need to link the efforts of those
who study the larger social forces that affect distributions of
environmental exposures leading to ill health to those who
focus on more proximate causes. The better-off in society
often benefit before the poor when new preventive interventions are introduced, reinforcing inequalities in health over
time.40 This pattern suggests that a focus on understanding
mechanisms by which environmental exposures contribute to
disease without considering the context in which these exposures occur, will not lead to the most effective preventive
interventions, and that a more broad-based, equity-focused
approach would better improve health overall.
A further important concept in considering how environmental exposures may contribute to health inequities is the
costs and benefits that accrue from technology use, and to
whom. If those building coal-burning power plants in China,
or using the electricity from them, had to internalize the
currently external costs of the imposed health burden, they
would make different choices about installing scrubbers or
other control technologies. However, most current political
and economic systems and market forces are ineffective at
fostering the incorporation of externalities into environmental
policy, and thus legislation and other proactive policies are
© 2007 Lippincott Williams & Wilkins
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needed to change the incentives, thereby benefiting the poor
and vulnerable.41 Countries such as China, which is accumulating wealth through successful trade policies and relatively
low consumption, could invest some of this wealth in environmentally sustainable technologies, such as importing
scrubbers for power plants.

FUTURE DIRECTIONS
ISEE activities pertaining to examination of the intersection of poverty and health include sessions at the
annual meetings and specific outreach activities to foster
more “North-South” collaborations and application of research results to action. Opportunities for further collaborations with those who research and encourage action on
social inequalities in health should be sought. If environmental epidemiologists and environmental epidemiology are
to contribute to local and global efforts to improve health,
foster sustainable development, and achieve social justice, a
broader vision of the scope of our research and action is
necessary. As part of the ISEE leadership team, we plan to
encourage and continue the dialogue on these issues so that
we play a central and cooperative role with those outside our
discipline who are working toward the same goals.
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COMMENTARY

Measuring Progress Towards Equitable Child Survival
Where are the Epidemiologists?
Cesar G. Victora
Abstract: The fourth Millennium Development Goal (MDG) is to
achieve a two-thirds reduction in the mortality of under the age of 5
years children between 1990 and 2015. Only 7 of the 60 priority
countries are currently on track towards the goal, and intensified
efforts are required both globally and nationally. Tackling inequities
is essential for reaching this goal, because children from poor
families are consistently at higher risk of dying. Efforts should be
concentrated on achieving high and equitable coverage with lowcost, effective, off-the-shelf interventions, and on monitoring
progress among different social groups. Measuring inequities in
mortality, morbidity, nutritional status, and coverage, however, is
fraught with methodologic difficulties in countries where routine
statistics are unreliable—a group that includes all high-mortality
countries. Key methodologic challenges are discussed, with arguments for greater involvement of epidemiologists in measurement
exercise that so far has been led by demographers, statisticians, and
economists.
(Epidemiology 2007;18: 669 – 672)

T

he most striking aspect of global epidemiology is the
massive gap in morbidity and mortality between rich and
poor populations. Take for example the mortality of children
under 5 years of age. Three of every thousand children born
in Iceland will die before their fifth birthday, compared with
an estimated 250 –300 in Afghanistan, Angola, Niger, and
Sierra Leone.1 Worse still, the mortality ratio between levels
in poor and rich countries is increasing: between 1970 and
2000, under-five mortality fell by 40% in poor countries and
by 71% in high-income countries.2 Child deaths in rich
countries are due to causes that are much harder to tackle than
those prevalent in poor countries, yet rich countries show
faster progress in reducing mortality.
In 2000, global leaders from 192 countries pledged to
achieve 8 Millennium Development Goals, or MDGs. The
fourth goal addresses child survival: to reduce by two-thirds
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mortality rates among under-five children, between 1990 and
2015. It might appear odd that a goal set in 1999 would set a
baseline 10 years earlier, but this is among the measurement
issues that we will attend to below.
The MDGs have been criticized as being a top-down
initiative pushed upon countries and communities by the
United Nations and other international institutions. Even so,
there is no doubt that their endorsement by most of the
world’s leaders has brought into the mainstream issues related to global development, including health, education,
gender equity, and poverty reduction.
Seven years after the Millennium Goals were set up,
much has been learned about child survival. We know that
two-thirds of the over 10 million annual under-five deaths3,4
could be avoided by making low-cost, low-tech interventions
available to all children in the world. These include breastfeeding promotion, micronutrient supplementation, safe delivery practices, vaccines, insecticide-treated mosquito nets,
and simple treatments for diarrhea, pneumonia, sepsis, and
malaria dispensed by community health workers. We also know,
however, that only 7 among 60 priority countries are currently
on target to reach the MDG for child mortality reduction.5
Just as there are massive and growing inequities in
under-five mortality between rich and poor countries, withincountry socioeconomic inequities are also large. A recent
compilation of Demographic and Health Surveys in 56 countries6 showed that, for every country studied, children whose
families belong to the highest quintile of wealth have mortality rates substantially lower than children in the poorest
quintile. Even within apparently homogeneous populations,
socioeconomic inequities are prominent. We carried out a
survey in rural Tanzania and found that 36% of children in
the top quintile of wealth had received an antibiotic for a
recent pneumonia episode, while not a single child in the
poorest quintile received these drugs.7
Some might argue that equity considerations are irrelevant for reaching the Millennium Goals. Mathematical simulations show that high-mortality countries may achieve a
two-thirds overall reduction by intervening primarily on the
better off.8 Because the rich tend to adopt new interventions
earlier than the poor, inequities often increase as new health
technologies are introduced.9 A rapid push to achieve the
Millennium Goals may therefore widen the equity gap. How-
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A mother feeds her infant at a nutrition center in Nouakchott,
Mauritania.
©1991 Lauren Goodsmith, Courtesy of Photoshare.

ever, there are ethical and practical reasons for promoting
equity while pushing for a rapid overall reduction. The ethical
reasons speak for themselves. The practical reasons are related to the scope for improvement being much greater
among the poor than among the better off. Although it may be
costly to reach the poorest—who often live in more remote
areas with limited access to health facilities—the potential
payoff is also greater given their higher baseline mortality
and lower intervention coverage levels.
Monitoring progress towards the MDGs in low-income
countries— both for the population as a whole and for different socioeconomic strata—is a complex task.
The first challenge is related to data availability. A
Brazilian epidemiologist was once asked in an international
congress whether he had any statistics on snakebite injuries.
He replied, “We have a problem in my country. Where there
are snakes there are no statistics, and where there are statistics
there are no snakes.” This is not unlike the situation for child
mortality—areas with high deaths rates seldom have reliable
data.10 My own training was as an academic epidemiologist
who must have tight control of data collection in cohort,
case-control, and intervention studies. Becoming involved in
large-scale countrywide surveys introduced me to a new set of
challenges. Two major survey initiatives—the Demographic and
Health Surveys (DHS)11 and Multiple Indicator Cluster Surveys
(MICS)12—were launched as a result of a massive international
effort started in the 1990s. Both provide invaluable information
on maternal and child health and nutrition, intervention coverage, and mortality. Over the past 5 years or so, DHS has been
carried out in over 50 countries and MICS in about 60
countries. There is little geographic overlap between the 2
surveys, so that approximately 100 countries have been
covered. Their questionnaires are not identical but are highly
compatible, resulting in similarly defined indicators that allow cross-country comparisons.
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These surveys tend to be expensive at face value. DHS
reportedly costs over a million dollars to administer and MICS
between US $300,000 and $400,000. Costs vary according to
several factors, mainly the number of subnational areas for
which separate estimates are required. Given the amount of
information provided by these surveys, I think they are a good
buy. Due to their cost, however, the surveys tend to be carried
out infrequently, typically about every 5 years in a given country. UNICEF is now committed to increase the frequency of
MICS to every 3 years. Greater frequency of surveys is essential
for monitoring progress in the next 8 years, leading to the final
assessment of whether the MDGs are reached.
These surveys are far from immune to methodologic
problems. Their questionnaires were developed initially in
English, and later translated to the main national language in
each country (and back-translated). For example, a Portuguese translation was used in Mozambique, but over 40
languages are spoken in the country and many mothers speak
only their tribal language. Surveys thus depend on local interpreters who help the trained interviewers—a potential source of
error when minor differences in wording may make a large
difference in the answers obtained. Age ascertainment is also
complex in rural illiterate societies—interviewers often use a
calendar of major events (presidential elections, droughts or
floods, seasons, etc) to attempt to estimate a child’s age.

PROBLEMS OF MEASUREMENT
Measuring Wealth
Monitoring inequities requires assessing socioeconomic status. In studies from high- and middle-income countries, this is often ascertained through proxies such as schooling, income or occupation, but in poor countries these
indicators are often unreliable or too homogeneous. A novel
approach is to collect data on household characteristics and
assets (eg, type of floor; sanitation facilities; number of
rooms; ownership of radio, bicycle, etc) and run principal
component analyses, selecting the first component as a general indicator of wealth. This may then be divided into
groups, usually quintiles.13 Such asset indices are not devoid
of problems—for example, the choice of assets can result in
changes in the classification of families,14,15 but there is no
doubt that their wide adoption by survey designers has
opened many possibilities for understanding inequities in
child health and ways to tackle them.2

Measuring Coverage of Preventive
Interventions
Reaching high and equitable population coverage with
cost-effective interventions is crucial for achieving the fourth
MDG.16 Coverage measurement is apparently straightforward. One needs to select a probability sample of the target
population through a survey such as DHS or MICS, identify
the mothers or children who constitute the denominator for
© 2007 Lippincott Williams & Wilkins
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the coverage indicator and obtain the relevant information.
Key coverage indicators have been agreed upon by international institutions such as the World Health Organization and
UNICEF.5 and include all evidence-based interventions. The
denominators for some of the key indicators (eg, percentage
of children aged less than 6 months who are exclusively
breast-fed) are rather small, so that sampling error can be
large. For other indicators (eg, percent of children age 6 –59
months who received a vitamin A capsule in the last 6
months), obtaining precise information from mothers with
low schooling levels can prove difficult—mothers may be
unable to distinguish different types of medicines received by
the child. For other indicators (percent of children with access
to safe water, for example), definitions may vary from country to country, making international comparisons tricky.
Despite these problems, coverage measurement through population-based surveys provides remarkably useful data for
monitoring and evaluation purposes. In low-income countries, coverage levels are consistently low,5 highlighting the
need for renewed efforts.

Measuring Coverage of Curative Interventions
Assessing morbidity from routine statistics is a fiction
in low-income populations. As few as 10% of sick children
attend government health facilities in some countries,16 and
even for those who attend, information systems are notably
weak. Child health surveys typically inquire about disease
episodes in the 2 weeks before the interview, usually for
diarrhea, respiratory infections, and fever (as a proxy for
malaria in endemic areas). Because of seasonality, these data
cannot be used on their own for estimating annual disease
burden. The main purpose of morbidity data is to provide the
denominator for estimating coverage of curative interventions— oral rehydration for diarrhea, antibiotics for probable
pneumonia, or antimalarials for fever. The 2-week recall
period may be excessively long for accurate reporting of
common conditions in high-morbidity populations, but it
represents a compromise because use of shorter recall periods
would result in small numbers of ill children, and consequently lead to less precise treatment coverage indicators. A
special problem that affects the estimation of trends in coverage of curative interventions is that definitions and recommended treatments change over time. For example, there
have been repeated changes in what constitutes oral rehydration therapy.17

Measuring Nutritional Status
The first MDG— eliminating hunger— has as an indicator the proportion of children who are underweight, defined
as weight-for-age less than 2 Z-scores below an international
standard.18 DHS and MICS routinely measure weight and
length (for children under 2 years) or height (for older
children). Because of the nutrition transition taking place in
many countries—particularly those in the middle-income
© 2007 Lippincott Williams & Wilkins
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group— using underweight as the key indicator is problematic. A child may be both short and fat, and would be
classified as having a normal weight for age. Stunting, or the
proportion of children with low length or height for age, is
undoubtedly a better overall nutritional indicator than underweight,19 yet the latter has been chosen to monitor the
Millennium Goal. Both stunting and underweight are point
prevalence measures that refer to the day on which the child
was examined. This gives them an advantage over the measure of mortality, which is back-dated as discussed below.

Measuring Mortality
The fourth MDG itself is expressed in terms of mortality reduction. Yet, mortality is harder to measure in a
timely fashion than any of the previous indicators. Because
death registration is reliable in only 72 of the world’s over
190 countries,20 data from surveys such as DHS and MICS
are necessary to estimate mortality in low-income countries.
Women of reproductive age are asked about their full birth
histories—the month and year of birth for each of their
children, whether each child is still alive and, if not, its age at
death. With this information, mortality levels can be estimated retrospectively. Because deaths tend to be relatively
rare events— except for very high mortality countries—precise estimation requires deaths to be pooled for the last 5
years before the survey. For a survey carried out in mid 2007,
for example, deaths since mid 2002 would be included in
the most recent estimate, with a midpoint at the end of
2004. Preliminary reports are typically available about 6
months after the survey is completed, so that by the end of
2007, one would obtain mortality rates for a point in time
3 years before. Time trends are assessed by comparing
these mortality rates to those estimated for 5–9 and 10 –14
years before the survey, all based on birth histories. (Rates
for periods more than 15 years after the survey are deemed
unreliable). Because policy makers and funders are keen to
have up-to-date information, data from these estimates are
then projected to the present. This leads, however, on a
high degree of uncertainty. For example, reductions in the
2 years preceding the survey will be only partially detected
by these projected rates.
The situation becomes even more complicated when
policymakers demand (as is their right) subnational breakdowns to compare regions of their countries. Equity analyses
also require dividing the sample into wealth quintiles. To
obtain precise estimates for such subsamples (either regions
or wealth quintiles) deaths occurring in the 10 years before
the survey are usually pooled, with the resulting midperiod
estimate being back-dated to 5 years before the survey.21
International statistical compilations, such as UNICEF’s
State of the World’s Children22 or the World Health Statistics
report1 rely heavily on projected statistics. For example, data
published in 2005 global reports refer on average to mortality
levels estimated for 1999, or even worse, for 1997 in high
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mortality countries where fewer data points are available.20
This problem has been referred to as “statistical arthritis.”23
Other sources of measurement error may affect mortality estimates. These include difficulties in ascertaining date of
birth and age of death—particularly age heaping—and misclassification between stillbirths and early neonatal deaths. Because information on child deaths is obtained from living
mothers, orphans are excluded and rates may be affected in
areas with high adult female mortality due, for example, to
HIV/AIDS or maternal deaths. Simulation exercises, however, suggest that the likely bias is not large, on the order of
5–7% at most.24
Finally, although sampling errors for the estimates are
available in appendices to survey reports, the mortality rates
themselves are presented as point estimates both in the
original reports and in compilations, despite their considerable variability.25

CONCLUSIONS
This long list of potential limitations of existing methods for monitoring and evaluating progress towards the fourth
MDG should not detract from the fact that we have more data
now than ever before on the health of children in poor
societies. Despite imperfect measurement of socioeconomic
position and of health outcomes, striking equity gaps are
demonstrated over and over whether in terms of nutritional
status, intervention coverage or mortality.2,6 The measurement tools reviewed here help to show which interventions
are reaching the poor and which are not,26 to assess progress
for various social groups, and to contribute to equity-sensitive
monitoring and planning.27 Because most of the misclassification resulting from the use of current tools seems to be
nondifferential, true levels of inequity are probably much
larger than those we can detect using our crude methods.
I have visited more than 40 countries to help implement
and evaluate child health programs and monitor progress in
child health. I am struck by how few epidemiologists are
involved in these activities. In most countries, national surveys are primarily carried out and analyzed by demographers,
statisticians, and economists. Globally, research on inequalities in health is often led by these professionals. While
disciplinary boundaries are somewhat blurred these days, I
argue that the epidemiologic community should become more
actively engaged in the study of child health in general, and
of inequalities in particular. Many of the measurement challenges described here would markedly benefit from close
involvement of epidemiologists at country and global level.
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COMMENTARY

Armed Conflict and Poverty in Central America
The Convergence of Epidemiology and Human Rights Advocacy
Paula E. Brentlinger* and Miguel A. Hernán†
Abstract: Several armed conflicts took place in Central America
during the last 3 decades of the 20th century. In this commentary, we
discuss (1) studies describing the interrelationships among health,
violence, and poverty during and after these conflicts and (2) some
important lessons learned from these studies. We hope that those
lessons help epidemiologists and others who must confront, and
describe, similar situations elsewhere.
(Epidemiology 2007;18: 673– 677)

D

uring the final decades of the 20th century, armed
conflicts occurred in 6 of the 8 countries of the Central
American isthmus: El Salvador, Guatemala, Honduras, Nicaragua, Panama, and the state of Chiapas, Mexico.
These conflicts, which could be both prolonged (13
years in El Salvador) and bloody (at least 200,000 deaths and
disappearances in Guatemala1), arose in settings of great
poverty. The principal preconflict epidemiologic enterprise of
the region was the description of poverty-related health issues, particularly childhood malnutrition and its associations
with landlessness and infectious disease.2–10
Preconflict poverty and hunger were compounded by
inequality. In the 1980s, the ratio of per capita GDP between
the extreme quintiles was estimated to be 13 in Nicaragua and
30 in Guatemala.11 The postwar Guatemalan Truth Commission specifically cited inequities in land distribution as a
cause of war.1
With the exception of the still-unresolved situation in
Chiapas, the various conflicts have ended either militarily or
diplomatically. Yet poverty, inequality, and violence continue to plague Central America. The Pan American Health
Organization currently identifies improvement in health eq-
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uity as a main objective; a consortium of Central American
human rights organizations has once again identified worsening inequality and violence as threats to realization of
economic and social rights.12,13
We discuss some important efforts to describe associations between health, violence, and poverty during and
immediately after the Central American conflicts. The lessons
learned may be of use to others who must confront, and
describe, similar situations elsewhere. Because of our greater
knowledge of these settings, we will emphasize work conducted in El Salvador, Guatemala, and Chiapas.

MORTALITY
Description of politically-motivated killing replaced
the study of poverty-related health issues as the chief epidemiologic enterprise of the wartime era. The de facto epidemiologists included human rights advocates, mothers of the
disappeared, and journalists; the de facto study instruments
were autopsy reports and witnesses’ testimonies. It fell to
postwar Truth Commissions to merge and interpret data from
many disparate sources to describe conflict-related mortality
and to determine which reported episodes of violence had,
indeed, occurred.
The Salvadoran Truth Commission evaluated 27,000
reports of human rights abuses but chose not to estimate the
total number of dead other than “thousands upon thousands.”
The Commission focused on exhaustive documentation of 34
episodes of violence (some, such as the Rio Sumpul massacre, resulting in hundreds of deaths), while remarking that
300 to 500 persons may have been assassinated every single
month in 1982 alone.14 The Guatemalan Truth Commission,
assisted by the American Association for the Advancement of
Science (AAAS), concluded that approximately 160,000 persons were assassinated and 40,000 more disappeared (presumably murdered) during the conflict, and that there had
been 626 massacres.1 Both commissions determined that
political violence had been purposefully committed on a
massive scale, primarily (though not exclusively) by military
forces on the government side.
The quantitative, population-level characteristics of
conflict-related mortality were described most thoroughly by
the Reconstrucción de la Memoria Histórica (REMHI)
project, coordinated by the Catholic Church’s Archdiocese of
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Guatemala. Based on 6494 survivors’ testimonies, the
REMHI project reported, for example, that of 165 massacres,
29% killed more than 20 people; 64% occurred in predominantly indigenous Quiché province; 38% were preceded by
kidnappings or assassinations; 40% provoked the mass exodus of survivors; and 3% included victims who were forced
to participate in the killing of other victims.15,16 Thus the
analyses of REMHI and AAAS expanded human rights
reporting beyond its historic, case-based methodology to
encompass population-level description of the correlates of
political violence.
The Truth Commissions also used forensic evidence to
substantiate case reports. For example, at El Mozote, El
Salvador, at least 500 civilians were slain in December 1981.
Contemporary reports were published in The New York Times
and The Washington Post, and a single survivor courageously
provided testimony. However, the very existence of the
massacre was disputed until 11 years later, when exhumations conducted by forensic anthropologists provided confirmatory physical evidence, and the Salvadoran Truth Commission summarized the case.14,17
In general, reporting of war-related mortality respected
the standard categories of war crimes defined by Common
Article 3 of the Geneva Conventions (“violence to life and
person, in particular murder of all kinds” and “the carrying
out of executions without previous judgment”).18 However,
REMHI and other project coordinators developed their own
expanded taxonomies of violence because the Geneva case
definitions were inadequate to describe the full horror and
complexity of local situations.15,16,19
The reporting itself led to further mortality. Bishop
Juan Gerardi, the organizer of Guatemala’s REMHI report,
was assassinated within days of the report’s release; Jesuit
priests Segundo Montes and Ignacio Martı́n-Baró, who reported on the socioeconomic and mental-health impact of the
Salvadoran civil war, were also assassinated, as was Herbert
Anaya of the Salvadoran nongovernmental Human Rights
Commission.20 –23

MORBIDITY AND POVERTY
During the height of conflict, descriptions of morbidity
and poverty were focused largely on political violence and its
direct consequences.
Many reports catalogued military attacks on health
units and health personnel, again categorized in war-crimes
terms.24,25 Reports for a single year (1989 –1990) in the
Salvadoran civil war cited 179 episodes in which health
workers were assassinated, disappeared, arrested, detained,
harassed, threatened or attacked, or health units or training
programs were attacked, threatened, or forcibly shut down.26
In Nicaragua, by late 1985, the contra war was said to have
caused the deaths of 38 health workers.27 Although these
episodes resulted in the suspension or interruption of health
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services, estimates of the magnitude of resulting civilian
morbidity (and poverty) were not usually attempted. Epidemiologic description was inhibited by military restrictions on
circulation of medical personnel, shortages of trained investigators, pervasive fear, and perceived futility. Mere reporting of
mortality or morbidity data was unlikely to be effective,28 for
example, where childhood immunization coverage was inadequate or maternal mortality ratios were high because vaccines
and ambulances were consistently turned back at military roadblocks.
As security risks subsided, formal epidemiologic studies re-emerged, with the aim of describing associations between armed conflict and health indicators. The prevalence of
stunting was found to be very high (54% in children ⬍5 years
old) in regions affected by the armed conflict in Chiapas, and
was even higher (up to 63%) in communities divided by
internal conflict.29 Childhood stunting prevalence declined
nationwide (from 15% to 11%) after resolution of the civil
war in El Salvador, but remained elevated (32%) in conflictafflicted areas.30,31 Maternal and perinatal mortality were
elevated in the conflict zones of Chiapas.32,33 In Nicaragua, a
preconflict decline in malaria incidence was reversed (a 17%
increase in 1983–1985 compared with a 38% decline from
1979 –1984) in the region affected by the contra war.34 In El
Salvador, the annual rate of infection with Mycobacterium
tuberculosis apparently doubled during the civil war; tuberculosis control also faltered in Chiapas.35,36 In Guatemala,
the mental-health consequences of conflict included persistent fear (26%), persistent sadness (15%), and prolonged or
abnormal grieving (8%) in witnesses interviewed up to 14
years after political violence.15
Wartime epidemiologic reports focused primarily on
measurement of mortality and violence, seldom on that of
poverty, even though entire populations had lost their homes,
their livelihoods, and their family members, and were sheltered only by standard-issue sheets of United Nations black
plastic. Even so, graphic and moving descriptions of poverty
were embedded within human rights reports and studies of
morbidity. The REMHI testimonies, for example, described
deliberate burning of food crops and the politically-motivated
assassination of breadwinners (at least 42,047 children lost a
parent to political violence) as mechanisms by which war left
its victims in penury.15
Epidemiologic investigations of morbidity employed
quantitative description of subjects’ socioeconomic status in
environments in which income and wealth were not measurable in cash, the concept of the census tract was useless, and
the effects of violence were pervasive. In response, investigators created variables denoting such concepts as “adherents
of one faction are denied access to health services, housing,
water systems, latrines, and/or electrical systems controlled
by the other faction” and “armed incursion into a health
facility for the purpose of frightening the health workers and
© 2007 Lippincott Williams & Wilkins
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patients away.”19,26,32 Related descriptors included history of
forced displacement, inability to obtain food or health services because of roadblocks or minefields, destruction of
crops and livestock by bombing, and orphanhood or widowhood caused by war.
The invention of study variables paralleled the invention of spoken language to describe the intolerable situations
of war. Residents of El Salvador, for example, created a verb
(“guindear”) that means, loosely translated, “to flee from the
army in the middle of the night, carrying all of one’s children
and possessions.”

PEACE ACCORDS
The Salvadoran, Guatemalan, and draft Chiapanecan
peace accords all viewed cessation of violence and redistribution of arable land as cornerstones of postwar antipoverty
strategy. The Guatemalan accords stated “Land is central to
the problems of rural development.”37 The Salvadoran accords mandated postwar land transfers benefiting small farmers and landless peasants and ex-combatants.38 In Chiapas,
the Ejército Zapatista para la Liberación Nacional lobbied for
a definitive “solution to the grave national agrarian problem.”39 Both the Salvadoran and Guatemalan accords defined
specific timetables for land transfers, judicial reform, and
demobilization of combatants, with implementation to be
monitored by the United Nations.
Postconflict planning for improvement in health indicators was less specific. The Salvadoran accords mainly
proposed that a postwar forum be established for later
consideration of “economic and social development.”38
The draft Chiapanecan agreement proposed “mechanisms
to guarantee . . . food, health, housing, and . . . an adequate
standard of living,” but did not specify timetables for or
indicators of the realization of this right.39
Guatemala’s social and economic accords addressed
health more directly. They obliged the postwar Guatemalan
government “to step up public spending on health as a
proportion of gross domestic product by at least 50% . . . to
allocate at least 50% of public health expenditure to preventive care and undertake to cut the 1995 infant and maternal
mortality rate in half . . . and to eradicate measles by the year
2000.”37 The United Nations human rights monitoring mission (MINUGUA) was tasked with documenting postconflict
compliance with these agreements.
MINUGUA reported, for example, that clinics serving
displaced persons had closed or lacked medications; that
newly-established health services failed to deliver folic acid,
ferrous sulfate, and tetanus vaccine to pregnant women; and
that food production still had not moved beyond subsistence
levels for displaced persons.40 MINUGUA’s efforts to document achievement of mortality-reduction goals were
thwarted, though, by the absence of reliable baseline data for
comparison.
© 2007 Lippincott Williams & Wilkins

A settlement of internally displaced persons in El Salvador.
This community had been forcibly displaced 3 times during
the civil war.

None of the peace accords provided quantitative benchmarks for achievement of socioeconomic equity, or for reduction in indicators of absolute poverty. In the postconflict
period, the worst violence—such as the death-squad assassinations and rural massacres of the 1970s and 1980s—was
indeed curtailed. But the underlying problem of severe poverty was not resolved. At the turn of the millennium, the
proportion of persons living on less than US$1 per day was
14% in Guatemala, 19% in El Salvador, and 45% in Nicaragua; the poorest quintiles of these populations were estimated
to control only 3 to 6% of national income.41

RESEARCH LESSONS LEARNED FROM THE
EXAMPLES OF CENTRAL AMERICA
1. Prioritize what is most likely to help the vulnerable. In
Central America, documentation and denunciation of politically-motivated violence and its consequences took
precedence over more conventional epidemiologic investigations of infectious and other diseases.
2. Measure both direct and indirect effects of armed conflict
on health and poverty. The extrajudicial execution of a
health worker or small farmer merits reporting as a war
crime, but loss of that victim’s labor or protection may
also result in reportable indirect increases in mortality and
morbidity. Childhood malnutrition is an especially important indicator of war’s effects on the most vulnerable,
because of its sensitivity to conflict-related orphanhood
and to disruption in access to food and health services (in
particular, infectious disease interventions).42
3. Respect security threats. Protracted negotiations with individuals, community leaders, and military commanders
may be required to create the conditions necessary for
informant and investigator safety, and the trust required to
promote sharing of accurate information. The alternative,
elected by many human rights investigators responding on
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4.

5.

6.

7.

an emergency basis to individual incidents, is to conduct
investigations clandestinely; this strategy confers its own
risks. Ethical treatment of victim/informants may also
require provision of medical and mental-health attention
(a role played by many Central American human rights
monitoring organizations); the need for the latter may be
increased by the retraumatizing effects of interviews.
Complex situations require interdisciplinary collaboration
and local knowledge. Data collection and analysis in Central
America were collective enterprises that involved humanitarian workers, attorneys, forensic examiners, members of the
clergy, lay catechists, human rights activists, and the direct
victims of violence, in addition to clinicians and epidemiologists. The setting of priorities, the identification of indirect
effects of conflict, the development of appropriate study
variables, and the effective dissemination of findings required first-hand observation and broad local participation.
Appropriate legal analyses may strengthen epidemiologic
findings. Many early health-related human rights reports
focused on crimes of war as defined by the Geneva
Conventions.18,24,25,27 This approach effectively drew international attention to the violence. However, it was
inadequate for the analysis of the indirect effects of war
on health and poverty. The framework of the International Covenant on Economic Social and Cultural Rights
(ICESCR) expanded the definition of health-related human rights concerns to include availability, accessibility,
acceptability, quality, and equal treatment as components
of the right to health, and required documentation of
“progressive realization” of this right, including elimination of health disparities.43,44 Thus, public-health concerns
other than mortality provoked by violence could be expressed within a legal framework.
Epidemiologic contributions to peace accords may support more effective postwar poverty eradication and
health improvement. Reliable and understandable data on
health and poverty, together with appropriate suggestions
for postconflict benchmarks may be of practical use to
those drafting and implementing peace agreements. Models of peacetime benchmarking processes have recently
been under development in Mexico and Panama44 – 46 and
are outlined in ICESCR. Of course, the negotiation and
implementation of any peace agreement depend ultimately
on firm political will, which is far more difficult to
assemble than valid data.
In situations of crisis, data collection and interpretation
are more effective if coordinated with political processes.
During the Central American crises, the aggressive reporting of politically-motivated violence helped stakeholders
to mobilize support for cessation of organized violence.
Had a similar partnership been feasible (a difficult matter
to judge retrospectively) between the description and reporting of poverty and an active political process to end
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poverty, vulnerable populations might have benefited
more.

CONCLUSIONS
During the 1970s, 1980s, and early 1990s, armed conflict increased the burden of mortality, morbidity, and poverty
throughout Central America. Academic epidemiology was
nearly abandoned in the region during this period. However,
qualitative and quantitative methods were used, formally and
informally, to address the very nonacademic problem of
violence. Lay and professionally trained investigators collaborated— often at great personal risk—to define methodologies that could address the intertwined problems of mortality,
morbidity, hunger, crimes against humanity, and deliberate
insults to human dignity. They adapted the intent and language of epidemiologic and human rights investigations not
just to describe the magnitude and mechanisms of conflictrelated human suffering, but to mobilize political and material assistance to impoverished victims. Their efforts did help
achieve cessation of the worst violence although the problems
of inequality and abject poverty remain unsolved.
Reductions in the linked burdens of poverty and violence are still of the gravest importance in Central America
and elsewhere.47,48 The work described above offers lessons
for epidemiologists, human rights advocates, and others who
must find their own ways to describe the deadly collusion
between poverty, war, and illness—and to take action based
on their findings.
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worldwide. This paper reports a cross-sectional analysis of demographic, socioeconomic, physical, and psychosocial factors associated with depressive symptoms among poor women in rural Mexico.
Methods: A cross-sectional study of 5457 women, age 20 –70 years,
were interviewed from a random sample of households from 279
poor communities with fewer than 2500 inhabitants in 7 rural
Mexican states. Depressive symptoms were assessed using the
Spanish translation of the Center for Epidemiologic Studies-Depression scale. Several other individual- and household-level variables
were also obtained. Using hierarchical modeling, linear regression
analysis, and population intervention model parameters, we explored correlates of depressive symptoms in this population.
Results: Most of the variation in depressive symptoms was at the
individual level. Psychosocial factors were most strongly correlated
with depressive symptoms; perceived stress, lack of personal control
or social support, and low social status exhibited the strongest
associations. Using the US-based standard Center for Epidemiologic
Studies-Depression cutoff score of 16, 51% of this population fall
into the category “at risk” for clinical depression; however, this
cutoff may not be the most appropriate in this context.
Conclusion: This sample of low-income women in rural Mexico
reported a relatively high prevalence of depressive symptoms. The
analyses suggest that reducing perceived stress would have the
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considered.
(Epidemiology 2007;18: 678 – 685)

Submitted 23 February 2007; accepted 15 June 2007.
From the Divisions of *Epidemiology, †Community Health and Human
Development, and ‡Biostatistics, School of Public Health, University of
California, Berkely, California.
Supported by the National Institutes of Child Health and Human Development (R01 HD40864), the Fogarty International Center at NIH (K01
TW06077), the John D. and Catherine T. MacArthur Foundation “Research Network on Socioeconomic Status and Health,” and the Mexican
Government.
Correspondence: Nancy L. Fleischer, Center for Social Epidemiology and
Population Health, Department of Epidemiology, University of Michigan
School of Public Health, 1214 South University, 2nd floor, Ann Arbor,
MI 48103. E-mail: nancyfl@umich.edu.
Copyright © 2007 by Lippincott Williams & Wilkins
ISSN: 1044-3983/07/1806-0678
DOI: 10.1097/EDE.0b013e3181567fc5

678

D

epression was the leading cause of disability worldwide in 2000 when measured by years lived with
disability, and was the fourth leading contributor to the
global burden of disease by disability adjusted life years.1
In the Americas, depression was the leading contributor (at
8%) to total burden of disease in 2000.2 In a recent
prevalence study of mental disorders by the World Health
Organization in 14 countries (6 middle- or low-income, 8
high-income), researchers found that the 12-month prevalence of mood disorders (including bipolar I and II disorders, major depressive disorder, and dysthymia) ranged
from 1% in Nigeria to 10% in the United States.3
These numbers differ somewhat from other countrylevel studies in the developing world. Researchers have found
the prevalence of depression to be as high as 17% in 2
districts in Uganda,4 12% for women in urban Zimbabwe,5
and 44% in semi-urban Pakistan.6 Studies in Latin America
have found the prevalence of depression to be 8% in Brazil,7
and the prevalence of high depressive symptoms to be 34 – 46%
in Costa Rica and 47% in Chile for mothers living in urban or
peri-urban areas.8 Prevalence rates are difficult to compare
across countries due to the variety of instruments used and to
the paucity of data available in many places in the world.2
Regardless of the instrument, however, the data suggest that
mental health concerns are an important public health issue in
developing countries.
In Mexico, the second most populous country in Latin
America, the World Health Organization found a 12-month
prevalence of depression of 5% during 2001–2002.3 Another
study reported prevalence rates of major depressive disorder
ranging from 8% (past year) to 16% (lifetime) for women,
and from 4% (past year) to 9% (lifetime) for men in 4
Mexican cities, with an overall 12-month prevalence of 6%.9
A study in urban Mexico found high depressive symptoms in
60% of poor women.10
Women are at particular risk of developing depressive
symptomatology, and have almost twice the lifetime prevalence as men of major depressive disorder across countries
and ethnic groups.11 Worldwide, about 1 in every 8 women
will develop clinical depression in her lifetime.12 Biologic
and psychosocial factors, including hormonal fluctuations,
role-stress, coping styles, and disadvantaged social status,
contribute to the greater prevalence.11 Women are more
likely than men to experience the ill effects of poverty,
Epidemiology • Volume 18, Number 6, November 2007
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including less education, fewer job opportunities, and physical abuse from husbands.13
People of low socioeconomic status are also at greater
risk for depression, suggesting that relative rather than absolute poverty may be an important determinant for depression.14 In a nationally representative survey in the United
States, the National Health and Nutrition Examination Survey
Epidemiological Follow-Up Study found that 18% of the
sample reported high depressive symptoms.15 Other studies
have shown higher prevalence among marginalized subgroups
such as immigrants (30%)16 and low-income women (37%).17
A recent systematic review of common mental disorders in developing countries found that the majority of the
studies reported strong relationships between the prevalence
of common mental disorders and indicators of poverty, including low educational levels, low income, lack of material
possessions, lack of employment, and housing difficulties.13
In Mexico, lower education has also been associated with
increased likelihood of major depressive disorder.9
Despite the high burden of disease from depression and
other mental disorders in Latin America, particularly in
vulnerable subgroups, there has been little work examining
the importance of community-level variance and assessing
the relevant household-level and individual-level variables
associated with depressive symptoms among low-income
women. This knowledge is essential for designing interventions targeting poor women who are especially susceptible to
depression. The present analysis addresses this research gap
by exploring the factors associated with self-reported depressive symptoms in a large sample of women living in rural
Mexico.

METHODS
Sampling and Data Collection
A cross-sectional study conducted in 2003 targeted
households in low-income areas (income less than the 20th
percentile nationally, which is a per capita income of less
than $2 per day) throughout rural Mexico (in communities of
no more than 2500 inhabitants). These low-income communities had been previously selected based on the proportion of
households living in poverty, using data from the 1995
National Census. Households were selected within the communities according to an index of objective characteristics
such as housing materials, water and sanitation facilities,
education, and family structure, which were all shown to be
good proxies for annual income. A random sample of women
from households in these communities was interviewed, and
a variety of demographic, biologic, socioeconomic, and psychosocial data were collected. The sampling was designed to
be representative of the poorest households living in 7 Mexican states: Guerrero, Hidalgo, Michoacán, Puebla, Querétaro, San Luis Potosı́, and Veracruz. These states were selected based on access to primary and secondary schools and
© 2007 Lippincott Williams & Wilkins
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health clinics.18 The sampling frameworks for inclusion in
the program and in the survey are described in detail elsewhere.19 The response rate was over 90%. The study was
approved by the Committee of Ethics in Human Research of
the Instituto Nacional de Salud Pública (Mexico’s National
Institute of Public Health) and the Center for the Protection of
Human Subjects at the University of California, Berkeley; all
participants provided informed written consent.

Depressive Symptomatology Measure
Depression, as measured by a number of depressive
symptoms over the past week, was the dependent variable of
interest. We used the Spanish version of the Center for
Epidemiologic Studies-Depression scale, which is a 20-question tool that has been validated in Spanish-speaking populations in Mexico20 and in the United States.21 The scale has
shown some variation according to ethnic and cultural differences in terms of the types of symptoms more commonly
reported.21,22 Although the depressive symptom scale is most
often used as a self-report scale, it was administered by an
interviewer in this study due to the low literacy levels of
participants. The symptoms included in the scale are depressed mood, loss of interest or pleasure in activities, fatigue, feelings of excessive guilt or worthlessness, sleep and
appetite disturbances, and social difficulties. The generally
accepted cutoff in the United States for persons “at risk” for
clinical depression is 16 on the scale of 0 to 60, with 0
representing no depressive symptoms.23 Salgado de Snyder
and colleagues20 recommend a higher cutoff of 35 in rural
Mexican women; however, this cutoff has not been put into
widespread use due to the study’s small sample size and lack
of validation based on the Diagnostic and Statistical Manual
of Mental Disorders.
A wide anthropological literature demonstrates the importance of interpreting depressive symptoms within a cultural context. For instance, cultural factors have been shown
to influence which symptoms are experienced within the
condition of “depression,” what words or expressions are
used to describe those symptoms, and what decisions are
made about how to move forward with treatment, if at all.24
For these reasons, we have maintained the use of the depressive symptom scale as a linear scale, ranging from low to
high numbers of symptoms that are commonly related to
depression.

Psychosocial Measures
The Perceived Stress scale assesses the frequency of
stress-inducing situations and feelings of stress over the last
month, and was designed for use in the general community in
determining how much stress people experience in their
everyday lives.25 The scale has been validated in the Spanish
language.26 The Personal Control scale measures individuals’
beliefs concerning the extent to which they are able to control
or influence outcomes in their lives.27 The Social Support
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Index and Social Relationship scales are measures of the
types of support and quantity of meaningful relationships,
respectively, in people’s lives. There are no established gold
standard measures for either of these constructs; the measures
used in this study were adapted from those used by the
MacArthur Research Network and the Coronary Artery Risk
Development in Young Adults studies.28,29 Finally, the
MacArthur Scale of Subjective Social Status captures selfperception of social status across the socioeconomic spectrum.30 We used 2 social status scales— one assessing status
within the respondent’s self-defined community, and the
other assessing social standing within Mexico.

Other Measures
Interviews also included questions about age (selfreported and verified with birth certificate); educational
attainment; marital status (whether the respondent was
married or in a civil union with a partner); household size;
ethnicity (whether an indigenous language was spoken at
home); and household composition (if there was a female
head of household).
Some health outcome measures were also obtained (by
trained personnel), including measured height and weight31
关to calculate body mass index (BMI); weight in kilograms
divided by the square of height in meters兴; sick days (selfreported number of days ill in the past month); daily activities
(self-reported ability to participate in daily activities in the
past month); ease of various physical activities (eg, housework, running, lifting, carrying); and sleep (self-reported
number of hours slept last night). Health behaviors included
smoking (whether the participant had ever smoked a cigarette) and drinking alcohol (whether the respondent had ever
drunk alcohol).

Analyses
Data were analyzed using Stata 9.2 (StataCorp, College Station, TX). Of the 9412 people surveyed who
answered the depressive symptom scale questions (96% of
respondents), 7404 were women, age 18 –96 years; the data
used here were restricted to those women age 20 –70 years
(n ⫽ 7187), who were either the head of the household or
married to the head of the household (n ⫽ 6254). The final
dataset was limited to the 5457 women who had responses
for all covariates of interest. The women included in the
study had distributions of depressive symptom scale scores
similar to those who were excluded due to missing data
(Komogorov-Smirnov test P ⫽ 0.109).
Initially, we ran a hierarchical linear model (random
effects) to determine the contribution of the state- and community-level effects on depression in this population. The
analysis for the random-effects parameters showed that only
0.4% of the overall variance in depressive symptoms could be
explained at the state level and only 3.4% at the community
level. Given that 96% of the variance was explained at the
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A woman stands in a doorway with her three young children in
Mexico.
© 2000 Rick Maiman/David and Lucile Packard Foundation, Courtesy of Photoshare.

individual level, adjusting for potential correlation at the state
and community levels had almost no impact. Inference accounting for the study design was nearly identical to inference when treating the data as a simple random sample
(results not shown). Hence, we continued the analysis using
ordinary linear regression, clustering on community level to
adjust for sampling design, and using robust standard errors
to provide consistent inference.32 Even though there was little
variability due to sampling beyond the individual, and therefore little impact on the inference, robust errors allowed for
correlation at the community level.
The covariates used in the model were selected based
on factors that have been associated with depression. These
factors can be classified into 4 categories: socioeconomic
(woman’s education level, head of household education level,
household size); demographic (age, marital status, female
head of household, indigenous ethnicity); physical/biologic
(hours slept, days ill, daily activities, ease of housework, ease
of running/lifting, ease of carrying 10 kg, smoking, alcohol,
BMI); and psychosocial (perceived stress, personal control,
social support, social relationships, community social status,
social status in Mexico).
We carried out linear regression on the full model with
all 22 covariates. No interaction terms were included since
none of the 58 multiplicative interactions were significant
after Bonferroni adjustment (using a family-wise error rate,
thereby decreasing the probability of Type I errors). We first
assessed the effects of the 22 covariates using ordinary linear
© 2007 Lippincott Williams & Wilkins
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regression and Bonferroni adjustment. The covariates were
then ranked using a method developed by Hubbard and van
der Laan.33 This method, using population intervention models, estimates the change in the distribution of an outcome if
one intervenes uniformly in a population. The methodology is
based on the notion of counterfactuals. That is, for a factor of
interest, say A, there are in theory several outcomes for each
subject indexed by various levels of A. Thus, the completed
data would be Ya:aA, where A is the set of all possible levels
of A. Consider the simple binary case A ⫽ 0 or A ⫽ 1. The
counterfactuals of interest are Y1 and Y0, or the outcomes if a
subject has A ⫽ 1 and A ⫽ 0. A population intervention
parameter compares a counterfactual world (eg, all subjects have
A ⫽ 0) to the current conditions (a “natural” mix of 0’s and 1’s).
Population intervention parameters in effect standardize the risk factors in the regression model, providing a way
to compare the relative effects of the covariates on the
outcome of interest. For this analysis, we selected baseline
values that represented the best outcome for that particular
factor (eg, zero days ill, or BMI in the healthy range of 18 –25
kg/m2). Our parameter of interest is E关Ya兴-E关Y兴 (where a is
the baseline of each risk factor). This parameter can be
interpreted (under assumptions, such as no unmeasured confounding and correct model specification) as the difference in
the mean score of depressive symptoms in a population where
all subjects have the ideal level of the risk factor versus the
mean depressive symptoms score in the observed population.
This parameter has a natural public health interpretation akin
to an adjusted attributable risk. Traditional measures of association, such as the coefficient in a linear regression model,
give the change in the mean depressive symptom score for a
unit change in the covariate of interest; in contrast, population
intervention parameters are directly comparable across various risk factors since they are estimating the reduction in the
mean depressive symptom score by reducing the risk factor to
its lowest level. Population intervention parameters were not
assessed for age and indigenous language. One cannot intervene on these factors and, thus, it is not feasible to assess an
ideal outcome for these variables. The population intervention parameters were implemented in Stata, though this technique can be done in any relatively flexible statistical package.
G-estimation procedures34 were used to estimate the parameters.
First, we performed the standard regression of the risk factor and
confounders versus the outcome. Then, to estimate the mean
when the risk factor is set to the lowest level, we simply changed
each subject’s risk factor to the lowest level and then used the
model (keeping the confounders at their original levels) to
predict (impute) the outcome for each subject as if that person
had the lowest risk level. A simple average of these predictions
gave the mean under a theoretical scenario when the entire
population is at the lowest risk level.
The various types of risk factors (ie, socioeconomic,
demographic, physical/biologic, psychosocial) were also an© 2007 Lippincott Williams & Wilkins

Depressive Symptoms in Low-Income Women in Mexico

TABLE 1. Description of Study Participants by Variables of
Interest (n ⫽ 5457)
Variable

Results*

Depression (CES-D scale)
Score
Yes (score ⱖ16); %
Age (years)
Married; %
Female head of household; %
Indigenous language spoken at home; %
Household size (no. people in
household)
Woman’s education level; %
No education
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6⫹
Head of household education level; %
No education
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6⫹
Hours slept last night
Days ill over past month
Daily activities lost over past month; %
None
Some
Can easily do work (farm, gardening,
sweeping); %
Can easily run, lift heavy objects; %
Can easily carry 10 kg; %
Ever smoked a cigarette; %
Ever drink alcohol; %
Body mass index (BMI; kg/m2)
Perceived stress index†
Personal control index†
Social support index†
Social relationships (number of friends
or relatives)
Community social status
Social status in Mexico

17.0 ⫾ 10.0 (0 to 54)
50.6
36.5 ⫾ 10.5 (20 to 70)
71.8
8.2
24.8
5.8 ⫾ 2.1 (1 to 17)

17.7
6.2
12.7
23.9
7.6
4.4
27.5
16.1
6.5
11.3
16.1
6.3
3.4
40.3
8.2 ⫾ 1.7 (0 to 12)
3.5 ⫾ 6.6 (0 to 30)
79.9
20.1
73.1
69.0
62.1
13.9
13.4
27.1 ⫾ 4.9 (15.58 to 48.28)
15.4 ⫾ 6.1 (0 to 40)
14.5 ⫾ 4.6 (6 to 30)
10.8 ⫾ 3.9 (5 to 25)
5.3 ⫾ 5.4 (0 to 63)
3.3 ⫾ 2.2 (1 to 9)
2.6 ⫾ 2.0 (1 to 9)

*Unless otherwise indicated, results are expressed as mean ⫾ SD (range)
†
High score indicates more perceived stress, less personal control, and less social
support, respectively.
CES–D indicates Center for Epidemiologic Studies to Depression.

alyzed to compare the relative variance explained by the
blocks of variables on the full model.

RESULTS
Characteristics for the study population are presented in
Table 1. The women had a mean age of 37 years, were mostly
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TABLE 2. Linear Regression Results Ordered by Population Intervention Parameter Rankings

Variable

Beta Coefficient
(95% Confidence Interval)

Population
Intervention
Parameter
E关Ya兴ⴚE关Y兴

Perceived stress

0.694† (0.654 to 0.735)

⫺4.702

Perceived control

0.290† (0.232 to 0.348)

⫺1.101

Social support

0.301† (0.236 to 0.366)

⫺0.871

⫺0.068 (⫺0.207 to 0.070)

⫺0.830

⫺0.283† (⫺0.406 to ⫺0.159)
⫺0.100† (⫺0.144 to ⫺0.056)
⫺0.169 (⫺0.287 to ⫺0.051)
0.106† (0.068 to 0.144)
1.813† (1.251 to 2.376)
⫺0.105 (⫺0.231 to 0.021)
⫺0.770 (⫺1.507 to ⫺0.034)
⫺0.662 (⫺1.366 to 0.042)
⫺0.430 (⫺0.979 to 0.119)
⫺0.039 (⫺0.079 to 0.001)
0.042 (⫺0.087 to 0.171)

⫺0.674
0.497
⫺0.473
⫺0.367
⫺0.365
⫺0.273
⫺0.207
⫺0.205
⫺0.163
⫺0.136
0.135

1.103 (0.234 to 1.972)
0.442 (⫺0.186 to 1.069)
⫺0.062 (⫺0.159 to 0.035)
0.285 (⫺0.394 to 0.965)
⫺0.012 (⫺0.554 to 0.530)
0.050† (0.026 to 0.075)
⫺0.246 (⫺0.787 to 0.296)

⫺0.091
⫺0.061
0.046
⫺0.038
⫺0.003

Social status in Mexico
Head of household education
BMI (kg/m2)
Education
Days ill
No. daily activities lost
No. hours slept
Ease of farm or house work
Ease of running, lifting
Ease of carrying 10 kg
Social relationships
Community social status
Female head of household
Ever smoked
Household size
Ever drink alcohol
Married
Age
Indigenous language

Baseline for Population
Intervention Parameter*
Average response of “almost never” or “never” to
all questions
Average response of “almost never” or “never” to
all questions
Average response of “almost never” or “never” to
all questions
Consider themselves in top third of people in
Mexico
Completed primary school or more
18 to 25 kg/m2
Completed primary school or more
0d
0 daily activities lost
7 to 9 h of sleep
Able to perform work with ease
Able to perform work with ease
Able to perform work with ease
Five or more close friends or relatives
Consider themselves in top third of people in
community
Female not head of household
Never smoked
Five or fewer people per household
Never drink alcohol
Married

*Baseline values for the population intervention parameters represent the best outcome for that particular value.
†
Significant P value using Bonferroni family–wise error rate adjustment (0.05/22 ⫽ 0.002).

TABLE 3. R2 Analysis by Variable Type
Variable Type
Demographic (age, married, female head of
household, indigenous language)
Socioeconomic (education, head of household
education, household size)
Physical/biological (no. hours slept, no. days ill, no.
daily activities lost, ease of farm or housework,
ease of running and lifting, ease of carrying 10 kg,
ever smoked, ever drink alcohol, BMI)
Psychosocial (perceived stress, personal control,
social support, social relationships, community
social status, social status in Mexico)

Partial R2*
0.0047
0.0074
0.0222

0.2239

*All F tests with P values ⬍0.0001.

married or in a civil union, and were rarely the head of the
household. The majority of women did not smoke or drink
alcohol, were able to complete physical activities with ease,
and were rarely ill. Fewer than half of the women had
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completed more than 3 years of primary school. The average
household size was nearly 6 people, and almost 25% of
households were indigenous.
The linear regression results and the population intervention model effect estimators are presented in Table 2. All
results indicate that individual-level variables (particularly
psychosocial variables such as perceived stress, perceived
control, and social support) are the variables most strongly
associated with depressive symptoms. Increases in depressive
symptoms were associated with increased age, number of
days ill, number of daily activities lost, perceived stress,
personal control, and poorer social support. Decreased depressive symptoms were associated with increased BMI and
education level for the head of household.
The population intervention model parameter estimators show that there is quite a large range in the actual
associations of the various risk factors with depressive symptoms in the population, which is defined as the estimated
impact on the mean of depressive symptoms if the risk factor
were returned to a baseline level (defined for each variable in
© 2007 Lippincott Williams & Wilkins
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Table 2). This calculation is a function of both the strength of
the association and the prevalence of the baseline risk group
in the sample. After this standardization, it appears as if
perceived stress has a stronger association (defined by this
parameter) to depressive symptoms than any other risk factor.
Personal control, social support, country-level social status,
head of household education, BMI, and individual education
follow perceived stress in ranking.
Table 3 displays the partial R-squared comparison for
the different types of variables when they are evaluated as
related blocks (ie, socioeconomic, demographic, physical/
biologic, psychosocial) rather than as individual risk factors.
The partial R-squared comparison shows the different levels
of variance accounted for by each block of variables. Consistent with what we have shown above, psychosocial risk
factors explained the majority of the variation in depressive
symptoms in the model. Physical/biologic factors were also
important, but the socioeconomic and demographic variable
blocks explained smaller percentages of the variance with
depressive symptoms in this model.

DISCUSSION
The mean depressive symptom score in this population
of poor, rural Mexican women age 20 –70 years was 17, and
the median was 16. More than half of the women (51%) in
this population had a score above the standard US-based
cutoff value of 16. In a US context, this cutoff is used to
identify people “at risk” for clinical depression.23 However,
cultural differences must be considered when interpreting
these results.24 Ethnic and cultural differences may exist in
the interpretation of the depressive symptom score questions,
and the symptoms reported in this assessment may not be
related to the condition termed “depression” in the United
States, but rather may be considered to be generalized stress,
anxiety, or some other mental health disorder.21,22 Even so,
this study population reported high numbers of symptoms
often categorized as depressive (eg, being bothered by things
that do not usually bother you, feeling “depressed,” feeling
lonely, feeling sad, crying frequently, feeling that people
dislike you, or feeling that you could not “get going”).
While this study did not assess the cross-cultural
issues associated with depressive symptoms, it does provide evidence for the importance of a wide range of factors
(socioeconomic, demographic, physical/biologic, psychosocial) associated with self-reported symptoms of depression. Psychosocial factors played the greatest role in explaining the levels of depressive symptoms in these women,
with perceived stress, personal control, social support, and social
status in Mexico ranking highest in terms of importance. These
factors have been addressed by a small number of studies in
Latin America, with consistent findings. Psychosocial factors
(including psychologic distress, social isolation, and poor social
support) have been associated with postpartum depression.11
© 2007 Lippincott Williams & Wilkins
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Stressful life events such as being divorced, separated, or widowed, and childhood trauma have been associated with depression,6,9 as has low social class.13
Physical and biologic factors were also found to be
important in this analysis. The decrease in depressive
symptoms with increasing BMI is the opposite effect seen
in other populations such as the United States.35 In the
context of rural Mexico, there may not be negative associations with overweight or obesity, or concerns about its
impact on long-term health. In a recent study of rural black
women in South Africa, most overweight and obese
women were “unconcerned” about their weight and did not
want to lose weight.36 Similarly, overweight and obese
individuals in other areas (such as the Mediterranean37 and
the Pacific Islands38) do not associate overweight or obesity with negative outcomes. There is some evidence that
as countries become more developed there is a shift toward
preferences for smaller body sizes.39
Somatic variables (such as days ill, ease of running
or lifting, ease of farm or housework, and hours slept) also
accounted for a small percentage of the variance in the
model when considered as part of the block of physical
variables. Somatic symptoms are one of the areas assessed
by the depressive symptom scale, and there is evidence
that these variables are reported more often in nonwestern
cultures.40 For example, a recent study of Latin American
outpatients with major depressive disorder demonstrated that the
presence of somatic symptoms was associated both with increased depression severity and reduced quality of life.41
In spite of the fact that the population studied here is
fairly homogeneous in terms of its poverty level, higher
attained education levels for the women and not having a
female head of household were associated with decreases in
depressive symptoms. These results are consistent with the
findings in a three-sample study in Latin America8 and other
studies of common mental disorders in the developing
world.13
This study has several limitations. Due to the crosssectional nature of this dataset, the analyses reflect associations rather than causal connections since the timing of
the onset of depressive symptoms in relation to the risk
factors is not necessarily clear. Although the depressive
symptom scale has been validated in various Spanishspeaking populations, there are considerable cultural limitations to using this scale outside of the context in which
it was developed.40 In addition, there are substantial drawbacks to trying to assess mental health altogether while
using a scale that has not be developed, tested, or validated
in the country in which it is used.
Despite the constraints of this analysis, the paper suggests a considerable burden of symptoms of poor mental
health in women in rural Mexico. We have pinpointed several
key variables that are strongly associated with the presence of
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self-reported depressive symptoms, even within a relatively
homogeneous population. Perceived stress, for example,
could be used as a simple and quick screening test allowing
practitioners or public health workers to identify women at
risk for depression. When interpreting the population intervention parameters and linear regression results, however,
one must keep in mind that the time-ordering is not always
clear due to the cross-sectional study design. Likewise, any
potential interventions for a particular population should be
considered within a broader context. In this poor, rural
Mexican population, improving educational opportunities
and poverty alleviation should be among health interventions
considered. Longitudinal studies will help refine the contributions of individual, community, and regional influences on
depression, and will be critical for highlighting areas of focus
for future interventions.
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Air Pollution, Social Deprivation, and Mortality
A Multilevel Cohort Study
Øyvind Næss,*† Fredrik N. Piro,* Per Nafstad,*† George Davey Smith,‡ and Alastair H. Leyland§
Background: It is becoming increasingly evident that exposure to
air pollution and its adverse effects are not equitably distributed. Our
goal was to investigate the role of social deprivation in explaining
the effect of neighborhood differences in level of air pollution fine
particulates (PM2.5) on mortality when the indicators of social
deprivation are measured at both individual level and at neighborhood level.
Methods: All inhabitants registered in Oslo, Norway on 1 January
1992 in the age group 50 –74 years (n ⫽ 105,359) constitute the
study base. We used an air dispersion model (AirQUIS) to estimate
levels of exposure in the period 1992–1995 in all 470 administrative
neighborhoods. These data were linked to Census, educational, and
death registries. Deaths were recorded in the period 1992–1998.
Main Results: PM2.5 was associated with most neighborhood-level
indicators of deprivation, as was most clearly seen for type of
dwelling and ownership of dwelling. The effect of PM2.5 on mortality was to some extent explained by these indicators independently of the corresponding individual-level indicators.
Conclusions: Findings from this study suggest that socially deprived neighborhoods have higher exposure to air pollution. Deprivation at both the individual and neighborhood level is associated
with air pollution, accounting for some of the excess mortality
associated with air pollution in these neighborhoods.
(Epidemiology 2007;18: 686 – 694)

A

number of studies have in recent years provided evidence of adverse health effects attributable to air pollution. Studies using time-series analysis have reported positive
associations between short-term air pollution exposure and
daily mortality.1– 4 A few cohort studies have extended this

evidence.5– 8 Increasingly, it has come to the attention of
researchers and policy makers that the distribution of exposure to air pollution is not equitable,9 but this inequity has
until recently received little formal epidemiologic attention.
Typically, studies of air pollution have adjusted for socioeconomic position by any available indicator in an attempt
to achieve estimates that are claimed to be independent of
the social environment. Other studies have investigated the
associations between outdoor air pollution and mortality
after adjustment for socioeconomic position at the individual level or at the district level. In the first type of
study,6,10,11 it has been customary to account for socioeconomic measurements such as occupational class, income,
or education. In the latter, each person is assigned a value
based on aggregate characteristics of all individuals in this
person’s place of residence.12–19 In a recent report from
Los Angeles, Jerrett et al19 were able to include a number
of contextual variables at zip code level in addition to
individual-level socioeconomic position.
Few multilevel studies have taken both individual and
neighborhood level into account. The influence of the social
environment is likely to be multidimensional, depending on
the specific causal model for the disease of interest and the
theoretical relevance of a socioeconomic indicator in any
given local context.20 As important environmental exposures
such as outdoor air pollution are spatially located, the degree
to which these exposures are socially patterned is likely to be
located at this level as well. In this study we investigated the
role of social deprivation at both individual and neighborhood
level in explaining the effect of air pollution on mortality.
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Population
Our study population was a cohort of all inhabitants age
50 –74 years who lived in the municipality of Oslo, Norway
in 1992, comprising a total of 105,359 persons. Among these,
18,531 (18%) had missing data either because they had not
responded to all the Census questions or did not live in
Norway before 1992. Data on housing conditions were available only from the 1980 Census; to make this information
valid for the period of air pollution exposure, those 27,898
(26%) who had moved between 1980 and 1992 were excluded. Data on air pollution were linked with the tax,
Epidemiology • Volume 18, Number 6, November 2007
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educational, and the death registers, facilitated by the Norwegian identity code and provided by Statistics Norway.
Deaths were recorded in the period 1992–1998. All death
certificates are registered with Statistics Norway, with no
missing cases. There were 10,055 deaths in the analyzed
cohort. We investigated the effect of fine particulates (PM2.5)
on causes of death grouped into those plausibly related to air
pollution, such as cardiovascular causes (ICD-9: 390 – 459,
ICD-10: I00-I119), lung cancer (ICD-9: 162, ICD-10: C34),
lung cancer (ICD-9: 162, ICD-10: C34), and chronic obstructive pulmonary disease (COPD) (ICD-9: 490 – 496 and ICD10: J40-J47), and those causes not plausibly related to air
pollution, such as psychiatric causes of death (ICD-9: 290,
292–302, 304, 306 –319; ICD-10: F00 –F09, F11–F69), stomach cancer (ICD-9: 151; ICD-10: C16), and violence (ICD-9:
800 –999; ICD-10: S00 –Y90, Y95–Y98). These causes were
chosen a priori because they were shown in a previous study
of the same population to be socially patterned by different
pathways.20

Exposure Assessment
The Norwegian Institute for Air Research has estimated
average concentrations of air pollutants monthly in the period
1992–1995. Concentrations (g/m3) of particulate matter
pollutants (PM2.5 and PM10) and nitrogen oxides (NO2) were
computed hourly. An AirQUIS system developed at the
Norwegian Institute was implemented to estimate the concentration of pollutants in 468 neighborhoods in the city.21
This air pollution dispersion model uses emission, geographic
information (such as proximity to roads and topography), and
meteorologic information to calculate hourly estimates.
These concentrations describe the level of air pollution to
which the average population in every neighborhood is exposed. Input data for this AirQUIS model are provided hourly
and geographically determined. This includes emissions from
road particles, vehicles, and home heating. The meteorologic
model is based on hourly measured meteorologic values.
Person-weighted median concentrations for each neighborhood are calculated by using concentration values and number of inhabitants living in buildings defined by grids within
each neighborhood and additional grids from other points
within each neighborhood. These additional points were homogeneously and uniformly generated (“random draw”). Average exposure values for each individual residing in any of
these neighborhoods were then calculated over this 4-year
period. These averaged values for each individual were divided into quartiles for each air pollutant.
The AirQuis model has been evaluated to assess the
long-term (month-years) estimation of local ambient air pollution by comparing it with available measurements from
monitoring stations in Oslo.22 Measured and modeled longterm mean concentrations were correlated for all pollutants,
with the best correlation and lowest bias for nitrogen dioxide
(NO2) and PM2.5. For PM2.5 the correlation was 0.79 during
© 2007 Lippincott Williams & Wilkins
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winter and 0.57 during summer. The correlations increased
with the length of averaging period, and all pollutants performed better at the urban background stations compared
with the traffic stations. Modeling is probably less demanding
for background levels than for levels affected by strong line
sources leading to steeper spatial concentration gradients,
which to some extent explains the lower agreement between
the model and measurements at the traffic stations.

Indicators of Deprivation
The following indicators of deprivation were recorded: education (1 ⫽ primary education only, 0 ⫽ more
than primary education), equalized household income below median (below ⫽ 1, above ⫽ 0), occupational class
(1 ⫽ manual, 0 ⫽ nonmanual), status of ownership of
dwelling (no ⫽ 1, yes ⫽ 0), type of dwelling (flat ⫽ 1,
attached house ⫽ 0), and crowded household (1 ⫽ less
than 1 room per capita, 0 ⫽ more than 1 room per capita).
Education and income were recorded in 1990. Household
income was the taxable income in the household minus
claimed tax according to the revenue authorities, divided
by the number of consumer units in the household. Consumer units were 1.0 for the first adult, 0.5 for each child,
and 0.7 for a married adult and each child of 16 and older
living at home without income. Zero or negative household
income was treated as missing. Occupational class, ownership of dwelling, type of dwelling, and crowded household were recorded in the 1980 Census. Each individuallevel indicator was aggregated to neighborhood level by
calculating the percentage in each neighborhood with primary education only, being in manual class, not owning
their dwelling, having household income below median,
living in a flat, and having less than 1 room per capita. In
the multilevel logistic regression, these aggregated values
of the deprivation indicators were standardized by generating Z-scores, which makes it possible to compare these
effect estimates across neighborhoods as one standard
deviation increase in the neighborhood-level effect of
social deprivation.

Statistical Analysis
The models were stratified by sex and age-adjusted by
5-year age bands. We fitted 5 models for each deprivation
measure: a model including just the individual covariate, one
including just the contextual covariate, one including the
individual covariate together with neighborhood air pollution,
one including the contextual covariate together with air pollution, and the final model including both the individual and
contextual covariates together with neighborhood air pollution. Spatial models were fitted using WinBUGS with individuals (level 1) nested in neighborhoods (level 2).23 The
dependent variable yij was a dichotomous outcome (death),
with a logit link used to link the probability of an event to the
covariates. To model the spatial correlation between the small
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areas we assumed a convolution prior for the random effects;
the random effect for each area was taken to be the sum of a
spatially structured component vj and an unstructured or
heterogenous component uj . A conditional autoregressive
prior was assigned to the vj and a normal prior to the uj .24,25
yij ⬃ Bin 共1,ij 兲
logit 共ij 兲 ⫽ X␤ ⫹ vj ⫹ uj
vj | v ⫺ j ⬃ N 共v j ,v2 /nj 兲
uj ⬃ N 共0,u2 兲
where X␤ is the fixed part of the model (including age and
any other individual or neighborhood covariates), v ⫺ j denotes the spatial effects for all areas other than area j, v j is the
mean of the vj for the areas bordering area j, and nj is the
number of neighbors of area j. Flat (improper) priors were
assigned to the fixed parameters ␤p and uniform U (0,2)
priors were assigned to the square root of the variances u2 and
v2 . All parameter means and credible intervals were estimated from 2 chains of length 20,000 after burn-ins of length
5000.

RESULTS
There were fewer individuals in the deprived category
for most indicators except ownership of dwelling and type of
dwelling (Table 1). More individuals had missing data for
occupational class than for other covariates. Those with
missing data on housing conditions generally had higher
mortality rates. A substantial part of the excluded population
had moved between 1980 and 1993; these individuals had
mortality rates similar to the total population. Men included
in the analysis had somewhat lower mortality than the men
not included, whereas for women the 2 groups had similar
mortality.
The mean (⫾SD) concentration (g/m3) of PM2.5 in the
study population was 14.2 ⫾ 3.6, with a median of 13.3. The
interquartile ranges were 1st, 6.6 –11.3; 2nd, 11.3–13.3; 3rd,
13.3–17.3; and 4th, 17.3–22.3. Mean ⫾ SD values for the
proportion in each neighborhood being deprived were 0.35 ⫾
0.19 for primary education only; 0.34 ⫾ 0.17 for manual
class; 0.46 ⫾ 0.14 for income below median; 0.70 ⫾ 0.32 for
not owning their dwelling; 0.56 ⫾ 0.38 for living in a flat; and
0.44 ⫾ 0.16 for living in crowded household. Average number of inhabitants per neighborhood was 1010. The average
size of neighborhood was 283,000 m2.
Figure 1 presents concentrations of PM2.5 (range, 25–
75%) by 6 equal groups of neighborhood-level deprivation
presented separately for each indicator. For neighborhoodlevel proportion in manual class, household income below
median, and primary education only, those with values below
the lowest quantile lived in neighborhoods with higher concentrations of PM2.5. For the proportion not owning their
dwelling, there were clearer gradients of exposure to PM2.5
with best discrimination in the most deprived neighborhoods
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TABLE 1. Distribution of Individual-Level Independent
Variables and Age-Adjusted Mortality Rates (per 10,000
Person-Years) for Each Indicator of Deprivation in Men and
Women
Men

Occupational class
Nonmanual
Manual
Missing
Income below median
Above
Below
Missing
Education
More than primary
Primary education only
Missing
Ownership of dwelling
Yes
No
Missing
Type of dwelling: flat
No
Yes
Missing
Crowded household
No
Yes
Missing
All missing*
Migrated†
Included population
Total

Women

No.

Mortality
Rate

No.

Mortality
Rate

25,482
14,679
6554

275
374
355

36,929
16,582
5133

177
231
234

29,076
16,502
1137

274
397
199

33,401
22,459
984

156
249
145

31,009
12,963
2743

282
402
305

33,845
22,459
2340

169
239
156

10,648
21,181
1411

237
341
380

12,273
30,423
1525

151
211
235

15,026
17,175
1039

254
353
412

17,548
25,503
1170

160
218
211

18,699
13,074
1467
9680
13,475
27,943
46,715

292
333
361
362
345
302
334

27,127
15,334
1760
8851
14,423
38,832
58,644

186
213
231
228
201
191
197

*Excluded because they were missing any of the indicators.
†
Excluded from analysis because they moved between the Census in 1980 and
1992.

for education and in the least deprived neighborhoods for
ownership of dwelling. Neighborhood-level living in a flat
seemed to discriminate best, with a clear dose-response
relationship across levels of PM2.5 (mean values ranging from
12.1 in the lowest percentile category to 17.0 in the highest).
There was a slightly increased exposure in the most deprived
quantile for proportion in crowded households, but this covered a much narrower range of concentrations of PM2.5.
The correlation between PM2.5 and the neighborhoodlevel indicators ranged from low for proportion in manual
class (r ⫽ 0.04), proportion with primary education (r ⫽
0.14), and proportion with crowded households (r ⫽ 0.13), to
moderate with proportion not owning their dwelling (r ⫽
0.31), proportion having income below median (r ⫽ 0.28),
and proportion living in flat (r ⫽ 0.48). PM2.5 was highly
correlated with NO2 (r ⫽ 0.87) and PM10 (r ⫽ 0.95).
© 2007 Lippincott Williams & Wilkins
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11

11

PM2.5 (µg/m3)

PM2.5 (µg/m3)

16

16
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2
3
4
5
6
(A) Proportion in manual class

1
2
3
4
5
6
(B) Proportion with income below median

11

11

PM2.5 (µg/m3)

PM2.5 (µg/m3)

16

16

1

1
2
3
4
5
6
(C) Proportion with primary education only

11

11

PM2.5 (µg/m3)

PM2.5 (µg/m3)

16

16

1
2
3
4
5
6
(D) Proportion not owning their dwelling

1

2
3
4
5
(E) Proportion living in flat

6

1
2
3
4
5
6
(F) Proportion in crowded household

Tables 2 and 3 present age-adjusted effects of PM2.5
(by one quartile increase in g/m3), individual-level deprivation, and neighborhood-level deprivation, analyzed separately for each indicator in men and women. In men the
individual-level effects of each indicator were rather similar except that crowded household had a smaller effect
size. Individual-level housing tenure and type of dwelling
explained more of the neighborhood-level variance than
the other indicators. Crowded household explained less
than the others. The neighborhood-level effect of most
indicators of deprivation was of similar size and explained
a substantial part of all the neighborhood-level variances
in mortality; the exception was overcrowding, which showed no
effect on all-cause mortality. None of the individual deprivation
measures had much influence on the effect of PM2.5. Neighborhood-level deprivation attenuated this effect of PM2.5 to a larger
degree, especially for income below median, housing tenure,
and type of dwelling.
In women the effect of individual- and neighborhoodlevel deprivation was generally similar to that seen in men.
The neighborhood-level variances dropped in a similar pattern to men. The neighborhood-level spatial variance fell by
an average of 51% when the indicators of neighborhood-level
deprivation were added one at a time compared with the
variance in a model including only age. The average decrease
© 2007 Lippincott Williams & Wilkins

FIGURE 1. Concentration of PM2.5 at place of
residence (estimated at neighborhood level) by 6
quantiles of neighborhood level proportion in
manual class (A), with income below median (B),
with primary education only (C), not owning
their dwelling (D), living in flat (E), and in
crowded household (F).

was greater (62%) among the deprivation indicators excluding overcrowding. The effect of PM2.5 was attenuated to only
a minor degree for most indicators at the individual level,
except for housing tenure and type of dwelling. There was a
larger attenuation when adding indicators of deprivation at
neighborhood level, especially for education, income below
median, and type of dwelling. The independent effect of
neighborhood-level deprivation in the fully adjusted model
could to some degree be explained by individual-level deprivation. When we used individual-level education, occupational class, and household income with 5 categories rather
than the dichotomized variables, there was a minimal impact
on the results. We saw no significant cross-level interaction
between indicators of deprivation. There was a statistically
significant negative interaction between levels of PM2.5 and the
proportion with household income below median, and a positive
interaction of PM2.5 with the proportion living in a flat and
owning their dwelling among women. The effect of PM2.5 on
both sexes combined dropped to 1.05 (1.02–1.08) after including
all indicators at individual and neighborhood level.
In the cause-specific analysis, there was an increased
risk in both sexes for causes plausibly related to air pollution,
with a particularly strong effect for chronic obstructive pulmonary disease (Table 4). The attenuation in effects was
strongest when the neighborhood-level indicators of depriva-
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TABLE 2. Age-Adjusted Fixed Effect on All-Cause Mortality (Odds Ratio and 95% Coverage Interval) of PM2.5, Indicators of
Deprivation at Individual* and Neighborhood Level† and Heterogeneous and Spatial Neighborhood Level Variances (95%
Coverage Intervals)‡ in Men Age 50 –74 Years

Primary education only
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
Manual class
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
Income below median
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
Not owner occupied
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
Type of dwelling flat
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
More than 1 person per room
in dwelling
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial

Individual
Only

Neighborhood
Only

Individual ⴙ
PM2.5

Neighborhood ⴙ
PM2.5

Fully Adjusted

—
1.41 (1.32–1.52)
—

—
—
1.30 (1.24–1.36)

1.10 (1.03–1.17)
1.41 (1.32–1.52)
—

1.05 (1.00–1.11)
—
1.28 (1.22–1.35)

1.06 (1.00–1.11)
1.34 (1.24–1.43)
1.22 (1.16–1.28)

0.003 (0.000–0.012)
0.150 (0.090–0.226)

0.003 (0.000–0.011)
0.058 (0.023–0.110)

0.003 (0.000–0.012)
0.126 (0.067–0.203)

0.004 (0.000–0.016)
0.048 (0.013–0.104)

0.003 (0.000–0.013)
0.047 (0.014–0.098)

—
1.35 (1.26–1.44)
—

—
—
1.27 (1.21–1.33)

1.09 (1.02–1.17)
1.35 (1.26–1.45)
—

1.06 (1.01–1.12)
—
1.26 (1.20–1.32)

1.06 (1.01–1.12)
1.28 (1.20–1.37)
1.20 (1.14–1.26)

0.002 (0.000–0.012)
0.158 (0.093–0.237)

0.003 (0.000–0.012)
0.077 (0.038–0.134)

0.003 (0.000–0.014)
0.133 (0.069–0.210)

0.003 (0.000–0.015)
0.062 (0.022–0.116)

0.003 (0.000–0.014)
0.061 (0.022–0.116)

—
1.49 (1.39–1.58)
—

—
—
1.22 (1.17–1.28)

1.09 (1.02–1.17)
1.48 (1.39–1.58)
—

1.05 (1.00–1.11)
—
1.22 (1.16–1.27)

1.05 (1.00–1.12)
1.44 (1.35–1.53)
1.16 (1.11–1.21)

0.002 (0.000–0.012)
0.161 (0.098–0.243)

0.003 (0.000–0.015)
0.067 (0.024–0.129)

0.003 (0.000–0.018)
0.134 (0.069–0.211)

0.005 (0.000–0.021)
0.053 (0.010–0.115)

0.004 (0.000–0.019)
0.057 (0.011–0.123)

—
1.36 (1.25–1.48)
—

—
—
1.20 (1.14–1.25)

1.08 (1.01–1.15)
1.35 (1.24–1.47)
—

1.06 (1.00–1.13)
—
1.18 (1.13–1.24)

1.06 (1.00–0.13)
1.24 (1.12–1.36)
1.11 (1.05–1.17)

0.003 (0.000–0.014)
0.136 (0.076–0.214)

0.004 (0.000–0.016)
0.100 (0.046–0.170)

0.002 (0.000–0.011)
0.120 (0.065–0.196)

0.003 (0.000–0.017)
0.092 (0.037–0.164)

0.003 (0.000–0.016)
0.093 (0.040–0.164)

—
1.32 (1.22–1.43)
—

—
—
1.19 (1.13–1.25)

1.07 (1.00–1.15)
1.31 (1.21–1.42)
—

1.05 (0.98–1.12)
—
1.18 (1.12–1.24)

1.04 (0.98–1.11)
1.19 (1.09–1.31)
1.10 (1.04–1.17)

0.002 (0.000–0.011)
0.131 (0.072–0.208)

0.002 (0.000–0.013)
0.100 (0.048–0.167)

0.003 (0.000–0.013)
0.116 (0.059–0.190)

0.003 (0.000–0.015)
0.094 (0.043–0.163)

0.002 (0.000–0.013)
0.095 (0.042–0.167)

—
1.06 (0.99–1.13)
—

—
—
1.00 (0.95–1.04)

1.10 (1.03–1.19)
1.06 (0.99–1.13)
—

1.11 (1.02–1.19)
—
1.01 (0.96–1.05)

1.10 (1.02–1.18)
1.05 (0.98–1.13)
1.01 (0.96–1.05)

0.003 (0.000–0.013)
0.199 (0.127–0.290)

0.003 (0.000–0.016)
0.209 (0.136–0.301)

0.004 (0.000–0.017)
0.174 (0.102–0.265)

0.003 (0.000–0.014)
0.184 (0.110–0.273)

0.004 (0.000–0.019)
0.175 (0.101–0.262)

*0 ⫽ deprived on any indicator; 1 ⫽ not deprived on any indicator.
†
Z-score of the percentage in each neighborhood that is deprived on any indicator.
‡
The heterogeneous variance in a model adjusting only for age was 0.003 (0.000 – 0.014) and the spatial variance was 0.208 (0.136 – 0.298). The effect of PM2.5 adjusting only
for age was 1.10 (1.03–1.18) with a heterogeneous variance of 0.004 (0.000 – 0.016) and a spatial variance of 0.181 (0.110 – 0.269).
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TABLE 3. Age-Adjusted Fixed Effect on All-Cause Mortality (Odds Ratio and 95% Coverage Interval) of PM2.5, Indicators of
Deprivation at Individual* and Neighborhood Level† and Heterogeneous and Spatial Neighborhood Level Variances (95%
Coverage Intervals)‡ in Women Age 50 –74 Years

Primary education only
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
Manual class
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
Income below median
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
Not owner occupied
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
Type of dwelling flat
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial
More than 1 person per
room in dwelling
PM2.5
Individual
Neighborhood
Variance
Heterogeneous
Spatial

Individual
Only

Neighborhood
Only

Individual ⴙ
PM2.5

Neighborhood ⴙ
PM2.5

—
1.40 (1.30–1.50)
—

—
—
1.26 (1.20–1.32)

1.10 (1.04–1.17)
1.40 (1.30–1.50)
—

1.05 (1.00–1.10)
—
1.24 (1.19–1.30)

1.05 (1.00–1.11)
1.32 (1.23–1.42)
1.18 (1.12–1.24)

0.006 (0.000–0.020)
0.099 (0.046–0.168)

0.006 (0.000–0.020)
0.042 (0.011–0.091)

0.007 (0.000–0.025)
0.072 (0.024–0.137)

0.006 (0.000–0.021)
0.034 (0.005–0.080)

0.006 (0.000–0.023)
0.036 (0.005–0.084)

—
1.33 (1.24–1.42)
—

—
—
1.24 (1.18–1.30)

1.10 (1.04–1.17)
1.33 (1.24–1.42)
—

1.07 (1.01–1.13)
—
1.22 (1.16–1.28)

1.07 (1.01–1.13)
1.27 (1.18–1.36)
1.18 (1.12–1.24)

0.005 (0.000–0.018)
0.118 (0.061–0.192)

0.004 (0.000–0.018)
0.063 (0.023–0.119)

0.008 (0.000–0.026)
0.086 (0.035–0.158)

0.008 (0.000–0.024)
0.044 (0.010–0.096)

0.005 (0.000–0.021)
0.050 (0.010–0.105)

—
1.57 (1.46–1.69)
—

—
—
1.22 (1.17–1.27)

1.10 (1.04–1.16)
1.57 (1.46–1.68)
—

1.05 (1.00–1.10)
—
1.20 (1.15–1.25)

1.05 (1.01–1.10)
1.52 (1.41–1.63)
1.13 (1.09–1.18)

0.005 (0.000–0.021)
0.098 (0.046–0.165)

0.012 (0.001–0.030)
0.022 (0.001–0.071)

0.007 (0.000–0.024)
0.071 (0.023–0.141)

—
1.34 (1.23–1.47)
—

—
—
1.17 (1.11–1.23)

1.09 (1.02–1.16)
1.33 (1.22–1.45)
—

1.07 (1.01–1.13)
—
1.15 (1.10–1.21)

1.07 (1.01–1.14)
1.24 (1.12–1.38)
1.08 (1.02–1.14)

0.004 (0.000–0.019)
0.106 (0.053–0.178)

0.008 (0.000–0.027)
0.081 (0.029–0.149)

0.009 (0.000–0.027)
0.079 (0.029–0.143)

0.008 (0.000–0.027)
0.072 (0.021–0.140)

0.006 (0.000–0.024)
0.076 (0.024–0.143)

—
1.33 (1.22–1.44)
—

—
—
1.18 (1.12–1.23)

1.07 (1.01–1.13)
1.31 (1.20–1.42)
—

1.05 (0.99–1.11)
—
1.16 (1.11–1.22)

1.05 (0.99–1.11)
1.21 (1.09–1.34)
1.09 (1.02–1.15)

0.005 (0.000–0.021)
0.089 (0.040–0.156)

0.007 (0.000–0.024)
0.073 (0.026–0.139)

0.004 (0.000–0.018)
0.082 (0.033–0.145)

0.007 (0.000–0.024)
0.069 (0.024–0.133)

0.007 (0.000–0.024)
0.069 (0.022–0.131)

—
1.07 (0.99–1.15)
—

—
—
0.99 (0.95–1.03)

1.11 (1.04–1.19)
1.07 (0.99–1.14)
—

1.12 (1.04–1.20)
—
1.01 (0.97–1.05)

1.11 (1.04–1.19)
1.07 (0.99–1.14)
1.01 (0.96–1.05)

0.006 (0.000–0.022)
0.139 (0.076–0.222)

0.005 (0.000–0.022)
0.151 (0.086–0.237)

0.008 (0.000–0.026)
0.112 (0.051–0.190)

0.009 (0.000–0.028)
0.117 (0.055–0.197)

0.005 (0.000–0.023)
0.119 (0.056–0.199)

0.013 (0.000–0.032)
0.022 (0.000–0.071)–

Fully Adjusted

0.013 (0.001–0.030)
0.020 (0.000 0.069)

*0 ⫽ deprived on any indicator; 1 ⫽ not deprived on any indicator.
†
Z-score of the percentage in each neighborhood that is deprived on any indicator.
‡
The heterogeneous variance in a model adjusting only for age was 0.006 (0.000 – 0.022) and the spatial variance was 0.146 (0.082– 0.229). The effect of PM2.5 adjusting only
for age was 1.11 (1.04 –1.19) with a heterogeneous variance of 0.007 (0.000 – 0.025) and a spatial variance of 0.119 (0.056 – 0.199).
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TABLE 4. Hazard Ratio (95% Confidence Interval) of Interquartile Increase in PM2.5 for Causes of Death* Adjusting for Age
and Sex Only and Then Including Each Indicator of Deprivation at Individual and Neighborhood Level Separately in Men and
Women Age 50 –74 Years

M1: Age and sex adjusted
PM2.5
Primary education only
M1 ⫹ individual
M1 ⫹ neighborhood
Manual class
M1 ⫹ individual
M1 ⫹ neighborhood
Income below median
M1 ⫹ individual
M1 ⫹ neighborhood
Not owner occupied
M1 ⫹ individual
M1 ⫹ neighborhood
Type of dwelling flat
M1 ⫹ individual
M1 ⫹ neighborhood
Crowded household
M1 ⫹ individual
M1 ⫹ neighborhood

CVD

Pulmonary
Cancer

COPD

Psychiatric
Diseases

Gastric
Cancer

Violent
Causes

1.11 (1.07–1.15)

1.12 (1.05–1.19)

1.17 (1.09–1.25)

0.88 (0.66–1.10)

1.02 (0.89–1.15)

1.14 (1.04–1.24)

1.07 (1.04–1.11)
1.03 (1.00–1.07)

1.09 (1.01–1.17)
1.05 (0.98–1.13)

1.13 (1.05–1.22)
1.09 (1.01–1.19)

0.87 (0.70–1.09)
0.87 (0.69–1.09)

1.02 (0.89–1.16)
0.98 (0.86–1.13)

1.13 (1.02–1.24)
1.11 (1.00–1.23)

1.08 (1.04–1.11)
1.06 (1.02–1.10)

1.09 (1.01–1.17)
1.10 (1.06–1.13)

1.14 (1.05–1.23)
1.12 (1.04–1.22)

0.86 (0.69–1.08)
0.88 (0.70–1.10)

1.01 (0.89–1.16)
1.00 (0.88–1.15)

1.12 (1.02–1.24)
1.12 (1.02–1.24)

1.07 (1.03–1.11)
1.02 (0.98–1.05)

1.09 (1.01–1.17)
1.02 (0.95–1.10)

1.13 (1.04–1.22)
1.06 (0.97–1.15)

0.85 (0.68–1.06)
0.87 (0.69–1.10)

1.02 (0.89–1.17)
0.97 (0.85–1.12)

1.12 (1.01–1.23)
1.11 (1.00–1.23)

1.05 (1.01–1.09)
1.03 (0.99–1.07)

1.07 (1.00–1.15)
1.04 (0.97–1.12)

1.10 (1.02–1.19)
1.07 (0.99–1.16)

0.85 (0.68–1.06)
0.88 (0.70–1.12)

1.00 (0.88–1.15)
0.98 (0.85–1.12)

1.11 (1.01–1.23)
1.12 (1.01–1.24)

1.04 (1.00–1.08)
1.01 (0.97–1.05)

1.03 (0.96–1.11)
1.00 (0.92–1.08)

1.08 (1.00–1.18)
1.03 (0.95–1.13)

0.87 (0.69–1.10)
0.88 (0.69–1.14)

0.99 (0.86–1.14)
0.96 (0.83–1.11)

1.11 (1.00–1.23)
1.10 (0.99–1.23)

1.10 (1.05–1.14)
1.10 (1.06–1.15)

1.10 (1.03–1.14)
1.11 (1.04–1.20)

1.16 (1.07–1.26)
1.16 (1.07–1.26)

0.89 (0.71–1.11)
0.87 (0.70–1.09)

1.03 (0.90–1.18)
1.02 (0.89–1.17)

1.13 (1.02–1.25)
1.13 (1.02–1.25)

*Causes of death selected a priori as plausibly (cardiovascular disease, pulmonary cancer, chronic obstructive pulmonary disease) and not plausibly (psychiatric diseases, gastric
cancer, and violent causes) related to air pollution.

tion were added. For the group of causes not plausibly related
to air pollution, there was an association with violent causes
but not psychiatric diseases and gastric cancer. For violent
causes, adding indicators of deprivation at both levels had
much less impact than seen for the causes plausibly related to
air pollution.

DISCUSSION
Neighborhood-level PM2.5 was related to a number of
neighborhood-level indicators of deprivation, particularly for
neighborhoods where a large proportion of people were living
in flats and not owning their dwelling. The effect of air
pollution on mortality was to some extent explained by
several neighborhood-level indicators of deprivation independently of individual-level deprivation, suggesting that air
pollution has a role in the contextual effect of neighborhoodlevel deprivation on mortality. The results seemed consistent
in both sexes.
There are several strengths of this study. We were able
to investigate the role of social deprivation at both individual
and neighborhood levels in explaining the effect of air pollution on mortality. Compared with other cohort studies, we
used neighborhoods as the level of aggregation. The effect of
air pollution using this level has been shown to be less biased
than when higher levels of aggregation are used.6,26 The
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estimates of the effect and the change found were rather
similar in both sexes. Additionally, we were able to include
indicators of deprivation, such as housing conditions, that are
plausibly more closely linked to determinants that are amenable to interventions addressing environmental inequity
through urban policy.
In recent years, several epidemiologic studies have
found effects of social deprivation at the area level on ill
health, independent of the composition of individual characteristics in the areas.27 There is sparse evidence as to which
level of aggregation leads to the strongest effects being
observed.28 Whether this is at the county or neighborhood
level probably depends on the causal model of interest. We
think in many respects that neighborhood level is a relevant
level for the social clustering of air pollution risk. Air pollution varies locally and so does social deprivation. Indicators
of housing conditions are particularly important for this
purpose because they are meaningful at both the individual
and neighborhood level.29,30 Housing conditions are powerful
indicators of socioeconomic position at the individual level,
measuring both exposures experienced within the house and,
indirectly, through indicating the availability of resources to
buy property. Housing conditions may be directly related to
other factors at the neighborhood level, such as air pollution
as shown here. Household income may have interpretations
© 2007 Lippincott Williams & Wilkins
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along similar lines.28 In this sense, neighborhoods with poor
household income (where few own their house and most live
in flats) may experience increased risk of air pollution because low social investment in such places (such as fewer
measures to reduce air pollution) coincide with these places
being more affordable.31 The study by Jerrett et al19 has
several similarities with ours: It was an intraurban study
giving larger effect estimates of exposure to PM2.5 than
previously reported across metropolitan areas. The study also
used neighborhoods. Some of the ecologic variables were
similar. They did not look at the same ecological variables,
such as aspects of housing conditions. As indicators of
neighborhood-level deprivation, housing conditions may be
particularly useful because they may tap into development of
the urban structure, including proximity to roads.
It has been a common place in environmental epidemiology to adjust for socioeconomic position by available
indicators, on the understanding that the adjusted estimates
are less confounded and provide support for a causal effect.9
In this study, we have seen that social deprivation at the
neighborhood level has an independent effect on mortality
and attenuates the effect of air pollution further than seen by
social deprivation at an individual level. We do not think this
necessarily means there is less evidence of a genuine air
pollution effect. However, social deprivation and air pollution
could be related to mortality in different ways: area-level
social deprivation may be a distal cause mediated by more
proximate factors such as air pollution. On the other hand, if
the effect of air pollution on mortality is noncausal, adding
social indicators at the area level may pick up important
confounders that may explain this relationship. We are not
able, based on this study alone, to judge the relative importance of social confounding or causation. Both social deprivation and air pollution are clustered at neighborhood level.
As Oakes32 suggests, a number of issues remain unresolved
when making causal inferences about the contextual effects
of neighborhoods and health. It may be problematic to estimate contextual neighborhood effects that are independent
from the individual people residing in them. And even for
apparently exogenous factors such as aspects of the physical
environment, in this case air pollution, these may be endogenous to the local communities as people have ultimately
selected or been selected to live in these places. Future
research may take advantage of new multilevel models where
residential history through people’s life course is taken into
account.33,34
The study used Census data on the whole population,
which obviously did not include smoking history. Thus, it
was not possible to assess whether smoking is a confounder
in the analysis. We checked the proportion of smokers in each
neighborhood measured in a survey of 14,495 individuals in
2001, and correlated this with the estimates of air pollutants.35 The correlation was 0.18, suggesting that smokers
© 2007 Lippincott Williams & Wilkins
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only to a small degree reside in areas with high levels of air
pollution. In another cohort study of air pollution and lung
cancer from Oslo in the same age group,7 there was no
attenuation in effect after adjusting for smoking. We were
unable to analyze this cohort with more recent exposure data.
The AirQUIS model employs information on topography, road density, housing density, and meteorology to calculate hourly concentrations of air pollutants in geographic
grids. These data may be socially patterned, making the air
pollution exposure effectively proxies for socioeconomic
circumstances and not valid indicators of actual air pollution.
Places within each neighborhood that are close to roads may
have higher levels of air pollution but are also more likely to
be deprived, as they may be less popular. The AirQUIS
model applies weights according to number of people who
live close to roads within each neighborhood. It was our
intention here to study neighborhoods deprivation, and we
considered neighborhood-level air pollution to be the most
relevant level as well. We were not able to look at where
people spent their work time. The probability of dying is
highest in the oldest age groups who are most likely to spend
more of their time at their home place, making the impact of
this potential misclassification less pronounced.
The ability of this model to predict long-term levels has
been evaluated and was found to be a valid instrument in
epidemiologic studies, giving somewhat better prediction for
PM2.5 and NO2 than for PM10.22 The cause-specific results
suggest that the AirQUIS model was reasonably able to
discriminate between causes that are and are not plausibly
related to air pollution. The fact that violent causes with a
short induction time were related to air pollution might
suggest that spatial clustering of social disadvantage at the
neighborhood level (responsible for this outcome) may concur with residential air pollution. This is in contrast with
gastric cancer, which is linked to social position in childhood
mediated through infection with Helicobacter pylori, but was
not associated with air pollution in the present study.36 The
concentration-response relationship in various causes has
been reported elsewhere.37
In conclusion, neighborhood-level PM2.5 and its effect
on mortality was related to a number of neighborhood-level
indicators of deprivation, particularly for neighborhoods
where a large proportion of people were living in flats and not
owning their dwelling.
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Mollié A. Bayesian mapping of disease. In: Gilks WR, Richardson S,
Spiegelhalter DJ, eds. Markov Chain Monte Carlo in Practice. New
York: Chapman & Hall; 1996:359 –379.
Best N, Richardson S, Thomson A. A comparison of Bayesian spatial
models for disease mapping. Stat Methods Med Res. 2005;14:35–59.
Peters A, Pope CA III. Cardiopulmonary mortality and air pollution.
Lancet. 2002;360:1184 –1185.
Pickett KE, Pearl M. Multilevel analyses of socioeconomic context and
health outcomes: a critical review. J Epidemiol Community Health.
2001;55:111–122.
Macintyre S, Ellaway A, Cummins S. Place effects on health: how can
we conceptualise, operationalise and measure them? Soc Sci Med.
2002;55:125–139.
Ellaway A, Macintyre S. Does housing tenure predict health in the UK
because it exposes people to different levels of housing related hazards
in the home or its surroundings? Health Place. 1998;4:141–150.
Mackenbach JP. Howden-Chapman P. Houses, neighborhoods and
health. Eur J Public Health. 2002;12:161–162.
Davey Smith G, Hart G, Watt G, et al. Individual social class, area-based
deprivation, cardiovascular disease risk factors, and mortality: the Renfrew and Paisley study. J Epidemiol Community Health. 1998;52:399 –
405.
Oakes JM. The (mis)estimation of neighborhood effects: causal inference for a practicable social epidemiology. Soc Sci Med. 2004;58:1929 –
1952.
Subramanian SV. The relevance of multilevel statistical methods for
identifying causal neighborhood effects. Soc Sci Med. 2004;58:
1961–1967.
Naess O, Davey Smith G, et al. Life course influence of residential area
on cause specific mortality. J Epidemiol Community Health. In press.
Sogaard AJ, Selmer R, Bjertness E, et al. The Oslo Health Study: the
impact of self-selection in a large, population-based survey. Int J Equity
Health. 2004;3:3.
Smith GD, Gunnell D, Ben-Shlomo Y. Life-course approaches to
socio-economic differentials in cause specific adult mortality. In:
Leon D, Walt G, eds. Poverty, Inequality and Health: An International Perspective. Oxford, United Kingdom: Oxford University
Press; 2000:88 –124.
Naess O, Rossland P, Claussen B, et al. Relation between concentration
of air pollution and cause specific mortality. Four year exposure to NO2
and particulate matter pollutants in 470 s in Oslo, Norway Am J
Epidemiol. 2007;165:435– 443.

© 2007 Lippincott Williams & Wilkins

ORIGINAL ARTICLE

The Epidemiology of Viral Meningitis Hospitalization
in Childhood
Anders Hviid and Mads Melbye
Background: There have been few long-term population-based
studies of viral meningitis, and only a limited number of potential
risk factors have been evaluated.
Methods: We estimated the incidence of viral meningitis hospitalization in childhood, and assessed risk factors for this disease
through a population-based cohort study comprising all children
born in Denmark from 1977 through 2001 (n ⫽ 1.5 million).
Information on sex, number of children and adults in the household,
age of parents at child’s birth, degree of urbanization, birth weight,
gestational age, and possible complications at birth were linked to
the children in the cohort, together with information on hospitalization with viral meningitis. We calculated incidence rates of viral
meningitis and estimated rate ratios according to the various risk
factors using Poisson regression.
Results: The incidence rate was highest in the first 6 months of life
(38.7 per 100,000 person-years), with a peak right after birth (58.7
per 100,000 person-years). A secondary peak was seen among
5-year-old children (15.6 per 100,000 person-years). Overall incidence rates decreased throughout the study period, with outbreaks
occurring every 3 to 5 years 关decrease in rate ratio per calendar year ⫽
0.95; 95% confidence interval (CI) ⫽ 0.94 – 0.96兴. Summer and
early fall peaks were present.
We observed independent effects of sex (girls vs. boys: rate ratio ⫽
0.47 [95% CI ⫽ 0.43– 0.53]), children in the household (eg, living
with 3⫹ younger children vs. living with none: 1.94 [1.22–3.07]),
single parenthood (living with 1 parent vs. living with 2 parents:
1.30 [1.12–1.39]), degree of urbanization (children living in the
capital vs. children living in small town and rural areas: 1.54
[1.31–1.80]), low birth weight (increase in RR per 500 g reduction
in birth weight ⫽ 1.05 [1.00 –1.09]), prematurity (increase in RR per
1 week reduction in gestational age ⫽ 1.03 [1.01–1.04]), and
cesarean section (cesarean section vs. vaginal birth: 1.29 [1.12–
1.49]).
Conclusions: Incidence of viral meningitis hospitalization is
highest immediately after birth with a secondary peak at age 5.
Lack of passive maternally acquired antibodies and preferential
hospitalization are the likely causes for the peak in infancy.
Increased transmission in kindergarten, preschool, and day care
Submitted 18 August 2006; accepted 25 July 2007.
From the Department of Epidemiology Research, Statens Serum Institut,
Copenhagen, Denmark.
Supported by Danish Medical Research Council.
Correspondence: Anders Hviid, Department of Epidemiology Research,
Statens Serum Institut, Artillerivej 5, 2300 Copenhagen S, Denmark.
E-mail: aii@ssi.dk.
Copyright © 2007 by Lippincott Williams & Wilkins
ISSN: 1044-3983/07/1806-0695
DOI: 10.1097/EDE.0b013e3181567d31

Epidemiology • Volume 18, Number 6, November 2007

could explain the secondary peak. The incidence decreased
throughout the 25-year study period perhaps due to improved
public hygiene. Among the assessed risk factors, we found the
strongest to be male sex, a high number of children in the
household, and degree of urbanization.
(Epidemiology 2007;18: 695–701)

V

iral meningitis has most commonly been caused by polio
virus, nonpolio enteroviruses, lymphocytic choriomeningitis
virus, and mumps virus.1 Today, the near-eradication of polio
and the wide-scale use of routine mumps vaccination has left the
nonpolio enteroviruses as the leading cause of viral meningitis in
children, at least in developed countries.2– 4
The typical case of childhood viral meningitis is shortlived and benign. However, any meningitis case is the cause
of parental and professional alarm and almost all patients
with symptomatic viral meningitis are initially hospitalized to
ensure that bacterial meningitis (which carries a much greater
risk of serious morbidity and mortality) can be excluded.
Previously, only simple epidemiologic characteristics
of viral meningitis, (eg, age, calendar period, sex, and season)
have been examined in detail. Furthermore, little has been
published using population-based data. To determine the
incidence of viral meningitis in childhood and to identify and
quantify risk factors for hospitalization with this disease, we
conducted a cohort study in Denmark. The cohort comprised
all children born 1977–2001, with data available from several
unique nationwide Danish registries.

METHODS
Since April 1968, every person living in Denmark has
been given a unique identification number in the Danish Civil
Registration System.5 Based on this registry we constructed a
cohort comprising all children born in Denmark in the period
from 1 January 1977, to 31 December 2001. Using the unique
personal identification number, we were able to link information on various potential risk factors and information on
possible hospitalization with viral meningitis for children in
the cohort.

Viral Meningitis
Information on hospitalization with viral meningitis
was obtained from the Danish National Hospital Register.6

695

Hviid and Melbye

From 1977 to 1993, ICD-8 (International Classification of
Diseases, 8th Revision) has been used to code diagnosis, and
since 1994, ICD-10 (International Classification of Diseases,
10th Revision). We used the codes 045.xx, and A87.x to
identify cases of viral meningitis. Note that these codes do
not include mumps meningitis, which would have been a
major contributor to viral meningitis hospitalizations before
the introduction of general measles-mumps-rubella vaccination in Denmark in 1987. Consequently, the nonpolio enteroviruses are the likely cause of the majority of cases identified
by these diagnostic codes in a developed country such as
Denmark.

Demographic Risk Factors
We included the following demographic risk factors:
sex; number of younger children, older children, and adults in
the household; degree of urbanization of the community of
the household; and age of father and mother at birth of child.
This information was obtained from the Danish Civil Registration System. Sex of the child is encoded in the unique
personal identification number. The Danish Civil Registration
System contains links to mother and father (if known),
enabling calculation of mother’s and father’s age at birth
(⬍20, 20 –24, 25–29, 30 –34, 35⫹ years). The Registration
System contains information on place of residence, both
current and past, for all people living in Denmark. We
identified all places and dates of residence for children in the
cohort. For each residence we identified the degree of urbanization of the community of the household, the number of
other household members, and their ages. If the number of
household members changed, or if at least 1 household
member changed age category (younger or older than cohort
child, and adult) during the time at a given residence, this
time interval was further divided to accommodate these
changes. Thus, for each child in the cohort at any time in the
follow-up period, we obtained the following information:
number of younger children in the household (0, 1, 2, 3⫹);
the number of older children in the household (0, 1, 2, 3⫹);
number of adults in the household (1, 2, 3⫹); and degree of
urbanization of the community of the household 关small towns
or rural areas (population less than 10,000), medium-sized
towns (population 10,000 –99,999), large cities (population
100,000⫹), capital suburbs (Copenhagen suburbs), and capital (Copenhagen)兴.

Birth-Related Risk Factors
Information on birth-related risk factors was obtained from the Danish Medical Birth Registry.7 These risk
factors included child’s birth weight (in 500 g categories
plus ⬍1000 g and 5000⫹ g), child’s gestational age (⬍31,
31–33, 34 –36, 37–39, 40 – 41, ⱖ42 weeks), 5-minute APGAR score (⬍6, 6 –7, 8 –10), use of forceps (yes or no) or
vacuum pump at delivery (yes, no), and cesarean section at
delivery (yes, no). Data on birth weight were missing for
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6.1% of children; on gestational age for 13.1%; on APGAR score 10.6%; on use of forceps 10.1%; on use of
vacuum pump 10.1%; and on cesarean section, 9.7%.

Statistical Analysis
Children in our cohort contributed person-time to follow-up from birth or 1 January 1977, whichever occurred
last, until first viral meningitis hospitalization, death, disappearance or emigration, attaining 15 years of age, or 31
December 2001, whichever occurred first. The resulting incidence rates (IRs) according to age, calendar period, season,
demographic factors, and birth characteristics were further
analyzed with Poisson regression (log-linear regression on
the viral meningitis counts using the logarithm to the follow-up time as offset), producing estimates of rate ratios
(RR) and their associated 95% confidence intervals (CIs).8
We evaluated the possible confounding of these RRs by
comparing the results from the univariate models with results
from multivariate models containing the risk factor and the
possible confounder. If the risk factor RRs changed by more
than 10%, we included the confounding variable in the final
model. When adjusting for the potential confounding effect
of variables with missing values, we used the method of
single imputation, replacing a missing value with the most
common value.

RESULTS
A total of 1,540,832 live-born children were included in
the cohort. The follow-up of 35,242 children (2%) was
prematurely terminated because of death (n ⫽ 13,975), emigration (n ⫽ 20,837), or disappearance from the Registration
System (n ⫽ 430). During 15,299,937 person-years of follow-up we identified 1642 viral meningitis hospitalizations
(374 cases during 1,493,124 person-years among infants up
to the first birthday and 1268 cases during 13,699,472 personyears among 1–14 year olds). The mean age ⫾ SD at
hospitalization with viral meningitis was 4.9 ⫾ 3.8 years.
Few of the viral meningitis cases had supplementary diagnostic information. Only 365 cases had at least 1 supplementary diagnosis, and among these no etiologic diagnoses were
prevalent.
In Figure 1 we present incidence rates of viral meningitis according to age. The IR is greatest in the first 6 months
of life (38.7 per 100,000 person-years), with a peak right after
birth (58.7 per 100,000 person-years). A secondary peak is
noteworthy among 5-year-old children (15.6 per 100,000
person-years).
Figure 2 presents rate ratios according to calendar
period among infants and children. Overall there was a
relative decrease in incidence rates 关decrease in rate ratio per
calendar year ⫽ 0.95 (95% CI ⫽ 0.94 – 0.96)兴. Throughout
the period there is evidence of an epidemic pattern with
outbreaks every 3–5 years.
© 2007 Lippincott Williams & Wilkins
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FIGURE 1. Incidence rates for viral meningitis hospitalization
among cohort children born 1977–2001, followed from birth
until 15 years of age, during 1977–2001, according to age of
child. The vertical dashed lines correspond to 95% confidence
intervals.

FIGURE 2. Rate ratios for viral meningitis hospitalization
among cohort children born 1977–2001, followed from birth
until 15 years of age, during 1977–2001, according to calendar period (1990 is the reference year).

Figure 3 shows rate ratios according to season among
infants and children. For both age groups the rate ratios are
lowest in winter-spring and greatest in summer-autumn.
In Table 1 we present rate ratios according to demographic risk factors. We observed a marked protective effect
of female sex 关girls vs. boys: RR ⫽ 0.47 (95% CI ⫽
0.43– 0.53)兴. The number of younger children in the household was a risk factor for 1 to 14 year olds 关eg, living with 3
or more vs. none: RR ⫽ 1.94 (1.22–3.07)兴. Conversely, the
number of older children in the household was a risk factor
for infants 关living with 1 vs. none: RR ⫽ 2.28 (1.80 –2.90)兴.
Living with only 1 adult in the household (single parents) was
a risk factor 关living with 1 vs. 2: RR ⫽ 1.30 (1.12–1.49)兴.
Increasing degree of urbanization was associated with increasing risk, which was most marked among infants 关eg,
© 2007 Lippincott Williams & Wilkins
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FIGURE 3. Rate ratios for viral meningitis hospitalization
among cohort children born 1977–2001, followed from birth
until 15 years of age, during 1977–2001, according to season
(December is the reference month).

capital area vs. small towns or rural areas: RR ⫽ 2.00
(1.47–2.74)兴.
Table 2 presents rate ratios according to birth-related
risk factors. Low birth weight was a risk factor among infants
关increase in RR per 500 g reduction in birth weight ⫽ 1.12
(1.04 –1.21)兴 and low gestational age was a risk factor
throughout childhood 关increase in RR per 1 week reduction in
gestational age ⫽ 1.03 (1.01–1.04)兴. Comparing APGAR
scores less than 8 with scores of 8 to 10 resulted in increased
risk of viral meningitis for scores 6 to 7 but not less than 6.
Finally, cesarean section was a risk factor 关children delivered
by cesarean section vs. children vaginally delivered: RR ⫽
1.29 (1.12–1.49)兴. Among children born from 1994 through
2001 we had further information on whether cesarean section
was before or during labor. We found that cesarean section
before labor was a risk factor 关 cesarean section before labor
vs. vaginal: RR ⫽ 1.73 (1.12–2.67)兴 whereas cesarean section
during labor was not 关RR ⫽ 1.00 (0.59 –2.67)兴.
We estimated the birth weight trends excluding the
outlier groupings of less than 1000 g and 5000 g or more.
This yielded a stronger trend in the increased RR per 500 g
reduction in birth weight: among infants, 1.15 (1.05–1.25)
and 1 to 14 year olds, 1.04 (0.99 –1.10). We further estimated
the trends among children born at 37 to 41 weeks of gestation. In this group of children there was little or no effect of
birth weight overall 关increase in RR per 500 g reduction in
birth weight ⫽ 1.01 (0.95–1.07)兴 or among infants 关RR ⫽
1.05 (0.95–1.18)兴.
Thus, we identified the following risk factors for
viral meningitis hospitalization: age, calendar period, season, sex, number of children in the household, number of
adults in the household, urbanization, gestational age,
APGAR score, and cesarean section.
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TABLE 1. Rate Ratios for Viral Meningitis Hospitalization Among Children Born 1977–2001, Followed From Birth Until Age
15 Years, 1977–2001, According to Demographic Risk Factors
Age
<11 mo
Risk Factor*
Sex (4)
Girl
Boy†
Number of younger children in
household (5; 1, 2)‡
0†
1
2
3⫹
Number of older children in
household (6; 1, 9, 10)‡
0†
1
2
3⫹
Number of adults in household (7; 1)
1
2†
3⫹
Place of living (8)
Small towns/rural areas†
Medium-sized towns
Large cities
Capital suburbs
Capital area
Age of mother at birth (yrs) (9; 2)
ⱕ19
20–24
25–29†
30–34
35⫹
Age of father at birth (yrs) (10; 9)
Father unknown
ⱕ19
20–24
25–29†
30–34
35⫹

1–14 yrs

All

RR

(95% CI)

RR

(95% CI)

RR

(95% CI)

0.56
1.00

(0.45–0.69)

0.45
1.00

(0.40–0.51)

0.47
1.00

(0.43–0.53)

—
—
—
—

—
—
—
—§

1.00
1.01
1.39
1.94

(0.89–1.14)
(1.10–1.75)
(1.23–3.08)

1.00
1.01
1.38
1.94

(0.89–1.14)
(1.10–1.75)
(1.22–3.07)

1.00
2.28
1.69
1.68

(1.80–2.90)
(1.21–2.38)
(1.00–2.81)

1.00
1.03
0.94
1.25

(0.91–1.17)
(0.77–1.15)
(0.90–1.74)

1.00
1.22
1.06
1.28

(1.20–1.37)
(0.89–1.26)
(0.97–1.70)

1.32
1.00
0.90
1.00
0.96
1.15
1.99
2.00

(0.90–1.92)
(0.60–1.32)

1.30
1.00
1.02

(0.71–1.30)
(0.79–1.67)
(1.48–2.68)
(1.47–2.74)

1.00
0.97
1.09
1.10
1.41

1.43
0.97
1.00
1.35
0.77

(0.87–2.34)
(0.74–1.27)

1.35
1.58
1.21
1.00
1.16
0.96

(0.50–3.67)
(0.64–3.93)
(0.87–1.69)

(1.05–1.73)
(0.50–1.20)

(0.90–1.49)
(0.70–1.31)

(1.11–1.51)
(0.83–1.25)

1.30
1.00
0.99

(0.84–1.12)
(0.91–1.32)
(0.93–1.30)
(1.17–1.71)

1.00
0.97
1.10
1.26
1.54

1.09
0.98
1.00
0.88
0.80

(0.83–1.43)
(0.85–1.12)

0.99
0.54
1.19
1.00
0.98
1.01

(0.51–1.92)
(0.25–1.17)
(1.00–1.42)

(0.75–1.02)
(0.63–1.01)

(0.84–1.13)
(0.85–1.22)

(1.12–1.49)
(0.83–1.19)

(0.85–1.10)
(0.93–1.30)
(1.09–1.46)
(1.31–1.80)

1.16
0.98
1.00
0.98
0.79

(0.92–1.47)
(0.87–1.10)

1.08
0.75
1.20
1.00
1.02
1.00

(0.62–1.87)
(0.41–1.36)
(1.02–1.41)

(0.86–1.11)
(0.64–0.97)

(0.89–1.16)
(0.85–1.18)

*Identifier for the risk factor used in both Tables 1 and 2. Note that age, calendar period, and season are given the identifiers 1, 2, and 3; confounding variables identified according
to the strategy described in the Methods section. For example, Sex has the ID number 4 and is unadjusted, and No. Younger Children in Household has the ID number 5 and is adjusted
for age and calendar period.
†
Reference category.
‡
For child in cohort.
§
Not presented for infants because they seldom have younger siblings, resulting in very sparse data.

DISCUSSION
We evaluated the epidemiologic pattern of viral meningitis hospitalization in childhood in Denmark according to
age, calendar period, season, demographic factors, and birth
characteristics. Denmark is a highly industrialized Nordic
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country with a high standard of living and free healthcare for
all. In a setting such as Denmark and during the 1977–2001
study period, mumps virus and nonpolio enterovirus would
have been responsible for the majority of viral meningitis
cases. Considering the diagnostic codes (which excludes
© 2007 Lippincott Williams & Wilkins
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TABLE 2. Rate Ratios for Viral Meningitis Hospitalization Among Children Born 1977–2001, Followed From Birth Until Age
15 years, 1977–2001, According to Birth-Related Risk Factors
Age
<11 mo
Risk Factor*
Birth weight (g) (11; 12)
ⱕ999
1000–1499
1500–1999
2000–2499
2500–2999
3000–3499†
3500–3999
4000–4499
4500–4999
5000⫹
Increase in rate ratio per 500 g reduction in birth weight
Gestational age (wk) (12; 11)
ⱕ30
31–33
34–36
37–39†
40–41
42⫹
Increase in rate ratio per wk reduction in gestational age
APGAR score (13; 11, 12)
ⱕ5
6–7
8–10†
Use of forceps at delivery (14; 2)
Yes
No†
Use of vacuum pump at delivery (15)
Yes
No†
Cesarean section at delivery (16)
Yes
No†

1–14 yrs

All

RR

(95% CI)

RR

(95% CI)

RR

(95% CI)

1.85
3.88
1.82
1.47
0.91
1.00
0.90
0.84
0.68
2.46
1.12

(0.75–4.53)
(1.85–8.13)
(0.86–3.86)
(0.89–2.41)
(0.65–1.29)

0.71
2.29
1.38
1.23
1.05
1.00
1.05
0.95
1.14
1.59
1.02

(0.26–1.91)
(1.30–4.03)
(0.83–2.30)
(0.90–1.67)
(0.91–1.21)

1.08
2.69
1.48
1.28
1.02
1.00
1.02
0.92
1.02
1.84
1.05

(0.56–2.11)
(1.69–4.28)
(0.95–2.32)
(0.98–1.68)
(0.87–1.20)

1.46
1.36
1.38
1.00
0.79
0.67
1.03

(0.69–1.17)
(0.58–1.20)
(0.30–1.54)
(0.78–7.73)
(1.04–1.21)
(0.95–2.22)
(0.61–3.04)
(0.86–2.20)
(0.62–1.01)
(0.42–1.07)
(1.01–1.04)

1.34
1.15
1.05
1.00
0.99
1.10
1.03

(0.91–1.21)
(0.78–1.16)
(0.77–1.67)
(0.66–3.84)
(0.97–1.07)
(1.06–1.70)
(0.64–2.05)
(0.75–1.47)
(0.85–1.14)
(0.87–1.39)
(1.01–1.04)

1.35
1.20
1.14
1.00
0.93
0.99
1.03

(0.90–1.15)
(0.77–1.10)
(0.72–1.44)
(0.91–3.70)
(1.00–1.09)
(1.10–1.66)
(0.73–1.99)
(0.86–1.52)
(0.82–1.06)
(0.80–1.22)
(1.01–1.04)

1.39
1.17
1.00

(0.45–4.36)
(0.44–3.15)

0.82
1.78
1.00

(0.34–1.97)
(1.12–2.82)

0.97
1.63
1.00

(0.48–1.95)
(1.08–2.48)

—
—

—‡
—

1.57
1.00

(0.75–3.31)

1.24
1.00

(0.59–2.60)

0.84
1.00

(0.57–1.26)

0.99
1.00

(0.80–1.22)

0.95
1.00

(0.79–1.15)

1.41
1.00

(1.06–1.86)

1.25
1.00

(1.06–1.48)

1.29
1.00

(1.12–1.49)

*Unique identifier for the risk factor used in both Tables 1 and 2. Note that age, calendar period, and season are given the unique identifiers 1, 2, and 3; confounding variables
identified according to the strategy described in the Methods section. For example, Birth Weight has the ID number 11 and is adjusted for gestational age, and Gestational Age has
the ID number 12 and is adjusted for birth weight.
†
Reference category.
‡
No cases.

mumps meningitis) used here, and assuming no diagnostic
code misclassification, the majority of cases are likely caused
by nonpolio enterovirus.
We observed a biphasic age pattern, with a primary
peak in infancy and a secondary peak at preschool age. The
primary peak is likely due to infants’ lack of previous
exposure and immunity; they are depending solely on their
mother’s antibody repertoire through passive maternally
acquired antibodies. The secondary peak could be explained by increasing opportunity for exposure in day care,
© 2007 Lippincott Williams & Wilkins

preschool, and kindergarten. Both types of peaks have
previously been reported independently and together.9 –11
Furthermore, hospitalization propensity may have exaggerated the infant peak somewhat relative to other age
groups, among whom similar symptoms would be less
likely to warrant hospitalization.
Vestergaard et al12 reported on enterovirus infections in
Denmark in 1997–2000 based on nationwide laboratory data.
In 1997–1999, roughly 80% of about 100 yearly enteroviruspositive patients were less than 15 years of age. This age
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distribution for enterovirus infections is similar to what has been
observed elsewhere.13 The year 2000 was an outbreak year,
with 306 patients and more adult cases than in previous years.
We observed a decreasing secular trend, with outbreaks
every 3 to 5 years, and a seasonal distribution, with a summer
and early fall peak, similar to previous reports.9,14 The secular pattern reflects a number of factors. One possible set of
causes is the endemic circulation of some serotypes, the
epidemic cycling of other serotypes, and the possible emergence of “new” serotypes.12,15 Second, improvements in
public hygiene during the 25-year study period may have
contributed. Enterovirus is primarily transmitted through the
fecal-hand-oral route, and increased public hygiene is a likely
explanation for the overall decrease in viral meningitis
throughout the study period. The seasonal distribution is what
has typically been observed in temperate climates, with the
cause not well understood.
The incidence rates of viral meningitis in our study are
somewhat lower than rates reported elsewhere. Khetsuriani et
al14 reported US average annual hospitalization rates of 213
per 100,000 infants, 14 per 100,000 1 to 4 year olds, and 14
per 100,000 5 to 19 year olds. Except in infancy, these
numbers are not dissimilar to our overall incidence rate of
10.7 per 100,000 person-years.
Almost twice as many boys as girls were hospitalized with
viral meningitis. This is consistent with earlier reports9; a male
predominance is also seen for other infectious diseases.16,17
Because Denmark is a highly industrialized society, behavioral and sociocultural factors or preferential hospitalization
of boys are unlikely to explain the difference, and a biologic
explanation is more plausible. However, little research in
sex-related difference in immune function in children has
been conducted.
We found that younger children in the household
(younger siblings most likely) increased the risk for 1–14
year olds and that older children (older siblings, most likely)
increased the risk for infants (likely a direct result of increased probability of contact with an infectious case).18
Because older siblings of infants are likely to be themselves
rather young children,19 our results are consistent with the
underlying epidemiology of viral infection represented by the
observed age pattern in our study.
Children living with only 1 adult (a single parent, most
likely) were at an increased risk of viral meningitis compared
with children living with 2 adults (parents, most likely).
Given the egalitarian nature of Danish society, this is unlikely
to represent an association between a possible socioeconomic
disadvantage and infection. A more likely explanation is that
children of single parents more often have to use day-care
facilities, resulting in increased probability of contact with an
infectious case.18
Our finding of an increasing risk of viral meningitis
with increasing population density is a likely result of urban
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crowding that increases the opportunity for contact with an
infectious case.
We observed an increased risk of viral meningitis
associated with poor birth outcomes represented by low birth
weight, prematurity, some APGAR scores, and cesarean
section. The effects of birth weight (which was not present in
term children) and gestational age is likely a result of preterm
infants having lower levels of passively acquired maternal
antibodies.20 The inconsistencies of the APGAR score results
renders them uninterpretable. The association between cesarean section and viral meningitis is intriguing. In a subpopulation we found the cesarean section effect to be restricted to
cesarean section before onset of labor, with no association if
cesarean section was conducted during labor. If the same
pattern exists in the whole population, this suggests that the
effect may not be directly related to mode of delivery (cesarean
section vs. vaginal) but rather to certain circumstances surrounding cesarean section before labor. Cesarean sections before labor
onset are often administered in problematic pregnancies. However, the effect was not confounded by birth weight, gestational
age, or 5-minute APGAR score—factors often associated with
problematic pregnancies. Hospitalization propensity should also
be considered as an explanation for the association between poor
birth outcomes and viral meningitis.
This is the first epidemiologic study of viral meningitis
of this size and with such a wide range of potential risk
factors. The cohort design has several strengths. It was based
on information from nationwide Danish registries that contain
mandatory reportable information on all Danish residents and
are considered very complete. Information on covariates was
collected independently of the outcome; thus, selection bias
and differential recall are unlikely to have influenced the
results. Furthermore, the personal identification number that
linked all registries and the daily updated information regarding people who moved or died makes follow-up very complete. Taken together with the large size of the cohort we
consider the results to be very robust.
In conclusion we found the incidence of hospitalization
with viral meningitis to peak in the first 6 months of life with
a secondary peak during preschool age. The incidence decreased throughout the study period. Among the risk factors
we assessed, sex of the child, number of children in the
household, and degree of urbanization were the strongest.
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Condom Use and its Association With Bacterial Vaginosis
and Bacterial Vaginosis-Associated Vaginal Microflora
Katherine B. Hutchinson, Kevin E. Kip, and Roberta B. Ness
Background: Previous studies have been inconsistent with regard to
whether condom use is associated with bacterial vaginosis. We
evaluated this association using case-crossover analyses.
Methods: A total of 871 women at high risk for sexually transmitted
diseases were followed for a median of 3 years. At baseline and at
6, 12, 24, and 36 months thereafter, vaginal swabs were obtained for
gram stain diagnosis of bacterial vaginosis, culture of microflora,
and DNA amplification of Neisseria gonorrhoeae and Chlamydia
trachomatis. Case-crossover analyses using incident and recurrent
incident case periods were used to assess the associations among
condom use, bacterial vaginosis, and vaginal microflora.
Results: Consistent condom use (10 out of 10 sexual encounters)
was associated with a decreased frequency of bacterial vaginosis
(adjusted odds ratio ⫽ 0.55 关95% confidence interval 0.35– 0.88兴).
When we excluded women with intermediate flora, consistent condom use was even more strongly protective against bacterial vaginosis (0.37 关0.20 – 0.70兴). Consistent condom use was similarly
protective against carriage of anaerobic gram-negative pigmented
rods (0.58 关0.36 – 0.94兴). Results were similar when analyses were
repeated to capture only first occurrences of outcomes among
women without bacterial vaginosis at baseline, suggesting a protective effect against the acquisition of bacterial vaginosis.
Conclusions: Consistent condom use was associated with a decrease in the risk for bacterial vaginosis and associated vaginal
microflora.
(Epidemiology 2007;18: 702–708)

B

acterial vaginosis is characterized by complex alterations
of the normal vaginal flora,1 in which hydrogen-peroxideproducing Lactobacillus species (which normally maintain a
healthy microenvironment) are overgrown by endogenous
facultative and anaerobic microorganisms such as Gardnerella vaginalis, Mycoplasma hominis, and anaerobic gram-
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negative rods (Bacteroides and Prevotella spp.).2,3 Bacterial
vaginosis is one of the most common vaginal infections with
prevalence estimates ranging from less than 5% to over 40%.4
Moreover, bacterial vaginosis is associated with a number of
adverse sequelae, including preterm delivery, intrapartum and
postpartum infections, postabortion endometritis, pelvic inflammatory disease (PID), and the acquisition of chlamydia,
gonorrhea, and HIV.5,6
Among the risk factors associated with bacterial vaginosis are behaviors related to sexual activity. These include
multiple sexual partners, new sexual partners, early age at
first intercourse, sex during menses, and a history of sexually
transmitted infections.7,8 These risk factors resemble those of
classic sexually transmitted infections, and have raised the
possibility that bacterial vaginosis may be sexually transmitted. However, other factors, such as the presence of bacterial
vaginosis in adolescent virgins, suggest mechanisms other
than sexual transmission.9 Moreover, partner treatment has
generally proven to be an ineffective means for preventing
bacterial vaginosis in women.10
Condoms can prevent the transmission of sexually
transmitted infections by providing a mechanical barrier
against pathogens.11 However, cross-sectional analyses have
yielded mixed results regarding the efficacy of condoms for
reducing bacterial sexually transmitted infections.12 A recent
study by Warner et al,13 using a case-crossover design to
reduce potential bias and confounding, found that condoms
significantly reduced the risk of incident chlamydial infection. The case-crossover design compares exposure histories
(eg, condom use) within the same participant at “case” times
immediately preceding the outcome of interest (eg, vaginal
infection) with crossover (“control”) periods of time that are
assumed to be etiologically unrelated to the outcome of
interest. Thus, time-independent potential confounders,
whether measured or unmeasured, are automatically controlled for in the design. The case-crossover design is a
particularly powerful method for assessing the influence of
time-varying exposures and behaviors, including the potential
protection afforded by condom use. We conducted casecrossover analyses of the relationships among condom use,
bacterial vaginosis (ascertained by gram stain), and the
growth of vaginal microorganisms associated with bacterial
vaginosis.
Epidemiology • Volume 18, Number 6, November 2007
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METHODS
The methods used for subject enrollment, data collection, and follow-up have been reported in detail elsewhere.14,15 Briefly, women 13–36 years of age were recruited
into the GYN Infections Follow-Through (GIFT) Study from
family planning clinics, university health clinics, gynecology
clinics, and sexually transmitted disease units at each of 5 US
sites between May 1999 and June 2001. Human subjects’
approval was obtained at each participating institution, and
all women signed informed consent. Women were eligible for
the study if they were not specifically seeking care for a
sexually transmitted disease, but were nonetheless at high risk
for such infection based upon a risk stratification algorithm for
chlamydial cervicitis.16 Specifically, to be enrolled a women had
to have a score of 3 or more points derived as follows: age 24 or
less ⫽ 1; black race ⫽ 2; never pregnant ⫽ 1; 2 or more sexual
partners ⫽ 1; douches at least once per month ⫽ 2; and any prior
sexually transmitted infection (including N. gonorrhoeae, C.
trachomatis, and Trichomonas vaginalis) ⫽ 2. Of the 2740
women screened for study entry, 853 (31%) did not meet these
inclusion criteria. An additional 259 (9%) women were excluded
because they were pregnant, married, or virginal, or on antibiotics at baseline. Among the 1628 women who were eligible for
the study, 1199 (74%) completed a baseline questionnaire. Most
women were seeking regular gynecologic care or birth control
upon study entry. Of these 1199 women, 871 (73%) experienced
a crossover in status from the absence of bacterial vaginosis or
associated organisms to the presence of bacterial vaginosis or
associated organisms. These 871 women provided the data for
the case-crossover analyses.
At baseline and at 6, 12, 24, and 36 months thereafter,
each woman obtained her own vaginal secretions with a
cotton swab.17 Smears from these swabs were gram-stained
and a microscopy score of 0 –10 was assigned by laboratory
staff using the standardized method described by Nugent et
al.18 A score of 0 –3 was interpreted as consistent with normal
vaginal microflora; a score of 4 – 6, corresponding to disturbed microflora, was designated as intermediate; and a
score of 7–10 was considered to be bacterial vaginosis.
Two swabs, placed in an anaerobic transport vial, were
also shipped to the microbiology laboratory for characterization of Lactobaccillus species, anaerobic gram-negative rods,
Gardnerella vaginalis, group B streptococcus, Enterococcus
species, Escherichia coli, Candida species, Mycoplasma
hominis, and Ureaplasma urealyticum. Lactobacilli were
identified at the genus level on the basis of gram stain
morphology and production of lactic acid. The amount of
growth for each of these microorganisms was recorded on a
semiquantative scale from 0 to 4.
DNA amplification for N. gonorrhoeae and C. trachomatis was performed using a strand displacement DNA amplification assay (Becton Dickinson, Sparks, MD) from the
self-obtained vaginal swabs. All positive test results for
© 2007 Lippincott Williams & Wilkins
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gonococcal or chlamydial infection were reported to the
clinical sites within 1 week of enrollment.
Women were asked at baseline about demographic factors
including age, race, education, income, pregnancy history,
smoking, alcohol use, and drug use. They also reported relevant
lifestyle behaviors such as number of sexual partners in the past
2 months, acquisition of a new partner in the past 2 months,
contraceptive use, sex during menses, and douching practices.
Women were further requested to recall past episodes of sexually transmitted infections, including PID and gonococcal or
chlamydial genital infections. Questions about pregnancy history, sexual activity, sexually transmitted infections, and douching were repeated during follow-up.
For women who reported being sexually active during
the 2 months prior to the interview, we categorized condom
use (during the prior 2 months) as yes/no and as average
consistency of use (never, 5 or fewer times out of each 10 acts
of vaginal intercourse, 6 –9 times out of 10 acts of vaginal
intercourse, and 10 out of 10 acts of vaginal intercourse).
Among the 871 study participants eligible for this
analysis, the median length of follow-up was 3.0 years
(interquartile range: 2.4 –3.4 years). The median number of
follow-up visits was 6 (interquartile range: 5–7), and the
median number of vaginal swab samples was 4 (interquartile
range: 3–5). Ninety-four percent of the women had 4 or more
visits, and 90% of the women had 3 or more vaginal swab
samples.
To determine the effect of condom use on the presence
of bacterial vaginosis, we conducted case-crossover analyses.
Only intervals that had both interview data and microbiologic
data were considered for analyses. Exposure history intervals
were designated as the periods between each of the 6-month
follow-up visits. Case intervals were those in which bacterial
vaginosis was diagnosed at the end of the interval. Control
intervals were those in which women were diagnosed with
normal or intermediate vaginal microflora at the end of the
interval.
The majority of women had more than 1 interval with
a diagnosis of bacterial vaginosis. Because of the complexity
of bacterial vaginosis infection over both short and long
periods of time, we limited our selection of case intervals.
Bacterial vaginosis, with or without treatment, can occur as
an incident infection, reinfection, recurrent infection, persistent infection, or as natural variability associated with the
menstrual cycle. It is not possible to ascertain the type of
infection for any given interval. Moreover, inclusion of
women with multiple or persistent infections may attenuate or
obscure the identification of a negative association between
condom use and the acquisition of bacterial vaginosis. However, exclusion of these women or intervals may limit our
understanding of bacterial vaginosis and its association with
condom use, particularly among women with recurrent
(rather than persistent) infections. Thus, we conducted 2
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separate analyses, 1 including both incident and recurrent
case intervals, and the other including only first incident case
intervals. The “incident/recurrent incident” analysis evaluated all incident or recurrent incident case intervals irrespective of whether or not a woman had bacterial vaginosis at
baseline. This analysis captured only forward crossovers (ie,
lacking bacterial vaginosis to obtaining bacterial vaginosis),
and women were allowed to have multiple case intervals if a
resolution of bacterial vaginosis and its reacquisition occurred multiple times during follow-up. All control intervals
preceding the occurrence of the incident or recurrent case
period were used for this analysis. Additionally, we separately considered control intervals where (1) normal flora was
diagnosed at the end of the interval, or (2) either normal flora
or intermediate flora was diagnosed at the end of the interval.
Furthermore, all analyses were repeated using a single control
interval that occurred immediately prior to the case interval
(within 6 months); however, these results were similar to
those including all control intervals and are not reported.
Our second “incident” analyses evaluated the association of condom use on first incident infection. This analysis
focused only on the first incident case interval among women
without bacterial vaginosis at baseline, and captured only
forward crossovers. This analysis included only intervals up
until the first incident interval for women who lacked bacterial vaginosis at baseline and developed bacterial vaginosis
during follow-up; thus all control intervals that preceded the
first occurrence and case interval for bacterial vaginosis were
included.
To evaluate the association between condom use and
the presence of bacterial vaginosis-associated vaginal flora or
chlamydial/gonococcal infection, we repeated both the incident/recurrent incident and first incident case-crossover analyses described above for each of the following outcomes: (1)
G. vaginalis, (2) M. hominis, (3) anaerobic gram-negative
rods (pigmented), (4) anaerobic gram-negative rods (nonpigmented), and (5) chlamydial and/or gonococcal infection.
Loss of hydrogen peroxide-producing lactobacilli was also
evaluated among women who had growth of H2O2-producing
lactobacilli at baseline or during follow-up.
Given that time-independent factors (both measured
and unmeasured) are controlled for with the case-crossover
method, only time-dependent variables were considered for
confounding adjustment. Potential confounders were entered
into conditional logistic regression models based on biologic
plausibility and univariate analyses that indicated associations with the main outcome variable (P ⬍ 0.10). Variables
were eliminated if the P value was consistently greater than
0.10 and did not alter the effect size of the primary independent variable (condom use). All factors associated with sexual activity (number of partners, new partners, and use of
spermicide) were retained for the assessment of vaginal flora
because they were variables of particular interest. Self-re-
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ported symptoms associated with bacterial vaginosis (abnormal discharge and odor) were evaluated as both potential
confounders and effect modifiers; however, neither met our
criteria for inclusion in any of the models. Final models for
the evaluation of bacterial vaginosis and its associated vaginal flora included number of sex partners (⬎1/1), new partner
(yes/no), use of spermicide (yes/no), recent douching (yes/
no), and use of hormonal contraception (yes/no). Use of
spermicide and hormonal contraception were not retained in
the assessment of chlamydial/gonococcal infection.
Conditional logistic regression analyses were conducted using Stata, Version 8, College Station, TX.

RESULTS
Overall, the 871 women had a total of 5402 visits.
Condom use (yes/no) information was collected in 4495
(83%) of the visits; in 55% of these visits, women reported
having used condoms in the past 2 months. Women who
smoked, had ever been pregnant, had sex during menses, had
sex 2 or more times per week, and douched once or more per
month were less likely to consistently use condoms (results
not shown). Women who had 2 or more sex partners or had
a new sex partner were more likely to consistently use
condoms.
Microbiology samples were scheduled to be obtained
for 3069 of the 4495 visits in which condom use was
reported. Of these 3069 visits, samples were obtained in 2806
visits (91%) and women were diagnosed with bacterial vaginosis in 1059 (38%). The prevalence of bacterial vaginosis
ranged from 33% at the 6-month follow-up to 43% at the
36-month follow-up (results not shown).
In case-crossover analyses of condom use and relationship to bacterial vaginosis, we first considered all incident
and recurrent incident case and associated control intervals
(Table 1). Condoms were used in 572 (58%) of the intervals
in which women crossed over to bacterial vaginosis. Women
who consistently used condoms had a 45% decreased risk of
bacterial vaginosis (vs. normal/intermediate microflora) compared with women who did not use condoms (condom use in
10/10 sex acts: adjusted OR ⫽ 0.55, 95% CI ⫽ 0.35– 0.88,
P for trend ⫽ 0.02). A more profound risk reduction from
condom use was noted for bacterial vaginosis when contrasted with normal vaginal microflora (condom use in 10/10
sex acts: 0.37 (0.20 – 0.70), P for trend ⫽ 0.004).
We repeated our analyses to specifically evaluate acquisition of bacterial vaginosis by focusing on the first incident case-interval (Table 1). Because the number of observations was reduced by more than half, these analyses were less
powerful. However, estimates were very similar to the analyses with inclusion of recurrent episodes of bacterial vaginosis. We found that condoms were protective against acquisition of bacterial vaginosis when compared with normal/
intermediate microflora (0.57 关0.32–1.02兴, P for trend ⫽
© 2007 Lippincott Williams & Wilkins
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TABLE 1. The Association Between Condom Use and Bacterial Vaginosis Using Both Incident and Recurrent Incident Case
Intervals in Case-Crossover Analyses
Bacterial Vaginosis vs. Intermediate/Normal
Measures of
Condom Use

No. Case
Intervals

No. Control
Intervals

Bacterial Vaginosis vs. Normal

Adjusted
OR* (95% CI)

No. Case
Intervals

No. Control
Intervals

Adjusted
OR* (95% CI)

Incident/Recurrent Incident
(n ⴝ 256†)

(n ⴝ 441 )
†

Condom use during past 2 mo
Yes
217
No‡
185
Consistency of use during past 2 mo§
10/10
87
6–9/10
57
⬍5/10
73
None‡
185
Test for trend

355
230

0.65 (0.45–0.94)
1.0

124
104

185
123

0.52 (0.31–0.86)
1.0

155
83
117
230

0.55 (0.35–0.88)
0.81 (0.48–1.35)
0.68 (0.44–1.06)
1.0
P ⫽ 0.02

47
35
42
104

91
42
52
123

0.37 (0.20–0.70)
0.70 (0.35–1.41)
0.62 (0.32–1.21)
1.0
P ⫽ 0.004

First Incident Case Interval
n ⴝ 256
Condom use during past 2 mo
Yes
141
No‡
115
Consistency of use during past 2 mo§
10/10
55
6–9/10
40
⬍5/10
46
None‡
115
Test for trend

n ⴝ 133¶

¶

252
162

0.65 (0.40–1.05)
1.0

71
62

115
83

0.55 (0.30–1.00)
1.0

107
63
82
162

0.57 (0.32–1.02)
0.68 (0.35–1.32)
0.71 (0.40–1.26)
1.0
P ⫽ 0.07

27
21
23
62

57
30
28
83

0.41 (0.15–0.86)
0.57 (0.25–1.31)
0.81 (0.36–2.81)
1.0
P ⫽ 0.01

*Adjusted for number of partners, new partner, use of spermicide, use of hormonal contraception, and douching.
†
Number of participants who had a crossover in status from lacking bacterial vaginosis to acquiring bacterial vaginosis any time during follow-up, irrespective of baseline bacterial
vaginosis status.
‡
Reference category.
§
Number of times condoms were used out of 10 acts of intercourse.
¶
Number of participants who did not have bacterial vaginosis at baseline and acquired bacterial vaginosis during follow-up.

0.07). Additionally, similar to analyses with recurrent episodes of bacterial vaginosis, a more profound risk reduction
from condom use was noted for bacterial vaginosis as compared with normal vaginal microflora (condom use in 10/10
sex acts: 0.41 关0.15– 0.86兴, P for trend ⫽ 0.01).
In incident/recurrent case-crossover analyses assessing
specific vaginal microflora (Table 2), consistent condom use
was associated with a decrease in the risk for anaerobic
gram-negative pigmented rods (0.58 关0.36 – 0.94兴). Reductions in risk were not observed for chlamydia/gonococcal
infection. In the less powerful first incident case-crossover
analyses, consistent condom use was associated with risk
reductions for all vaginal microflora (OR’s ⫽ 0.54 – 0.75),
which was most apparent for M. hominis (P for trend ⫽ 0.07)
and anaerobic gram-negative rods pigmented (P for trend ⫽
0.06). First incident case-crossover analyses did not show a
clear association with chlamydial/gonococcal infection (0.81
关0.33–1.97兴).
© 2007 Lippincott Williams & Wilkins

DISCUSSION
Consistent condom use reduced the risk of both incident and recurrent bacterial vaginosis in this large cohort of
women at high risk for sexually transmitted infections. The
association was strongest when assessing cases representing a
shift from normal microflora to bacterial vaginosis, suggesting a protective effect against the acquisition of bacterial
vaginosis. Additionally, our results were strongest when condoms were most consistently used, which has been observed
in previous studies on condom effectiveness.13,19 Condoms
are often used incorrectly, and reported consistency may
exceed true consistency.20 Thus our estimate of condom
effectiveness may underestimate the true association with
both incident and recurrent bacterial vaginosis.
Women in our study had acute, chronic, and recurrent
bacterial vaginosis, which complicated the analysis. Persistent bacterial vaginosis would obscure any protective effect
on acquisition afforded by condom use, resulting in a bias
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0.64
1.0
0.73
0.66
0.57

(0.50–2.28)
(0.26–1.28)
(0.65–2.40)

㥋

P ⫽ 0.72

0.84
1.0
2 mo¶
0.81
0.54
1.01
1.0

0.69
1.0
0.69
0.81
0.63
1.0

(0.42–1.68)

(0.33–1.97)
(0.20–1.45)
(0.46–2.23)
P ⫽ 0.45

(95% CI)

P ⫽ 0.36

(0.37–1.28)
(0.43–1.54)
(0.35–1.19)

(0.42–1.13)

(n ⴝ 281 )

㥋

P ⫽ 0.20

(0.45–1.17)
(0.39–1.11)
(0.36–0.90)

(0.44–0.93)

‡

(n ⴝ 408 )

(0.60–1.86)

(n ⴝ 113 )

1.05
1.0
2 mo¶
1.06
0.60
1.24
1.0

‡

Adjusted
OR†

Lacking H2O2 ⴙ
Lactobacilli

0.62
1.24
0.9
1.0

0.82
1.0

(95% CI)

0.63
0.84
0.86
1.0

0.77
1.0

P ⫽ 0.13

(0.35–1.12)
(0.46–1.54)
(0.51–1.45)

(0.50–1.20)

(n ⴝ 311‡)

P ⫽ 0.15

(0.35–1.08)
(0.64–2.44)
(0.49–1.63)

(0.52–1.28)

0.55
0.57
0.76
1.0

0.65
1.0

P ⫽ 0.07

(0.28–1.10)
(0.27–1.21)
(0.40–1.46)

(0.38–1.09)

(n ⴝ 215㥋)

First Incident Case Interval

P ⫽ 0.12

(0.44–1.06)
(0.60–1.70)
(0.60–1.49)

(0.59–1.19)

(n ⴝ 268㥋)

0.68
1.01
0.95
1.0

0.84
1.0

Adjusted
OR†

M. hominis

Incident/Recurrent Incident

(95% CI)

(n ⴝ 422‡)

Adjusted
OR†

G. vaginalis
(95% CI)

0.75
0.88
0.81
1.0

0.81
1.0

0.59
0.66
0.49
1.0

0.56
1.0

P ⫽ 0.55

(0.22–1.05)
(0.40–1.73)
(0.42–1.55)

(0.42–1.55)

(n ⴝ 171㥋)

P ⫽ 0.08

(0.32–1.11)
(0.35–1.23)
(0.27–0.98)

(0.36–0.90)

(n ⴝ 299‡)

Adjusted
OR†

Anaerobic GN
Nonpigmented Rods

(95% CI)

0.54
0.63
0.64
1.0

0.60
1.0

0.58
0.51
0.55
1.0

0.55
1.0

P ⫽ 0.056

(0.29–1.00)
(0.33–1.21)
(0.36–1.16)

(0.37–0.98)

(n ⴝ 284㥋)

P ⫽ 0.02

(0.36–0.94)
(0.30–0.87)
(0.35–0.87)

(0.38–0.81)

(n ⴝ 450‡)

Adjusted
OR†

Anaerobic GN
Pigmented Rods

*Adjusted for number of partners, new partner, and douching.
†
Adjusted for number of partners, new partner, use of spermicide, use of hormonal contraception, and douching.
‡
Number of participants who had a crossover in status from lacking the organism to acquiring the organism any time during follow-up. For H2O2 ⫹ lactobacilli, women had a status change from the presence of H2O2 ⫹
lactobacilli to the loss of H2O2 ⫹ lactobacilli.
§
Reference category.
¶
Number of times condoms were used out of 10 acts of intercourse.
㛳
Number of participants who had a crossover in status from lacking the organism at baseline to acquiring the organism during follow-up.

Condom use during past 2 mo
Yes
No§
Consistency of use during past
10/10
6–9/10
ⱕ5/10
None§
Test for trend

(95% CI)

(n ⴝ 150 )

Adjusted
OR*

Condom use during past 2 mo
Yes
No§
Consistency of use during past
10/10
6–9/10
ⱕ5/10
None§
Test for trend

Measures of
Condom Use

Chlamydia/Gonorrhea

TABLE 2. The Association Between Condom Use, Bacterial Vaginosis-Associated Organisms, and Chlamydial/Gonococcal Infection Using Both Incident and
Recurrent Incident Case Intervals
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towards the null. We limited our analyses to incident and
recurrent incident case intervals, but even with this restriction
it was not possible to distinguish among newly acquired
infections, natural variation, and recurrent infections—particularly among women with multiple infections throughout
follow-up. However, whether or not we assessed only incident case intervals, we observed trends in keeping with a
protective effect. Even among women with unknown treatment status, condom use provided protection against incident
and recurrent bacterial vaginosis. Thus, condoms may prevent the acquisition of bacterial vaginosis, in addition to
potentially protecting the vaginal environment from disruptions or recurrence after a prior abnormality.
We were able to test the robustness of our findings by
assessing the relationship between condom use and bacterial
vaginosis -associated microorganisms. The gold standard for
diagnosis of bacterial vaginosis is Nugent’s criteria based
upon the gram stain, which assesses the proportion of Lactobacilli species, G. vaginalis, and curved gram-variable rods
or Mobiluncus species.18 We found a risk reduction for
H2O2-producing lactobacilli and G. vaginalis. Of interest was
the substantial reduction in anaerobic gram-negative rods,
which are commonly seen in the mix of microorganisms
categorized as bacterial vaginosis.21,22 A recent study by
Ness et al23 found that PID was more strongly predicted by a
cluster of bacterial vaginosis -associated microflora including
anaerobic gram-negative rods than by the traditional Nugent’s criteria, suggesting a strong role for anaerobic gramnegative rods in the development and adverse consequences
of bacterial vaginosis.
Our study is the first to assess condom use in relation to
the specific microorganisms associated with bacterial vaginosis. In cases of bacterial vaginosis acquisition via sexual
contact, 1 or more of the associated organisms may be
transmissible, and others not. Alternatively, another as-yetunidentified microorganism may be the transmissible agent.
Recent studies have isolated numerous previously-unidentified microorganisms associated with bacterial vaginosis, and
further study of these may improve our understanding of
acquisition and development of this infection.24,25
Previous studies have been inconsistent in showing a
relationship between condom use and bacterial vaginosis.
Several cross-sectional studies have shown condom use (and
particularly consistent condom use) to be protective.26 –28
However, other studies have shown no evidence that condom
use protects against bacterial vaginosis.29 –32 To date, only 1
longitudinal cross-sectional study and 3 cohort studies have
assessed condom use in relation to bacterial vaginosis, and
results were mixed. Ahmed et al29 followed a cohort of
17,264 women in rural Uganda for approximately 4 years at
10-month intervals. The risk of bacterial vaginosis among
consistent condom users versus nonusers during the last year
was only slightly reduced (OR ⫽ 0.89 关95% CI ⫽ 0.74 –
© 2007 Lippincott Williams & Wilkins
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1.07兴). Similarly, a small study by Hawes et al,33 which
followed a cohort of 182 women recruited from an STD clinic
for 2 years, found that barrier methods of contraception
slightly decreased the risk for acquisition of bacterial vaginosis (HR ⫽ 0.8 关95% CI ⫽ 0.3–1.7兴). Baeten et al34
followed a cohort of 948 female sex workers in Kenya for a
median of 421 days and found a slight decrease in the risk for
bacterial vaginosis (HR ⫽ 0.9 关95% CI ⫽ 0.7–1.0兴). Schwebke
and Desmond35 found that always using condoms was somewhat protective against the development of bacterial vaginosis, but only in occasional partners (RR ⫽ 0.80 关95% CI ⫽
0.67– 0.98兴).
Due to the wide variability in study design among
studies, the varying assessments of both bacterial vaginosis
(gram stain vs. Amsel’s criteria) and condom use, and the
inherent difficulty with accurately measuring condom effectiveness, some inconsistency in risk across studies is not
surprising. To our knowledge, our study is the first to assess
the association between condom use and bacterial vaginosis
using a case-crossover study design. While our study had
similar limitations with regard to accuracy of condom assessment, the case-crossover design limited the overall bias by
accounting for all time-independent confounders. It is possible that residual confounding from other time-dependent
factors associated with a generally healthy lifestyle may have
contributed to the observed protective effect. However, we
did not find any indication of such self-selected condom
behavior in that condom use appeared to be associated with
less healthy behavior in general (ie, multiple sex partners and
new sex partners). Use of condoms with more risky behavior
has also been observed in other studies of condom use,36 and
not accounting for these factors likely results in an underestimation of effect rather than an overestimation.13
There are a number of limitations with our study.
Condom use did not clearly reduce chlamydial or gonococcal
infection in the case-crossover analyses, although the effect
was in the direction of risk reduction. Only 113 women
acquired incident C. trachomatis and N. gonorrhoeae, so we
had limited power for detecting associations. Factors that
affect the apparent effectiveness of condoms, such as inconsistent condom use, incorrect use, and infection status of
partner, are difficult variables to measure and control for in
studies.20,37 Effectiveness according to the number of unprotected sex acts may be a more precise measurement of
condom effectiveness than consistency of use.13 A further
study limitation was the length (6 months) of intervals between vaginal microbiologic assessments; these allowed only
a relatively crude assessment of bacterial vaginosis infection
status. Bacterial vaginosis is variable over short periods of
time, and incident versus prevalent or recurrent infections,
cannot be accurately assessed with long intervals, as previously mentioned. Finally, women were not treated for bacterial vaginosis or referred for treatment as part of the study,
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and information on treatment of bacterial vaginosis was not
ascertained for this study.
Our internally consistent findings suggest that, in this
cohort at high risk for bacterial sexually transmitted infections, condom use reduced the risk of bacterial vaginosis.
This lends some support to the theory that bacterial vaginosis
is sexually transmitted, and provides a further rationale for
recommending that women use condoms to reduce the risk of
bacterial vaginosis.
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HYPOTHESIS

Papanicolaou Smears Induce Partial Immunity Against
Sexually Transmitted Viral Infections
Samuel Shapiro,* Margaret Hoffman,* Deborah Constant,* Lynn Rosenberg,† Henri Carrara,‡
Bruce Rider Allan,* Dianne Jean Marais,* Jo-Ann Shelley Passmore,* and Anna-Lise Williamson¶储
Background: In a case-control study of hormonal contraceptives
and invasive cervical cancer, an unexpected finding was a substantial decline in the prevalence of high-risk human papillomavirus
(HPV) infection according to the lifetime number of Pap smears
received. Here we assess the risk of 3 sexually transmitted viral
infections— herpes simplex virus 2 (HSV2), HPV, and human
immunodeficiency virus (HIV) 1 and 2—in relation to the lifetime
receipt of Pap smears.
Methods: Stored sera taken from 1540 controls were tested for
HSV2 and HIV; cervical scrapings were tested for HPV. Confounderadjusted odds ratios for the lifetime receipt of Pap smears were
estimated, relative to never having had a Papanicolau test.
Results: For ever-receipt of a Papanicolau test, the odds ratios for
HSV2 and HPV were 0.7 (95% confidence interval ⫽ 0.5– 0.9) and
0.5 (0.3– 0.7), respectively, and there were dose-response trends
according to the lifetime number of Pap smears received (test for
trend P ⫽ 0.02 and 0.04, respectively). For HSV2 the odds ratios
according to last receipt declined from 0.8 for 10 or more years
previously to 0.4 for ⬍1 year previously (trend P ⫽ 0.002). For
HPV the ORs were 0.4 (0.3– 0.7) for last receipt 5–9 years previously and 0.5 (0.4 – 0.8) for less than 5 years previously; for HIV the
odds ratio for last receipt less than 5years previously was 0.4
(0.3– 0.9).
For HSV2 and HIV the crude odds ratio estimates were systematically lower than the adjusted estimates, and residual confounding
cannot be ruled out. In particular, the true number of sexual partners
may have been under-reported, and there was no information on the
sexual activity of the male partners, or on other health behaviors of
the women or their partners.
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Conclusion: We hypothesize that Pap smears may provoke a shortterm immune response against sexually transmitted viral infections.
(Epidemiology 2007;18: 709 –715)

I

n 2003 we reported findings from a case-control study
among women below the age of 60 years in which we
evaluated the risk of invasive cancer of the cervix in relation
to the use of hormonal contraceptives.1 There was no evidence to suggest that contraceptive hormones increase the
risk, or that they potentiate the carcinogenicty of high-risk
human papillomavirus (HPV) infection. A history of ever
having received a Papanicolaou (Pap) smear was recorded as
a potentially confounding variable. In the course of analyzing
the data we found an unexpectedly large reduction in the risk
of cervical cancer among Papanicolau test recipients2: among
the control women whose median age was 44 years, relative
to never having had a Papanicolau test, the odds ratio estimates for lifetime histories of 1, 2, and ⱖ3 smears were 0.4,
0.2, and 0.2, respectively (test for trend, P ⫽ 0.0003). We
hypothesized that Pap smears may protect against cervical
cancer, not only by the identification of high-risk dysplastic
lesions, but possibly by some additional mechanism.
We next turned our attention to the determinants of
HPV infection among the control women.3 The odds ratios
for the lifetime receipt of 1, 2, and ⱖ3 Pap smears were 0.7,
0.5, and 0.5, respectively (test for trend, P ⫽ 0.04). We
hypothesized that the minor trauma involved in taking a
Papanicolau test may induce partial host immunity against
HPV infection.
Prompted by our findings concerning HPV, we then
evaluated the effect of Pap smears on 2 other sexually
transmitted viral infections (STIs) 关herpes simplex virus 2
(HSV2), and human immunodeficiency virus (HIV) 1 and 2兴.
Here we present findings for all 3 STIs (HSV2, HPV, and
HIV).

METHODS
The study was approved by the Institutional Review
Boards of the University of Cape Town and Boston University.
Written informed consent was obtained from all participants.
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After data collection was completed, all identifying information
was deleted, and the files were rendered anonymous.
Details of the methods have been described,1–3 and
relevant aspects are mentioned here. The Western Cape
Provincial Administration of South Africa operates hospitals
and community health centers that provide medical services
to patients who do not have health insurance. The present
study was confined to colored and black women who used
those services; we had to exclude white women because they
seldom used the services.
In the Provincial services, Pap smears are routinely
taken using Aylesbury spatulas. Until 2000, Papanicolau test
screening was performed on an opportunistic basis, when
women attended family planning clinics or antenatal services.
Since 2000, in conformity with international recommendations for developing countries,4 women using the public
health services have been offered 3 free Pap smears, commencing after the age of 30 years, and thereafter at about
10-year intervals.5

Cases
Virtually all uninsured women with cervical cancer are
seen at the community health centers, and referred to gynecologic oncology clinics located in 2 tertiary care hospitals.
Incident cases of stage 1B or more advanced cervical cancer
were prospectively identified at the clinics from January 1998
to December 2001. To be eligible for inclusion the women
had to be 18 –59 years of age, and to have lived within 150
km of Cape Town during the preceding 6 months. A standard
questionnaire (including questions about lifetime histories of
Pap smears) was administered by trained nurse interviewers.
There were 526 cases, of whom 2 refused to participate. The
median age was 44 years.

Controls
The controls were frequency-matched to the cases in an
approximate ratio of 3:1 for decade of age, ethnic group, and
area of residence. They were recruited when they attended
Provincial Administration hospitals or community health centers for conditions (such as trauma or respiratory infections)
judged to be unrelated to contraceptive use or cervical cancer
risk. The same questionnaire was administered. In addition,
cervical scrapings were taken to test for HPV infection, and
at the same time Pap smears were also taken.
There were 1654 potential controls, of whom 107 (6%)
refused to participate—38 (2%) because they had recently
undergone a Papanicolau test. Six potential control women
were found to have stage 1A cervical cancer, and were
excluded. Among the remaining 1541 women, the median
age was 44 years.
As part of the study protocol, and with a view to testing
future hypotheses, we obtained and stored blood samples at
⫺70°C. The present analysis was carried out among 1540
control women for whom samples were available; the total
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numbers of women whose sera were assayed for each test
varied depending on the amount of serum available.
Aliquots of sera were tested for HSV2 by enzymelinked immunosorbent serologic assay (ELISA) screening,
and for HIV by ELISA AXSYM screening (Abbott) followed
by confirmatory ELISA (Vironastica) and latex agglutination
(Capillus) if necessary. Cervical scrapings were tested for
high-risk HPV infection (types 16/18/31/33/35/39/45/51/52/
56/58/59/68) using the Hybrid Capture Test (Digene Corporation, Gaithersburg, MD).

Analysis
Lifetime histories of Pap smears received before recruitment into the study were compared among those who
tested positive and negative for HSV2, HPV, and HIV.
Unconditional multiple logistic regression was used to adjust
for confounding. The initial exploratory models included the
following factors: ever-receipt of Pap smears, lifetime number of Pap smears received, date of last receipt of a Papanicolau test, age, ethnic group, lifetime number of sexual
partners, age at first sexual intercourse, education (none or
primary school/more advanced), parity, area of residence
(urban/rural), injectible contraceptive use (ever/never), oral
contraceptive use (ever/never), cigarette smoking (ever/
never), and alcohol consumption (ever/never). Odds ratio
point estimates and their 95% confidence intervals (CIs) for
the receipt of Pap smears were compared when individual
factors were removed or included in the models, and factors
that did not change the estimates were dropped from the final
models (see below).

RESULTS
Among the 1540 control women, lifetime histories of 0,
1, 2, 3, and ⱖ4 Pap smears were given by 27%, 31%, 17%,
10%, and 15%, respectively. Among 1345 women who were
tested for HSV2, 884 (66%) were positive. For HPV, 255/
1522 (17%) tested positive, and for HIV, 78/1365 (6%).
Table 1 gives prevalence rates of infection with HSV2, HPV,
and HIV according to ever- and never-receipt of Pap smears
within strata of various individual characteristics. In all strata
the infection rates were lower among women who had received Pap smears.
Table 2 gives crude and adjusted odds ratio estimates
for each of the infection outcomes according to ever-receipt
of Pap smears, and according to the lifetime number received;
Table 3 gives odds ratio estimates according to elapsed time
since the last Papanicolau test. For HSV2 and HIV infection,
the crude odds ratios were lower than the adjusted estimates,
and for both outcomes the differences between crude and
adjusted results were principally accounted for by ethnic
group, age, and lifetime number of sexual partners. For HPV
infection the crude and adjusted estimates were similar. For
all 3 outcomes, the area of residence, parity, age at first sexual
intercourse, contraceptive use, current smoking, and alcohol
© 2007 Lippincott Williams & Wilkins
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TABLE 1. Prevalence of HSV2, HPV, and HIV Infection by Receipt of Pap Smear and
Various Individual Characteristics*

Factor
Age (yrs)
⬍30
30–39
40–49
50–59
Ethnic group
Colored
Black
Sexual activity
No. sexual partners
1
ⱖ2
Age at first intercourse (yrs)
⬍15
ⱖ15
Education
Primary school
More advanced
Parity
0
1–2
3–4
ⱖ5
Area of residence
Urban
Rural
Contraceptive (ever-use)
Injectable
Oral
Alcohol (ever-use)
Cigarettes (ever-use)

EverReceived a
Pap Smear

HSV2
No. Positive/
Total No. (%)

HPV
No. Positive/
Total No. (%)

HIV
No. Positive/
Total No. (%)

Yes
No
Yes
No
Yes
No
Yes
No

20/49 (41)
29/38 (76)
155/251 (62)
55/78 (70)
257/409 (63)
110/134 (82)
156/256 (61)
93/117 (79)

15/56 (27)
20/43 (46)
49/287 (17)
28/92 (30)
50/470 (12)
24/150 (16)
36/310 (11)
26/131 (20)

10/51 (20)
10/38 (26)
13/252 (5)
12/79 (16)
16/418 (4)
7/136 (5)
3/261 (1)
6/117 (5)

Yes
No
Yes
No

461/818 (56)
131/192 (68)
127/147 (86)
156/175 (89)

126/942 (13)
47/212 (22)
30/181 (17)
51/204 (25)

22/831 (3)
9/193 (5)
20/151 (13)
26/177 (15)

Yes
No
Yes
No

127/290 (44)
43/76 (57)
459/672 (68)
240/287 (84)

31/308 (10)
19/88 (22)
123/756 (16)
80/315 (25)

5/293 (2)
5/79 (6)
37/686 (5)
30/287 (10)

Yes
No
Yes
No

138/218 (63)
75/90 (80)
444/738 (60)
187/245 (76)

41/241 (17)
24/107 (22)
112/817 (14)
67/271 (25)

6/220 (3)
13/95 (14)
33/753 (5)
18/247 (8)

Yes
No
Yes
No

352/558 (63)
183/236 (77)
236/407 (58)
104/131 (79)

44/277 (16)
25/149 (17)
111/829 (13)
73/267 (27)

20/572 (3)
18/239 (7)
22/410 (5)
17/131 (13)

Yes
No
Yes
No
Yes
No
Yes
No

27/40 (67)
23/31 (74)
182/291 (62)
96/120 (80)
240/404 (59)
90/112 (80)
139/230 (60)
78/104 (75)

5/48 (10)
10/38 (26)
55/323 (17)
39/131 (30)
59/465 (13)
28/126 (22)
37/287 (13)
21/121 (17)

1/41 (2)
1/31 (3)
20/294 (7)
15/121 (12)
15/411 (4)
11/114 (10)
6/239 (3)
8/104 (8)

Yes
No
Yes
No

308/503 (61)
176/212 (83)
280/462 (61)
111/155 (72)

86/558 (15)
59/236 (25)
69/509 (14)
40/171 (24)

18/511 (3)
18/212 (9)
26/471 (5)
16/158 (10)

Yes
No
Yes
No
Yes
No
Yes
No

476/790 (60)
202/250 (81)
250/427 (59)
76/102 (74)
326/497 (66)
172/205 (84)
368/609 (60)
144/189 (76)

136/869 (16)
68/277 (25)
60/470 (13)
29/105 (27)
99/553 (18)
55/220 (25)
106/670 (16)
45/205 (22)

37/803 (5)
27/253 (11)
14/435 (3)
11/103 (11)
29/509 (6)
20/205 (10)
23/622 (4)
13/189 (7)

*Unknown values omitted.
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TABLE 2. Odds Ratios of Infection According to Receipt of Pap Smears and
Lifetime Number of Pap Smears*
Test
Outcome

No. of Pap Smears

Positive No.

Negative No.

Crude OR

Never‡
Ever
1
2
3
ⱖ4
Test for trend§
Never‡
Ever
1
2
ⱖ3
Test for trend§
Never‡
Ever
1
ⱖ2

287
588
293
123
74
98

80
377
128
92
65
92

1.0
0.4
0.6
0.4
0.3
0.3

98
155
83
31
41

318
951
396
219
336

1.0
0.7
0.7
0.5
0.4

35
42
23
19

335
940
408
532

1.0
0.4
0.5
0.3

HSV2

HPV

HIV

Adjusted OR
(95% CI)†
1.0
0.7 (0.5–0.9)
0.9 (0.6–1.3)
0.6 (0.4–0.9)
0.5 (0.3–0.8)
0.5 (0.3–0.8)
P ⫽ 0.02
1.0
0.5 (0.3–0.7)
0.7 (0.5–0.9)
0.5 (0.3–0.8)
0.5 (0.3–0.7)
P ⫽ 0.04
1.0
0.7 (0.4–1.2)
0.8 (0.4–1.4)
0.7 (0.3–1.3)

*Totals vary because of differing numbers of tests performed; unknown values omitted.
†
Adjusted for ethnic group, age, education, no. of sexual partners, age at first sexual intercourse.
‡
Reference category.
§
Test for trend in number of Pap smears (only among those who had ever received Pap smears).

TABLE 3. Odds Ratios of Infection According to Elapsed Time Since the Last
Pap Smear*
Time Since last Pap
Smear (yrs)
HSV2
Never‡
⬍1
1–4
5–9
ⱖ10
Test for trend§
HPV
Never‡
⬍5
5–9
ⱖ10
HIV
Never‡
⬍5
5–9
ⱖ10

Test
Positive No.

Negative No.

Crude
OR

Adjusted OR†
(95% CI)

287
21
147
140
256

80
19
128
88
140

1.0
0.3
0.3
0.4
0.5

1.0
0.4 (0.2–0.7)
0.5 (0.3–0.7)
0.8 (0.5–1.2)
0.8 (0.6–1.2)
P ⫽ 0.002

98
52
33
66

318
300
224
366

1.0
0.6
0.5
0.6

1.0
0.5 (0.4–0.8)
0.4 (0.3–0.7)
0.7 (0.5–1.0)

35
9
17
13

335
313
214
390

1.0
0.3
0.8
0.3

1.0
0.4 (0.2–0.9)
1.3 (0.6–2.6)
0.7 (0.4–1.6)

*Totals vary because of differing numbers of tests performed. Unknown values for time of last Pap smear are
omitted.
†
Adjusted for ethnic group, age, education, number of sexual partners, age at first sexual intercourse.
‡
Reference category.
§
Test for trend in number of Pap smears only among those who had ever received Pap smears.
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use were virtually without effect on the odds ratio estimates,
and those factors were dropped from the final models. Below,
only the adjusted estimates are considered further.
For the most common outcome, HSV2 infection, the
adjusted odds ratio of infection for ever relative to never
having had a Papanicolau test was 0.7 (95% CI ⫽ 0.5– 0.9)
(Table 2). For the lifetime number of Pap smears the odds
ratios declined from 0.9 for 1 Papanicolau test to 0.5 for 4 or
more (test for trend confined to Papanicolau test recipients, P ⫽
0.02). For time since last Papanicolau test (Table 3), the odds
ratios declined from 0.8 for at least 10 years before to 0.4 for
⬍1 year before (test for trend, P ⫽ 0.002) (Table 3). Among
women who had only a single Papanicolau test, the odds ratio
for infection for women whose Papanicolau test was ⬍10
years previously (120 women) was 0.5 (0.3– 0.8).
For HPV infection, the second-most common outcome,
the odds ratio for infection associated with ever having a
Papanicolau test was 0.5 (95% CI ⫽ 0.3– 0.7) (Table 2). For
lifetime number, the odds ratio declined from 0.7 among
women with 1 Papanicolau test to 0.5 among women with at
least 3 Pap smears (test for trend, P ⫽ 0.04). For last
Papanicolau test 5–9 and ⬍5 years previously, the odds ratios
of HPV infection were 0.4 (0.3– 0.7) and 0.5 (0.4 – 0.8),
respectively (Table 3). Among women who had only a single
Papanicolau test, the odds ratio for last receipt ⬍10 years
previously (39 women) was 0.5 (0.3– 0.8).
For HIV infection, the least common outcome, the odds
ratio associated with most recent Papanicolau test within the
last 5 years was 0.4 (0.2– 0.9) (Table 3). Among women who
had only a single Papanicolau test, the odds ratio of HIV
infection for last receipt within the last 10 years (15 women)
was 0.5 (0.2–1.2).
There were 1337 women who were tested for all 3
infections. Among them, prevalence rates of infection with a
single virus were as follows. For HSV2, the prevalence was
58% (465/799) for women who had ever had a Papanicolau
test and 74% (195/264) for women never having a Papanicolau test 关crude OR ⫽ 0.5; adjusted OR ⫽ 0.8 (0.6 –1.1)兴.
For HPV, the prevalence was 9% (35/369) for ever and 13%
(10/79) for never having had a Papanicolau test 关crude OR
0.7; adjusted odds ratio, 0.7 (0.3–1.7)兴. For HIV there were
insufficient data (7 infected women).

DISCUSSION
We have previously hypothesized that the minor
trauma involved in taking a Papanicolau test may trigger a
host immune response against HPV infection,3 with resultant
reduction in the risk of cervical cancer. Based on the present
findings we now generalize the hypothesis, and suggest that
Pap smears may also provoke partial host immunity against
HSV2, and, possibly, against HIV as well.
For what was by far the most common outcome, HSV2
infection, ever-receipt of a Papanicolau test was associated
© 2007 Lippincott Williams & Wilkins
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with an estimated 30% reduction in the risk, and there was a
significant dose-response gradient; among women who had
received 3 or more smears, the risk reduction was about 50%.
The reduced risk also appeared to be most marked when the
last smear had been received within the last 5 years—
suggesting that any resistance to HSV2 infection conferred by
Pap smears may be relatively short-lived, and perhaps be due
to a localized cellular immune response.
HPV infection was relatively common, and a similar
pattern was evident; again there was a significant doseresponse gradient, with an estimated 2-fold reduction in the
risk among women who received 2 or more Pap smears, and
even the receipt of a single smear was associated with a 30%
reduction. However, the pattern for HPV was a little different
in that the reduced risk following the receipt of a Papanicolau
test appeared to persist for longer (up to 9 years) than was the
case for HSV2 infection (up to 4 years). HPV infection
differs from HSV2 and HIV in that most women spontaneously clear their infections within a few years.6 It is possible
that Pap smears may both confer partial immunity against
infection with HPV and also accelerate clearance among
women who are already infected.
HIV infection was the least common outcome. The
findings were not robust, and with scanty data there was an
estimated 60% reduction in the risk among women who had
their most recent Papanicolau test within the last 5 years—
again raising the possibility of a short-term risk reduction.
However, that estimate was based on only 9 infected cases.
The overall pattern observed in this study was one of
apparent short-term reduction in the risk of viral STIs among
women who received Pap smears, evident even among
women who had received only a single Papanicolau test. For
2 of the 3 outcomes for which there were sufficient data
(HSV2 and HPV), the findings were not materially changed
when women coinfected with more than one virus were
excluded, although with more limited numbers the results
were unstable.
Despite the consistency of the overall findings, they
must be regarded as tentative and interpreted with caution.
This study has certain limitations, the most serious of which
is the possibility of residual confounding. For HSV2 and
HPV, the systematically weaker odds ratios after adjustment
support that possibility. A general limitation of studies that
adjust for sexual activity is that they can adjust only for what
is reported, and underreporting may be greatest among
women who have had the greatest number of partners. In
addition, we had no information on the sexual behavior of the
male partners, and we cannot exclude the possibility that
women who had Pap smears selected partners who were at
lower risk for STIs. Confounding could also have occurred if
there were unmeasured or incompletely measured differences
in health behaviors (eg, drug use), or in socioeconomic status.
It is also possible that women who seek Papanicolau test
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screening might make other health choices that put them at
reduced risk of STIs (eg, use of condoms).
Finally, the immunologic data were cross-sectional,
and we had no information on the time of onset of the
infections. To overcome that limitation, longitudinal studies
would be needed in which data are prospectively collected.
Information bias cannot explain the findings, because
no hypothesis existed when the data were collected, and
samples were tested without knowledge of Papanicolau test
history. Selection bias was also unlikely; the recruitment rate
was 94%, only 2% of the women refused to participate
specifically because they had recently undergone a Papanicolau test, and control conditions such as trauma or respiratory infection were independent of ever having had a Papanicolau test.
We are not aware of other epidemiologic studies that
have reported possible protective effects of Pap smears
against viral STIs. However, there is limited evidence to
suggest that trauma to the cervix may be associated with
protection. One study7 has reported a decrease in the risk of
HPV infection (adjusted for age and number of sexual partners) associated with an increasing frequency of sexual intercourse and an increasing number of pregnancies. In addition, it has been proposed (based mainly on studies among
prostitutes, and partly on anecdotal evidence) that frequent
sexual intercourse in some women may block the transmission of HPV and HIV.8 It has also been suggested that the
protective effect may be lost when prostitutes quit their
occupations and stop having frequent intercourse.9
With regard to possible mechanisms, there is only
limited information on what factors may initiate host immune
responses to viral STIs. However, because HPV infections
commonly regress,6 it is clear that an effective immune
response to at least one viral infection does occur. If minor
trauma to the cervix can trigger such a response, one question
that arises is whether the trauma associated with the use of an
Aylesbury spatula is sufficiently traumatic. To examine that
possibility, in a separate follow-up study we compared various markers of inflammation in cervico-vaginal lavage specimens obtained from healthy women at baseline, and again 2
weeks later; Pap smears were administered at baseline, using
Aylesbury spatulas.10 At 2 weeks, inflammatory cytokines
associated with cell-mediated immunity (interleukin-12 and
tumor necrosis factor-␣) and T-cell regulation (interleukin10) were elevated.
Not all the evidence is consistent: although the acquisition of viral STIs appears in some studies to be inversely
associated with frequency of intercourse,7–9 other studies have
demonstrated that cervicovaginal inflammation places women a
higher risk of acquiring HIV infection.11–13 Proposed mechanisms have been the recruitment of highly activated and
Chemokine receptor CCR5-expressing target cells, and epithelial disruption.
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Some indirect evidence may also be relevant. It has
been suggested that cervical biopsy (which is more traumatic
than a Papanicolau test) may bring about regression of cervical intraepithelial neoplasia 1, or inhibit its progression to
cervical intraepithelial neoplasia 3, by eliciting an immune or
inflammatory reaction.6,14 However, in recent prospective
data, among women whose Pap smears were diagnosed as
atypical squamous cells of undetermined significance and
who also tested positive for HPV, cervical biopsy did not
reduce the subsequent risk of carcinoma-in situ.15
Our findings raise the possibility that Pap smears may
provoke a host immune response, and hence confer partial
protection against viral STIs. The data also suggest that
repeated Pap smears may confer added protection, and that
any protective effect of a single smear may be relatively
short-lived. We present these data as a hypothesis. The
findings need to be independently confirmed in longitudinal
studies that provide precise information on time sequences.
The possibility of confounding, particularly residual confounding due to underreporting of sexual activity or other
relevant health behaviors, can confidently be excluded only in
a randomized trial.
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Aircraft Noise and Incidence of Hypertension
Charlotta Eriksson,* Mats Rosenlund,*† Göran Pershagen,*† Agneta Hilding,‡
Claes-Göran Östenson,‡ and Gösta Bluhm*†
Background: An association between aircraft noise exposure and
hypertension prevalence has been suggested but there are no longitudinal studies of this association. Our aim was to investigate the
influence of aircraft noise on the incidence of hypertension.
Methods: A cohort of 2754 men in 4 municipalities around Stockholm Arlanda airport was followed between 1992–1994 and 2002–
2004. The cohort was based on the Stockholm Diabetes Preventive
Program; half of the study subjects had a family history of diabetes.
Residential aircraft noise exposure (expressed as time-weighted
equal energy and maximal noise levels) was assessed by geographical information systems techniques among those living near the
airport. Incident cases of hypertension were identified by physical
examinations, including blood pressure measurements, and questionnaires in which subjects reported treatment or diagnosis of
hypertension and information on cardiovascular risk factors. Analyses were restricted to 2027 subjects who completed the follow-up
examination, were not treated for hypertension, and had a blood
pressure below 140/90 mm Hg at enrollment.
Results: For subjects exposed to energy-averaged levels above 50
dB(A) the adjusted relative risk for hypertension was 1.19 (95% CI ⫽
1.03–1.37). Maximum aircraft noise levels presented similar results,
with a relative risk of 1.20 (1.03–1.40) for those exposed above 70
dB(A). Stronger associations were suggested among older subjects,
those with a normal glucose tolerance, nonsmokers, and subjects not
annoyed by noise from other sources.
Conclusion: These findings suggest that long-term aircraft noise
exposure may increase the risk for hypertension.
(Epidemiology 2007;18: 716 –721)

C

ommunity noise is an important environmental health
problem affecting a large number of people. About 50%
of the European population live in areas that exceed the
World Health Organization guideline value of 55 dB LAeq for
outdoor residential areas.1 The hypothesis that exposure to
community noise may cause hypertension in humans was first
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put forward in the 1970s.2 Since then, the question has been
explored in both epidemiologic and experimental studies.
Epidemiologic studies of noise exposure and blood
pressure (BP) have mainly been performed in occupational
settings with high noise levels.3–7 Only a limited number of
studies have examined the possible effects of community
noise. A recently published German study suggested an
association between exposure to road traffic noise and myocardial infarction among men.8 Studies in the Netherlands9
and United Kingdom10 have suggested no association between exposure to road traffic noise and BP, whereas 2
German studies and a recently published Swedish study
found positive associations.11–13 Two cross-sectional studies
have linked aircraft noise exposure to an increased prevalence
of hypertension,2,14 and one study has reported an association
between aircraft noise and increased use of medication for
cardiovascular diseases.15 There have been no longitudinal
studies of aircraft noise and BP.
Experimental studies indicate that noise has the potential to trigger a physiological stress response by activating the
sympathetic nervous system and causing an arousal of the
neuroendocrine system.16 The release of stress hormones
results in various acute hemodynamic and metabolic effects
such as elevated BP, aggregation of thrombocytes, and release of free fatty acids into the blood stream.17,18 Further, it
has been suggested that long-term noise exposure may lead to
chronic dysregulations in the stress mechanism and thus
increase the risk for hypertension.19
The aim of this study was to investigate the cumulative
incidence of hypertension in relation to residential aircraft
noise exposure near the Stockholm international airport,
Arlanda.

METHODS
Study Population
The present study is based on 2 epidemiologic surveys
conducted within the framework of the Stockholm Diabetes
Preventive Program, described in detail elsewhere.20 In
1992–1994, all men age 35–56 years, living in 4 municipalities around Stockholm—Upplands Bro, Sigtuna, Tyresö, and
Värmdö—were screened for diabetes and family history of
diabetes using a short questionnaire (n ⫽ 12,952). Family
history of diabetes was defined as at least 1 first-degree
relative (mother, father, sister, or brother) or 2 second-degree
Epidemiology • Volume 18, Number 6, November 2007
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relatives (grandparents, uncles, or aunts) with diabetes. Of the
10,236 (79%) responding subjects, 2800 provided incomplete
information, 1531 had insufficient data on family history of
diabetes, 258 had known diabetes, and 212 were of foreign
origin. These subjects were excluded from the rest of the
study. Since the aim of the original diabetes study was to
investigate causes of diabetes in people with and without a
family history of the disease, 2 such groups were selected for
further investigation. Thus, all 2106 men with a family
history of diabetes, along with 2424 men randomly selected
within 5-year age groups from among those without family
history of diabetes were invited to a baseline survey. Subsequently, 3162 men (70%) agreed to participate. However, a
validation process of the family history of diabetes excluded
another 33 subjects since the history of diabetes among
family members was not confirmed. Altogether, the final
sample comprised 3128 men, 1621 with diabetes in the
family and 1507 without (1 subject was excluded after not
completing the oral glucose tolerance test). All participants
answered an extensive questionnaire and underwent a physical examination, including an oral glucose tolerance test and
measurements of height, weight, waist and hip circumferences, as well as BP measurements. The questionnaire provided data on various lifestyle factors along with information
regarding treatment of hypertension.
After 10 years, ie, between 2002 and 2004, a follow-up
survey was conducted. Subjects were not contacted for the
follow-up if they (1) were recently diagnosed with diabetes at
the baseline examination, (2) were not nationally registered,
(3) had moved out of the Stockholm area, or (4) were
deceased since the baseline survey (n ⫽ 374). Of the contacted subjects (n ⫽ 2754), 2392 men (87%) now age 45– 66,
answered an extended questionnaire and underwent an additional physical examination.
To assess the importance of environmental noise exposure on BP, questions regarding annoyance due to noise,
noise sensitivity, and possible diagnosis of hypertension,
(including year of diagnosis) were added to the follow-up
questionnaire. Incident cases were defined as those who
reported that they had been diagnosed with hypertension
during the last 10 years in the follow-up questionnaire, or
those who had no previous diagnosis of hypertension but
attained a BP reading equal of 140/90 mm Hg or higher at the
second physical examination. To assess the cumulative incidence of hypertension during follow-up, the analyses were
restricted to subjects without treatment for hypertension and
a BP reading below 140/90 mm Hg at the baseline survey,
and to subjects receiving their diagnosis of hypertension at
minimum 1 year after the baseline survey. The cut-off level
for high BP (BP ⱖ140/90 mm Hg) was chosen in accordance
with the World Health Organization guideline value for
hypertension grade I.21 After these restrictions, the study
population comprised 2037 subjects.
© 2007 Lippincott Williams & Wilkins
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Exposure Assessment
For subjects residing near Stockholm-Arlanda airport,
residential aircraft noise exposure was assessed by geographical information systems technique. Noise dispersion models
from the Swedish Civil Aviation Administration based on air
traffic statistics from 1997 were used. The exposure was
assessed as time-weighted equal energy (“energy-averaged”)
and maximum aircraft noise levels, described in more detail
in a previous publication.14 In principle, the energy-averaged
aircraft noise levels are based on the 24-hour equivalent
sound pressure level (LAeq,24 hours), weighted by time of day,
ie, with evening noise events (07.00 PM–10.00 PM) multiplied
by a factor of 3 and night-time noise events (10.00 PM– 07.00
AM) by a factor of 10. The maximum aircraft noise levels are
based on the maximum sound pressure level (LAmax) occurring at least 3 times during the average 24-hour period in 1
year.22 Because there had been only minor changes in aircraft
types, flight paths, and take-off and landing patterns at the
airport during the 1990s, the geographical propagation of
aircraft noise was largely unchanged during the follow-up
period.23
The energy-averaged aircraft noise levels were provided in 5 dB(A) contours on a digital map; thus, each
address was plotted and classified in the exposure categories
50 –55, 55– 60, 60 – 65, or ⬎65 dB(A). Some of the exposed
subjects had more than one address during the 10-year follow-up period; for them, we estimated a linear time-weighted
exposure. Only 3 subjects were classified as having a noise
level exceeding 65 dB(A) and these were merged with the
exposure category 60-65 dB(A). The exposure of 10 subjects
could not be assessed due to incomplete address data, resulting in a final study population of 2027 subjects. In total, 411
subjects (20%) were exposed to energy-averaged levels of 50
dB(A) or above. Subjects exposed to less than 50 dB(A)
constituted the reference group (n ⫽ 1616).
The exposure assessment according to maximum noise
levels was performed in a similar way. The acquired exposure
data as maximum noise levels were provided in 1 dB(A)
contours ranging from 70 to 85 dB(A). Subjects were classified as unexposed if their address had a maximum aircraft
noise level of less than 70 dB(A) or exposed according to 1
of the 3 equally sized exposure categories 70 –72, 73–75, and
above 75 dB(A). The Spearman’s correlation between the
categorical energy-averaged and maximum aircraft noise levels in the sample was 0.87.
Noise from other sources was reported in the questionnaire as the degree of annoyance due to road traffic, railway
traffic, or occupational noise. Four alternatives were given
regarding the frequency of annoyance: “never,” “a few times
per month,” “every week,” and “every day.” Subjects were
classified as “not annoyed” (“never” or “a few times per
month”) by any other noise source or “annoyed” (“every
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week” or “every day”) by at least one of the other noise
sources.

Statistical Analysis
Relative risks (RRs) and 95% confidence intervals
(CIs) were estimated by binomial regression with the log link
function.24 –26 In a few instances the model did not converge
and so we used log-Poisson models, which provide consistent, but not fully efficient, estimates of the RR and its CI.27
Categorical exposure variables were used to explore possible
exposure-response patterns. We assessed linear increase of
hypertension incidence across aircraft noise exposure categories. All RRs were adjusted for age (5-year age groups) and
body mass index (BMI) (⬍25, 25–30, ⬎30 kg/m2). Other
models were also evaluated, including family history of
diabetes (yes, no), glucose tolerance (normal, impaired/diabetes), smoking (never, former, current), physical activity
(sedentary/low, moderate/high), annoyance due to noise from
other sources (annoyed, not annoyed), and socioeconomic
status (low, medium, high), according to the Swedish Socioeconomic Classification Index.28 However, adjusting for
these covariates did not markedly change the estimates.
Subgroup analyses (excluding subjects smoking or using snuff directly preceding the BP measurements) were
performed to reduce imprecision in the disease classification.
We assessed potential effect modification between aircraft
noise exposure and other covariates by stratified analyses,
and P values for interaction terms in the regression models
are presented. The cut-off value for age was set at the mean
of all subjects (57 years). All statistical analyses were performed with Stata 8.0.

RESULTS
Background characteristics of subjects by exposure to
aircraft noise are presented in Table 1. The proportion of
subjects with a family history of diabetes was slightly higher
in the exposed group. Moreover, subjects in the exposed
group tended to have a higher BMI, be less physically active,
generally be more annoyed by noise from other sources, and
have a lower socioeconomic status.
Table 2 displays crude and adjusted RRs for hypertension using continuous and dichotomized exposure variables.
After adjustments for age and BMI, the RR for those exposed
to energy-averaged levels above 50 dB(A) was 1.19 (95% CI ⫽
1.03–1.37) and 1.20 (1.03–1.40) for those exposed to maximum levels above 70 dB(A). Analyses excluding subjects
who smoked or used snuff directly preceding BP measurements resulted in somewhat stronger associations, with an
adjusted RR of 1.29 (1.11–1.50) and 1.32 (1.12–1.55), respectively (Table 3). When including noise as a continuous
variable in the regression model, the RR increased by 10%
per 5 dB(A) of energy-averaged noise levels and per 3 dB(A)
of maximum levels. In the analyses with restriction to nonusers of tobacco before the BP measurements the RR in-
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TABLE 1. Selected Characteristics of Men Exposed to
Aircraft Noise Around Stockholm Arlanda Airport 关EnergyAveraged Levels ⱖ50 dB(A)兴 and Unexposed Men 关Below 50
dB(A)兴
Exposed
(n ⴝ 411)
Variable
Age (years)
45–49
50–54
55–59
60–
BMI (kg/m2)
⬍25
25–30
⬎30
Family history of diabetes
Impaired glucose tolerance/diabetes
Smoking
Never
Former
Current
Physical inactivity†
Severe hearing impairment
Noise annoyance
Road traffic
Railway
Occupational
Socioeconomic status‡
Low
Medium
High
Diagnosis of hypertension§
BP ⱖ140/90 mm Hg¶

Unexposed
(n ⴝ 1616)

No.

(%)*

No.

(%)*

62
87
128
134

(15)
(21)
(31)
(33)

160
358
598
500

(10)
(22)
(37)
(31)

125
201
84
219
66

(30)
(49)
(20)
(53)
(16)

536
830
244
804
274

(33)
(51)
(15)
(50)
(17)

199
140
71
281
16

(48)
(34)
(17)
(68)
(4)

805
557
253
1025
38

(50)
(34)
(16)
(63)
(2)

29
14
79

(7)
(3)
(19)

90
14
225

(6)
(1)
(14)

149
91
169
90
59

(36)
(22)
(41)
(22)
(14)

469
337
774
263
218

(30)
(21)
(49)
(16)
(14)

*Percentage of subjects with complete data on each covariate (missing data were
less than 2% for any covariate).
†
Sedentary to low.
‡
According to the Swedish Socioeconomic Classification.
§
Between baseline and follow-up.
¶
Subjects without previous diagnosis of hypertension exclusively.

creased by 15% per 5 dB(A) of energy-averaged noise levels
or per 3 dB(A) of maximum levels.
Results of the categorical analyses are presented in
Figures 1 and 2. Within the categories of energy-averaged
noise levels, the percentage of incident cases was 36% (85 of
234), 35% (52 of 147), and 38% (11 of 29). This yielded
adjusted RRs of 1.18 (0.99 –1.41), 1.20 (0.96 –1.48), and 1.22
(0.79 –1.87), respectively. An analysis of linear increase over
these categories resulted in an adjusted RR of 1.10 (1.01–
1.19) per 5 dB(A) increase in energy-averaged noise levels.
The corresponding percentage of incident cases in each category of maximum noise levels was 36% (57 of 159), 33%
(33 of 100), and 44% (23 of 52), yielding adjusted RRs of
1.18 (0.96 –1.44), 1.17 (0.90 –1.52), and 1.32 (0.97–1.79),
© 2007 Lippincott Williams & Wilkins
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TABLE 2. Association Between Aircraft Noise Exposure and Cumulative Incidence of Hypertension
Among Men in Stockholm*

Noise Exposure
Energy-averaged aircraft noise level
Continuous 关per 5 dB(A)兴
Dichotomous
⬍50 dB(A)‡
ⱖ50 dB(A)
Maximum aircraft noise level
Continuous 关per 3 dB(A)兴
Dichotomous
⬍70 dB(A)‡
ⱖ70 dB(A)

No.

1610
410

1709
311

No. with
Hypertension

478
148

513
113

Adjusted†

Crude
RR

(95% CI)

RR

(95% CI)

1.11

(1.02–1.21)

1.10

(1.01–1.19)

1.00
1.22

(1.05–1.41)

1.00
1.19

(1.03–1.37)

1.11

(1.02–1.21)

1.10

(1.02–1.19)

1.00
1.21

(1.03–1.43)

1.00
1.20

(1.03–1.40)

*Based on subjects with complete data on exposure and confounding variables.
†
Adjusted for age and BMI.
‡
Reference category.

TABLE 3. Association Between Aircraft Noise Exposure and Cumulative Incidence of Hypertension
Among Men in Stockholm* Following Exclusion of Those Smoking or Using Snuff Directly Preceding
Blood Pressure Measurements

Noise Exposure
Energy-averaged aircraft noise level
Continuous 关per 5 dB(A)兴
Dichotomous
⬍50 dB(A)‡
ⱖ50 dB(A)
Maximum aircraft noise level
Continuous 关per 3 dB(A)兴
Dichotomous
⬍70 dB(A)‡
ⱖ70 dB(A)

No.

1281
301

1354
228

No. with
Hypertension

375
117

401
91

Adjusted†

Crude
RR

(95% CI)

RR

(95% CI)

1.17

(1.07–1.29)

1.15

(1.05–1.25)

1.00
1.33

(1.13–1.57)

1.00
1.29

(1.11–1.50)

1.16

(1.06–1.27)

1.15

(1.06–1.25)

1.00
1.35

(1.13–1.61)

1.00
1.32

(1.12–1.55)

*Based on subjects with complete data on exposure and confounding variables.
†
Adjusted for age and BMI.
‡
Reference category.

respectively. The adjusted RR for a linear increase over these
categories was 1.10 (1.02–1.19) per 3 dB(A) increase in
maximum noise levels.
The stratified analyses indicated effect modification by
age (Fig. 3). The RR for subjects 57 years and older was 1.36
(1.14 –1.62) and for younger subjects 1.00 (0.80 –1.26). The
associations also appeared to be more pronounced among
subjects with a normal glucose tolerance (RR ⫽ 1.29; 95% CI ⫽
1.10 –1.52), nonsmokers (1.33; 1.10 –1.62), and subjects not
annoyed by noise from other sources (1.27; 1.09 –1.48).

DISCUSSION
Our results suggest that aircraft noise exposure is
associated with an increased risk of developing hyperten© 2007 Lippincott Williams & Wilkins

sion. Cross-sectional studies have reported associations
between exposure to aircraft noise and hypertension or
medical treatment for hypertension.2,14,15 In a previous
Swedish study around Arlanda airport, we investigated the
association between aircraft noise exposure and prevalence
of hypertension.14 The adjusted odds ratio for subjects
exposed to energy-averaged levels above 55 dB(A) was
estimated to be 1.6 (1.0 –2.5) and there was a linear risk
increase of 30% per 5 dB(A). Some overlap of study
subjects between our 2 studies might have occurred, although this would apply to a maximum of 25 aircraftnoise-exposed subjects diagnosed with hypertension.
Though our findings are generally consistent with previous
reports, it is difficult to make direct comparisons of results
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Energy−average aircraft noise level (FBN)

Age

RR (95% CI)

1.8

1.4

1.8
RR (95% CI)

1.8

2.2

1.4
1

p = 0.039

.6
<57

1

p = 0.466

.6
>=57

<26.6

>=26.6

Glucose tolerance

1
1.4
1

55−60 dBA

.6

>60 dBA

FIGURE 1. Relative risk for hypertension among men in Stockholm according to different levels of energy-averaged aircraft
noise exposure (bars indicating 95% CI), adjusted for age and
BMI.
Maximum Aircraft Noise Level (MNL)

p = 0.763
Negative

1

Positive

1.8

1.4
1

p = 0.137
Never

1.8

1.4
1

Not annoyed

Physical activity

Socio economic index

1.4
1

.6

p = 0.783
Not regularly

.6
<70 dBA

70−72 dBA

73−75 dBA

>75 dBA

FIGURE 2. Relative risk for hypertension among men in Stockholm according to different levels of maximum aircraft noise
exposure (bars indicating 95% CI), adjusted for age and BMI.

because of methodologic differences—in particular the
absence of earlier longitudinal data.
Our findings suggest an effect primarily among older
subjects. This might be due to a prolonged period of exposure
(since most elderly subjects in the cohort have lived more
than 10 years at their present address), or it may be that older
people are more sensitive to noise. The association between
aircraft noise and hypertension also appeared primarily
among those with normal glucose tolerance, never-smokers,
and those not annoyed by noise from other sources. There are
several possible reasons for these results. For example, normal glucose tolerance could indicate a lower burden of other
cardiovascular risk factors, which were not controlled for. A
stronger effect in never-smokers might be due to uncontrolled

Annoyed

1.8
RR (95% CI)

RR (95% CI)

1

p = 0.099

.6
Ever

1.8

1.4

Impaired/diabetes

Noise from other sources

1.8

.6

p = 0.090
Normal

Smoking

2.2

720

1.4

.6

RR (95% CI)

50−55 dBA

RR (95% CI)

<50 dBA

1.8
RR (95% CI)

1.8

.6

Relative Risk (95% CI)

1.4

Family history of diabetes

RR (95% CI)

Relative Risk (95% CI)

BMI

1.4
1

p = 0.491

.6

Regularly

Low

Medium

High

FIGURE 3. Relative risk for hypertension among men in Stockholm associated with aircraft noise exposure by level of different covariates, adjusted for age and BMI (bars indicating 95%
CI). P values for interaction between aircraft noise exposure
and each covariate are presented.

or residual confounding among smokers. Higher estimates in
those not annoyed by noise suggest that concomitant exposure to noise from other sources may blur the picture. It is
expected that the estimates for those with normal glucose
tolerance, never-smokers, and subjects not annoyed by other
noise sources would be less affected by residual confounding.
However, the interaction analyses should be interpreted with
caution.
The strengths of this study mainly relate to the longitudinal, and largely objective, assessment of both exposure
and disease outcome. In addition, extensive covariate data
made it possible to evaluate a large number of possible
confounding factors. However, uncontrolled or residual confounding, exposure and disease misclassification, and selection bias all need to be considered. Misclassification of noise
exposure might be present, especially in the total burden of
© 2007 Lippincott Williams & Wilkins
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noise exposure. For example, exposure to aircraft noise may
also be present at other locations than at home. However, it is
unlikely that the classification of exposure would be dependent on disease status, since these were assessed independently of each other; thus any such bias would instead lead to
dilution of the association.
Misclassification of disease may have occurred due to
partly subjective assessment by questionnaire and to the large
number of subjects who used tobacco prior to the BP measurements. Smoking and nicotine have short-term physiological effects on BP.29,30 Exclusion of those using tobacco
before the BP measurements resulted in stronger associations,
suggesting that the results may have been affected by nondifferential misclassification of disease.
Our study design over-sampled subjects with a family
history of diabetes and thus, the findings may not be directly
translated to the general population. However, no association
between a family history of diabetes and hypertension was
found in the cohort; the cumulative incidence of hypertension
was 32% among those with a family history of diabetes and
30% among those without such family history. Moreover, the
stratifications indicated an effect of the noise exposure also
on subjects without a family history of diabetes, and suggested a stronger association among subjects with a normal
glucose tolerance.
In conclusion, our data suggest an association between
aircraft noise exposure and hypertension incidence in middleaged Swedish men.
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Adipokines in Human Milk and Risk of Overweight in
Early Childhood
A Prospective Cohort Study
Maria Weyermann, Hermann Brenner, and Dietrich Rothenbacher
Background: Multiple studies have suggested that breast-feeding
can prevent obesity, but the evidence remains inconclusive. The
concentrations of specific constituents of human milk, such as
adipokines, may play a role in this relationship, and these have
rarely been considered. We assessed the role of adiponectin and
leptin in human milk in childhood overweight.
Methods: Between November 2000 and November 2001 all women
delivering at the Department of Gynecology and Obstetrics at the
University of Ulm, Germany were invited to participate in the study
together with their healthy newborns. Milk samples were collected
6 weeks postpartum. Adiponectin and leptin levels were determined
by commercially available ELISA. Active follow-up was performed
at age 12 and 24 months.
Results: Of the 674 breast-fed children, 56 (8%) were overweight at
the age of 2 years. Median adiponectin and leptin levels in milk were
10.9 ng/mL and 174.5 pg/mL, respectively. Adjusted odds ratio for
overweight at the age of 2 was 1.6 (95% confidence interval ⫽
1.0 –2.6) per unit increase of log adiponectin and 1.1 (0.8 –1.5) per
unit increase of log leptin. Among children who were breast-fed for
at least 6 months, adjusted odds ratios were 2.1 (1.1– 4.2) per unit
increase of log adiponectin, and 1.1 (0.7–1.6) per unit increase of log
leptin.
Conclusion: High levels of adiponectin in maternal milk may be a
risk factor for childhood overweight.
(Epidemiology 2007;18: 722–729)

A

s the obesity epidemic is still on the rise, there is an
urgent need to understand the underlying mechanistic
pathways. There is growing evidence that fetal and neonatal
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life are critical periods for the development of the metabolic
syndrome and obesity, and that nutrition during these periods
may be especially important in determining later risk of
obesity.1–3 Although multiple studies have suggested that
breast-feeding may reduce the risk for obesity,4,5 results have
not been consistent.6 Specific constituents of human milk
may play a role, but have rarely been considered.
Leptin and adiponectin are members of a growing
group of recognized adipose-secreted proteins known as adipokines. Leptin levels in serum directly correlate with body
fat mass, and the primary role of leptin is to regulate food
intake and energy utilization.7 Adiponectin plays a role in the
modulation of glucose and lipid metabolism in insulin-sensitive tissues,8 and has strong antiatherogenic and antiinflammatory effects.9,10
In addition to regulation of whole-body metabolism,
leptin and adiponectin are known to be produced within the
intrauterine environment.11–16 The high levels of expression
of both leptin and adiponectin in the placenta and the fetus
suggest that they may play a role in fetal development.17,18
Leptin and adiponectin are also present in maternal
milk,19 –21 and some studies have described a possible association between leptin in human milk and obesity in infants.19,22 Furthermore, recent studies on the effects of orally
administrated leptin on neonatal rats showed that several
metabolic adaptations occur in leptin-supplemented animals
during lactation.23
To our knowledge, no previous study has assessed the
relation between adiponectin in human milk and childhood
weight. At present, the role of adiponectin in intrauterine or
neonatal growth is unclear. There is a well-established negative association between adiponectin serum levels and obesity in adults. In contrast, studies of the association between
cord blood adiponectin and neonatal birthweight or body
mass index (BMI) have found inconsistent results.14,24 –26
This difference between adults and neonates may indicate
age-specific differences in production or regulation of this
adipokine. Given that nutrition during neonatal life may be
important in determining later risk of obesity, and that adiponectin is considered a key adipokine in metabolic syndrome,8 it may be of special interest to analyze the impact of
Epidemiology • Volume 18, Number 6, November 2007
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adiponectin in human milk and risk of overweight in early
childhood.
The purpose of this study was to evaluate the role of
adiponectin and leptin levels in human breast milk on childhood overweight at the age of 2 years.

METHODS
Study Design and Study Population
We screened all women who presented to the Department of Gynecology and Obstetrics at the University of Ulm
between November 2000 and November 2001 for the delivery of their baby. The primary purpose of the study was to
investigate intrafamilial transmission of Helicobacter pylori
infection, and details of study methodology have been described elsewhere.27 We excluded women who delivered
before 32 gestational weeks, or whose baby was less than
2500 g birthweight or was transferred to inpatient pediatric
care immediately after delivery. Overall, 1066 mother-infant
pairs were included in this study (67% of all 1593 eligible
families who fulfilled the inclusion criteria). During this time,
the Department of Gynecology and Obstetrics at the University of Ulm was the only major department of obstetrics in the
study area, and served most of childbearing women in the city
of Ulm and the nearby communities.
Active follow-up of all children included in the baseline
examination was performed at ages 6 weeks, 12 months, and
24 months. Participation was voluntary, and informed consent was obtained from the parents in each case. The study
was approved by the Ethics Boards of the Universities of Ulm
and Heidelberg and of the Physicians’ Boards of the states of
Baden-Wuerttemberg and Bavaria.

Data Collection
All mothers underwent standardized interviews conducted by trained interviewers in the hospital after delivery.
Interviews included detailed questions about family demographics, socioeconomic status, housing and living conditions, medical history, and health status during pregnancy
including self-reported height and weight at the beginning of
pregnancy. A standardized form was used to collect laboratory and anthropometric data during pregnancy from the
mother’s pregnancy health chart. Mothers were contacted by
phone 6 weeks after delivery and were asked whether they
were breast-feeding. As shown in Figure 1, 1024 mothers
(96%) were successfully recontacted. At this time 786 (77%)
were breast-feeding their infants, and of these, breast milk
samples were collected from 767 (98%). A trained study
nurse visited all women who were breast-feeding and collected 10 mL of human milk, which was immediately cooled
and frozen at ⫺80°C within 24 hours. Collection date ranged
between 33 and 71 days postpartum (mean ⫽ 44 days;
median ⫽ 43 days; 10th-90th percentile ⫽ 39 – 48 days). In
almost all cases, milk samples were collected by the study
© 2007 Lippincott Williams & Wilkins
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Baseline
examination:
1066 mothers and
infants included in
overall study

Six-week follow-up:
1024 successfully
contacted
(response: 96%)

786 mothers
breastfeeding 6
weeks postpartum
(74% of total)

767 mothers
provided milk
samples obtained
(72% of total)

Two-years followup:
674 children with
follow-up
information
(63% of total)
FIGURE 1. Flow diagram showing participation and collection
of milk sampling among breast-feeding mothers.

nurse from both breasts by manual expression before feeding.
In rare cases, milk samples were collected manually or by
breast pump by the mothers themselves.
At the follow-up examinations at age 12 and 24
months, the parents again filled out a detailed questionnaire
including infant feeding practices. Also, the child’s pediatrician provided a detailed medical history for the first and
second year of life, including the children’s height and weight
as measured in regular health screening examinations. (In
Germany, health examinations are offered free of charge
around the first and second birthday.) BMI was calculated as
weight (kg)/height2 (m2). Overweight was defined as BMI
above the 90th age- and sex-specific percentile of the German
reference population, and severe overweight was defined as
BMI above the 97th age- and sex-specific percentile.28
The present analysis is restricted to ever-breast-fed
children with available milk samples collected 6 weeks post-
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partum and with known BMI at the age of 2 years, leading to
a final sample size of 674 mother-infant pairs (Fig. 1).

Measurement of Adiponectin and Leptin
Adiponectin and leptin concentrations in breast milk
were determined by a commercially available ELISA (R&D
Systems, Wiesbaden, Germany). Because milk fat can interfere with the measurement of leptin in whole milk,29,30 we
used the fat-free phase for determining adiponectin and
leptin. Measurements were conducted according to the
manufacturer’s instructions with slight modification of the
protocols: to remove fat, we centrifuged breast milk for 5
minutes at 12,350 g in a Heraeus Biofuge (Kendro Laboratory Products, Langensebold, Germany), and we used the
fat-free phase for determining adiponectin and leptin. The
intra- and interassay coefficients of variation were both
less than 7.0%.

Statistical Analyses
We first carried out descriptive analyses concerning
sociodemographic factors as well as maternal and children’s
BMI and the duration of breast-feeding. Then we described
distributions of adiponectin and leptin in human milk according to potential determinants. Because of the skewness of
distributions, we also calculated geometric means. To investigate the role of potential covariates, we describe the prevalence of children’s overweight at the age of 2 years, according to sociodemographic and lifestyle characteristics of
mothers, anthropometric measurements of the neonates
关birthweight and ponderal index at birth (kg/m3)兴 as well as
duration of breast-feeding.
To describe the independent association between adiponectin and leptin in human milk (independent variables)
and children’s overweight at the age of 2 (dependent variable), we estimated odds ratios (ORs) and their 95% confidence intervals (CIs) by unconditional logistic regression.
The following potential confounders were considered as covariates: age of mother (years), school education of mother
(ⱕ9 years; ⱖ10 years), nationality of mother (German; Turkish; other), BMI of mother at the beginning of pregnancy
(kg/m2), smoking status of mother during follow-up (no; yes),
and birthweight (grams). In addition to analyses in the overall
sample, specific analyses were carried out according to duration of breast-feeding (⬍6 months; ⱖ6 months).
We included 65 children from whom weight and height
at the age of 2 years was available by the parents report only.
Results were very similar if considering only children from
whom height and weight were taken by the pediatricians
during the routine health examinations, and therefore results
of the overall sample are shown.
All analyses were carried out with the SAS statistical
software package (SAS Institute, Cary, NC).
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TABLE 1. Baseline Characteristics, Breast-Feeding Duration,
and Body Mass Index of Children at Age 2 Years (n ⫽ 674)
Child’s sex; No. (%)
Male
Female
Age of mothers at delivery (yrs);
Mean ⫾ SD (range)
Body mass index of mother (kg/m2)
Mean ⫾ SD (range)
ⱖ25 kg/m2; No. (%)
Birth weight of child (g); No. (%)
2500–2999
3000–3499
3500–3999
ⱖ4000
Duration of breast-feeding; No. (%)
4 wk–⬍3 mo
3 mo–⬍6 mo
6 mo–⬍9 mo
ⱖ9 mo
Duration of exclusive breast-feeding; No. (%)
Never
1 wk–⬍3 mo
3 mo–⬍6 mo
ⱖ6 mo
Body mass index of child at age 2 yr (kg/m2)
Mean ⫾ SD (range)
Overweight; No. (%)
Obese; No. (%)

344 (51)
330 (49)
31.7 ⫾ 4.5 (18–45)

23.6 ⫾ 4.0 (16.7–45.7)
186 (27)
121 (18)
270 (40)
200 (30)
83 (12)
39 (6)
124 (18)
198 (29)
313 (46)
47 (7)
58 (9)
264 (39)
305 (45)
16.0 ⫾ 1.6 (9.4–27.4)
56 (8)
19 (3)

RESULTS
Almost half of the infants were breast-fed for at least
9 months and 45% were exclusively breast-fed for at least
6 months (Table 1). Exclusive breast-feeding was defined
as no other nutrition than breast milk and eventually tea.
According to the definition of Kromeyer-Hausschild et
al,28 56 children (8.3%) were overweight and 19 (2.8%)
were obese at age 2 years.
Figure 2 shows the distribution of adiponectin and
leptin in milk collected 6 weeks postpartum. Adiponectin
concentration ranged from 0.8 to 110 ng/mL (median 10.9
ng/mL), and leptin concentration ranged from 0 to 4119
pg/mL (median 175 pg/mL). Adiponectin and leptin levels in
milk were positively associated (Spearman’ : 0.20; P ⬍
0.0001).
Adiponectin level was higher in milk of mothers who
did not smoke 6 weeks after birth compared with smoking
mothers, and decreased with the number of cigarettes smoked
per day (Table 2). Other potential covariates showed no clear
relationship with adiponectin levels in milk.
Leptin levels in human milk were lower in women who
gave birth to a boy compared with women who gave birth to
a girl (geometric mean 147 pg/mL vs. 178 pg/mL) (Table 2).
Also, leptin levels in milk were lower in women with German
© 2007 Lippincott Williams & Wilkins
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FIGURE 2. Distribution of (A) adiponectin and (B) leptin levels
in human milk.
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levels was elevated among children who were breast-fed
for at least 6 months 关adjusted OR ⫽ 2.1 (95% CI ⫽
1.1– 4.2) per unit increase of log adiponectin兴. Among
ever-breast-fed children, there was no increased risk of
overweight with increasing log leptin levels in milk. Considering time of breast-feeding did not change this relationship.
Considering duration of exclusive breast-feeding, the
risk for overweight with increasing log adiponectin and log
leptin levels was highest among children who were exclusively breast-fed for at least 6 months 关1.7 (0.9 –3.4) per unit
increase of log adiponectin; 1.4 (0.8 –2.6) per unit increase of
log leptin兴.
Excluding children whose mothers were of Turkish
nationality did not change the results (data not shown).
Furthermore, simultaneous consideration of both adipokines
in 1 model did not change the pattern meaningfully; the
adjusted OR for overweight among children who were breastfed for at least 6 months was 2.5 (1.1–5.5) per unit increase
of log adiponectin and 1.1 (0.7–1.6) per unit increase of log
leptin.

DISCUSSION
nationality compared with mothers with Turkish or other
nationality, and higher in women with fewer years of education. In addition, leptin levels increased strongly with increasing prepregnancy BMI.
Table 3 shows the associations of overweight in 2-yearolds with known or suspected determinants of childhood
overweight. Prevalence of overweight increased with increasing birthweight as well as with increasing ponderal index at
birth, and decreased with increasing duration of breast-feeding. Prevalence of overweight was higher in children whose
mothers smoked during follow-up compared with children
whose mother did not smoke (14% vs. 7%). Other potential
covariates showed no clear relationship with overweight.
Table 4 shows the crude and adjusted ORs for overweight in children at the age of 2 years according to quartiles
of adiponectin and leptin levels in human milk. Compared
with children breast-fed with milk containing the lowest
quartile of adiponectin, the risk for overweight was somewhat
higher for children in the 3 higher quartiles. Compared with
children breast-fed with milk containing the lowest quartile of
leptin, the risk for overweight was increased only for children
in the upper quartile of distribution, and the increase was
modest.
Table 5 shows the risk for overweight in 2-year-olds
per unit increase log as transformed milk adiponectin and
leptin levels. The adjusted OR for overweight among
children ever breast-fed was 1.6 (95% CI ⫽ 1.0 –2.6) per
unit increase of log-transformed adiponectin in human
milk (corresponding to a 2.7-fold increase of adiponectin).
Risk for overweight with increasing log adiponectin milk
© 2007 Lippincott Williams & Wilkins

In this prospective study of breast-feeding children in
Germany, we found among children who were breast-fed for
at least 6 months an increased risk for overweight at the age
of 2 with increasing breast milk adiponectin levels; this risk
persisted after adjustment for covariates. This finding might
have implications for interpreting the inconsistent results
regarding the association between breast-feeding and overweight in childhood.4 – 6 We found no clear relationship
between risk of overweight and breast milk leptin levels.

Leptin in Human Milk
Experimental studies have suggested the ability of the
mammary epithelial cells to transfer leptin from the blood and
to synthesize it before its secretion.29 Our results show an
enormous variation in milk leptin levels, ranging from 0 to
4119 pg/mL; the mean level of leptin in milk collected 6
weeks postpartum in our study population is comparable to
that of former reports of leptin in skim milk among relatively
small populations.30 –33
Uysal et al22 found no association between breast milk
leptin concentrations and BMI of infants (n ⫽ 50), and
Bielicki et al19 found only a moderate correlation of milk
leptin levels with infant weight or BMI. However, the small
sample sizes of these studies limited their power.
The strong positive association seen between milk
leptin level and prepregnancy BMI is in agreement with
earlier studies.22,32,34 Breast-fed infants nursed by overweight
mothers may be exposed to higher amounts of leptin than
infants nursed by lean mothers, and much higher amounts
than those fed with infant formulas, which do not contain
leptin.20 High levels of serum leptin in adults cause a sup-
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TABLE 2. Breast Milk Adiponectin and Leptin, According to Maternal/Child Characteristics
Adiponectin (ng/mL)
Geometric
Mean

Arithmetic
Mean ⴞ SD

Geometric
Mean

Arithmetic
Mean ⴞ SD

10.55

12.8 ⫾ 10.1

164

281 ⫾ 381

344
330

10.4
10.7

13.2 ⫾ 12.4
12.3 ⫾ 7.3

147
178

276 ⫾ 388
287 ⫾ 393

605
17
52

10.7
11.4
9.6

12.9 ⫾ 10.5
14.4 ⫾ 12.8
10.9 ⫾ 4.6

157
275
188

278 ⫾ 400
383 ⫾ 280
283 ⫾ 298

65
471
138

10.7
10.4
11.3

12.2 ⫾ 6.1
12.5 ⫾ 9.9
13.9 ⫾ 12.4

199
154
169

301 ⫾ 299
280 ⫾ 419
275 ⫾ 323

109
264
299

10.7
10.7
10.4

13.4 ⫾ 13.0
12.6 ⫾ 8.5
12.7 ⫾ 10.5

280
155
136

457 ⫾ 573
251 ⫾ 278
244 ⫾ 379

106
426
66
53

10.6
10.7
9.8
11.6

12.8 ⫾ 9.7
12.8 ⫾ 10.4
11.8 ⫾ 9.1
14.8 ⫾ 12.1

79
148
285
555

122 ⫾ 129
234 ⫾ 264
388 ⫾ 335
807 ⫾ 885

630
34
10

10.8
8.0
7.4

13.0 ⫾ 10.4
9.8 ⫾ 6.6
8.6 ⫾ 4.4

158
215
199

270 ⫾ 354
454 ⫾ 781
399 ⫾ 484

121
270
200
83

11.5
10.1
10.3
11.8

14.7 ⫾ 15.1
12.0 ⫾ 8.9
12.2 ⫾ 8.4
13.9 ⫾ 8.8

148
162
162
179

275 ⫾ 433
269 ⫾ 355
305 ⫾ 451
272 ⫾ 255

173
165
175
161

10.5
11.4
10.6
9.9

12.5 ⫾ 8.6
13.6 ⫾ 11.1
13.2 ⫾ 12.0
11.8 ⫾ 8.7

152
153
160
182

243 ⫾ 236
265 ⫾ 395
285 ⫾ 359
336 ⫾ 526

No.
All
Child’s sex
Male
Female
Nationality of mother
German
Turkish
Other
Age of mother at delivery (yrs)
18–25
26–35
36–45
Education of mother (yrs)
ⱕ9
10–11
ⱖ12
Maternal BMI before pregnancy
(kg/m2)
⬍20
20–24.9
25–29.9
ⱖ30
Maternal smoking 6 wks after
delivery
No
⬍10 cigarettes/d
ⱖ10 cigarettes/d
Birth weight (g)
2500–2999
3000–3499
3500–3999
ⱖ4000
Child’s Ponderal Index at birth
(kg/m3); quartiles
17.9–23.3
23.4–24.6
24.7–26.1
26.2–32.4

pression of appetite, but as studies in mice and rats suggest,
leptin may have a different role in neonates. Exogenous acute
administration of leptin to rat neonates altered the expression
of neuropeptides known to affect appetite in adults, but did
not alter appetite in neonatal rats.35
In contrast to our results, which indicate no clear
relationship between milk leptin levels and risk of overweight, Miralles et al36 recently found a negative correlation
between milk leptin concentration and infant BMI during the
first 2 years of age among a group of 28 nonobese women and
their infants from Spain. In our much larger study, there was
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Leptin (pg/mL)

no correlation between milk leptin concentration and BMI at
age 2 (Spearman’s : 0.06; P ⫽ 0.11).
The effects of leptin in milk on the human neonate are not
known. In 1997, Casabiell et al31 demonstrated that leptin in
nursing rats can be transferred via milk to the stomach and can
be found afterward in the neonatal circulation. Recent studies on
the effects of orally administrated leptin on neonatal rats showed
that several metabolic adaptations occur in leptin-supplemented
animals during lactation: there is lower food intake, lower leptin
production in the stomach and the subcutaneous adipose tissue,
and lower thermogenic capacity,23 suggesting that oral leptin is
© 2007 Lippincott Williams & Wilkins
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TABLE 3. Prevalence of Overweight Among Children at the
Age of 2 Years According to Maternal/Child Characteristics
and Breast-Feeding
No.
Child’s sex
Male
Female
Nationality of mother
German
Turkish
Other
Age of mother at delivery (yrs)
16–25
26–35
36–45
Education of mother (yrs)
ⱕ9
10–11
ⱖ12
Maternal BMI before pregnancy (kg/m2)
⬍20
20–24.9
25–29.9
ⱖ30
Maternal smoking status during pregnancy
Nonsmoker
⬍10 cigarettes/d
ⱖ10 cigarettes/d
Mother’s smoking status during follow-up
Nonsmoker
Smoker
Birth weight (g)
2500–2999
3000–3499
3500–3999
⬎4000
Child’s Ponderal Index at birth (kg/m3); quartiles
17.9–23.3
23.4–24.6
24.7–26.1
26.2–32.4
Duration of breast-feeding
4 wk–⬍6 mo
6 mo–⬍9 mo
ⱖ9 mo
Duration of exclusive breast-feeding
Never
1 wk–⬍6 mo
ⱖ6 mo

TABLE 4. Risk of Overweight of Children at Age 2 Years,
According to Human Milk Adiponectin and Leptin Levels

Overweight
No. (%)

344
330

30 (9)
26 (8)

605
17
52

49 (8)
3 (18)
4 (8)

65
471
138

5 (8)
36 (8)
15 (11)

109
264
299

11 (10)
23 (9)
22 (7)

89
397
145
41

7 (8)
29 (7)
16 (11)
4 (10)

631
33
10

52 (8)
4 (12)
0 (0)

579
95

43 (7)
13 (14)

121
270
200
83

7 (6)
15 (6)
19 (10)
15 (18)

173
165
175
161

5 (3)
14 (9)
19 (11)
18 (11)

153
198
313

23 (15)
13 (7)
20 (6)

47
322
305

8 (17)
31 (10)
17 (6)

absorbed by the immature gastric epithelium of the neonate.
However, these metabolic adaptations in leptin-supplemented
animals occurred during lactation without affecting body weight,
and experiments were stopped at the end of the suckling period.
© 2007 Lippincott Williams & Wilkins
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Adiponectin (ng/mL); quartiles
1st (ⱕ7.2)†
2nd (⬎7.2–10.8)
3rd (⬎10.8–15.0)
4th (⬍15.0–110)
Leptin (pg/mL); quartiles
1st (ⱕ79.7)†
2nd (⬎79.7–175)
3rd (⬎175–342)
4th (⬎342–4419)

Overweight
No. (%)

Crude OR
(95% CI)

Adjusted OR
(95% CI)*

8 (5.0)
14 (8.2)
16 (9.2)
16 (10.0)

1.0
1.7 (0.7–4.2)
1.9 (0.8–4.6)
2.1 (0.9–5.1)

1.0
1.9 (0.7–4.7)
2.1 (0.9–5.3)
2.0 (0.8–5.0)

14 (8.0)
12 (7.4)
9 (5.6)
19 (11.7)

1.0
0.9 (0.4–2.1)
0.7 (0.3–1.6)
1.5 (0.7–3.1)

1.0
0.9 (0.4–2.0)
0.7 (0.3–1.7)
1.5 (0.6–3.7)

*Adjusted for nationality of mother (German; Turkish; other), age of mother (yrs),
school education of mother (ⱕ9 yrs; ⱖ10 yrs), BMI of mother (kg/m2), smoking status
of mother during follow-up (yes; no), birth weight (g), duration of breast-feeding (⬍3
mo; 3–⬍6 mo; ⱖ6 mo).
†
Reference category.

Longer-term effects of high amounts of orally administrated
leptin during lactation period on body weight have not yet been
investigated.

Adiponectin in Human Milk
Very recently, Martin et al21 demonstrated the presence
of adiponectin in human milk among 2 small populations
from Cincinnati and Mexico. They reported adiponectin levels in skim milk samples determined by a radioimmunoassay
to be between 4.2 and 87.9 ng/mL, comparable to our study.
Further studies are needed to investigate the origination of
adiponectin in human milk.
In contrast to leptin, adiponectin levels showed no
significant associations with maternal prepregnancy BMI or
with other sociodemographic characteristic of the mothers,
but there was an inverse association with maternal smoking
habits 6 weeks postpartum (when milk samples were collected). Pardo et al37 reported a decreased adiponectin level in
cord blood among neonates born to mothers who smoked
during pregnancy compared with neonates born to nonsmoking mothers. They speculated that this association is possibly
linked with smoking-induced pathogenesis, and can potentially contribute to development of metabolic dysfunctions
seen in infants born to smoking mothers.

Limitations
The following limitations should be kept in mind. We
did not measure leptin and adiponectin in fore- and hindmilk,
but Ucar et al34 reported that leptin levels did not differ in
these components. Weaning influences the concentrations of
certain constituents of milk as well as total milk production.
However, in our study population most of mothers were still
breast-feeding their children exclusively 6 weeks postpartum
and had not started weaning. Therefore, it is unlikely that
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TABLE 5. Risk of Overweight of Children at Age of 2 Years per Unit Increase of Log Adiponectin and Log Leptin in Human
Milk, by Duration of Any Breast-Feeding and of Exclusive Breast-Feeding

Overweight
No. (%)
Duration of breast-feeding
Ever
⬍6 mo
ⱖ6 mo
Duration of exclusive breast-feeding
Ever
⬍6 mo
ⱖ6 mo

Adiponectin
OR (95% CI)
per Unit Increase of Log Adiponectin

Leptin
OR (95% CI)
per Unit Increase of Log Leptin

Crude

Adjusted*

Crude

Adjusted*

54 (8.1)
21 (13.4)
33 (6.5)

1.6 (1.0–2.5)
1.2 (0.6–2.5)
2.1 (1.1–4.0)

1.6 (1.0–2.6)
1.1 (0.6–2.3)
2.1 (1.1–4.2)

1.1 (0.9–1.4)
1.1 (0.7–1.6)
1.1 (0.7–1.6)

1.1 (0.8–1.5)
1.0 (0.8–1.6)
1.1 (0.7–1.7)

48 (7.7)
31 (9.7)
17 (5.6)

1.5 (1.0–2.5)
1.4 (0.8–2.5)
1.7 (0.9–3.1)

1.6 (1.0–2.6)
1.4 (0.8–2.6)
1.7 (0.9–3.4)

1.1 (0.9–1.4)
1.0 (0.7–1.3)
1.4 (0.8–1.9)

1.1 (0.8–1.5)
1.0 (0.7–1.4)
1.4 (0.8–2.6)

*Adjusted for nationality of mother (German; Turkish; other), age of mother (yrs), school education of mother (ⱕ9 yrs; ⱖ10 yrs), BMI of mother (kg/m2), smoking status of
mother during follow-up (yes; no), birth weight (g).

weaning influenced the concentrations of leptin and adiponectin. Also, we were not able to take the time of sample
collecting into account and therefore we are not able to
provide information about possible circadian cycles of both
adipokines in human milk.
Furthermore, we here analyzed adiponectin and leptin
levels in milk samples collected only at 6 weeks postpartum.
We have also assayed adiponectin and leptin levels in 42
randomly selected milk samples collected 6 months postpartum and found they were in comparable ranges (adiponectin:
1.6 to 50.2 ng/mL, leptin 5.8 to 723.0 pg/mL). The agreement
was quite high compared with milk samples collected 6 weeks
postpartum for (adiponectin, Spearman’s  ⫽ 0.47 关P ⫽
0.002兴; for leptin, Spearman’s  ⫽ 0.64 关P ⬍ 0.0001兴).38
Despite these limitations, our data provide evidence
that the possible protective effect of breast-feeding against
childhood obesity might depend, at least in part, on low
levels of breast milk adiponectin. To the extent that early
nutrition is important in determining later risk of obesity,
breast-feeding may hold a key position with regard to
prevention of obesity-related diseases, especially in countries with high prevalence of breast-feeding. Breast-feeding
mothers, however, did not constitute a uniform group. The
composition of breast milk showed marked individual variations, which may contribute to the inconsistent success of
breast-feeding in reducing the risk of obesity and obesityrelated diseases. In conclusion, breast-fed children may
benefit most from prolonged breast-feeding with respect to
prevention of obesity when milk contains low levels of
adiponectin.
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COMMENTARY

Breast-feeding, Adipokines, and Childhood Obesity
Matthew W. Gillman* and Christos S. Mantzoros†
Abstract: One mechanism by which breast-feeding may protect
against the development of childhood obesity is through the activity
of components of breast milk. In an article published in this issue of
EPIDEMIOLOGY, Weyermann et al found that overweight at age 2
years was associated with higher levels of adiponectin, a hormone
secreted by fat cells, in the breast milk of mothers who breast-fed
their infants for at least 6 months. This finding is surprising for
several reasons: it is doubtful that infants absorb ingested adiponectin; prior literature suggests that adiponectin would reduce, rather
than increase, risk for overweight; and the authors did not find
associations with breast milk leptin, another adipokine. It is possible
that adipokine exposure in infancy determines later weight status,
but fundamental research is needed on associations of circulating
adipokines with excess weight gain and on determinants of adipokine levels.
(Epidemiology 2007;18: 730 –732)

T

he obesity epidemic has ensnared even our youngest
children, highlighting the need to prevent obesity at the
earliest stages of human development.1 One potential strategy
is to optimize infant feeding. In the United States, rates of
breast-feeding initiation and duration have been rising over
the past 30 years,2 so that lack of breast-feeding cannot
explain the obesity epidemic. Nevertheless, if having been
breast-fed lowers the risk of obesity, increasing breast-feeding rates even further could be one way to blunt the epidemic.
The extent to which breast-feeding protects against
obesity is not settled. Meta-analysis suggests a 10%–20%
decreased risk of obesity (dichotomous outcome) among
those who had been breast-fed compared with those who
were not breast-fed (dichotomous exposure),3,4 and a 4%
reduction for each additional month of breast-feeding duration (continuous exposure).5 The only meta-analysis examinSubmitted 24 July 2007; accepted 1 August 2007.
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ing a continuous outcome, mean body mass index, suggested
that confounding by sociocultural factors can explain the
apparent protective effects.6 But the lack of covariate information from many component studies and the difference in
outcomes among the meta-analyses render a simple overall
conclusion slippery. Within-family studies can be informative, but even the largest published study, with over 2000
siblings discordant for breast-feeding duration, was not large
enough for precise inferences.7 Also, the results from a large
randomized controlled trial of breast-feeding promotion are
not yet available past the age of 1 year.8
If consensus does not exist on the protective effect of
breast-feeding on obesity, is it worth examining the mechanisms of such an effect? We believe it is. The best evidence
to date does show a reduction in risk, and no meta-analysis
suggests harm. Further, it is possible that breast-feeding
reduces obesity risk for some infants but not for others.
At least 2 types of pathways could explain how having
been breast-fed improves later weight status. One is behavioral.
Compared with bottle feeding, the act of breast-feeding could
lead to infants better recognizing satiety signals, resulting in
enhanced self-regulation of energy intake growing up.9,10
Another hypothesized pathway is through the biologic activity of components of breast milk. Very few
studies have addressed this pathway, and thus the contribution of Weyermann et al11 in this issue of EPIDEMIOLOGY is
a welcome addition to the literature. For 674 infants still
breast-fed at around 6 weeks of age, the authors measured
both leptin and adiponectin in the mothers’ breast milk
samples. The main finding was that risk of overweight at age
2 years was higher among children whose mothers had higher
concentrations of breast milk adiponectin, but only among
children who had been breast-fed for at least 6 months. They
did not find an association of leptin with overweight.
Before considering causality, one should bear in mind
alternative explanations. We believe that chance is likely, for
2 related reasons. The first is questionable biologic plausibility for an effect of adiponectin in breast milk. The second is
that the major finding was limited to 1 of the 2 hormones
studied and to 1 subgroup, and is in the opposite direction
from what many researchers would hypothesize.
The prevailing view of adipose tissue has changed in
the past decade from that of an inert energy storage organ, to
that of an active endocrine system involved in sensing,
metabolizing, and secreting numerous metabolically active
compounds. Leptin is the prototype adipocyte-secreted cytoEpidemiology • Volume 18, Number 6, November 2007
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kine (adipokine).12 Leptin administration decreases food intake and body weight in leptin-deficient ob/ob mice and
humans.13,14 Most of obese adolescents and adults, however,
have high circulating leptin levels and do not respond to
exogenously administered leptin, likely owing to leptin resistance in peripheral tissues and in the hypothalamus, the part
of the brain most involved in appetite regulation.15–17 In
contrast to older individuals, infants are still in early, presumably leptin-sensitive, developmental stages of hypothalamic development. It is reasonable to hypothesize that leptin
resistance has not yet taken hold and that circulating leptin
among infants could have beneficial effects on limiting future
excess weight gain. One study of rodents shows that subcutaneous leptin administration at a critical period of postnatal
brain development can virtually eliminate the risk of obesityrelated consequences that are prenatally programmed by
manipulation of maternal diet.18
Weyermann et al,11 however, do not show a relationship between breast milk leptin and child weight status. One
explanation for the null results is the likelihood that little or
no ingested breast milk leptin enters the infant’s circulation.
Leptin is a rather large molecule, consisting of 167 amino
acids. Because of its size, gastric absorption is nil, at least in
adults. Two studies of newborn rodents shows some absorption in the developing gastrointenstinal tract, but no study of
humans exists.19,20 Also, some, but not all, studies show that
formula-fed infants have higher blood leptin levels than
breast-fed infants, even though infant formula contains no
leptin.21 That finding suggests that factors other than breast
milk are the chief determinants of circulating leptin levels.
Another adipokine, adiponectin, is a protein that is
produced and secreted almost exclusively by differentiated
adipocytes.22 Most researchers now think that adiponectin
represents an important mediator between adipose tissue and
insulin sensitivity.23–25 In contrast to leptin, adiponectin decreases with increasing adiposity, especially intra-abdominal
adiposity, among adults. Higher levels of adiponectin are
associated with less insulin resistance and lower risk of
developing cardiovascular disease in adults.26,27
No data exist on the extent to which adiponectin from
breast milk enters the circulation of an infant. But adiponectin
is a larger molecule—244 amino acids—than leptin, making
gastrointestinal absorption doubtful. As in the case of leptin,
blood levels of adiponectin are probably more biologically
relevant than breast milk because they reflect the adipokine
levels to which developing tissues are exposed.
Given these questions about the biology, it is understandable that the authors did not express a strong prior
hypothesis about the relationship of breast milk adiponectin
with the development of childhood obesity. Both the observed direction of adiponectin effect and the presence of the
effect only with longer duration of breast-feeding are counterintuitive. It will be instructive to see whether other studies
© 2007 Lippincott Williams & Wilkins
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replicate these findings. To strengthen the credibility of the
results, investigators would also need to answer many fundamental questions. For example, to what extent is breast
milk adiponectin absorbed into the infant circulation? Do
higher levels of circulating adiponectin in infants predict
excess weight gain, in contradistinction to the situation in
adults? Why would this be the case only among infants who
are breast-fed for longer versus shorter periods? Are levels of
adiponectin in human milk a proxy for maternal, environmental, or other factors that themselves determine adiposityrelated outcomes in the child?
These and other research questions about the roles of
adipokines in infancy in the risk of developing obesity are
biologically interesting and potentially important for health.
They will need answers before any clinical and public health
implications of the findings of Weyermann et al are perceptible. The best advice remains that all women should strive to
breast-feed their children for at least 12 months, with the first
4 – 6 months consisting of exclusive breast-feeding.28,29
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Preterm Delivery and Later Maternal Cardiovascular
Disease Risk
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Background: Women who have delivered a preterm infant are at
elevated risk for cardiovascular disease (CVD), but mechanisms for
this association are not understood.
Methods: In a cross-sectional study we investigated whether older
women with a history of preterm birth (⬍37 weeks) had a higher
prevalence of CVD. Participants were 446 women (mean age 80
years; 47% black) enrolled in the Pittsburgh, PA field center of The
Health, Aging and Body Composition Study. Women reported
preterm status, birth weight, smoking status, and selected complications for each pregnancy. CVD status was determined by selfreport and hospital records. Analysis was limited to first births not
explicitly complicated by hypertension or preeclampsia.
Results: Women who had delivered a preterm infant (on average 57
years in the past) had a higher prevalence of CVD. After adjustment
for race, age, blood pressure, pulse wave velocity, interleukin-6,
high-density lipoprotein cholesterol, and statin use, the odds ratio for
CVD among women who delivered a preterm infant was 2.85 (95%
confidence interval ⫽ 1.19 – 6.85) compared with women who had
delivered term infants weighing more than 2500 g. This relationship
was not altered by lifetime smoking history. There was evidence of
negative confounding by statin use and high-density lipoprotein
cholesterol. Among women delivering infants who were both preterm and low birth weight (⬍2500 g), the odds ratio was 3.31
(1.06 –10.37) for CVD compared with women with term, normal
weight infants.

Submitted 18 December 2006; accepted 25 July 2007.
From the *Department of Epidemiology, University of Pittsburgh Graduate
School of Public Health; †Magee-Womens Research Institute, Pittsburgh, Pennsylvania; ‡Intramural Research Program, Laboratory of Epidemiology, Demography, and Biometry, National Institute on Aging,
Bethesda, Maryland; §Department of Kinesiology, University of Wisconsin, Madison, Wisconsin; ¶Department of Epidemiology and Biostatistics, University of California, San Francisco, California; and 㛳Department of Preventive Medicine, University of Tennessee, Memphis,
Tennessee.
Supported by grants N01-AG-6-2101, N01-AG-6-2103, and N01-AG-62106.
Correspondence: Janet M. Catov, Department of Epidemiology, University
of Pittsburgh, 130 DeSoto Street, Pittsburgh, PA 15261. E-mail:
jmcst43@pitt.edu.
Copyright © 2007 by Lippincott Williams & Wilkins
ISSN: 1044-3983/07/1806-0733
DOI: 10.1097/EDE.0b013e3181567f96

Epidemiology • Volume 18, Number 6, November 2007

Conclusions: These results suggest that vascular and metabolic
factors account for some but not all of the increased prevalence of
CVD among women many years after a preterm birth.
(Epidemiology 2007;18: 733–739)

W

omen who have delivered a preterm infant may be at
elevated risk for later cardiovascular disease (CVD).
Large registry-based observational studies have found that
women who had delivered a preterm infant had a 2- to 3-fold
higher risk for cardiovascular death compared with those who
delivered at term.1–3 Delivery of a low birth weight (LBW)
infant (60% of whom are probably also preterm4) has been
associated with a 7- to 11-fold higher risk for cardiovascular
death.2,5 In the few studies that have related pregnancy
outcome to later maternal cardiovascular risk factors, infant
birth weight was inversely related to maternal systolic blood
pressure,6 – 8 insulin resistance,7,8 and inflammation.8 To our
knowledge, no studies have investigated the biologic mechanisms that may link preterm birth with maternal cardiovascular risk.
Underlying risk factors for CVD may affect a woman’s
ability to successfully adapt to the vascular or metabolic
demands of pregnancy, leading to poor pregnancy outcomes
during the reproductive years and higher cardiovascular risk
later in life.9 Abnormal placentation, perhaps due to preexisting, subclinical vascular abnormalities, has been associated
with preterm birth10,11 and growth restriction,12even in nonpreeclamptic pregnancies. In addition, infection or inflammation has been implicated in preterm birth10,13,14 and fetal
growth restriction,13,15 as well as CVD risk.16
In a cross-sectional study of older women, we investigated the relationship among recalled pregnancy characteristics, biologic markers of cardiovascular risk, and CVD status.
Specifically, we examined whether women without explicit
preeclampsia or hypertension in pregnancy, who reported that
they had borne preterm infants (⬍37 weeks gestation) with or
without LBW (⬍2500 g), had an increased prevalence of
CVD compared with women who had term births ⱖ2500 g.
Our goal was to identify risk factors that could be elevated
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many years after a preterm birth and to determine how these
might affect CVD status.

METHODS
Participants
The Study of Health, Aging and Body Composition
(Health ABC) is a large on-going epidemiologic study of
changes in body composition, morbidity, disability, and mortality. A total of 3075 community-dwelling participants (50%
women) were enrolled in Pittsburgh, Pennsylvania and Memphis, Tennessee in 1997–1998. Recruitment procedures have
been described elsewhere in detail.17 All participants
signed an informed consent agreement approved by the
institutional review board at the University of Pittsburgh.
Eligibility criteria included: age 70 to 79 years; self-report
of no difficulty walking one-quarter mile or climbing 10
steps without resting; no difficulty performing basic activities of daily living; no use of assistive devices to ambulate; no history of active treatment for cancer in the prior
3 years; and no plans to move out of the area in the
subsequent 3 years. Based on these criteria, participants
were considered to be functioning well.18
The 608 women in the Pittsburgh cohort who were
interviewed in 2003 and 2004 as part of the year 7 follow-up
visit, were asked questions about pregnancy history. Pregnancy history details were provided by 597 women (98%). Of
the 507 (85%) women who had at least 1 live birth, 466
(92%) provided their first-born’s term/preterm birth status
and birth weight. Mean age at this interview was 80 years,
and 47% of the women were black. We excluded women who
reported hypertension or preeclampsia during pregnancy (n ⫽
20), to describe maternal prognosis beyond the well-known
increase in cardiovascular risk for women with these pregnancy complications.19 –24 Our analysis was based on the
recalled birth characteristics of 446 women and their CVD
status at the time of the interview.

Recalled Birth Characteristics
Women were asked to report the preterm birth status
(⬍37 weeks) for each pregnancy lasting more than 6 months.
Smoking during pregnancy, birth weight, and selected complications (hypertension during pregnancy and preeclampsia)
were also assessed for each pregnancy. Analysis was limited
to first births, as birth characteristics are recalled more accurately for first births compared with subsequent births.25,26
We validated the accuracy of the recall of infant birth weight
for first births among a randomly selected group of women in
our study (intraclass correlation coefficient, 0.96), and found
that these older women reported birth weight data reliably at
2 time points across race, age, income, and education strata.25
Mothers underestimated the birth weight of their first birth by
an average of 44 g when compared with actual birth certificate or hospital records25; these results were remarkably
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consistent with other studies of maternal recall of infant birth
weight among younger women.26,27
Infants reported as having been born at ⬍37 weeks
were considered preterm. Infant birth weight was converted
to grams for the purposes of the analysis, and was evaluated
as both a continuous and dichotomous (⬍2500 g vs. ⱖ2500
g) variable. LBW was stratified by preterm delivery to identify 2 subsets of deliveries that were either small and preterm,
or small and term. Women with term births ⱖ2500 g were the
referent group.

CVD Status
Prevalent CVD was ascertained at baseline (1997–
1998) via self-report and was validated with algorithms that
included selected medications and electrocardiogram (ECG)
results.28 There were 101 participants with the following
prevalent conditions: myocardial infarction, angina, coronary
artery bypass surgery, or percutaneous transluminal angioplasty (70 participants); ECG evidence of myocardial infarction (3 participants); stroke (22 participants); or peripheral
vascular disease (6 participants). Incident events that occurred after baseline were ascertained by phone contact or at
the clinic examination every 6 months (1998 to 2002), and
validated by medical record review.29 Among 31 participants
with incident cardiovascular events, 30 had a myocardial
infarction or angina and 1 had a stroke. Overall, 132 women
(30%) were identified with CVD at the time of the interview.

Potential Confounders
Potential confounders included characteristics that have
an established association with preterm birth or CVD. Sociodemographic and lifestyle variables included age, race, education, income, and smoking status (characterized as ever vs.
never; and measured in pack-years 关the average packs of
cigarettes smoked daily multiplied by years smoking兴). Participants reported annual family income at study baseline, and
also described how well their income fit their needs (poorly,
fairly well, very well). Due to the high number of missing
values for family income (n ⫽ 63, 14%), a low socioeconomic indicator variable was calculated for women who
reported either the lowest quartile of family income or the
lowest level of income adequacy.
High-density lipoprotein (HDL) cholesterol and triglycerides were measured on fasting serum by a colorimetric
technique on a Johnson and Johnson Vitros 950 analyzer
(New Brunswick, NJ). Low-density lipoprotein (LDL) cholesterol was estimated with the Friedewald calculation. Vascular measures included systolic blood pressure28 and pulse
wave velocity30 (measured from simultaneous Doppler flow
signals obtained from the right carotid and right femoral
arteries by use of nondirectional transcutaneous Doppler flow
probes). Hypertension was defined via self-report and medication use, or as systolic blood pressure above 135 and
diastolic blood pressure above 85. Presence of diabetes mel© 2007 Lippincott Williams & Wilkins
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litus (self-report and medication) or metabolic syndrome
(National Cholesterol Education Program III definition31 as 3
or more of the following: abdominal circumference ⬎88;
blood pressure ⱖ130/85 or taking antihypertensive medication; fasting glucose ⱖ110 or taking insulin or oral antidiabetic agents; HDL cholesterol ⬍50; or triglycerides ⱖ150)
was also considered. Other metabolic markers were serum
insulin (nondiabetics only) and glucose (determined using a
radioimmunoassay kit 关Pharmacia, Uppsala, Sweden兴). Insulin resistance was estimated with the homeostasis model
assessment (the product of fasting glucose and insulin concentrations in mmol/L divided by 22.5).32 Body composition
variables included body mass index (BMI) (kg/m2), abdominal circumference, and visceral fat (estimated with computed
tomography scans between fourth and fifth lumbar vertebrae).33 Inflammatory markers considered were interleukin
(IL)-6 and C-reactive protein (measured in duplicate from
overnight fasting serum by an enzyme-linked immunosorbent
essay kit from R&D Systems 关Minneapolis, MN兴).
Subclinical CVD (characterized according to previously published protocol34 –36 as abnormal ECG findings,
positive results on the Rose questionnaire for intermittent
claudication, or ankle-brachial index ⬍0.9) was also considered as a potential mediator between birth infant characteristics and maternal CVD status.

Statistical Analysis
Maternal characteristics were compared according to
characteristics of the first birth (term births ⱖ2500 g, term
births ⬍2500 g, and preterm births). Analysis of covariance
was used to examine group differences in means for body
composition variables (adjusted for race and age) and vascular, metabolic, and inflammatory measures (adjusted for race,
age, and BMI). Inflammatory markers, triglycerides, glucose,
insulin, hemoglobin A1c, and a pulse wave velocity were
log-transformed for the purposes of analysis as they were not
normally distributed, and results are presented as geometric
means. Multinomial logistic regression was used to assess the
association between a woman’s CVD status and a first birth
that was either preterm or term ⬍2500 g. In a separate model
we also estimated the combined effect of delivering an
infant both preterm and ⬍2500 g. Women with term births
ⱖ2500 g were the referent for all models. We computed
odds ratios (ORs) and 95% confidence intervals (CIs).
The models were adjusted a priori for age and race;
other covariates were considered confounders if they changed
the ␤-coefficient associated with the infant characteristics by
more than 10%. Covariates considered included low socioeconomic status, young maternal age, smoking status, subclinical CVD, waist circumference, visceral fat, LDL and
HDL cholesterol, use of statins, systolic blood pressure,
hypertension, pulse wave velocity, diabetes, glucose, insulin
resistance, and inflammatory markers.
© 2007 Lippincott Williams & Wilkins
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RESULTS
Among the 446 women who recalled the preterm status
and birth weight of their first-born, 27 women (6%) reported
delivering a preterm infant and 38 women (9%) reported
having a term infant weighing less than 2500 g. A total of 18
births (4%) were reported as both preterm and LBW. Average ⫾
SD maternal age at first birth was 23.5 ⫾ 4.4, and mean
number of live births was 3.0 ⫾ 1.5.
Women with preterm births or small term births tended
to have higher rates of CVD, higher systolic blood pressures,
and higher rates of hypertension compared with women who
reported term births ⱖ2500 g (Table 1). Women with preterm
births had higher HDL cholesterol, lower LDL cholesterol,
and a lower reported prevalence of statin use. Women with
small term births tended to have more visceral fat, higher
triglyceride concentrations, and higher concentrations of
IL-6. In terms of pregnancy characteristics, women with
preterm births or small term births were more likely to have
been younger than age 20 at the time of their first birth,
compared with women with larger term births. When the
analysis was restricted to women without CVD, these results
were attenuated but the group differences generally persisted.
As compared with delivery of a term infant ⱖ2500 g, a
preterm delivery was associated with a higher prevalence of
CVD (OR ⫽ 2.05; 95% CI ⫽ 0.93– 4.52; Table 2). Delivery
of a small term infant produced an unadjusted odds ratio of
CVD of 1.33 (0.66 –2.70) and delivery of a preterm and
⬍2500 g infant was associated with an odds ratio of 2.55
(0.99 – 6.60). Adjustment for age and race modestly altered
these results. After additional adjustment for systolic blood
pressure, pulse wave velocity, insulin resistance, IL-6, HDL
cholesterol, and use of statins, the OR for CVD among
women who reported that their infant was born preterm vs.
term ⱖ2500 g was 2.85 (95% CI ⫽ 1.10 – 6.85). The OR was
3.31 (1.06 –10.37) for women with infants that were both
⬍2500 g and preterm compared with women having normal
weight infants at term. In these data, adjustment for relevant
covariates attenuated the relationship between delivery of a
small term infant and CVD to the null (0.84; 0.37–1.89).
Additional adjustment for smoking status or subclinical CVD
did not alter these estimates.
The fully adjusted models produced increased odds
ratios associated with preterm delivery when compared with
crude estimates, suggesting negative confounding.37 For example, statin use was associated with an increased prevalence
of CVD (2.2; 1.3–3.5), and was less common among women
with preterm delivery (0.30; 0.07–1.3). Thus, controlling for
statin use strengthened the association between preterm delivery and CVD in our models. There was also evidence of
negative confounding associated with HDL cholesterol.

DISCUSSION
Among this group of older women, those who had
delivered preterm infants had a higher prevalence of subse-
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TABLE 1. Selected Maternal Characteristics* According to Characteristics of the First Birth

Maternal characteristics
Age at baseline
Black; no. (%)
Education; no. (%)
Less than high school
High school graduate
Postsecondary
Low socioeconomic status; no. (%)
Ever-smoked (former or current); no. (%)
Pack-years smoked (among smokers)
Clinical cardiovascular disease; no. (%)
Subclinical cardiovascular disease†; no. (%)
Body composition
BMI, age 73 (kg/m2)‡
Abdominal circumference (cm)§
Visceral fat (cm2)§
Lipid markers
HDL (mg/dL)§
LDL (mg/dL)§
Trigylcerides (mg/dL)§
Statin use; no. (%)
Vascular markers
Systolic blood pressure§
Pulse wave velocity (cm/s)§
Hypertension; no. (%)
Metabolic markers
Fasting glucose (mg/dL)§
Fasting insulin (IU/mL)¶
Insulin resistance (Homeostasis Model Assessment)¶
Diabetes mellitus; no. (%)
Metabolic syndrome; no. (%)
Inflammatory markers
IL-6 (pg/mL)§
C-reactive protein (g/mL)§
First birth
Infant birth weight (g)
Smoked during pregnancy; no. (%)
Age at first birth
Younger than 20 years of age at first birth; no. (%)

Term Births
> 2500 g
(n ⴝ 381)

Term Births
< 2500 g
(n ⴝ 38)

Preterm Births
(n ⴝ 27)

73.0 ⫾ 2.8
158 (41.5)

73.4 ⫾ 2.8
24 (63.2)

72.9 ⫾ 2.3
14 (51.9)

58 (15.2)
183 (48.0)
140 (36.8)
54 (14.2)
159 (41.7)
29.0 ⫾ 24.8
107 (28.1)
92 (33.6)

3 (7.9)
22 (57.9)
13 (34.2)
7 (18.4)
18 (47.4)
36.5 ⫾ 29.2
13 (34.2)
9 (36.0)

6 (22.2)
8 (29.3)
13 (48.2)
6 (22.2)
18 (66.7)
45.7 ⫾ 30.1
12 (44.4)
3 (20.0)

28.3 ⫾ 5.3
95.3 ⫾ 13.7
110.1 ⫾ 58.0

26.7 ⫾ 4.9
97.4 ⫾ 12.2
129.4 ⫾ 51.5

27.8 ⫾ 6.7
98.1 ⫾ 15.1
112.9 ⫾ 66.6

59.9 ⫾ 16.9
130.2 ⫾ 34.8
141.3 ⫾ 71.6
78 (20.5)

61.4 ⫾ 18.7
133.1 ⫾ 40.3
163.7 ⫾ 74.3
10 (11.1)

65.5 ⫾ 20.8
116.4 ⫾ 32.5
139.5 ⫾ 68.1
2 (7.4)

136.8 ⫾ 20.6
774.3 ⫾ 419
228 (59.8)

142.4 ⫾ 23.8
741.6 ⫾ 427
27 (71.1)

148.4 ⫾ 25.2
825.3 ⫾ 393
19 (70.4)

101.4 ⫾ 33.1
8.2 ⫾ 5.8
1.59 ⫾ 1.9
36 (9.5)
154 (40.6)

98.0 ⫾ 21.0
10.7 ⫾ 13.2
1.83 ⫾ 2.1
3 (7.9)
14 (36.8)

104.0 ⫹ 35.3
9.8 ⫾ 6.1
1.94 ⫾ 1.8
2 (7.7)
12 (44.4)

1.82 ⫾ 1.9
1.96 ⫾ 2.3

2.24 ⫾ 1.9
2.31 ⫾ 1.95

2.11 ⫾ 1.84
2.51 ⫾ 2.77

3268 ⫾ 448
78 (20.9)
23.7 ⫾ 4.4
60 (15.8)

2283 ⫾ 224
10 (27.0)
22.0 ⫹ 4.0
12 (31.6)

2159 ⫾ 703
9 (33.3)
23.1 ⫾ 4.9
8 (29.6)

*Mean ⫾ SD, unless otherwise indicated.
†
Abnormal ECG, positive Rose questionnaire, intermittent claudication or ankle-branchial index ⬍0.9.
‡
Adjusted for race.
§
Adjusted for race and BMI.
¶
Nondiabetics only, adjusted for race and BMI.

quent CVD independent of age, race, and vascular, inflammatory, and metabolic factors. Large registry-based observational studies, with limited ability to adjust for confounding,
have found a high risk for maternal cardiovascular death in
relatively young women after preterm birth1–3 or LBW.5,38
Our findings among older women suggest that this risk may
persist in women who survive to age 80, and that vascular and
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metabolic factors account for some but not all of this relationship.
Infant birth weight has been found to be inversely
related to maternal systolic blood pressure and insulin resistance measured in women age 34 to 79 years.6 – 8 Similarly,
pulse wave velocity (a marker of arterial stiffness), systolic
blood pressure, and insulin resistance substantially altered the
© 2007 Lippincott Williams & Wilkins
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TABLE 2. Crude and Multivariate Assessment of Cardiovascular Disease Risk and
Characteristics of the First Birth
Unadjusted
Prevalence
(No. CVD Cases/
Total No.)
Unadjusted
Term ⬎2500 g*
28.1 (107/381)
Term ⬍2500 g
34.2 (13/38)
Preterm (⬍37 wk)
44.4 (12/27)
Preterm ⬍2500 g†
50.0 (9/18)
Adjusted for maternal characteristics‡
Term ⬎2500 g*
Term ⬍2500 g
Preterm (⬍37 wk)
Preterm ⬍2500 g†
Adjusted for maternal characteristics and vascular, metabolic, and inflammatory markers§
Term ⬎2500 g*
Term ⬍2500 g
Preterm (⬍37 wks)
Preterm ⬍2500 g†
Adjusted for maternal characteristics and vascular, metabolic, inflammatory and lipid markers¶
Term ⬎2500 g*
Term ⬍2500 g
Preterm (⬍37 wks)
Preterm ⬍2500 g†

Odds Ratio
(95% CI)

1.0
1.33 (0.66–2.70)
2.05 (0.93–4.52)
2.55 (0.99–6.60)
1.0
1.12 (0.54–2.31)
1.95 (0.87–4.37)
2.24 (0.85–5.91)
1.0
0.92 (0.38–2.20)
2.07 (0.86–5.02)
2.52 (0.84–7.62)
1.0
0.84 (0.37–1.89)
2.85 (1.19–6.85)
3.31 (1.06–10.37)

*Reference category.
†
Separate model where referent group is women with term infants ⬎2500 g.
‡
Adjusted for race and maternal age at study baseline.
§
Adjusted for race, maternal age at study baseline, systolic blood pressure, pulse wave velocity (log), insulin resistance (Homeostasis
Model Assessment), and IL-6 (log).
¶
Adjusted for race, maternal age at study baseline, systolic blood pressure, pulse wave velocity (log), insulin resistance (Homeostasis
Model Assessment), and IL-6 (log), HDL cholesterol, and statin use.

relationship between preterm birth and CVD in our study,
suggesting that vascular and metabolic pathways may in part
explain this relationship. Davey Smith et al reported a 2.5fold increased risk for CVD among women who had delivered preterm—results consistent with our findings.3 The magnitude of this association was attenuated when adjusted for
infant birth weight, suggesting that extreme premature delivery or growth restriction in conjunction with preterm birth
was an important component of this relationship. In our data,
delivery of a small term infant (⬍2500 g) did not appear to be
independently associated with CVD, suggesting that birth
weight alone may not be as relevant as gestational age in
explaining this relationship. This possibility, however, warrants further study.
Previous studies have shown that women with elevated
blood pressure before or during pregnancy, even without
superimposed preeclampsia, have an elevated risk for preterm
birth and also tend to deliver smaller babies.22–24 In addition,
maternal decidual or myometrial vascular changes have been
associated with preterm delivery,14 as well as intrauterine
growth restriction,12 in pregnancies not complicated by pre© 2007 Lippincott Williams & Wilkins

eclampsia or hypertension. These findings suggest that occult
maternal vascular disease may contribute to preterm delivery,
and over the course of a woman’s lifetime, could lead to
hypertension or arterial stiffness that ultimately increases risk
for CVD.
Statin use and HDL cholesterol negatively confounded
the relationship between preterm delivery and CVD. This
less-atherogenic lipid profile of women after preterm birth
could be due to the association of lean body composition with
preterm birth, with persistence of leanness into older adulthood.39 – 41 Previous work by our group indicated that the
older women in the Health ABC Study who had delivered
LBW infants had a distinct body composition, with low BMI
but high waist circumference adjusted for BMI.8 Our findings
related to preterm birth are similar. Women who had delivered preterm infants ⬍2500 g had the highest odds of CVD
compared with women with uncomplicated births, and they
also had the lowest BMI (26.3 vs. 28.2 kg/m2, P ⫽ 0.11) and
the largest waist circumferences (99.7 vs. 95.4 cm, P ⫽ 0.02).
There are several strengths to our study. We were able
to examine extensive physical and biologic variables associ-
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ated with preterm birth and CVD. In addition, we were able
to study a racially diverse cohort, which is important as the
rates of preterm birth,42,43 LBW,44,45and CVD46 among black
women are twice that of white women. The association
between CVD and preterm birth was similar in black and
white women, although we cannot rule out the possibility that
exclusion of women at highest risk of developing CVD
(because of death or disability) may have occurred more for
blacks than for whites.
Several limitations of our study may affect the interpretation of our results. Our sample size is modest and this
limits the precision of our estimates. In addition, our work
should be considered preliminary, as the data were collected
in the context of a study designed for other purposes. Because
pregnancy data were collected via recall, our exposure variables are subject to misclassification. Mothers have, however,
been found to reliably recall certain pregnancy characteristics, including preterm status, many years postpartum,27 and
we confirmed the validity and the reliability of maternal recall
of infant birth weight among this cohort of older women.25
Nonetheless, assuming the presence of misclassification, it is
unlikely that women would systematically over- or underreport preterm status or infant birth weight based on CVD
status, and so the impact of recall bias would likely be that
our observed associations were attenuated.
Community-dwelling, well-functioning women who
survive to late old age with reasonable cognitive function are
healthier than the general population. This may limit the
generalizability, although not the validity, of our findings.
Preexisting CVD was not an exclusion criterion for participation in our study, but the impact of survival bias would be
to underestimate the true magnitude of an effect. The fact that
our odds ratios are a bit lower than those of studies involving
younger women suggests the possibility of such bias.2,5
Our ability to distinguish between preterm and growthrestricted infants was limited. In addition, we may have
underestimated preeclampsia or hypertension during pregnancy due to imprecise maternal recall, and therefore we may
have included persons who were at greater risk secondary to
these conditions. Additional studies are needed in which
these pregnancy complications are more precisely characterized. In addition, both adverse pregnancy outcomes and
CVD are associated with socioeconomic status; we cannot
rule out residual confounding by unmeasured or misclassified factors.
Our results suggest that older women who delivered a
preterm first birth had an increased prevalence of CVD after
adjusting for demographics, smoking, and cardiovascular risk
factors. This effect was greater in women who delivered
infants both small and preterm, suggesting that earlier preterm delivery or preterm birth with growth restriction are
associated with more profound risk for CVD. Although these
results need to be replicated and expanded, they suggest that
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delivery of a preterm infant may identify women who could
benefit from cardiovascular risk screening and intervention.
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Age of Menarche and the Metabolic Syndrome in China
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Objectives: In western populations, young age of menarche is
associated with increased cardiovascular risk. Little is known about
the potential impact of menarche on the metabolic syndrome (as a
proxy for cardiovascular risk) in rapidly economically developing
populations where age of menarche is falling. We sought to determine the relation between age of menarche and the metabolic
syndrome in a rapidly developing Chinese population.
Methods: We carried out a retrospective historical cohort study of
7349 women from the Guangzhou Biobank Cohort Study, China,
enrolled in 2003–2004. Cardiovascular risk factors were obtained
from physical examination; age of menarche was obtained from
self-report. The main outcome measure was the metabolic syndrome
and its components.
Results: Adjusted for age, education, and number of pregnancies,
young age of menarche (⬍12.5 years) compared with age of menarche ⱖ14.5 years was associated with a higher risk of the metabolic
syndrome (odds ratio ⫽ 1.49; 95% confidence interval ⫽ 1.22–
1.82), central obesity (1.35; 1.10 –1.65), raised blood pressure (1.34;
1.09 –1.65), raised fasting glucose (1.40; 1.15–1.71), and higher
triglyceride levels (1.36; 1.12–1.67). Further adjustment by waist
circumference attenuated these effects, but the odds ratios remained
elevated.
Conclusions: Earlier age of menarche experienced by younger
women in China today, now 12.5 years on average in urban populations, may contribute to an increase in the metabolic syndrome and
thereby an increase in cardiovascular disease as these women age.
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These results further highlight the importance of childhood antecedents of adulthood disease.
(Epidemiology 2007;18: 740 –746)

A

ge of menarche is affected by both genetic and environmental factors. With economic development since the
Industrial Revolution in the West, mean age of menarche fell
by 4 months per decade from 1830 to 19501 and then fell
more slowly, if at all.2 More recently, in East Asia, there has
been a rapid fall in the age of menarche of about 8 months per
decade.3,4 Parts of highly developed East Asia, such as Hong
Kong, now have one of the lowest mean ages of menarche
world-wide, at 11.7 years.5 Currently mean age of menarche
in urban China is between 12.0 and 13.4 years.6,7
Cardiovascular disease is increasingly rapidly in China,
and is now one of the leading causes of death.8 The metabolic
syndrome is associated with increased risk of cardiovascular
disease morbidity and mortality in both Chinese and those of
European descent.9 –13
In the West, earlier age of menarche has been associated with individual and clusters of cardiovascular risk factors in adulthood (including obesity, insulin resistance, and
hypertension14 –17), although the evidence is not very consistent, possibly because of the relatively narrow range of age of
menarche and because of confounding by differential behavioral patterns. There are no studies examining this relation in
Chinese women. There is also little evidence as to whether
earlier age of menarche, with the associated greater lifetime
estrogen exposure, continues to be a cardiovascular risk
factor after the menopause, when women are more susceptible to cardiovascular disease. We took advantage of a large
study in southern China to examine the relation between age
of menarche and a composite measure of cardiovascular risk,
the metabolic syndrome. This population has a relatively high
age at menarche (and wide age range); nutritionally limited
childhood conditions; a diet low in animal source foods18;
and social circumstances, norms, and attitudes involving
women that largely preclude earlier puberty being associated
with unhealthy behavior such as use of alcohol, smoking, or
obesity.19 To clarify the etiologic role of age of menarche, we
tested the hypothesis that cardiovascular risk (proxied by the
Epidemiology • Volume 18, Number 6, November 2007
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metabolic syndrome) varies inversely with age of menarche
in the Guangzhou Biobank Cohort Study.

METHODS
The Guangzhou Biobank Cohort Study is an ongoing
collaboration between the Guangzhou People’s Number 12
Hospital and the Universities of Hong Kong and Birmingham; it is described in detail elsewhere.20 Subjects are recruited from The Guangzhou Health and Happiness Association for the Respectable Elders (GHHARE), a community
social and welfare association aligned with the municipal
government. Membership is open to anyone for a monthly fee
of 4 Yuan (50 US cents). About 7% of permanent Guangzhou
residents age 50 years and over are members of GHHARE.
Eleven percent of members were enrolled in this study. They
were included if they were ambulatory, capable of consenting, and not receiving treatment modalities which, if interrupted, might result in immediate life-threatening risk (such
as chemotherapy or radiotherapy for cancer, or dialysis for
renal failure). Of those eligible, 90% of the men and 99% of
the women participated. Subjects underwent a detailed medical interview, including questions regarding lifestyle and
socioeconomic status, and a physical examination in 2003–
2004. The Guangzhou Medical Ethics Committee of the
Chinese Medical Association approved the study and all
subjects gave written, informed consent prior to participation.
Detailed methods of measurement and investigation
have been reported elsewhere.20 In brief, seated blood pressure was taken as the average of the last 2 of 3 measurements,
using the Omron 705CP sphygmomanometer (Omron Corporation, Kyoto, Japan). Waist circumference was measured
as the smallest horizontal circumference between the ribs and
iliac crest, or, for obese participants, the circumference at the
level of the navel. Standing height was measured without
shoes to the nearest 0.1 cm. Fasting total serum cholesterol,
HDL-c, triglycerides, and fasting plasma glucose levels were
determined by Shimadzu CL-8000 Automatic Chemical Analyzer (Shimadzu Corporation, Kyoto, Japan) in the hospital
laboratory.

Risk Factors
The primary outcome was the metabolic syndrome and
secondarily its components. The National Cholesterol Education Program-Adult Treatment Panel III21 guidelines classify individuals as having the metabolic syndrome if at least
3 of the following 5 criteria are present: (a) central obesity
(defined as waist circumference ⱖ88 cm in females); (b)
raised blood pressure (systolic blood pressure ⱖ130 or diastolic blood pressure ⱖ85 mm Hg or treatment of previously
diagnosed hypertension); (c) raised fasting plasma glucose
(ⱖ6.1 mmol/L) or treatment for previously diagnosed type 2
diabetes; (d) fasting plasma triglyceride (ⱖ1.69 mmol/L);
and (e) reduced fasting HDL-c: (ⱕ1.29 mmol/L in females).
We adopted Asian-specific cutpoints for waist circumference
© 2007 Lippincott Williams & Wilkins
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(ⱖ 80cm in females11) and the revised cutpoint for fasting
plasma glucose (ⱖ5.6 mmol/L22).

Age of Menarche
The exposure, age of menarche, was recorded in years
(as per the Gregorian calendar and related interpretation of
age), rounded during data collection to the nearest year (eg,
13 years represents the onset of menarche from 12 years 6
months to 13 years 5 months). We categorized age of menarche as ⬍12.5 years, 12.5 to ⬍14.5 years and ⱖ14.5 years,
to reflect current age of menarche in China and to be consistent with other studies,14 –16 within the constraints of the data
collected.

Statistical Analysis
Multivariable logistic regression was used to assess the
relation between age of menarche, considered as a 3-level
categorical variable, and the metabolic syndrome and its
components. Age of menarche ⱖ14.5 years was the reference
category. We considered the following, potential confounders
categorized as in Table 1: age, education, current annual
personal income, job type, smoking status, alcohol use, exercise, age of menopause (as a categorical variable), number
of reproductive years (age of menopause minus age of menarche; continuous), number of years since menopause (chronological age minus age of menopause, continuous), and
number of pregnancies (continuous). Women were asked to
recall their age of menopause and whether or not they had
ever used hormone replacement therapy (HRT) or undergone
a hysterectomy. Menopausal status was categorized as
women with a history of a hysterectomy and women without
a history of hysterectomy divided into age of menopause
(ⱕ48 years; 49 –51 years; and ⱖ52 years), giving a total of 4
categories. Exercise was quantified using the short version of
the International Physical Activity Questionnaire.23 Smoking
status and alcohol use were considered dichotomously because of their low prevalence in these women.8
Potential confounders, other than age and education,
were assessed for inclusion in the final model according to a
change-in-estimate criterion (at least 5% change)24 for the
metabolic syndrome to create a parsimonious model. We
presented crude odds ratios (ORs) and odds ratios adjusted
for age, education and number of pregnancies, together with
their 95% confidence intervals (CIs). We additionally adjusted for waist circumference to assess whether the effect of
menarche on the other components of the metabolic syndrome were due to central obesity. We separately adjusted for
height as a marker of childhood conditions.
To identify whether the relation of age of menarche
with the metabolic syndrome and its components was linear,
log linear, or threshold (age of menarche ⬍12.5 years), we
compared model fit, using the Akaike Information Criterion,
for choosing among regression models.25 In addition we
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TABLE 1. Personal Characteristics by Age of Menarche
Age of Menarche (yrs)
Characteristic

<12.5
(n ⴝ 460)

Age (yrs); mean ⫾ SD
63 ⫾ 6
Age at menopause (yrs);
49 ⫾ 5
mean ⫾ SD
Number of pregnancies;
4⫾2
mean ⫾ SD
Number of reproductive
37 ⫾ 5
years; mean ⫾ SD
Years since menopause;
14 ⫾ 8
mean ⫾ SD
Age (yrs); %
ⱖ80
1
75–79
4
70–74
7
65–69
23
60–64
26
55–59
34
ⱕ54
6
Highest educational attainment*; %
⬍Primary
10
Primary
35
Junior middle
23
ⱖSenior middle
32
Current annual personal income (Yuan†); %
ⱕ10,000
42
10–15,000
41
⬎15,000
14
Don’t know
3
Occupational type; %
Manual‡
62
Nonmanual§
35
Other
4
Smoking status; %
Never
95
Ever
5
Alcohol use
Never
90
Ever
10
Leisure time physical activity21
Inactive
2
Minimally active
33
Regular activity
66

12.5–<14.5
(n ⴝ 2137)

>14.5
(n ⴝ 4556)

63 ⫾ 6
49 ⫾ 4

65 ⫾ 6
49 ⫾ 4

4⫾2

5⫾2

36 ⫾ 4

33 ⫾ 4

14 ⫾ 8

15 ⫾ 8

0
3
8
25
27
31
7

1
3
16
29
24
24
4

10
34
27
29

21
44
20
15

42
39
14
6

50
33
9
9

63
32
5

75
20
5

96
4

94
6

90
10

91
9

2
32
67

1
34
64

RESULTS

*These correspond approximately to the following total number of years of
schooling: ⬍primary is no formal education, primary school is 0 –5 yr, junior middle is
5– 8 yr, and ⱖ senior middle is 8 or more years.
†
8 Yuan ⫽ 1 USD.
‡
Worker, farmer or seller.
§
Professional, technical, administrator, manager, military, disciplined services.

calculated prevalence of the metabolic syndrome and its
components adjusted for age, education, and number of
pregnancies by age of menarche as a categorical variable (8
categories: ⬍12.5, 12.5–13.4, 13.5–14.4, 14.5–15.4, 15.5–
16.4, 16.5–17.4, ⱖ18.5).
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To investigate the potentially confounding effect of
menopause, we examined the relation of 3 menopause-related
factors (age of menopause 关categorical variable兴, years since
menopause, and number of reproductive years) to the metabolic syndrome and its components. We also examined
whether the effects of age of menarche were consistent across
educational levels, age groups (⬍65 years and ⱖ65 years),
and menopausal age groups (above or below the median),
based on the heterogeneity of effect across strata (with age as
a continuous variable in these tests) and the comparison of
model fit with and without interaction terms. Finally, a
sensitivity analysis was performed using the original definition21 (fasting blood glucose ⱖ6.1 mmol/L and waist circumference ⱖ88 cm) and the International Diabetes Federation
definitions for the metabolic syndrome.26
Reliability of the questionnaire was confirmed 6
months into recruitment by recalling 200 randomly selected
subjects. The intraclass correlation coefficients for continuous variables were age of menarche (0.92) and age at menopause (0.70). Kappa values for the categorical variables were
smoking (0.96 and 0.88 for the 2 questions on smoking
status), drinking (0.60), physical activity (0.58), education
(0.90), occupation (0.80), and parity (0.93).

Of the 7349 women recruited, 7108 (97%) had complete data for all variables. The women were age 50 to 94
years, with a mean ⫾ SD of 64.0 ⫾ 6.0 years. Mean age of
menarche was 15.4 ⫾ 2.1 year (range ⫽ 8 –25 years). Most of
the women had attended primary school or above (83%). The
majority of women (99%) had never taken HRT, and a small
proportion (7%) had a history of a hysterectomy. Most
women had never smoked (95%) and never drunk alcohol
(91%). Around two-thirds of women reported regular physical exercise as defined by the International Physical Activity
Questionnaire.23
Earlier age of menarche was more common in women
with earlier age of menopause. Women with age of menarche
less than 12.5 years were otherwise similar to those with age
of menarche between 12.5 and 14.5 years. Women with late
onset of menarche (ⱖ14.5 years) were more likely to be
older, have had more pregnancies, and report lower education, lower personal income, and a manual occupation. (Table
1) There was no clear pattern for age of menarche in relation
to smoking, alcohol use, or exercise.
According to the US definition,21 with revision only for
Asian waist circumference, 30% of the women had metabolic
syndrome, which was similar to the population representative
rate (28%) for Chinese women using the same definition.27
Using the guidelines revised for both waist circumference and
fasting glucose, 38% of women in our study had the metabolic syndrome, 61% had raised blood pressure, 51% had
high fasting blood glucose, 35% had high fasting plasma
© 2007 Lippincott Williams & Wilkins
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TABLE 2. Association of Age of Menarche With the Metabolic Syndrome and Its Components
Age of Menarche*
<12.5 yrs
Condition
Metabolic syndrome¶ (waist ⬎80
cm, revised FPG⬎5.6)
Central obesity (Asian criteria for
waist ⬎80 cm)
High blood pressure (systolic blood
pressure ⱖ130 or diastolic blood
pressure ⱖ85 mm Hg or use of
anti-hypertensives)
High fasting plasma glucose
(FPG⬎5.6 mmol/L or use of antidiabetic medication)
High Triglycerides (triglycerides
ⱖ1.69 mmol/L)
Low HDL-c (HDL-c of ⱕ1.29
mmol/L)

>14.5 yrs

12.5–<14.5 yrs

Crude OR
(95% CI)

Adjusted OR
(95% CI)‡

Crude OR
(95% CI)

Adjusted OR
(95% CI)‡

Crude OR

Adjusted OR‡

1.30 (1.07–1.58)

1.49 (1.22–1.82)

0.95 (0.85–1.06)

1.07 (0.96–1.20)

1.00

1.00

1.15 (0.95–1.40)

1.35 (1.10–1.65)

0.86 (0.78–0.96)

1.00 (0.90–1.12)

1.00

1.00

1.11 (0.86–1.06)

1.34 (1.09–1.65)

0.96 (0.86–1.06)

1.14 (1.02–1.27)

1.00

1.00

1.38 (1.13–1.67)

1.40 (1.15–1.71)

0.98 (0.88–1.08)

1.00 (0.90–1.12)

1.00

1.00

1.29 (1.06–1.57)

1.36 (1.12–1.67)

1.05 (0.94–1.17)

1.12 (1.00–1.25)

1.00

1.00

1.08 (0.78–1.49)

1.06 (0.76–1.48)

1.23 (1.04–1.46)

1.19 (1.00–1.42)

1.00

1.00

*Age of menarche was categorized as: ⬍12.5 yr, 12.5–⬍14.5 yr and ⱖ14.5 yr, to reflect current age of menarche in China and to be consistent with other studies,9-11 within
the constraints of the data collected. The category ⬍12.5 yr is all women with recorded age of menarche of 12 yr or less; category 12.5–⬍14.5 yr is all women with recorded age
of menarche 13 or 14; and category ⬎14.5 yr is all women with recorded age of menarche of 15 yr or older.
†
Adjusted for age, education and number of pregnancies.
‡
Reference category.
¶
As defined by the National Cholesterol Education Program—Adult Treatment Panel III.21

triglycerides, 10% had reduced fasting HDL-c, and 51% had
central obesity.
Table 2 shows the relation between age of menarche in
3 groups (⬍12.5 years, 12.5–⬍14.5 years and ⱖ14.5 years)
and the metabolic syndrome and its components, using age of
menarche ⱖ14.5 years as the reference category. Age of
menarche before 12.5 years was associated with the presence
of the metabolic syndrome, central obesity, high blood pressure, high fasting plasma glucose and high triglycerides.
The highest OR for low HDL-c was found for the
intermediate age of menarche group (12.5–⬍14.5 years), for
which there is no plausible biologic explanation. Given the
small number of women (n ⫽ 45) who had reduced HDL-c
and age of menarche age ⬍12.5 years, this is most likely to
be a false-positive result. Recruitment of subjects occurred
steadily throughout the year; cardiovascular risk factors such
as dietary pattern vary with season.28 We therefore checked
for any potential effect of seasonality by additionally adjusting for month of recruitment (as a categorical variable),
which removed the apparent peak in reduced HDL-c at age of
menarche 12.5 to ⬍14.5 years, but did not affect any other
results (data not shown).
Adjustment for confounders strengthened the positive
association between earlier age of menarche and the metabolic syndrome and all of its components. Additional adjustment for waist circumference attenuated effects, but the
associations remained. Adjusted for waist circumference,
young age of menarche (⬍12.5 years) compared with age of
© 2007 Lippincott Williams & Wilkins

menarche ⱖ14.5 years was associated with a higher risk of
raised blood pressure (OR ⫽ 1.27; 95% CI ⫽ 1.03–1.56),
fasting glucose (1.33; 1.08 –1.63), and high triglyceride levels
(1.25; 1.01–1.54).
Adjustment for height strengthened the associations.
Adjusted for height, young age of menarche (⬍12.5 years)
compared with age of menarche ⱖ14.5 years was associated
with a higher risk of the metabolic syndrome (1.57; 1.28 –
1.92), central obesity (1.47; 1.20 –1.80), high blood pressure
(1.35; 1.09 –1.66), high fasting glucose (1.43; 1.17–1.75), and
high triglyceride levels (1.37, 1.12–1.68).
Age of menopause, years since menopause, and number
of reproductive years had little association with the metabolic
syndrome or its components, with narrow confidence intervals around the null (data not shown). Additional adjustment
for measures of menopausal status did not affect the reported
relation between age of menarche and the metabolic syndrome and its components (data not shown). There was no
evidence of effect modification by age (⬍65 years compared
with ⱖ65 years), educational level, or age of menopause
(⬍49.5 years compared with ⱖ49.5 years); (data not shown).
Adjusted prevalence of the metabolic syndrome and its
components were usually highest for those with age of
menarche ⬍12.5 years (Fig. 1). A model with a threshold
effect for age of menarche ⬍12.5 years fit best for the
metabolic syndrome, central obesity and high fasting blood
glucose. On the other hand, a model with a linear relation
with age of menarche fit best for high blood pressure and high
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FIGURE 1. Adjusted prevalence with
95% confidence intervals (vertical
bars) of the metabolic syndrome and
its components by age of menarche.

triglycerides. (Appendix Table A1, available with the online
version of the paper.)
The associations were qualitatively and quantitatively
similar with the original National Cholesterol Education Program—Adult Treatment Panel III21 definition (without
Asian-specific cut offs) and the International Diabetes Federation26 definition for the metabolic syndrome (Appendix
Table A2).

DISCUSSION
This study has examined age of menarche and the
metabolic syndrome in postmenopausal women. Young age
of menarche (⬍12.5 years) was associated with the presence
of the metabolic syndrome, central obesity, and high fasting
glucose; younger age of menarche was associated with high
blood pressure and high triglyceride levels. Adult central
obesity may be an important mediating factor but does not
fully explain these associations, which remained after adjustment for central obesity. Consistent with other studies,29,30
age of menopause, years since menopause, and number of
reproductive years (as a reflection of lifetime estrogen exposure) were not clearly related to the metabolic syndrome, and
did not confound or modify the relation between age of
menarche and the metabolic syndrome and its components.
Adjustment for education strengthened the positive association between earlier age of menarche and the metabolic
syndrome and its components.
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Despite differences in setting, our study shares some
features with studies in the West. The Bogalusa Heart
Study16—the only other study to have examined a clustering
of cardiovascular risk factors—found menarche before the
age of 12, associated with development of these risk factors
in early adulthood, with an odds ratio of 1.54 (1.14 –2.07),
very similar to our odds ratio of 1.51 (1.23–1.85) for the
metabolic syndrome. Young age of menarche is consistently
associated with obesity,31 and after adjustment for adiposity
may also be associated with fasting blood glucose and postchallenge blood glucose.14 Findings on the relation between
age of menarche and blood pressure are less consistent.14 –
16,32 Little association has been found between lipid levels
and age of menarche.16
To the best of our knowledge, no previous study has
examined the form of the relation between age of menarche
and cardiovascular risk. We found a threshold effect of early
age of menarche (⬍12.5 years) for the metabolic syndrome,
central obesity, and elevated fasting blood glucose, which is
suggestive of a critical period of young age of menarche.
However, we also found a linear dose-response relationship
for elevated blood pressure and high triglycerides, suggesting
that, as the age of menarche falls, there is a steady increase in
the risk of hypertension and high triglycerides. This suggests
that there may be different pathophysiological pathways by
which early menarche affects hypertension and central obesity. These findings are similar to results from another recent
© 2007 Lippincott Williams & Wilkins
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study of Filipino women, which concluded that the early-life
determinants of diabetes and coronary heart disease are probably different.33
It has been suggested that earlier puberty may be
associated with unhealthy lifestyles, thereby contributing to
higher cardiovascular risk in adulthood. However, we found
negligible differences in adult health-related behavior (smoking, alcohol use, and exercise) across ages of menarche, and
adjustment for lifestyle factors had little effect. Additionally,
our findings could not be attributed to differences in socioeconomic status, adiposity, or height.
Alternatively, our findings could be a cohort effect
resulting from the lifetime circumstances of this cohort and
the different ages within it. Living standards in southern
China prior to 1949 were broadly similar to preindustrial
Europe, with gradual improvement punctuated by periods of
great hardship until 1978, after which there was rapid economic development in Guangdong.34 All the women would
have been exposed to relatively limited living conditions in
childhood, and such conditions would have continued later
into adulthood for the older women. Nevertheless, the associations between age of menarche and the metabolic syndrome were similar in the younger and older women. Although the lifetime experiences and lifestyles of these older
women may be different from the experiences of young
women growing up today in the more developed parts of
China, these changes in lifestyle are unlikely to affect the
relation between age of menarche and the metabolic syndrome unless they modify the effect of age of menarche—for
which there is no evidence. Moreover, the recent and ongoing
epidemiologic transition experienced by the women in this
cohort fortuitously provides a range of childhood environments that is different from those experienced by the populations usually studied. In this specific context and cohort, the
environmental impact on age of menarche and their corresponding metabolic consequences may be more visible than
in universally well-fed populations who achieve menarche
close to the earliest time allowed by their genetic potential.
This does not necessarily mean that earlier puberty mediated
by economic development and better living conditions will
not affect cardiovascular risk, but that such an effect might
not always be visible.
Whether early menarche is an independent risk factor
or a marker of other environmentally determined mediators of
long-term cardiovascular risk (such as childhood obesity,35
smaller size at birth,36 or an increased tempo of growth37)
cannot be determined in our setting, although high levels of
childhood obesity are implausible.38 Nevertheless, the childhood environmental conditions that result in earlier age of
menarche also increase cardiovascular risk in older adult life.
Thus, the current secular trend of decreasing age of menarche
in China may already have contributed to increased risk of
cardiovascular disease. Clear understanding of these child© 2007 Lippincott Williams & Wilkins
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hood antecedents of disease is vital to formulating appropriate public health policies in such societies in transition.

Limitations
There are a number of potential limitations of the study.
We used cross-sectional data and the woman’s recalled age of
menarche. Menarche is a discrete event and a key milestone
in a girl’s physiological development that historically has
strong cultural significance,39 so is likely to be memorable
even in later adulthood. Recall of age of menarche is reliable
over many years.40 We demonstrated good reliability on
repeat questioning of age of menarche. Furthermore there is
no reason to suspect recall bias, as subjects were unaware of
this hypothesis at the time of interview. Random misclassification would make our findings conservative.
Although our cohort may not be a representative sample of the population, prevalence of relevant morbidities (eg,
hypertension and diabetes) were similar to those in a recent
representative sample of urban Chinese.20 Our findings would
be biased if either women with healthy metabolic profiles and
early age of menarche, or women with unhealthy metabolic
profiles and late age of menarche were disproportionately
excluded. We have little reason to believe either situation is
likely.
In conclusion, menarche before the age of 12.5 years
was associated with the metabolic syndrome and its components in a large Chinese cohort. Further research should
establish whether these associations are due to the tempo of
maturity or are a marker of other risk factors. By 1991 the
average age of menarche in urban populations in China had
fallen to 12.5 years. Experience in more economically developed but ethnically and culturally similar Chinese settings,
such as Hong Kong, suggests that age at menarche will
continue to fall throughout China. Earlier age of menarche in
younger Chinese women today could already be contributing
to an increase in the metabolic syndrome and thus cardiovascular disease—a trend that would become more evident over
the next few decades as these women age. Such an increase,
rooted in economic conditions in childhood and adolescence,
would most likely be beyond the sphere of personal and
public health control. This would emphasize the importance
of modifiable risk factors for metabolic syndrome (such as
obesity and teenage smoking), particularly among women
who undergo early sexual maturation.
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Perceived Racial Discrimination and Risk of
Uterine Leiomyomata
Lauren A. Wise,* Julie R. Palmer,* Yvette C. Cozier,* Matthew O. Hunt,†
Elizabeth A. Stewart,‡ and Lynn Rosenberg*
Background: The incidence of uterine leiomyomata (fibroids, myomas) is 2–3 times higher in black women than white women. Black
women also report higher levels of racial discrimination. We evaluated the hypothesis that greater exposure to racism increases
myoma risk in black women.
Methods: Data were derived from the Black Women’s Health
Study, a prospective cohort study of US black women age 21– 69
years in 1995. In 1997, women reported on “everyday” and “lifetime” experiences of racism. From 1997 through 2003, we followed
22,002 premenopausal women to assess the association between
self-reported racism and risk of myomas. Incidence rate ratios
(IRRs) and 95% confidence intervals (CIs) were estimated from Cox
regression models.
Results: During 107,127 person-years of follow-up, 3440 new cases
of uterine myomas confirmed by ultrasound (n ⫽ 2774) or surgery
(n ⫽ 666) were reported. All IRRs for “lifetime” and “everyday”
experiences of racism were above 1.0. Using a summary variable
that averaged the responses from 5 “everyday” racism items, multivariable IRRs comparing quartiles 2, 3, and 4 to quintile 1 (lowest)
were 1.16 (95% CI ⫽ 1.04 –1.29), 1.19 (1.06 –1.32), and 1.27
(1.14 –1.43), respectively. Multivariable IRRs comparing women
who reported 1, 2, or 3 lifetime occurrences of major discrimination
(ie, job, housing, or police) relative to those who reported none were
1.04 (0.96 –1.13), 1.17 (1.07–1.28), and 1.24 (1.10 –1.39), respectively. Results did not vary according to case definition (ultrasound
vs. surgery) or health care utilization. Associations were weaker
among foreign-born women and among women with higher coping
skills.
Conclusions: Perceived racism was associated with an increased
risk of uterine myomas in US-born black women.
(Epidemiology 2007;18: 747–757)

Submitted 24 October 2006; accepted 29 May 2007.
From the *Slone Epidemiology Center, Boston University; †Department of
Sociology, Northeastern University; and ‡Center for Uterine Fibroids,
Department of Obstetrics, Gynecology, and Reproductive Biology,
Brigham and Women’s Hospital, Harvard Medical School, Boston,
Massachusetts.
Supported by National Cancer Institute Grant CA58420.
Correspondence: Lauren A. Wise, Slone Epidemiology Center, 1010 Commonwealth Avenue, Boston, MA, 02215. E-mail: lwise@slone.bu.edu.
Copyright © 2007 by Lippincott Williams & Wilkins
ISSN: 1044-3983/07/1806-0747
DOI: 10.1097/EDE.0b013e3181567e92

Epidemiology • Volume 18, Number 6, November 2007

U

terine leiomyomata (fibroids, myomas) are benign neoplasms arising from smooth muscle cells of the uterus.
Myomas are clinically recognized in about 30% of reproductive-aged women1–3 and are the primary indication for hysterectomy among US women,4,5 with annual healthcare costs
exceeding 2.1 billion dollars.6 Relative to white women,
black women have 2–3 times the incidence of myomas,4,7–9
earlier ages at clinical presentation,7,9 and more numerous
and symptomatic tumors at the time of diagnosis.7,9,10 Population differences in the prevalence of known risk factors or
screening patterns do not satisfactorily explain the racial
disparity.7,10 –12
In recent years, there has been growing interest in
possible connections between self-reported racism and
health. Racism can affect health status by limiting access to
societal resources,13 delaying help-seeking among ill individuals,14 affecting the quality of medical diagnosis and treatment,15 and elevating stress.16 –19 Although consistent associations have been found between self-reported racism and
poor mental health and health-related behaviors, results have
been mixed for physical health outcomes such as low birth
weight, increased blood pressure, and cardiovascular disease.20 Whether exposure to racism is a determinant of
myoma risk has not been explored previously.
Myoma pathogenesis is thought to depend on estrogens
and progesterone21,22 and their interaction with growth factors, cytokines, and extracellular matrix components, including collagen and matrix metalloproteinases.23 Racism, which
can elevate stress levels,16 –19 is experienced more frequently
by black women than white women.24 “Allostatic load,” a
measure of cumulative exposure to stress over the lifecourse,25,26 is also higher in black women than white women.27
Several stress biomarkers used to quantify allostatic load,
including cortisol, norepinephrine, epinephrine, and elevated
blood pressure,26 –28 have been linked to myoma risk.29 –34
An effect of racism on myoma risk via allostatic load is
biologically plausible because stress hormones activate the
hypothalamic-pituitary-adrenal axis leading to enhanced glucocorticoid (eg, cortisol) secretion, inhibited gonadotropin
secretion, altered synthesis of ovarian hormones,35,36 and
disrupted menstrual cyclicity.37 Stress-related increases in
the secretion of progesterone are well-documented in
animal38 – 42 and human43– 46 studies, and higher endogenous
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concentrations of progesterone can increase myoma risk.22
Moreover, various growth factors, cytokines, and matrix
metalloproteinases involved in myoma growth can be upregulated by stress hormones.47,48 Finally, myomas—like
hypertension—are a disease of smooth muscle cells, and both
conditions could share a pathogenic mechanism.32–34 Hemodynamic stress due to elevated blood pressure may cause
arterial smooth muscle injury leading to endothelial dysfunction, increased permeability, and fibrous plaque formation.33,49 Uterine smooth muscle cells may suffer the same
type of injury, resulting in myoma formation.
Using data from a large US prospective cohort study of
black women, we evaluated the hypothesis that perceived
racism increases the risk of uterine myomas. Differences in
the association were explored according to factors such as
nativity status and coping skills, which have been shown to
modify the relation of self-reported racism with other health
outcomes.50 –55

METHODS
Study Population
The Black Women’s Health Study is a prospective
cohort study that was established in 1995. Approximately
59,000 black women in the United States age 21– 69 years,
were enrolled through self-administered questionnaires
mailed primarily to subscribers of Essence, a magazine targeted to black women.56 Study respondents represent various
geographic regions of the United States, with the majority
residing in California, New York, Illinois, Michigan, Georgia, and New Jersey. Questionnaires are mailed every 2 years
to update exposures and identify new illnesses. The baseline
(1995) questionnaire elicited information on demographic
and lifestyle factors, health care utilization, and medical
conditions. In 1997, women were asked about their race,
ethnicity, and country of birth. Those who did not selfidentify as “black” were dropped from the cohort. Six percent
of women were foreign-born (54% Caribbean, 7% Africa,
39% Europe/South America/North America/Asia/Other) and
less than 2% reported Hispanic ethnicity. Over 80% of the
original cohort completed a questionnaire in each follow-up
cycle through 2003. The institutional review boards of Boston University Medical Center and Howard University Cancer Center approved the study protocol.

Assessment of Exposure and Other Covariates
On the 1997 questionnaire, women were asked 8 questions about experiences of racial discrimination, adapted from
those developed by Williams and colleagues.17 Three questions
asked about their experience (yes vs. no) of being “treated
unfairly due to your race” in 3 settings: on the job, in housing,
and by the police. We refer to these as “lifetime” experiences of racism. Five questions asked about the frequency
of exposure to discrimination in daily life, phrased as
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follows: “In your day-to-day life, how often have any of
the following things happened to you?”: “You receive
poorer service than other people at restaurants or stores,”
“People act as if they think you are not intelligent,”
“People act as if they are afraid of you,” “People act as if
they think you are dishonest,” and “People act as if they
are better than you.” There were 5 categories of response
for these items: “never” (coded 1), “a few times a year”
(coded 2), “once a month” (coded 3), “once a week”
(coded 4), and “almost every day” (coded 5). We refer to
these as “everyday” experiences of racism. Although the
latter questions did not refer specifically to “race” in asking
about discrimination, research shows that most black Americans
attribute experiences of discrimination to their race.24,57 Moreover, these questions were flanked by 2 other sets of questions
that referred specifically to race.
Principal components factor analysis using an orthogonal rotation revealed 2 factor loadings, which confirmed the
predetermined domains of the racism questions.17,50 The first
factor, which included questions assessing “everyday” racism, had factor loadings ranging from 0.60 to 0.79. The
second factor, which included questions assessing “lifetime”
experiences of unfair treatment, had loadings that ranged
from 0.67 to 0.77. The same 2-factor solution resulted when
we recoded the 5-level “everyday” racism variables into
binary format (ⱖ1 month vs. ⬍1 month) to agree with the
scale used for the “lifetime” variables. The Cronbach-␣ for
the 5 “everyday” racism items was 0.81, indicating high
internal consistency. In addition, we assessed the reproducibility over time of the racism questions among 1172 women
who returned a duplicate questionnaire. Weighted -values
indicated good reproducibility of responses (range 0.54 –
0.73), and the level of agreement did not vary by the length
of the interval between the 2 questionnaires.50
On the baseline survey, we collected data on a number
of putative and established risk factors for uterine myomas,
including age at menarche, oral contraceptive use, number of
live births and still births (parity), age at each birth, height,
current weight, alcohol intake, cigarette smoking, education,
marital status, occupation, and recency of Papanicolaou test
screening. On the 2003 questionnaire, we asked about household income and number of individuals supported by this
income. Body mass index (BMI) was calculated as weight
(kg) divided by height squared (m2). A validation study of
anthropometric measures among 115 study participants from
the Washington, DC, area showed high correlation between
self-reported and technician-measured weight (r ⫽ 0.97).
Covariates that changed over time (eg, BMI, parity) were
updated on follow-up questionnaires.
In analyses that assessed possible mechanisms by
which racism affects myoma risk, we used data on the
following measures of perceived or real life stressors: working on a second job (collected in 1995); working on a night
© 2007 Lippincott Williams & Wilkins
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shift (2005); exposure to violence victimization across the
lifespan (2005); and psychologic distress, as measured by
“depression treated with medication” (1997, 1999, 2001,
2003, and 2005) and the CES-D depressive symptom scale
(1999 and 2005).58 We also examined data on potential
mediators of stress, such as hours per week of vigorous
exercise (1997), levels of religiosity (2005), and coping
(2005). In a validation study, vigorous exercise reported via
self-administered questionnaire was correlated with measures
by actigraph and 7-day diary.59 Religiosity was assessed
using 3 questions adapted from the General Social Survey60:
“How often do you usually attend religious services?,” “To
what extent is your religion or spirituality involved in understanding or dealing with stressful situations?,” and “To what
extent do you consider yourself a religious or spiritual person?” To measure coping, participants completed an abbreviated (9-item) scale based on an instrument developed by
Carver61 designed to assess active coping, use of emotional
support, use of instrumental support, positive reframing, and
acceptance. Higher scores on the coping scale indicated
higher coping skills. Because many of these measures were
first assessed in 2005, 2 years after the end of the incident
period for the present analysis (1997–2003), we considered
these analyses exploratory.

Assessment of Outcome
On the 1999, 2001, and 2003 follow-up questionnaires,
women were asked whether they had been diagnosed with
“uterine fibroids” in the previous 2-year interval, and, if so,
the calendar year in which they were first diagnosed and
whether their diagnosis was confirmed by “pelvic examination” or “ultrasound/hysterectomy.” In 2003, we changed
“hysterectomy” to “surgery (eg, hysterectomy)” to capture
women who may have had other surgical procedures, and we
divided “ultrasound” and “surgery” into 2 separate questions.
Cases were considered to be “surgically confirmed” if they
reported confirmation by “surgery” in 2003 or if they reported
both a diagnosis confirmed by “ultrasound/hysterectomy” and
“hysterectomy” under a separate question in 1999 or 2001.
Ultrasound, the clinical standard used to confirm diagnoses,3 has high sensitivity (99%) and specificity (91%)
relative to histologic evidence.62,63 Our outcome definition
includes cases confirmed by ultrasound or surgery because
histologically confirmed cases represent only 10 –30% of
cases for whom ultrasound evidence is available, and because
an analysis of risk factors for such cases may spuriously
identify risk factors associated with tumor size, symptoms, or
treatment preference.64 The Nurses’ Health Study, a US
prospective cohort study with methodology similar to our
study, uses the same case definition.7 Diagnoses confirmed by
pelvic examination only (n ⫽ 654) were treated as “noncases” because they could represent other gynecologic pathology65 and our goal was to maximize the specificity of
outcome classification.66
© 2007 Lippincott Williams & Wilkins
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TABLE 1. Prevalence of Self-Reported Racism in 22,002
Black Women’s Health Study Participants (1997)
%
Everyday racism items
“In your day-to-day life, how often have any of the following
things happened to you?”
Poor service (“You receive poorer service than other people
at restaurants or stores”)
Never
A few times a year
Once a month
Once a week
Almost every day
Not intelligent (“People act as if they think you are not
intelligent”)
Never
A few times a year
Once a month
Once a week
Almost every day
Afraid of you (“People act as if they are afraid of you”)
Never
A few times a year
Once a month
Once a week
Almost every day
Dishonest (“People act as if they think you are dishonest”)
Never
A few times a year
Once a month
Once a week
Almost every day
Better than you (“People act as if they are better than you”)
Never
A few times a year
Once a month
Once a week
Almost every day
Everyday racism score (quartiles)
1 (⬍1.6)
2 (1.6–1.9)
3 (2.0–2.5)
4 (ⱖ2.6)
Lifetime racism items
“Have you ever been treated unfairly due to your race in any of
the following circumstances?”
“Job (hiring, promotion, firing),” yes
“Housing (renting, buying, mortgage),” yes
“Police (stopped, searched, threatened),” yes
Lifetime racism (summary variable)*
0
1
2
3

12
69
10
7
2

19
52
10
10
9
45
39
6
6
4
43
44
6
4
3
10
51
12
10
17
16
27
30
27

55
31
24
32
35
23
10

*Of the 3 lifetime racism items, no. for which woman answered affirmatively.
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We assessed the accuracy of self-reported diagnosis in
a random sample of 248 cases confirmed by ultrasound or
surgery. Cases were mailed supplemental surveys regarding
their initial date of diagnosis, method of confirmation, symptoms, and treatment. We also asked for permission to review
their medical records. We obtained medical records from 127
of the 128 women who gave permission and confirmed the
self-report by medical record in 122 (96%). Among the 188
(76%) cases who completed the supplemental survey, 71%
reported myoma-related symptoms before being diagnosed
with the condition, with menorrhagia (53%) and pelvic pain
(46%) being the most common. Over 87% of cases reported
that their condition came to clinical attention because they
sought treatment for symptoms or because a tumor was palpable
at the time of a routine pelvic examination. There were no
important differences between cases who did and did not
release their medical records with respect to established risk
factors for myomas,67 suggesting that those who released their
medical records were representative of the larger case group.

Restriction Criteria
Follow-up for the incidence of myomas began in March
1997 (the start of the second questionnaire cycle) because
self-reported method of confirmation was first elicited on the
1999 questionnaire. We restricted the sample to premenopausal women with intact uteri because myomas are rare after
menopause.3 Of the 53,176 women who completed the 1997
questionnaire, we excluded women with natural menopause
(n ⫽ 5193), hysterectomy without removal of both ovaries

(n ⫽ 6685), bilateral oophorectomy with or without hysterectomy (n ⫽ 4259), medication-induced menopause (n ⫽ 42),
or unknown menopausal status (n ⫽ 418) at the start of
follow-up (1997). We also excluded women who reported a
myoma diagnosis before 1997 (n ⫽ 10,502), who reported
myomas without information on year of diagnosis (n ⫽ 94) or
method of confirmation (n ⫽ 182), who did not complete a
follow-up questionnaire (n ⫽ 1610), or who had missing data
on key covariates (n ⫽ 2189), leaving a final sample of
22,002 women who were followed from 1997 through 2003.
Women who were lost to follow-up or who had incomplete
data on covariates had lower educational attainment than
respondents, but were similar with respect to age, parity, age
at menarche, and other determinants of myoma risk.

Data Analysis
Incident cases were defined as women who reported a
first diagnosis of myomas confirmed by ultrasound or surgery. Person-years at risk were calculated from the start of
follow-up (March 1997) until the myoma diagnosis, menopause, death, loss to follow-up, or the end of follow-up
(March 2003), whichever came first. Cox regression models,
stratified by age and time period, were used to estimate
incidence rate ratios (IRRs) and 95% confidence intervals
(CIs) for the associations of interest. All analyses were
carried out using SAS statistical software (version 9.1) (SAS
Institute, Cary, NC).
Self-reported racism variables were analyzed individually. We also created 2 summary variables for each set of

TABLE 2. Selected Characteristics of 22,002 Participants According to Perceived Racism (1997)
“Everyday” Racism Score
(Quartiles)
Characteristic*
Age (yrs); mean
Education (yrs); mean
BMI (kg/m2); mean
Age at menarche (yrs); mean
Parous; %
Married; %
White collar occupation; %
Income ⱕ$25,000; %
Pap smear in prior 2 yrs; %
Current oral contraceptive user; %
Current cigarette smoker; %
Current alcohol drinker (ⱖ1/d); %
Geographic region; %
Northeast
South
Midwest
West
Foreign-born; %

“Lifetime” Racism
(No. of Events)

1 (Low)

2

3

4 (High)

0

1

2

3

35.9
14.7
27.4
12.3
56
41
51
10
90
23
14
3

35.3
15.0
27.5
12.3
56
41
55
8
92
25
13
3

34.5
15.0
27.9
12.3
56
40
57
8
90
24
13
3

33.6
15.0
28.8
12.3
56
37
54
10
89
22
16
4

34.1
14.8
27.9
12.3
56
39
51
10
91
25
13
3

34.4
15.0
27.9
12.3
55
40
54
8
91
24
14
3

35.4
15.0
28.0
12.3
58
40
57
9
91
23
14
4

36.3
15.1
28.3
12.4
58
40
57
10
88
20
16
4

29
33
20
18
8

28
34
21
17
6

26
32
23
19
5

26
31
24
19
5

27
35
22
16
7

26
34
22
18
6

29
30
22
19
5

28
25
24
23
5

*Characteristics are presented as means or percents within categories of racism variables and are age-standardized to distribution of cohort in 1997.
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TABLE 3. “Everyday” Perceived Racism and Risk of Uterine Leiomyomata

Everyday experiences of racism
Poor service
⬍1/mo‡
1/mo
ⱖ1 mo
Not intelligent
⬍1/mo‡
1/mo
ⱖ1 mo
Afraid of you
⬍1/mo‡
1/mo
ⱖ1 mo
Dishonest
⬍1/mo‡
1/mo
ⱖ1 mo
Better than you
⬍1/mo‡
1/mo
ⱖ1 mo
Summary variable
⬍1.6‡
1.6–1.9
2.0–2.5
ⱖ2.6
Test for ordinal trend

No.
Cases

No.
Person-Years

Crude
IR

Multivariable IRR
(95% CI)*

Multivariable IRR
(95% CI)†

2774
358
308

86,838
10,890
9399

31.9
32.9
32.8

1.00
1.08 (0.97–1.21)
1.05 (0.94–1.19)

1.00
1.08 (0.96–1.20)
1.06 (0.94–1.19)

2354
400
686

76,035
10,985
20,106

31.0
36.4
34.1

1.00
1.23 (1.11–1.37)
1.14 (1.05–1.25)

1.00
1.20 (1.09–1.34)
1.15 (1.05–1.25)

2839
252
349

89,644
6782
10,701

31.7
37.2
32.6

1.00
1.22 (1.07–1.39)
1.03 (0.93–1.16)

1.00
1.20 (1.06–1.37)
1.04 (0.93–1.17)

2957
209
274

92,789
6289
8048

31.9
33.2
34.0

1.00
1.10 (0.96–1.27)
1.08 (0.96–1.23)

1.00
1.09 (0.94–1.25)
1.10 (0.97–1.25)

2092
409
939

66,065
12,438
28,624

31.7
32.9
32.8

1.00
1.08 (0.97–1.20)
1.08 (1.00–1.17)

1.00
1.07 (0.96–1.19)
1.10 (1.02–1.19)

471
949
1049
971

17,148
29,215
31.984
28,781

27.5
32.5
32.8
33.7

1.00
1.18 (1.06–1.32)
1.22 (1.09–1.36)
1.29 (1.15–1.43)
P ⬍ 0.001

1.00
1.16 (1.04–1.29)
1.19 (1.06–1.32)
1.27 (1.14–1.42)
P ⬍ 0.001

*Adjusted for age and time period.
†
Adjusted for age, time period, parity, age at menarche, BMI, alcohol, smoking, age at first birth, years since last birth, oral contraceptive use, education,
marital status, income, occupation, geographic region, and foreign-born status.
‡
Reference group.
IR indicates incidence rate per 1000 person-years; CI, confidence interval.

questions: the first was the average of response values from
5-level “everyday” racism items (range: 1–5), categorized
into quartiles; the second was a count of the number of
positive responses to the “lifetime” racism items (range:
0 –3).
Multivariable models controlled for known or suspected risk factors for myomas.66 We constructed 2 sets of
multivariable models: a model that controlled for age (1-year
intervals) and calendar year (1997–1999, 1999 –2001, 2001–
2003), and a model that additionally controlled for reproductive and hormonal factors, including age at menarche (years),
parity (births), age at first birth (years), years since last birth
(⬍5, 10 –14, 15–19, ⱖ20), and oral contraceptive use (current, past, never), as well as lifestyle and socioeconomic
factors: BMI (⬍20, 20 –24, 25–29, 30 –34, ⱖ35 kg/m2),
cigarette smoking (current, past, never), current alcohol use
(⬍1, 1– 6, ⱖ7 drinks/wk), education (ⱕ12, 13–15, 16, ⱖ17
years), marital status (married or living with partner, divorced/separated/widowed, single), occupation (white collar,
© 2007 Lippincott Williams & Wilkins

nonwhite collar, unemployed, unknown/missing), income
(ⱕ$25,000, $25,001–50,000, $50,001–100,000, ⬎$100,000,
missing), geographic region (South, Northeast, Midwest, and
West), and nativity status (foreign-born, US-born). Adjustment for age resulted in a 5% and 7% change in the summary
IRRs for “everyday” and “lifetime” racism, respectively.
Adjustment for other individual covariates had smaller effects
on the IRRs. Tests for trend were calculated by including in
the regression model a single ordinal variable coded as the
score of each exposure category.68
To examine whether the association between perceived
racism and myomas was modified by education, income, or
other factors by which study participants might differ from
the general population of US black women, we conducted
likelihood ratio tests that compared models with and without
cross-product terms between the summary racism variables
and selected covariates. In addition, we assessed effect modification by nativity status, coping, and other factors that have
been shown to modify the relation between racism and health
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TABLE 4. “Lifetime” Perceived Racism and Risk of Uterine Leiomyomata

Lifetime experiences of racism
Job discrimination
No‡
Yes
Housing discrimination
No‡
Yes
Police discrimination
No‡
Yes
Summary variable
No to all incidents above‡
Yes to 1
Yes to 2
Yes to all 3
Test for ordinal trend

No.
Cases

No.
Person-Years

Crude
IR

Multivariable IRR
(95% CI)*

Multivariable IRR
(95% CI)†

1440
2000

48,534
58,594

29.7
34.1

1.00
1.10 (1.03–1.17)

1.00
1.09 (1.02–1.17)

2261
1179

74,071
33,056

30.5
35.7

1.00
1.10 (1.03–1.18)

1.00
1.13 (1.05–1.21)

2547
893

81,537
25,590

31.2
34.9

1.00
1.13 (1.05–1.22)

1.00
1.14 (1.06–1.23)

1022
1158
866
394

35,030
37,343
24,365
10,389

29.2
31.0
35.5
37.9

1.00
1.04 (0.96–1.13)
1.16 (1.06–1.27)
1.22 (1.08–1.37)
P ⬍ 0.001

1.00
1.04 (0.96–1.13)
1.17 (1.07–1.28)
1.24 (1.10–1.39)
P ⬍ 0.001

*Adjusted for age and time period.
†
Adjusted for age, time period, parity, age at menarche, BMI, alcohol, smoking, age at first birth, years since last birth, oral contraceptive use, education,
marital status, income, occupation, geographic region, and foreign-born status.
‡
Reference group.
IR indicates incidence rate per 1000 person-years; CI, confidence interval.

outcomes.50 –55 Departures from the proportional hazards assumption were tested by the likelihood ratio test comparing
models with and without cross-product terms between the
summary racism variables and time-dependent age (⬍35 vs.
ⱖ35 years).

RESULTS
Frequency distributions of the self-reported racism
questions from the 1997 survey are shown in Table 1. The
percent of study participants who reported racism in their
“everyday” lives ranged from 55% (“afraid of you”) to 90%
(“better than you”). The percent who reported “lifetime”
experiences of racism ranged from 24% (“by police”) to 55%
(“on the job”).
Selected characteristics of the sample according to
summary measures of “everyday” and “lifetime” racism are
shown in Table 2. Everyday experiences of racism were
inversely related to age, being married or partnered, living in
the Northeast, being foreign-born, and having a recent Papanicolaou test, and positively related to BMI, smoking, alcohol
use, and living in the Midwest. Lifetime experiences of
racism were inversely related to living in the South and being
foreign-born, and positively related to age, working in a
white-collar occupation, smoking, alcohol use, and living in
the West or Midwest. Relative to native-born women, foreign-born women were younger, more educated, had higher
incomes and higher coping scores, and were more likely to
have older ages at menarche, lower BMI, and live in the
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Northeast (data not shown). In both groups, 90% reported
having had a Papanicolaou test in the prior 2 years.
During 107,127 person-years of follow-up, 3440 incident cases of uterine myomas confirmed by ultrasound (n ⫽
2774) or surgery (n ⫽ 666) were reported. The IRRs for all
5 measures of “everyday” racism were above 1.0, although
the associations were weak and often nonlinear (Table 3).
IRRs increased monotonically with increasing scores of the
“everyday” racism summary variable (P-trend ⬍0.001).
Job, housing, and police discrimination were each
weakly positively associated with myoma risk (Table 4). The
IRRs increased monotonically with increasing number of
“lifetime” events reported (P-trend ⬍0.001).
Foreign-born women (n ⫽ 1295; 6% of sample) had a
higher incidence of myomas than native-born women (multivariable IRR ⫽ 1.20; 95% CI ⫽ 1.05–1.38)69 but consistently reported lower levels of racism than native-born
women (data not shown). Positive associations between selfreported racism and risk of myomas were found among
native-born women, whereas null associations were found
among foreign-born women (Table 5). The largest difference
between native-born and foreign-born women was observed
for the “lifetime” summary variable (P-interaction ⫽ 0.008).
Overall results did not vary according to case definition
(ultrasound vs. surgery), age, questionnaire cycle, education,
income, or Papanicolaou test screening, which we used as a
proxy for gynecologic surveillance (data not shown). Results
were unchanged when we included myomas confirmed by
© 2007 Lippincott Williams & Wilkins
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TABLE 5. Summary Variables for “Lifetime” and “Everyday” Perceived Racism and Risk
of Uterine Leiomyomata, by Nativity Status
Summary Variable

No.
Cases

No.
Person-Years

Crude
IR

Multivariable IRR
(95% CI)*

US-born women
“Everyday” racism
⬍1.6†
1.6–1.9
2.0–2.5
ⱖ2.6
Test for ordinal trend
“Lifetime” racism
No to all†
Yes to 1
Yes to 2
Yes to all 3
Test for ordinal trend

422
881
976
920

15,751
27,291
30,151
27,163

26.6
32.3
32.4
33.9

1.00
1.18 (1.05–1.32)
1.20 (1.07–1.34)
1.31 (1.17–1.47)
P ⬍ 0.001

922
1077
825
375

32,446
35,072
23,001
9836

28.4
30.7
35.9
38.1

1.00
1.06 (0.97–1.16)
1.22 (1.11–1.34)
1.28 (1.13–1.44)
P ⬍ 0.001

Foreign-born women
“Everyday” racism
⬍1.6†
1.6–1.9
2.0–2.5
ⱖ2.6
Test for ordinal trend
“Lifetime” racism
No to all†
Yes to 1
Yes to 2
Yes to all 3
Test for ordinal trend

47
65
64
48

1291
1804
1693
1485

36.4
36.0
37.8
32.3

1.00
0.99 (0.68–1.46)
1.11 (0.75–1.64)
0.96 (0.63–1.46)
P ⫽ 0.98

90
78
39
17

2406
2092
1265
510

37.4
37.3
30.8
33.4

1.00
0.95 (0.69–1.30)
0.76 (0.51–1.12)
0.82 (0.49–1.39)
P ⫽ 0.18

Tests for nativity interaction (ordinal racism variable): “everyday” racism (P ⫽ 0.21) and “lifetime” racism (P ⫽ 0.008).
*Adjusted for age, time period, parity, age at menarche, BMI, alcohol, smoking, age at first birth, years since last birth, oral
contraceptive use, education, marital status, income, occupation, and geographic region.
†
Reference group.
IR indicates incidence rate per 1000 person-years; CI, confidence interval.

pelvic examination (n ⫽ 654) as cases. We did not find any
evidence that other potential markers of stress in our study—
eg, violence victimization, nightshift work, caregiving responsibilities—were independently associated with myoma
risk, with the exception of depression and depressive symptoms (data not shown), even though all of these measures
were associated with perceived racism. Moreover, control for
these other potential markers of stress had little effect on the
positive associations between perceived racism and myomas.
With respect to the potential stress mediators (exercise, religiosity, and coping skills), none was independently associated with myoma risk. However, the association between
“everyday” racism and myoma was weaker among women
who scored above the median on the abbreviated Carver
coping scale relative to below the median (Table 6). The
results for “lifetime” racism did not vary substantially by
coping levels. A similar phenomenon was observed for vigorous exercise (data not shown), such that among women
who exercised vigorously for ⱖ2 hours per week, the “ev© 2007 Lippincott Williams & Wilkins

eryday” racism-myoma association was weaker compared
with those exercising ⬍2 hours per week (P-interaction ⫽
0.09), but the associations with “lifetime” racism did not vary
(P ⫽ 0.78). Religiosity did not modify the association between racism and myomas.

DISCUSSION
In the present study, self-reported experiences of racism were associated with an increased risk of uterine myomas. Associations did not vary according to case definition (ie,
confirmation by ultrasound vs. surgery), age, education, income,
or levels of gynecologic screening, but the associations were
notably weaker among foreign-born women and among women
with higher coping skills (“everyday” racism only).
The negative impact of racism on health-related behaviors20 could increase myoma risk via heavy alcohol consumption, poor diet, and overweight or obesity.70 –72 However, we
found that the association between racism and myomas persisted after adjustment for various health-seeking and health-
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TABLE 6. Summary Variables for “Lifetime” and “Everyday” Perceived Racism and Risk
of Uterine Leiomyomata, by Median Score on the Abbreviated Carver Coping Scale
Summary Variable

No.
Cases

No.
Person-Years

Crude
IR

Below median score on coping scale
“Everyday” racism
⬍1.6†
160
5867
27.3
1.6–1.9
350
10,453
33.5
2.0–2.5
409
11,156
36.7
ⱖ2.6
370
9897
37.4
Test for ordinal trend
“Lifetime” racism
No to all†
386
12,625
30.6
Yes to 1
457
13,273
34.4
Yes to 2
319
8347
38.2
Yes to all 3
127
3129
40.6
Test for ordinal trend
Greater than or equal to median score on coping scale
“Everyday” racism
⬍1.6†
178
5385
33.1
1.6–1.9
317
9587
33.1
2.0–2.5
389
11,313
34.4
ⱖ2.6
326
10,122
32.2
Test for ordinal trend
“Lifetime” racism
No to all†
339
11,087
30.6
Yes to 1
401
12,888
31.1
Yes to 2
312
8598
36.3
Yes to all 3
158
3833
41.2
Test for ordinal trend

Multivariable IRR
(95% CI)*

1.00
1.18 (0.98–1.42)
1.34 (1.12–1.61)
1.43 (1.18–1.72)
P ⬍ 0.001
1.00
1.10 (0.96–1.26)
1.19 (1.02–1.38)
1.25 (1.02–1.53)
P ⫽ 0.007

1.00
0.99 (0.83–1.19)
1.05 (0.88–1.26)
1.00 (0.83–1.20)
P ⫽ 0.82
1.00
1.01 (0.88–1.17)
1.15 (0.99–1.35)
1.28 (1.06–1.56)
P ⫽ 0.005

Restricted to 14,371 (65.3%) women who completed coping scale in 2005.
Tests for coping interaction (ordinal racism variable): “everyday” racism (P ⫽ 0.006) and “lifetime” racism (P ⫽ 0.43).
*Adjusted for age, time period, parity, age at menarche, BMI, alcohol, smoking, age at first birth, years since last birth, oral
contraceptive use, education, marital status, income, occupation, geographic region, and foreign-born status.
†
Reference group.
IR indicates incidence rate per 1000 person-years; CI, confidence interval.

related behaviors (eg, Papanicolaou test screening, alcohol
consumption, and BMI), suggesting that other mechanisms
are at play. Other potential markers of “stress” (lifetime
violence victimization, working on a second job, childcare or
caregiving responsibilities, night shift work, and physiciandiagnosed depression) were positively associated with perceived racism but not with myoma risk. Moreover, control for
these measures had little impact on the strength of the
association between racism and myoma. These findings suggest that stressors other than racism do not explain the
observed association and that the type of stress induced by
racism may be different from other types of stress.
The association between “everyday” racism and myomas was weaker among women with high coping skills as
measured by the Carver coping scale,61 but the association
with “lifetime” racism was similar in both coping groups. A
similar interaction was observed for vigorous exercise. The
observation that coping skills and exercise modified the effect
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of racism supports a stress mechanism. These findings agree
with studies showing that allostatic load can be mediated or
“buffered” by social support73–75 and exercise.76 Our findings
also suggest that stress mediators have a larger impact on
chronic than acute exposure to racism, as the buffering effects
were most pronounced for the “everyday” racism associations. However, because coping was measured after the
occurrence of myoma, a cautious interpretation of these
findings is warranted.
Foreign-born women reported lower levels of perceived
racism than native-born women, consistent with findings
from several studies of US immigrants.77– 80 According to
Waters, voluntary immigrants to the United States tend to
“see prejudice and discrimination as more isolated occurrences, and as temporary barriers to be overcome, rather than
as permanent, pervasive symptoms of a society that has
overarching enmity toward them.”77(p. 147) Immigrants may
downplay race in their perceptions of interpersonal relations,
© 2007 Lippincott Williams & Wilkins
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thereby making them less likely to define discriminatory
events as racism. If foreign-born women who experience
unfair treatment are less likely to perceive it as race-based,
this might explain the lack of association between racism and
myoma risk in this subgroup.
Another explanation for the absence of an effect among
foreign-born blacks is that they are more likely to challenge
unjust or unequal treatment77 and have more resources for
buffering the effects of discrimination.51–53,55,81 In a study of
more than 4000 women and men, those who were conscious
of instances of discrimination and who challenged discrimination (ie, tried to do something about unfair treatment and
talked to others about it) had a lower risk of elevated blood
pressure relative to those who were less aware of discriminatory acts and less likely to challenge them.82 If, as suggested by Waters,77 foreign-born women are more likely to
challenge racism, and the act of challenging these events
protects against myoma risk, we might also observe smaller
effects in this subgroup. In agreement with prior data, foreign-born women had higher coping scores on average than
native-born women in our study. Nonetheless, given the
relatively small number of such women in this subgroup, we
cannot rule out chance as a possible explanation.
Measures of self-reported racism in the present study
have been widely used17,50,83 and demonstrate high reproducibility both within our cohort50 and in other studies.17,24,83
Exploratory factor analysis confirmed the preconceptualized
domains of “everyday” and “lifetime” experiences of racism,
suggesting that these questions are capturing the underlying constructs they were intended to measure. The prevalence of reported perceived discrimination is consistent
with other studies that have measured perceived racism.17,82 Because the racism data were collected before the
diagnosis of myoma, any error in the reporting of racism is
unlikely to depend on the outcome and will generally
result in bias towards the null.
A limitation of the present study is that myoma
diagnoses were self-reported. However, in our validation
study,67 the diagnosis was confirmed in more than 96% of
the cases from whom we obtained medical records. There
was little difference between the cases who did and did not
release their medical records with respect to reported
symptoms, method of diagnosis, or important risk factors
for myomas. Not all study participants were screened for
myomas and true cases may have missed, particularly
those with asymptomatic disease. However, our data
should more accurately represent women with symptomatic tumors because, a low percentage of cases (13%) were
detected incidentally and because rates of myoma diagnoses in our study are similar to rates reported in other US
studies based on prospective cohort and hospital discharge
data.67 Symptomatic myomas reflect the burden of disease
in reproductive-aged women.6
© 2007 Lippincott Williams & Wilkins
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The association between perceived racism and myomas
was evident after adjustment for several lifestyle and behavioral risk factors, as well as important measures of socioeconomic status (education, occupation, income, and marital
status), although it is still possible that confounding by
unmeasured or unknown risk factors contributed to the observed associations.
The Black Women’s Health Study is a convenience
sample of women with higher levels of education than the
general population. Nonetheless, prevalence estimates of established risk factors for myomas— eg, age at menarche84
and parity84—are similar to those found in nationally representative studies. Because the association between perceived
racism and myomas in US-born participants did not vary
appreciably by other factors such as education, income, and
age, we expect the positive findings to be generalizable to a
broader population of US black women.
In summary, we found that self-reported experiences of
racism were positively associated with risk of uterine myomas in
US-born black women and that greater coping skills might
buffer this association. Racial discrimination is a prevalent and
pervasive problem in the United States, and self-reported racism
has been linked to several mental and physical health outcomes.20 Although the associations seen here are modest, the
prevalence of perceived racism is high enough that a causal
association could explain a non-negligible fraction of the excess
disease burden of uterine myomas in black women.
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Anthropometric Characteristics and Risk of
Uterine Leiomyoma
Kathryn L. Terry,*†‡ Immaculata De Vivo,*† Susan E. Hankinson,*† Donna Spiegelman,†§
Lauren A. Wise,¶ and Stacey A. Missmer*†‡
Background: The etiology of uterine leiomyoma (or fibroids) is
poorly understood. Sex steroid hormones and growth factors have
been hypothesized to play a role in their development, and anthropometric characteristics may influence uterine leiomyoma risk.
Methods: We analyzed prospectively-collected data from the
Nurses’ Health Study II, a cohort of 116,609 female registered
nurses age 25 to 42 years at baseline. Incidence of uterine leiomyoma and anthropometric characteristics were assessed every 2 years.
We calculated hazard ratios and 95% confidence intervals adjusted
for known and suspected risk factors for uterine leiomyoma.
Results: Uterine leiomyomas were associated with current body
mass index, change in weight since age 18, and waist-to-hip ratio.
However, there was little evidence of their association with body
mass index at age 18, childhood or adolescent body size, or adult
height.
Conclusion: Body mass and weight gain in adulthood may increase
the risk of uterine leiomyoma, but body mass in early life does not.

U

terine leiomyomas, also known as fibroids, are benign
tumors of the uterus and the leading cause of hysterectomy
in the United States, accounting for $1.2 billion in hospital
expenditures annually.1–3 Approximately 1 in 4 women have
uterine leiomyomas that come to clinical attention.4 Symptoms
vary in severity and include pelvic pain, abnormal menstrual
bleeding, and pregnancy complications.5
The etiology of uterine leiomyoma is poorly understood. Sex steroid hormones and growth factors have been
hypothesized to play a role.6,7 Since endogenous hormones
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influence growth during childhood and are associated with
excess weight and body shape, anthropometric characteristics
may be an outward reflection of the internal hormonal milieu.
In 1998, Marshall et al8 reported on the association
between body size and risk of incident uterine leiomyoma in
the Nurses Health Study II over 4 years of follow-up. Here,
we present a more detailed, extended analysis of this cohort
including 12 years of follow up, with more than twice the
number of incident cases of uterine leiomyoma previously
reported and an evaluation of body size during childhood.

METHODS
In 1989, 116,609 female registered nurses age 25 to 42
years and living in 1 of 14 US states responded to a baseline
questionnaire about their medical histories and lifestyles.
Women who reported cancer at enrollment (not including
nonmelanoma skin cancer) were excluded. Follow-up questionnaires have been sent biennially to update information on
risk factors and medical events. Follow-up for this cohort
exceeds 95%. This study was approved by the institutional
review boards of Brigham and Women’s Hospital and Harvard School of Public Health (Boston, MA).

Exposure Assessment
Height, current weight, and weight at age 18 were
self-reported at baseline (in 1989), and weight was selfreported in each follow-up questionnaire. In 1993, participants were provided with a tape measure and asked to
report their waist and hip measurements within a quarter of
an inch. The validity of self-reported height (r ⫽ 0.94) and
weight at age 18 (r ⫽ 0.87) has previously been demonstrated in this cohort.9
Body shape throughout childhood and early adulthood
(ages 5, 10, 20, 30, 40, and current) was assessed at baseline
using a set of body shapes (Fig. 1) originally developed by
Stunkard et al10 and shown to be correlated with measured
body fatness in several studies (r ⫽ 0.36 – 0.83).11–13 Childhood body fatness was assessed by averaging the shapes
reported for ages 5 and 10, and adolescent body fatness was
assessed by averaging the shapes reported for ages 10 and 20.

Outcome Assessment
Incidence of uterine leiomyoma was first assessed in
1993. Participants were asked if they had ever had uterine
Epidemiology • Volume 18, Number 6, November 2007
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FIGURE 1. Pictograph used in baseline questionnaire to assess body
fatness.

fibroids diagnosed by a physician and, if so, the date of first
diagnosis and method of confirmation. A woman was considered a case only if she reported an ultrasound- or hysterectomy-confirmed uterine leiomyoma. Women who reported
a fibroid that had not been confirmed by ultrasound or
hysterectomy (ie, pelvic examination only) did not contribute
person-time to that time period but were allowed to re-enter
the analysis if the fibroid was later confirmed. Self-report of
uterine leiomyomas was previously validated in a small
subset of this cohort.14

Statistical Analysis

Women were excluded if they had died (n ⫽ 1), had a
uterine leiomyoma at baseline (n ⫽ 5284), the date of fibroid
diagnosis was unknown (n ⫽ 900), had a hysterectomy (n ⫽
4900), were postmenopausal (n ⫽ 482) or had history of
cancer (n ⫽ 692). Each participant contributed follow-up
time, measured in months, from the return of the 1989
questionnaire until the first of the following events: report of
a uterine leiomyoma, death, hysterectomy, cancer diagnosis,
menopause, the return of the 2001 questionnaire, or the last
returned questionnaire (if lost to follow-up). Cutpoints for
current body mass index (BMI) categories are based on
World Health Organization guidelines identifying overweight
(ⱖ25.0 kg/m2) and obese (ⱖ30.0 kg/m2) women.15
We used Cox proportional hazards regression models to
estimate the association between anthropometric characteristics and uterine leiomyoma while controlling for known and
suspected uterine leiomyoma risk factors. In addition, we
performed stratified analyses to evaluate whether the association between anthropometric variables and uterine leiomyoma varied between subgroups. We stratified by race, recent
breast or pelvic examination, fertility status, and parity. To
test for interaction, we used a likelihood ratio test comparing
a model with interaction terms and main effects to a model
with only main effects. Analyses that included waist-to-hip
ratio were restricted to follow-up between 1993 and 2001.
To assess the influence of misclassification of the outcome, we used methods proposed by Duffy et al.16 Briefly,
we determined the corrected log hazard ratio (HR) by dividing the log HR by the sum of the positive predictive value, the
negative predictive value and negative one. We assumed
self-reported uterine leiomyoma had a positive predictive
© 2007 Lippincott Williams & Wilkins

value of 93% based on the validation study performed earlier
in this population14 and a negative predictive value of 51%
based on the sonographic screening of a randomly selected
population with no reported uterine leiomyoma.17

RESULTS
During 999,728 person-years of follow-up, we observed 8446 incident cases of uterine leiomyoma confirmed
by ultrasound or hysterectomy. Overall, we observed an
increased incidence of uterine leiomyoma with increasing
BMI (Table 1). This association was attenuated after adjusting for potential confounders, particularly age at menarche,
age at first birth and time since last birth. When we corrected
our estimates for misclassification of the outcome, we observed a stronger association between BMI and uterine
leiomyoma. Compared with women who had a BMI ⬍20, the
corrected HRs for women with BMIs of 20 –21.9, 22 to 23.9,
24 –24.9, 25–26.9, 27–29.9, ⱖ30 were 0.83 关95% CI ⫽
0.67–1.01兴, 1.07 (0.91–1.26), 1.34 (1.09 –1.65), 1.35 (1.12–
1.62), 1.77 (1.48 –2.12), and 1.98 (1.69 –2.33), respectively.
HRs did not vary substantially from original estimates when
uterine leiomyomas diagnosed by pelvic examination were
included in the case definition. We observed an even greater
risk of uterine leiomyoma for parous women with a BMI of
30 or more (covariate-adjusted HR ⫽ 1.41; 1.30 –1.54), but a
decreased risk for nulliparous women with a BMI of 30 or
more (0.88; 0.78 –1.01). After age-adjustment, the test for
interaction was statistically significant (P value ⫽ 0.03);
however, when parity-associated variables were added to the
model (eg, age at first birth, time since last birth), the test for
interaction was no longer significant (P value ⫽ 0.62).
Weight change since age 18 was associated with uterine
leiomyoma incidence (Table 1). Additional adjustment for
BMI at age 18 did not change the association (data not
shown). Parity, age at first birth, and time since last birth had
the greatest influence on multivariate estimates. We observed
a trend in increasing uterine leiomyoma risk with increasing
waist-to-hip ratio (P ⫽ 0.02) but no association between
height and incidence of uterine leiomyoma. We observed no
clear associations between BMI at age 18 and uterine leiomyoma risk, and the association remained null when we corrected for misclassification of the outcome; likewise, body
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TABLE 1. Association Between Anthropometric Characteristics and Incidence of Uterine Leiomyoma
in Premenopausal Women, Nurses’ Health Study II, 1989 –2001
Anthropometric
Characteristic
Current BMI† (kg/m2)
⬍20
20–21.9‡
22–23.9
24–24.9
25–26.9
27–29.9
ⱖ30
Test for trend
BMI at age 18†§ (kg/m2)
ⱕ18.5
18.5–19.9
20–21.9‡
22–24.9
ⱖ25
Test for trend
Weight change since age 18 (kg)
Lost ⱖ5
Lost 3–4.9
‡
Stable
Gained 3–4.9
Gained 5–9.9
Gained 10–14.9
Gained 15–19.9
Gainedⱖ 20
Test for trend
Height at baseline (1989)
ⱕ5⬘ 2⬙
5⬘ 3⬙–5⬘ 4⬙
5⬘ 5⬙–5⬘ 6‡
5⬘ 7⬙–5⬘ 8⬙
ⱖ5⬘ 9⬙
Test for trend
Waist-to-hip ratio
⬍0.70
0.70–0.79‡
0.80–0.89
⬎0.89
Test for trend

No.
Cases

No.
Person-Years

Age-Adjusted
RR (95% CI)

Multivariate Adjusted*
RR (95% CI)

693
1555
1431
672
952
1017
1636

105,783
204,777
176,584
73,382
102,538
95,403
144,052

0.92 (0.84–1.01)
1.00
1.03 (0.96–1.11)
1.14 (1.04–1.25)
1.14 (1.05–1.24)
1.29 (1.19–1.39)
1.35 (1.26–1.45)
P ⬍ 0.0001

0.94 (0.86–1.03)
1.00
1.01 (0.94–1.08)
1.10 (1.00–1.20)
1.07 (0.99–1.17)
1.17 (1.08–1.27)
1.14 (1.05–1.22)
P ⬍ 0.0001

1197
2009
2623
1611
932

144,946
245,936
312,474
185,885
100,507

0.99 (0.92–1.06)
0.98 (0.92–1.03)
1.00
1.04 (0.97–1.10)
1.11 (1.03–1.19)
P ⫽ 0.001

1.01 (0.94–1.08)
1.00 (0.95–1.06)
1.00
0.99 (0.93–1.05)
0.96 (0.89–1.04)
P ⫽ 0.26

273
171
1139
818
1648
1265
838
1893

35,088
26,969
173,833
105,288
203,756
134,556
84,535
163,175

1.18 (1.03–1.34)
0.98 (0.84–1.15)
1.00
1.16 (1.06–1.27)
1.16 (1.07–1.25)
1.30 (1.20–1.41)
1.34 (1.22–1.46)
1.51 (1.41–1.63)
P ⬍ 0.0001

1.10 (0.96–1.26)
0.97 (0.82–1.14)
1.00
1.15 (1.05–1.26)
1.14 (1.05–1.23)
1.25 (1.15–1.35)
1.25 (1.14–1.37)
1.31 (1.22–1.42)
P ⬍ 0.0001

1611
2287
2352
1533
650

186,499
270,609
274,307
187,663
79,021

1.00 (0.94–1.07)
0.99 (0.93–1.05)
1.00
0.98 (0.92–1.04)
0.99 (0.91–1.08)
P ⫽ 0.73

0.98 (0.92–1.05)
0.98 (0.93–1.04)
1.00
0.98 (0.92–1.05)
1.00 (0.92–1.09)
P ⫽ 0.64

546
858
726
688

59,360
90,330
67,237
63,508

0.96 (0.87–1.07)
1.00
1.14 (1.03–1.26)
1.12 (1.02–1.24)
P ⬍ 0.001

0.95 (0.85–1.05)
1.00
1.13 (1.02–⫺.25)
1.06 (0.96–1.18)
P ⫽ 0.02

*Adjusted for age (in months), age at menarche (⬍10, 11, 12, 13, 14 –15, ⬎16, missing), infertility (yes, no, missing), married (ever, never,
missing), ancestry (Caucasian, African American, Hispanic, Asian, Other), parity (0, 1, 2, 3, ⱖ4) and age at first birth (⬍24, 25–30, ⬎30,
missing), time since last birth (⬍1 yr, 1–3, 4 –5, 6 –7, 8 –9, 10 –12, 13–15, ⱖ16, missing), age at first oral contraceptive use (13–16, 17–20, 21–24,
ⱖ25, missing), smoking status (never, past, current), diastolic blood pressure (⬍65, 65–74, 75– 84, 85– 89, ⱖ90).
†

BMI during pregnancy coded as missing.
Reference category.
The association between BMI at age 18 and uterine leiomyoma is adjusted for weight change since age 18 as well as all
covariates above.
¶
Less than 3 kg change in weight.

Waist and hip measurements were collected in 1993; therefore follow up for this exposure started in 1993. The association
between waist-to-hip ratio and uterine leiomyoma is adjusted for current BMI and height, in addition to all the covariates listed
above.
‡
§
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TABLE 2. Association Between Body Shape During Development and Incidence of Uterine
Leiomyoma in Premenopausal Women.
Body Shape
During Development
Childhood
1 (lean)†
2
3
4
5
6
7–9 (obese)
Test for trend
Adolescence
1 (lean)*
2
3
4
5
6
7–9 (obese)
Test for trend

No.
Cases

No.
Person-Years

Age-Adjusted
RR (95% CI)

Multivariate Adjusted
RR (95% CI)

1972
2492
2094
1149
426
98
26

226,720
310,642
247,022
132,868
47,119
10,614
1950

1.00
0.95 (0.89–1.00)
0.98 (0.92–1.04)
0.98 (0.91–1.05)
1.01 (0.91–1.12)
1.01 (0.82–1.24)
1.42 (0.96–2.09)
P ⫽ 0.59

1.00
0.96 (0.90–1.02)
0.96 (0.91–1.03)
0.94 (0.88–⫺.02)
0.94 (0.85–1.05)
0.92 (0.75–1.13)
1.19 (0.81–1.76)
P ⫽ 0.16

1241
2685
2420
1448
426
99
15

140,172
328,417
293,059
161,619
49,460
9844
1975

1.00
0.97 (0.90–1.04)
0.97 (0.90–1.04)
1.04 (0.96–1.12)
0.98 (0.88–1.09)
1.15 (0.94–1.41)
0.86 (0.51–1.43)
P ⫽ 0.27

1.00
0.97 (0.91–1.05)
0.95 (0.89–1.02)
0.98 (0.91–1.06)
0.90 (0.80–0.99)
1.00 (0.82–1.23)
0.76 (0.45–1.26)
P ⫽ 0.16

*See
first footnote to Table 1 for adjustment variables.
†
Reference category.

fatness during development was not associated with uterine
leiomyoma risk (Table 2).
We observed a stronger association for current BMI
and weight change with uterine leiomyoma among white
women than among African American women (Appendix
Table A1, available with the online version of this paper).
However, there was no significant interaction by race.
Furthermore, we observed no material differences in associations when assessed by fertility status or recent gynecologic examination.
In further analyses, we restricted follow-up from 1993
to 2001, since uterine leiomyoma diagnosed between 1989
and 1993 had been recalled in 1993. We found no appreciable
differences in the associations between anthropometric characteristics and incidence of uterine leiomyoma.

DISCUSSION
Overall, we observed that current BMI, change in
weight since age 18, and waist-to-hip ratio were each associated with an increase in uterine leiomyoma risk. However,
we observed no association with BMI at age 18, childhood or
adolescent body size, or adult height. This pattern suggests
that body mass and weight gain in adulthood increases uterine
leiomyoma risk, while body mass up to age 18 does not.
Previous studies of BMI and uterine leiomyoma are
inconsistent.8,18,19 Some have reported an increased risk of
uterine leiomyoma with increasing BMI20,21 while others
have reported no association.19,22,23 Study design, method of
© 2007 Lippincott Williams & Wilkins

case identification, or the ethnic makeup of the study population could explain these differences. Our results are generally consistent with those reported by Marshall et al.8 As
expected, we were able to generate more precise estimates of
these associations due to longer follow-up. Attenuation of the
association in the multivariate model suggests the presence of
confounding, and, given the small size of the effect, residual
or unmeasured confounding could explain the association
between BMI and uterine leiomyoma. Ultrasound examination is common during pregnancy and could lead to more
frequent detection of subclinical uterine leiomyoma. Although we observed a stronger association among parous
women, it was not statistically different from our observations among nulliparous women. Others have shown that high
blood pressure is associated with an increased risk of uterine
leiomyoma,24,25 which could explain the association between
weight and uterine leiomyoma. However, in our analyses the
association persisted after adjustment for hypertension and
hypertension medications.
Hyperinsulinemia and insulin resistance that result
from excess weight decrease hepatic production of the insulin
growth factor (IGF) binding proteins; consequently, free IGF
levels are elevated.26 Women with a high waist-to-hip ratio
are more likely to have hyperinsulinemia and insulin resistance.27 We observed slightly increased uterine leiomyoma
risk with increased waist-to-hip ratio, suggesting a role for
hyperinsulinemia, insulin resistance, and IGF in uterine
leiomyoma development. However, fibroids were not associ-
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ated with height (which is associated with elevated IGF levels
during growth and development28), BMI at age 18, or body
size during development, suggesting that elevated IGF before
adulthood does not influence uterine leiomyoma risk.
Pattern of association with body size across the lifecourse is a focus of investigation for several disease processes, including breast cancer29 and cardiovascular disease.30 A concentration of effect in adulthood suggests that
uterine leiomyoma risk is neither initiated nor promoted as
part of gynecologic development and the menarchal axis, but
rather is driven by physiologic processes associated with
adult body size and weight change.
Our study is limited by the fact that many uterine leiomyomas are asymptomatic. Approximately 50% of women age
35– 49 years with no previous history of uterine leiomyoma will
have a uterine leiomyoma detected by ultrasound.17 Consequently, spurious associations may be observed between exposures that are associated with medical surveillance and uterine
leiomyoma, if increased surveillance leads to the detection of
subclinical uterine leiomyoma. Since we observed no difference
by fertility status or recent gynecologic examination (which are
proxies for medical surveillance), detection bias is unlikely.
Furthermore, correction for misclassification resulted in slightly
stronger associations. Therefore, variables that appear to have no
association with uterine leiomyoma may truly be associated.
With respect to public health significance, uterine
leiomyoma that come to clinical attention are the most relevant to study, since these are a source of considerable morbidity. Undetected uterine leiomyomas are more likely to be
asymptomatic31; therefore, identification of factors involved
in the initiation of uterine leiomyoma development may not
be as important. Since our population is predominantly white,
we are limited in our ability to evaluate race-specific differences in uterine leiomyoma risk.
Strengths of our study include its large sample size,
prospective design, evaluation of childhood body size relations,
and updated exposure and covariate information. Our ability to
update weight over time is particularly useful since weight at
different life stages can have different associations with disease.
In conclusion, our data suggest that excess weight and
central adiposity in adulthood are associated with a modest
increase in the risk of uterine leiomyoma in premenopausal
women. However, anthropometric measures influenced by early
life exposures, including height, weight at age 18, and body size
during childhood and adolescence, do not influence uterine
leiomyoma risk.
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Job Strain and Risk of Breast Cancer
Hannah Kuper,* Ling Yang,† Tores Theorell,‡ and Elisabete Weiderpass†§
Background: Cohort studies investigating the association between
stress and breast cancer have shown highly inconsistent results.
Methods: The Women’s Lifestyle and Health Cohort Study included 36,332 Swedish women age 30 –50 years who were employed at baseline (1991–1992). Participants were followed through
December 2004 using linkages to national registries. A total of 767
women were diagnosed with breast cancer during follow-up.
Results: Among women working full-time, low job control and high
job demands were weakly associated with breast cancer risk (hazard
ratios of 1.2; 95% CI ⫽ 1.0 –1.5). Women with both low job control
and high job demands (“job strain”) had higher risk of breast cancer
than women with high job control and low demands (“low strain”)
(1.2; 0.9 –1.6). Multivariate adjustment slightly strengthened the
association between breast cancer and job strain (1.4; 1.1–1.9),
whereas the associations with control and demands were unchanged.
Work characteristics were unrelated to breast cancer risk among
women working part-time.
Discussion: There was a small increased risk of breast cancer
among women in full-time employment who experienced job strain,
but not among part-time workers.

T

he belief that stress causes cancer is widespread in the
general public, although the epidemiologic evidence is
sparse and inconsistent. Most studies exploring the association between stress and breast cancer have been case-control
studies,1 which are vulnerable to recall bias, or cohort studies
that investigated the effect of stressful life events,2– 4 rather
than stress itself. Only a handful of prospective studies have
assessed the association between self-reported stress and breast
cancer, and the results are highly inconsistent. A Swedish cohort
study of 1462 women age 38 – 60 years followed for 24 years
found an almost doubled risk of breast cancer among women

Submitted 3 January 2007; accepted 15 June 2007.
From the *Clinical Research Unit, London School of Hygiene and Tropical
Medicine, London, United Kingdom; †Department of Medical Epidemiology and Biostatistics and ‡Division of Psychosocial Factors and Health,
Department of Public Health Sciences, Karolinska Institutet, Stockholm,
Sweden; and §The Cancer Registry of Norway, Oslo, Norway.
Supported by the Swedish Council for Planning and Co-ordination of
Research, Swedish Cancer Society, STINT (The Swedish Foundation for
International Cooperation in Research and Higher Education) Organon,
Pharmacia, Medical Products Agency and Schering-Plough. The travel
costs for Hannah Kuper and Ling Yang were supported by a joint
program grant from the Royal Society.
Correspondence: Hannah Kuper, Clinical Research Unit, London School of
Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT,
UK. E-mail: hannah.kuper@lshtm.ac.uk.
Copyright © 2007 by Lippincott Williams & Wilkins
ISSN: 1044-3983/07/1806-0764
DOI: 10.1097/EDE.0b013e318142c534

764

categorized as stressed.5 In contrast, the Copenhagen City Heart
Study of 6689 mostly postmenopausal women followed for 18
years showed that the most stressed women had about half the
risk of breast cancer as the least stressed women.6 A prospective
study of 10,519 Finnish mainly premenopausal women followed
for 20 years failed to show an association between self-reported
stress and risk of breast cancer.7 The Nurses’ Health Study,
again among mostly postmenopausal women and followed up to
8 years, found no association between stress from caregiving and
breast cancer (n ⫽ 55,395 women).8
The Nurses’ Health Study also looked specifically at the
association between stress at work and risk of breast cancer.
They measured work stress using the dominant KarasekTheorell “job strain model,” in which job strain is defined
as the condition of simultaneous high demands and low
control at work.9 This study showed no association between job
strain and breast cancer among 37,562 women.10,11
The aim of this study was to assess the association
between stress at work and risk of breast cancer in a Swedish
cohort.

METHODS
Study Population
The Women’s Lifestyle and Health cohort was enrolled
in 1991–1992. A sample of 96,000 women age 30 – 49 years
residing in the Uppsala Health Care Region were randomly
selected from the Swedish Central Population Registry at
Statistics Sweden.12 They were sent a survey questionnaire;
49,259 women returned the completed questionnaire.

Follow-up and Breast Cancer Endpoints
The cohort was followed-up through linkages with the
death register, the register of population migration, and the
national cancer register, using the unique national registration
number of the women. Follow-up was virtually complete
with respect to death, emigration, and breast cancer. The start
of follow-up was from the date of receipt of the returned
questionnaire. Person-years were calculated until the primary
diagnosis of breast cancer, date of emigration or death, or the
end of follow-up (31 December 2004), whichever came first.
For these analyses, we excluded 12,286 women who did not
work full- or part-time, 16 with no information about job
stress, 5 women who had died or emigrated before the start of
follow-up, and 620 women with a history of invasive cancer
before enrolment. The final study population included 36,332
women. The average length of follow-up was 12.9 years.
Epidemiology • Volume 18, Number 6, November 2007
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During the follow-up period 767 women were diagnosed with
breast cancer.
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RESULTS

active work. A similar proportion of women working parttime reported experiencing job strain (28%) or low strain
(15%), but passive work was more common (42%) and active
work less common (14%) than among full-time workers.
Women working full-time who experienced job strain were
far less likely to have been educated for 16 years or more
(corresponding to postgraduate degrees). They were more
likely to have breast cancer risk factors (including higher
body mass index, shorter mean duration of breast-feeding,
lower levels of exercise, and higher levels of smoking), but
had the beneficial characteristics of an earlier age at first birth
and lower levels of alcohol consumption (Table 1). Women
experiencing job strain or passive work conditions were
somewhat more likely to be secretaries or cleaners, and less
likely to be teachers than women experiencing low strain or
active work conditions. Breast cancer risk factors were very
similar among those full-time workers exposed to low social
support at work and those with high social support at work
(data not shown). The associations between job strain and
breast cancer risk factors were broadly similar among parttime workers.
Among full-time workers, the age-adjusted analyses
showed a weak association between low job control and
high job demands and increased risk of breast cancer (for
low control HR ⫽ 1.2, 95% CI ⫽ 1.0 –1.5; for high
demands 1.2, 1.0 –1.5; Table 2). Low social support at
work was not related to risk of breast cancer (0.8; 0.6 –1.0).
Women with job strain experienced a slightly elevated risk
of breast cancer (1.2; 0.9 –1.6).
The associations between low job control and high job
demands with breast cancer was essentially unchanged after
adjustment for breast cancer risk factors (1.3; 1.0 –1.7 for
both), whereas the association between job strain and breast
cancer risk was slightly strengthened 1.4 (1.1–1.9). Further
adjustment for the frequency of mammography did not alter
the results. Stratifying the analyses by social support at work
showed a stronger association between job strain and breast
cancer among women with high social support at work
(multivariate-adjusted HR ⫽ 1.6; 1.0 –2.4) than in women
with low social support at work (1.1; 0.7–1.7). Stratifying by
menopausal status at diagnosis did not reveal any effect
modification in these associations by postmenopausal status
(data not shown).
Among the part-time workers there was no age-adjusted association between high job demands (0.9; 0.6 –1.1),
low job control (1.0; 0.8 –1.3), low social support at work
(0.9; 0.7–1.2) or job strain (0.9, 0.6 –1.2), and risk of breast
cancer. These associations were essentially unchanged after
adjustment for other breast cancer risk factors (data not
shown).

At baseline, there were 20,042 women working fulltime (55%) and 16,290 working part-time (45%). Among the
women working full-time, 28% reported that they experienced job strain, 18% low strain, 28% passive work, and 27%

This study showed a small increased risk of breast
cancer among women working full-time who experience job

Exposure Classification
Job Stress
Work characteristics were measured using established
questionnaires for the central components of the job strain
model: job demands (ie, the need to work quickly and hard;
5 questions), job control (ie, the ability to use skills on the job
and decision-making authority; 6 questions), and social support at work (ie, the nature and quality of social support at
work; 6 questions).9 Scores for each scale were calculated as
the sum of the item scores. Next, 4 quadrants of job strain
were constructed by cross-tabulating job demands and job
control, both divided at the median. The quadrants created
were labeled: “active work” - high demand and high control;
“job strain” - high demand and low control; “low strain” - low
demand and high control; and “passive work” - low demand
and low control. Women in the “job strain” quadrant were
regarded as suffering from stress at work. Women classified
their job title as secretary, nurse, other health care professional, teacher, cleaner, businesswoman, or other type of
employment.

Covariates
The questionnaire included a detailed assessment of
established breast cancer risk factors, which were: parity,
age at first birth, age at menarche, oral contraceptive use,
family history of breast cancer, duration of breast-feeding,
body mass index 关weight (kg) divided by height (m2)兴,
physical activity, education, alcohol consumption, and
cigarette smoking.

Statistical Analysis
We compared the proportion of women exposed to
breast cancer risk factors by category of job strain, stratifying
by full- and part-time work status. We calculated hazard
ratios (HRs) using the Cox proportional hazards regression
model, to assess the association between job strain and breast
cancer incidence, stratifying by full- and part-time work
status. All analyses were adjusted for age at baseline. The
models were adjusted further for education and the established breast cancer risk factors. The final models were
stratified by social support at work.

Ethics
The study was approved by the Data Inspection Board
in Sweden and by the regional Ethical Committee. Consent
was assumed by the return of the postal questionnaire.
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TABLE 1. Characteristics* of the Participants According to Level of Job Strain Among Full-Time Workers,
Women’s Lifestyle and Health Study

Characteristic
Age (yrs); mean ⫾ SD
Menarche ⱕage 12
Nulliparous
ⱖ3 children
Age at first birth ⱖ25 yrs
Family history of breast cancer
Ever use of oral contraceptive
Body mass index ⱖ25
Smoking (pack-years) ⱖ10
Mean alcohol (g/d); mean ⫾ SD
Education ⱖ16 yrs
Mean months of breast feeding;
mean ⫾ SD
Exercise high or very high
Job type
Secretary
Nurse
Other health care position
Business
Teacher
Cleaner
Other

Job Strain
(High Demand/
Low Control)
(n ⴝ 5504)

Passive
(Low Demand/
Low Control)
(n ⴝ 5530)

Active
(High Demand/
High Control)
(n ⴝ 5441)

Low Strain
(Low Demand/
High Control)
(n ⴝ 3567)

41.3 ⫾ 5.7
2067 (38%)
1265 (23%)
1093 (20%)
1390 (25%)
497 (9%)
4566 (83%)
1568 (29%)
1949 (35%)
3.7 ⫾ 4.5
575 (11%)
7.2 ⫾ 8.5

41.5 ⫾ 5.7
1917 (35%)
1155 (21%)
1183 (21%)
1345 (24%)
482 (9%)
4539 (82%)
1544 (28%)
1864 (34%)
3.7 ⫾ 4.9
376 (7%)
7.2 ⫾ 8.0

41.6 ⫾ 5.5
2061 (38%)
1208 (22%)
1063 (20%)
2004 (37%)
566 (10%)
4632 (85%)
1354 (25%)
1635 (30%)
4.6 ⫾ 5.7
1717 (32%)
8.9 ⫾ 9.9

41.6 ⫾ 5.6
1289 (36%)
771 (22%)
750 (21%)
1171 (33%)
330 (9%)
2978 (84%)
893 (25%)
1031 (29%)
4.4 ⫾ 4.8
851 (24%)
8.3 ⫾ 8.9

1343 (24%)

1325 (24%)

1728 (32%)

1083 (30%)

603 (11%)
339 (6%)
970 (18%)
237 (4%)
363 (7%)
180 (3%)
2812 (51%)

718 (13%)
152 (3%)
970 (18%)
197 (4%)
256 (5%)
242 (4%)
2995 (54%)

295 (5%)
310 (6%)
704 (13%)
146 (3%)
1224 (23%)
31 (1%)
2731 (50%)

264 (7%)
158 (4%)
558 (16%)
93 (3%)
730 (20%)
28 (1%)
1736 (49%)

*No. (%), unless otherwise indicated.

strain, high job demands, or low job control. No association
was apparent between work characteristics and breast cancer
among part-time workers. Only one other cohort study, the
Nurses’ Health study, has investigated the association between job strain measured through the Karasek-Theorell
questionnaire and breast cancer.7,8 The distribution of job
strain variables among the nurses was similar to our cohort
(26% job strain, 21% low strain, 32% passive jobs, 21%
active jobs); however no association between job strain and
risk of breast cancer was found in the Nurses’ Health Study.
Cohort studies that have assessed the relation between selfperceived general stress and breast cancer report highly
inconsistent results. One cohort study showed an increased
risk of breast cancer among women who experience stress,5
another found a protective effect of stress,6 and 2 showed no
association between stress and breast cancer risk.7,10,11
A number of mechanisms have been proposed whereby
stress may lead to breast cancer. Stress could increase levels
of endogenous estrogen and thereby raise breast cancer risk,
although supportive evidence for this theory is inconclusive
and rarely obtained from studies in humans.13 Women who
are stressed may adopt adverse health behaviors that predispose them to cancer. In the Women’s Lifestyle and Health
Cohort Study, women with job strain reported more adverse
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health behaviors (in terms of obesity, smoking, and lack of
exercise) than women experiencing “low strain” or “active”
work conditions; nonetheless, adjustment for these variables
did not explain the association between job strain and breast
cancer. Stress could potentially weaken the immune system
and thereby promote the development of cancer. The biologic
evidence for this pathway is weak because immunosuppressed women, such as those with AIDS or those undergoing
organ transplantation, are not at an increased risk of breast
cancer.14
The association between job strain and breast cancer
reported in this study was relatively weak. This is in contrast
with the growing literature showing a link between job stress
and risk of coronary heart disease (CHD) (reviewed by Kuper
et al15 and Rosengren et al16), although recent prospective
studies of women have not demonstrated a relationship between job stress and CHD17–19 or CHD risk factors.20 It is
possible that job stress is less important in women than in
men, as the additional work women face in their homes could
conceal the deleterious health effects of job strain. The
stronger association between job strain and breast cancer
among the women with high social support at work is
surprising and has no obvious explanation, because evidence
from CHD suggest that social support buffers the deleterious
© 2007 Lippincott Williams & Wilkins
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TABLE 2. Adjusted Hazard Ratios (and 95% Confidence Intervals) of Breast Cancer According to
Category of Work Characteristics, Among Full-Time Workers

Characteristic
Job control
Low
Medium
High†
Job demands
Low†
Medium
High
Work social support
Low
Medium
High†
Job strain
Job strain
Passive
Active
Low strain†

Study
Population
No. (%)

Breast
Cancer
Cases
No. (%)

Incidence
Rate
Per
100,000
PersonYears

4409 (22)
6541 (33)
8935 (45)

116 (25)
151 (32)
198 (42)

204.2
178.5
171.6

1.2 (1.0–1.5)
1.0 (0.8–1.3)
1.0

1.3 (1.0–1.7)
1.1 (0.9–1.4)
1.0

1.3 (1.0–1.7)
1.2 (0.9–1.5)
1.0

6087 (30)
5722 (29)
7980 (40)

123 (26)
138 (30)
196 (42)

156.2
186.7
190.4

1.0
1.2 (0.9–1.5)
1.2 (1.0–1.5)

1.0
1.2 (0.9–1.5)
1.2 (1.0–1.6)

1.0
1.2 (0.9–1.6)
1.3 (1.0–1.7)

5920 (30)
4044 (20)
9697 (48)

118 (25)
102 (22)
241 (52)

154.2
195.4
192.5

0.8 (0.6–1.0)
1.0 (0.8–1.3)
1.0

0.8 (0.6–1.0)
1.0 (0.8–1.3)
1.0

0.8 (0.6–1.0)
0.9 (0.7–1.2)
1.0

5504 (28)
5530 (28)
5441 (27)
3567 (18)

144 (31)
124 (27)
122 (26)
78 (17)

202.6
173.6
173.8
169.1

1.2 (0.9–1.6)
1.0 (0.8–1.4)
1.0 (0.8–1.4)
1.0

1.3 (1.0–1.7)
1.1 (0.8–1.5)
1.0 (0.8–1.4)
1.0

1.4 (1.1–1.9)
1.1 (0.8–1.5)
1.1 (0.8–1.5)
1.0

Age-Adjusted
HR
(95% CI)

Age- and
EducationAdjusted HR
(95% CI)

MultivariateAdjusted HR
(95% CI)*

*Adjusted for age, BMI, menopause (time-dependant), menarche age, family history of breast cancer, parity, age at first birth, oral contraceptive
using status, education, physical activity, alcohol, smoking, and mammography.
†
Reference category.

effects of job strain,21,22 and there were no clear differences
in breast cancer risk factors between women with low or high
social support at work.
This study was large and used a prospective design,
with linkages to national registers to allow complete follow-up of women. Another strength is that it measured
self-perceived stress at work using the standard KarasekTheorell job strain questionnaire.9 However, job strain is only
one kind of stress that women may experience, and this study
did not attempt to measure other types of stress. Another
limitation is that job strain was only measured at one time
point, and a change in job strain may have led to nondifferential misclassification and a consequent bias towards the
null. There was a relatively low response rate, although data
from the Norwegian arm of the Women’s Lifestyle and
Health cohort (not included in these analyses) showed that the
women were representative of the general population.23
In conclusion, this large cohort study of women showed
a modest increased risk of breast cancer among women in
full-time employment who experienced job strain. At present,
the lack of consistent epidemiologic data or biologic rationale
limits interpretation of these findings.
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Occupational Exposures, Environmental Tobacco Smoke,
and Lung Cancer
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Background: There is uncertainty regarding the association of
occupational exposures with lung cancer. We have studied the
association between 52 high-risk job titles and lung cancer incidence
in a large prospective study, with more than 200,000 participants
followed for more than 6 years and 809 incident cases of lung
cancer.
Methods: Hazard ratios and 95% confidence intervals were computed by the Cox proportional-hazard regression model, adjusting
for country, age, sex, social class, diet, physical activity, and
smoking habits. We used a CAREX-based job-exposure matrix to
infer exposure to lung carcinogens. False-positive report probability
was calculated as a measure of potentially false-positive results.
Results: Eighteen occupations, mainly related with agriculture,
constructions, and metal processing, were associated with increased
risk. In addition, incidence tended to increase with the number of
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hazardous jobs reported. When the occupations were classified
according to the presumed exposure to specific carcinogenic agents,
the hazard ratios were 1.5 (95% confidence interval ⫽ 1.2–1.9) for
asbestos, 1.4 (1.1–1.8) for heavy metals, 1.4 (1.1–1.8) for polycyclic
aromatic hydrocarbons, and 1.6 (1.2–2.1) for work-related environmental tobacco smoke. The estimated population attributable risk for
employment in at least 1 at-risk job was 16% in men and 12% in
women.
Conclusions: This large prospective study suggests that exposure to
occupational lung carcinogens is still a problem, with such exposures producing moderate to large increases in risk.
(Epidemiology 2007;18: 769 –775)

I

n its Monographs on the Evaluation of the Carcinogenic
Risks in Humans, the International Agency for Research on
Cancer has classified 29 occupational agents and 12 exposure
conditions as carcinogenic.1,2 Several of these are lung carcinogens, including such widespread exposures as asbestos,
polycyclic aromatic hydrocarbons (PAHs), silica, heavy metals, and environmental tobacco smoke (ETS). Since the end
of the 1970s there has been a wide debate about the burden of
lung tumors attributable to occupational exposures, and several estimates have been proposed.3–5 Few large-scale studies
on this topic have been recently conducted in Europe.
We took advantage of the database of the European
Prospective Investigation into Cancer and Nutrition (EPIC)
cohort to assess the risk of lung cancer associated with a
history of employment in 1 or more selected occupations.
Given the age range of the study participants, most of exposures presumably occurred during the 1970s and 1980s.

METHODS
The EPIC is a multicenter European study, coordinated
by the International Agency for Research on Cancer (Lyon),
in which more than 500,000 healthy volunteers have been
recruited in 10 European countries (Sweden, Denmark, Norway, Netherlands, the United Kingdom, France, Germany,
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Spain, Italy, and Greece).6 The cohort includes subjects of
both sexes, in the age range of 35–74 years (median 53.3) at
recruitment. Recruitment took place in 1992–1998. Dietary
information on the frequency of consumption of more than
120 foods and drinks was obtained by a self-administered
food frequency questionnaire, validated in a pilot phase. At
enrollment, weight, height, and waist and hip circumferences
were measured for each participant. Detailed information has
been collected on reproductive history, physical activity,
smoking and alcohol drinking history, medical history, education level, and other socioeconomic variables; the lifestyle
questionnaire was printed in 2 separate versions for men and
women. Both diet and lifestyle questionnaires were processed
in the centers and a computerized central database has been
developed after checking, coding, and quality control procedures. Present exposure to ETS was also investigated by questions on exposure to ETS (yes/no); place of exposure (home,
work); and exposure to ETS during childhood.6 Only 11 of the
22 EPIC centers (in France, Italy, Denmark, Sweden, the Netherlands, and Potsdam, Germany) included questions on ETS in
the questionnaire, and most of these collected information only
on 1 or both of the first 2 items above.7 In Spain, Greece,
Denmark, Germany, 4 Italian centers (Turin, Varese, Florence,
Ragusa), and in 1 UK center (Cambridge) the lifestyle questionnaire included several questions on the occupational history of
the participants, focusing on 52 selected jobs that have been
previously linked to the risk of developing cancer. Many subjects reported having been employed in more than 1 at-risk
occupation, and so the number of jobs related to different
exposures held by each subject was also investigated.
The cohort has been followed-up since inception
through cancer registries, vital statistics (mortality), active
follow-up (France and Germany), and, in some areas, hospital
discharge data. In 98% of the cases, diagnosis is based on
histological confirmation.

Statistical Methods
The association between jobs and lung cancer incidence
was analyzed by the Cox proportional hazard regression
model, with age as the time variable and length of follow-up
as a covariate. Due to potential confounding by several
demographic and behavioral factors associated with both
occupation and disease, hazard ratios (HRs) were stratified by
country and adjusted for sex, smoking history (see below),
highest school level reached (as a social class indicator),
baseline values of fruit and vegetable consumption (linear
trend), body mass index 关weight (kg)/height (m2); linear
trend兴, and leisure-time physical activity (active vs. nonactive). As cigarette smoking could exert a confounding effect
on the risk estimates associated with all the occupations, we
carefully controlled for lifelong smoking history. Instead of
using a single variable indicating the cumulative dose (packyears), we chose to control separately for age at initiation,
mean lifelong intensity, and duration.8 Never-smokers were
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assigned a value of 0 for duration and intensity, and a value
equal to the age at recruitment for the age at initiation. In
addition, an indicator of current/former smoking at enrollment
was included in the model. Subjects whose smoking status was
unknown were excluded from the analysis (n ⫽ 5541). As
expected, all covariates included in the model were associated
with past employment in at least 1 of the 52 occupations.
Single jobs were analyzed separately, and individual
HRs were computed adjusting for the above-mentioned covariates. The problem of inflation of type I error, due to the
large number of occupations tested, was dealt with in 2 ways.
The first consisted in computing, for each statistically significant HR, the false-positive report probability as described by
Wacholder et al.9 This method is based on a Bayesian
approach and has been originally applied mainly in the
analysis of genetic polymorphisms. To obtain this probability, the investigator must assign to each exposure the “prior
probability” that it is truly associated with the disease of
interest. This “prior probability” is at least in part arbitrary,
although it is based on knowledge deriving from earlier
epidemiologic studies and biological plausibility. In the case
of occupational exposures, the existing knowledge (both
biological and epidemiologic) is vast and allows the use of
generally high prior probabilities (in the order of 0.25 or
more). A false positive report probability value below 0.2 is
usually considered satisfactory.9
The second approach to minimize type I error was to
reduce the number of statistical tests by combining different
occupations into a limited number of exposure “scores.” First
we created a global score by combining all the 52 selected
occupations. This score was computed as the total number of
occupations reported (as a continuous variable or categorized
in 5 classes), or as yes/no (at least 1 occupation reported).
Furthermore, we combined subsets of the 52 occupations
according to presumed common carcinogenic exposures.
Several job-exposures matrices, (specific for different countries) have been devised to estimate an individual’s exposure
to specific carcinogens given its occupational history.10,11
However, we judged that data included in our database were
too nonspecific (lacking information about duration of employments and specificity of jobs) to fully exploit existing
job-exposure matrices. Therefore we decided to obtain a
consensus among a group of experts about a categorization of
occupations according to a limited number of shared exposures, based on the Italian CAREX-JEM.12 We focused on
the following carcinogenic exposures: asbestos (present in
asbestos production, in construction and demolition industries, in shipyards, in insulation production, and in car repair
stations); heavy metals (present in foundries, in metal industries, and in occupations related to welding, turning, and
electroplating); PAHs (associated with refineries, asphalt,
transportations, and car repair stations); ETS (particularly
elevated for workers in bars and restaurants); silica (mostly
© 2007 Lippincott Williams & Wilkins
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present in mines, glass, and ceramic industries). Appendix 1
(available with the online version of this paper) shows how
the jobs were combined in the specific scores. As for the
global score, specific scores were computed as the sum of
the reported jobs included in each group. Alternatively, the
scores were treated as dichotomous (yes/no) or categorized
in 3 or 4 classes. Finally, to assess the impact of the
occupational exposures on the total lung cancer incidence,
we computed the percent population attributable risk
(PAR%) according to Breslow and Day.13 However, these
figures should be considered with some caution, because the
cohort may not be a representative sample of the general
population in terms of prevalence of exposed subjects.

RESULTS
Baseline Characteristics of Cases and Noncases
The median follow-up for the 217,055 subjects enrolled
was 6.1 years (interquartile interval, 4.9 –7.0) and 809 lung
cancer incident cases were recorded. The baseline characteristics for cases and for the whole cohort are reported in Table 1.

Single Occupation Analysis
As reported in Appendix 2 (available with the online
version of the paper) the data for several jobs (nuclear
industry, ceramics and dye production, etc.) were too sparse
to have sufficient statistical power for interpretation. Eighteen
occupations (Table 2) were associated with a statistically
significant risk increase when men and women were analyzed
together (assuming no association between any of the occupations and lung cancer; 2.6 significant results would be
expected due to chance only). When the analysis was focused
on men, 10 of the 52 occupations showed a statistically
significant risk increase. Among women, some hazardous
occupations (such as working in asbestos-cement production,
in demolitions, constructions, and metal industry) were not
considered due to the small numbers of women employed.
Some new associations emerged in women, namely an increased risk related to agriculture (before 1960) and farming.
The analysis of the false-positive report probability (Table 2)
shows that, assuming a plausible HR of 1.5 and a prior
probability of 0.5, all the positive results obtained in the
cohort except 1 (working in leather and tanning industry)
yield values below 0.2, and most do so even assuming a prior
probability of 0.25. Conversely, the increased HR for agriculture workers before 1960 and for bus/taxi drivers, found in
women only, should be considered with particular caution,
given the low a priori probability and the high false-positive
report probability.
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TABLE 1. Distribution of Whole Cohort and Lung Cancer
Cases by Relevant Demographic Variables
Noncases
(n ⴝ 216,246)
Country; no. (%)
Italy
14,761 (7)
Spain
40,736 (19)
United Kingdom
28,216 (13)
Greece
26,304 (12)
Germany
50,395 (23)
Denmark
55,834 (26)
Sex; no. (%)
Male
102,623 (47)
Female
113,623 (53)
Age at recruitment (yrs);
53.3 ⫹ 9.0
mean ⫹ SD
Highest school level; no. (%)*
None
18,093 (9)
Primary school completed
68,205 (32)
Technical/professional school
57,591 (27)
Secondary school
25,688 (12)
University degree
40,602 (19)
Not specified
1451 (1)
Active smoking; no. (%)
Never
93,651 (43)
Former
62,155 (29)
Smoker
55,329 (26)
Unknown
5111 (2)
Pack-years; median
15.0 (5.6, 27.1)
(interquartile range)
Passive smoking; no. exposed/evaluated (%)
One or both locations
54,284/84,582 (64)
At work only
42,091/48,577 (87)
At home only
31,235/48,646 (64)
Employment in at least 1 at-risk occupation; no. (%)
Never
118,631 (55)
Ever
97,615 (45)

Cases
(n ⴝ 809)

48 (6)
72 (9)
107 (13)
39 (5)
144 (18)
399 (49)
539 (67)
270 (33)
59.3 ⫹ 7.0

26 (3)
382 (48)
218 (28)
76 (10)
87 (11)
5 (1)
44 (5)
209 (26)
543 (67)
13 (2)
32.4 (19.2, 43.5)

401/469 (86)
317/380 (83)
345/382 (90)
294 (36)
515 (64)

*Missing 4631.

found increased risk for subjects employed as butchers,
particularly women. As reported in Table 2 and Appendix 2,
the HR for lung cancer in butchers was 1.75 considering both
sexes together, and 2.2 in women. As potential confounding
by smoking has been suggested for this category, we carefully controlled for smoking both by multivariable analysis
and by stratification. A high risk for lung cancer did not seem
to be limited to current smokers (adjusted HR ⫽ 1.60 关95%
CI ⫽ 1.0 –2.6兴 in current smokers; 1.59 关0.56 – 4.5兴 in former
smokers; and 2.62 关0.4 –20兴 in never-smokers).

Butchers

Occupations Combined by Inferred Exposure

Among single occupations, we specifically examined
employment as a butcher or in slaughterhouses because the
epidemiologic results reported in the literature are conflicting,
and the underlying causal agent is still to be identified. We

Table 3 shows the lung cancer HRs associated with
scores as described above. All the HRs were stratified by
country and adjusted for age, sex, educational level, smoking
status, body mass index, and fruits and vegetable consump-
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TABLE 2. Statistically Significant Associations and False-Positive Report Probability for Single Jobs and Lung Cancer

Men and women
Breeding
Farming
Textile industry
Leather and tanning industry
Metalworking
Shipyards
Glass industry
Construction industry
Butcher
Welder
Hairdresser
Bar tender
Restaurant worker
Turning/metal engineering
Welding shop
Demolition worker
Refinery
Pesticides industry
Men
Shipyards
Glass industry
Construction industry
Welder
Fiber preparation or weaving
Turning/metal engineering
Welding shop
Demolition worker
Refinery
Pesticides industry
Women
Farming
Chemical industry
Shipyards
Paper or pulp production
Butcher
Bar tender
Restaurant worker
Bus/taxi driver
Agriculture only before 1960

False-Positive Report
Probability

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Statistical Power

1.12 (0.9–1.5)
1.30 (1.1–1.6)
1.23 (0.9–1.7)
2.23 (1.0–5.0)
1.77 (1.5–2.1)
2.38 (1.7–3.4)
2.47 (1.4–4.5)
2.32 (1.9–2.8)
2.30 (1.6–3.3)
2.49 (1.9–3.2)
1.44 (0.9–2.4)
3.01 (1.8–4.9)
1.75 (1.3–2.3)
1.91 (1.5–2.4)
2.09 (1.7–2.6)
2.60 (1.7–3.9)
3.03 (1.6–5.7)
1.74 (1.4–2.2)

1.42 (1.0–2.0)
1.45 (1.1–1.9)
1.48 (1.0–2.1)
2.29 (1.0–5.2)
1.35 (1.1–1.7)
1.74 (1.2–2.6)
2.10 (1.1–3.9)
1.65 (1.2–2.2)
1.75 (1.2–2.7)
1.67 (1.2–2.3)
1.73 (1.0–2.9)
2.39 (1.4–4.2)
1.53 (1.1–2.1)
1.55 (1.2–2.0)
1.55 (1.2–2.1)
1.79 (1.1–2.8)
2.18 (1.1–4.2)
1.78 (1.3–2.4)

0.62
0.61
0.53
0.15
0.80
0.24
0.14
0.25
0.24
0.26
0.30
0.05
0.46
0.41
0.41
0.23
0.13
0.13

0.5
0.05
0.01
0.05
0.23
0.02
0.03
0.12
0.00
0.04
0.01
0.12
0.04
0.02
0.00
0.01
0.06
0.13
0.00

0.25
0.15
0.02
0.14
0.48
0.07
0.09
0.28
0.00
0.10
0.03
0.30
0.12
0.06
0.01
0.03
0.16
0.30
0.00

0.1
0.34
0.05
0.34
0.73
0.18
0.23
0.54
0.01
0.26
0.08
0.56
0.29
0.15
0.04
0.07
0.36
0.57
0.01

1.90 (1.3–2.7)
2.13 (1.1–4.0)
1.67 (1.3–2.1)
2.01 (1.5–2.6)
1.89 (1.0–3.7)
1.47 (1.2–1.9)
1.62 (1.3–2.1)
1.85 (1.2–2.8)
2.35 (1.3–4.4)
1.90 (1.1–1.8)

1.72 (1.1–2.7)
2.19 (1.1–4.3)
1.65 (1.2–2.2)
1.69 (1.2–2.4)
2.10 (1.0–4.2)
1.47 (1.1–2.0)
1.52 (1.1–2.1)
1.81 (1.1–3.0)
2.32 (1.2–4.5)
1.69 (1.2–2.4)

0.27
0.13
0.26
0.26
0.17
0.56
0.47
0.22
0.10
0.24

0.06
0.14
0.00
0.02
0.18
0.02
0.02
0.07
0.12
0.01

0.15
0.32
0.01
0.05
0.39
0.05
0.06
0.19
0.28
0.02

0.35
0.59
0.03
0.13
0.66
0.14
0.15
0.41
0.54
0.07

1.42 (1.0–2.1)
2.03 (1.1–3.6)
9.23 (2.3–37)
2.30 (1.3–4.0)
2.68 (1.5–4.8)
5.14 (2.2–12.1)
2.67 (1.9–3.8)
4.19 (1.6–11.3)
2.47 (0.6–10)

1.96 (1.2–3.1)
2.23 (1.2–4.1)
12.7 (3.1–53)
1.87 (1.0–3.4)
2.24 (1.2–4.1)
4.25 (1.6–11)
2.17 (1.5–3.2)
3.51 (1.3–9.7)
5.02 (1.2–21)

0.12
0.10
0.00
0.24
0.10
0.02
0.03
0.05
0.05

0.03
0.09
0.22
0.15
0.08
0.15
0.00
0.23
0.35

0.08
0.24
0.46
0.35
0.22
0.35
0.01
0.47
0.62

0.20
0.48
0.72
0.61
0.46
0.62
0.03
0.73
0.83

Prior Probabilities

Crude hazard ratios were only stratified by country and sex; adjusted hazard ratios were also corrected for highest school level reached (as a social class indicator), baseline values
of smoking status, age at smoking initiation, smoking duration and intensity, fruit and vegetable consumption (linear trends), body mass index, and physical activity.

tion. When computed as yes/no, the global score was associated with a HR of about 1.4. The test for heterogeneity of
HRs across the different countries was nonsignificant (2 ⫽
1.95, P ⫽ 0.86). A nonsignificant interaction was also found
between smoking and the global score (P ⫽ 0.68) with HRs
ranging from 1.31 and 1.51 in the 3 highest quartiles of
pack-years and a slightly higher HR (2.17) in the lower
quartile.
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Except for silica, the HRs for the exposure-specific
scores were larger than for the global scores, ranging from 1.4
to 1.6. Linear trends were highly statistically significant, with
the exception of silica and PAH, with a clearly increasing risk
with the number of at-risk jobs in most cases. After stratification for sex, elevated HRs were observed among women
(even higher than in men) for the global score and for
occupational ETS exposure.
© 2007 Lippincott Williams & Wilkins
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TABLE 3. Hazard Ratios and 95% Confidence Intervals for
the Global and Specific Scores
Variable
At-risk occupations
At least 1 at-risk occupation (yes vs. no)
Total
Men
Women
No. at-risk occupations
Linear trend categories*
1
2–3
4–6
7⫹
Asbestos exposure
Yes vs. no
Total
Men
Women
Score
Linear trend categories*
1
2
3⫹
ETS exposure
Yes vs. no
Total
Men
Women
Score
Linear trend categories*
1
2
Metal exposure
Yes vs. no
Total
Men
Women
Score
Linear trend categories*
1
2
3⫹
PAH exposure
Yes vs. no
Total
Men
Women
Score
Linear trend categories*
1
2
3⫹
Silica exposure
Yes vs. no
Total
Men
Women
Score
Linear trend
*Reference category ⫽ 0.

© 2007 Lippincott Williams & Wilkins

Hazard Ratio (95% CI)

1.42 (1.2–1.7)
1.30 (1.1–1.6)
1.61 (1.2–2.1)
1.07 (1.04–1.11)
1.23 (1.0–1.5)
1.57 (1.3–1.9)
1.64 (1.3–2.1)
2.44 (1.7–3.5)

1.53 (1.2–1.9)
1.52 (1.2–2.0)
1.51 (0.8–3.0)
1.20 (1.1–1.3)
1.45 (1.1–1.9)
1.63 (1.1–2.4)
1.75 (1.1–2.9)

1.59 (1.2–2.1)
1.13 (0.7–1.8)
2.13 (1.6–3.4)
1.60 (1.2–2.1)
1.50 (1.1–2.0)
3.49 (1.5–8.1)

1.60 (1.2–2.1)
1.43 (1.2–1.8)
1.24 (0.6–2.4)
1.17 (1.1–1.3)
1.09 (0.74–1.6)
1.61 (1.2–2.2)
1.41 (1.04–1.9)

1.42 (1.1–1.8)
1.43 (1.2–1.8)
1.24 (0.6–2.4)
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As expected, we found a strong association between the
occupational ETS score and self-reported exposure to passive
smoking in the questionnaire: the odds ratio for an occupational ETS score of 1.0 or more when reporting passive
smoke was 1.73 (95% CI ⫽ 1.61–1.86). Data on self-reported
ETS exposure have been described elsewhere.7 Briefly, in a
case-control study within the cohort study, an OR of 1.70
(95% CI ⫽ 1.02–2.82) was found for respiratory diseases in
nonsmokers exposed to ETS at home or work. In the whole
cohort, we found a HR of 1.65 (95% CI ⫽ 1.04 –2.63) for
lung cancer in nonsmokers exposed to ETS at work. Furthermore, daily exposure for many hours to ETS during childhood was associated with lung cancer in adulthood (HR ⫽
3.6, 95% CI ⫽ 1.2–11.1).

Attributable Risk
The estimated attributable risk for the at-risk occupations, combined in scores, are reported in Table 4, separately
for men and women. The cohort markedly differs from the
general population in terms of sex distribution.6 The PAR%
for employment in at least 1 at-risk occupation (global score)
were 16% and 12% in men and women, respectively. For
occupations related to specific industrial exposures, PAR%
were in general higher in males (8% for asbestos, 9% for
metals, 6% for PAH, 8% for silica) than in females (1% for
asbestos, 1% for metals, ⬍1% for PAH, 0% for silica).
However the PAR% for ETS-related occupations was higher
in women (6%) then in men (1%).

DISCUSSION
Asbestos, heavy metals and metal compounds, PAHs,
silica, and ETS have been widely investigated in previous
studies as risk factors for lung cancer. The contribution of the
present study resides mainly in 2 aspects. First, we describe
the results of a large population-based prospective study, with
217,055 participants followed for 6 years and 809 incident
cases. As the information about previous occupational history

TABLE 4. Population Attributable Risk Percent (PAR%) for
Lung Cancer Associated With All the 52 At-Risk Occupations
or With Some Selected Subsets*

1.13 (1.0–1.3)
1.37 (0.98–1.9)
1.56 (1.1–2.2)
1.24 (0.8–2.0)

1.13 (0.72–1.8)
1.26 (0.78–2.0)
0.32 (0.05–2.3)
1.25 (0.8–1.94)

At least 1 at-risk occupation
Asbestos exposure
Metal exposure
PAH exposure
ETS exposure
Silica exposure

Men

Women

PAR%
(95% CI)

PAR%
(95% CI)

16.3 (6.1–28)
7.8 (3.2–14)
9.3 (4.6–16)
6.2 (3.0–11)
0.6 (0–3.5)
0.8 (0–3.0)

12.0 (4.3–20)
0.8 (0–3.2)
1.4 (0.8–3.0)
0.2 (0–1.2)
5.6 (3.1–11)
0 (0–0.8)

*Computed from the corresponding adjusted relative risks and employment prevalence.
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FIGURE 1. Lung cancer risk according to the number of
reported at-risk occupations. Hazard ratios (diamonds) and
95% confidence intervals (vertical bar) were stratified by country and adjusted for sex, highest school level reached (as a
social class indicator), baseline values of smoking status (current smoker), age at smoking initiation, smoking duration and
intensity, fruit and vegetable consumption (linear trends),
BMI, and physical activity.

was collected well before the occurrence of the tumors, recall
bias can be ruled out. Questions about occupational history,
although not including the time spent in each job, covered a
large range of occupations, probably including most of
known potentially harmful exposures for lung cancer. Many
subjects held more than 1 (and sometimes several) occupations, with a complex pattern of hazardous exposures. Among
the occupations associated with a substantial risk increase, we
highlighted employment as a butcher (with a HR of 2.2
among women). Several studies have previously described
the association between lung cancer and employment as a
butcher or in slaughterhouses, but the results were not consistent, with some authors reporting a risk increase and others
not.14 –20 Employment as a butcher might involve exposure to
PAHs, nitrosamines or other chemical agents, or exposure to
animal viruses; we are still at the stage of speculation.
The second contribution of this study is in that we tried to
simplify and summarize the exposures by classifying the occupations into 5 groups according to the main carcinogens potentially present. We created 5 different scores (for asbestos, metals,
PAH, ETS, and silica) by summing all the occupations in which
each subject was engaged. This procedure enabled us to gain
statistical power and to tackle the problem of the inflation of type
I error by limiting the number of hypotheses tested.
Among the subjects employed in any of the identified
hazardous occupations, lung cancer incidence was 40%
higher than in those employed elsewhere. Incidence tended to
increase with the number of hazardous jobs reported (Fig. 1).
This is probably related to the global time of exposure, but
may also be due to the synergistic effect of different substances. Moreover, when the occupations were classified and
grouped according to the suspected exposure to specific
carcinogenic agents (ie, asbestos, metals, PAH, ETS) the HRs
were usually larger, with a risk increase ranging from 40 to
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100%. In some cases, the risks for women were even larger
than for men.
All these results were adjusted for potential confounders, including country, age, sex, social class, diet, physical
activity, and smoking habits. Only 54 incident cases out of
845 occurred among never-smokers. However, when we
stratified current and former smokers for intensity and duration, the HRs for all the scores were reasonably stable across
categories, suggesting that the confounding effect of smoking
is likely to be modest. No significant interactions between
smoke and employment were found, indicating a small or
absent effect modification.
When we computed the PAR, we found that 16% of all
lung cancer cases in men and 12% in women could be
ascribed to professional exposures in one or more of the 52
selected occupations. Asbestos exposure alone could account
for almost 8% of all cases in males. Among women, the
proportion attributable to industrial exposures is less important, mainly due to a lower proportion of women involved in
the relevant occupations, but 6% of all cases could be ascribed
to occupations with ETS exposure. We could not account for
total exposure to passive smoking in working places; our results
are limited to employment in selected high-risk occupations
(such as working in restaurants and bars).
When we compare these figures with the estimates
published in the 1980s and 1990s in Europe and the United
States, it seems that the proportion of lung cancer attributable
to industrial exposures has not declined much in the last 20
years. Simonato et al21 in 1988 reported PARs for lung cancer
ranging from 2.4 to 40% due to occupational exposures;
Vineis et al22 in the same year estimated an attributable risk
for industrial exposures in the Unites States ranging from 3 to
17%. Albin et al23 in 1999 reported a conservative estimate of
10 to 20% for asbestos occupational exposure in Europe, and
Merler et al24 in the same year reported estimates ranging
from 9 to 48% for high risk occupations in Italy.
The observed differences among men and women are
worth mentioning. Global and specific attributable risks were
generally lower in women (with the important exception of
ETS-related occupations) due to the fact that women, at least
in our sample, were less involved in industrial occupations at
risk. Even so, the HRs associated with single employments
are frequently larger in women (for example for farming,
agriculture, and transportation). If we exclude potential biases
(for example, the information about past employment could
be more precise in women than in men), one explanation
could be that smoking is usually more important as a cause of
lung cancer among men, both in terms of prevalence and of
intensity (data not shown), and this could in part conceal the
carcinogenic effect of occupational exposures.
Our study has also some limitations, as follows. The
occupational history was assessed by simple questions concerning only the engagement of the subjects in a list of a
© 2007 Lippincott Williams & Wilkins
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priori hazardous occupations. This excluded the possibility of
finding new occupational risk factors. Also, the potential
exposure misclassification due to limited information is expected to force the HR estimates toward the null value, and
therefore our conclusions are likely to be on the conservative
side. Second, no attempt was made to investigate the time
spent in each job, or the effects of age at employment or of
time elapsed since quitting. Third, the limited number of
cases among nonsmokers did not enable us to focus the
analyses on this subsample, although we could control for
potential confounding from smoking by careful adjustment.
Finally, our classification of jobs according to common exposures may be inaccurate.
In conclusion, our large prospective European study
suggests that past exposure to occupational lung carcinogens,
including passive smoking, is still associated with moderate
to large increases in risk, and a significant proportion of all
incident lung cancer cases is still attributable to occupational
exposures. Specific actions should be carried out to more
fully understand the existing risks and to prevent hazardous
occupational exposures in the future.
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Human Nutrition Potsdam-Rehbrücke, Germany; 㛳Department of Hygiene and Epidemiology, Medical School, University of Athens, Athens, Greece; **Harvard School of Public
Health, Harvard University, Boston, Massachusetts; ††Cancer Risk Factor Branch, CSPO Scientific Institute of Tuscany
Region, Florence, Italy; ‡‡Department of Epidemiology, National Cancer Institute, Milan, Italy; §§Cancer Registry,
Azienda Ospedaliera “Civile MP Arezzo,” Ragusa, Italy;
¶¶Unit of Environmental Epidemiology, German Cancer Research Centre, Heidelberg, Germany; 㛳㛳Institute of Cancer
Epidemiology, Danish Cancer Society, Copenhagen, Denmark; ***Department of Epidemiology, Catalan Institute of
Oncology, Consejerı́a de Sanidad y Servicios Sociales, Barcelona, Spain; †††Andalusian School of Public Health,
Granada, Spain; ‡‡‡Department of Public Health of Guipuzkoa, San Sebastian, Spain; §§§Public Health Institute, Navarra, Spain; ¶¶¶Department of Epidemiology, Regional
Health Council, Murcia, Spain; 㛳㛳㛳Public Health and Health
Planning Directorate, Asturias, Spain; ****MRC Dunn Human Nutrition Unit, Cambridge, United Kingdom; and
††††International Agency for Research on Cancer, Lyon,
France.
© 2007 Lippincott Williams & Wilkins

Occupational Exposures and Lung Cancer in Europe

REFERENCES
1. International Agency for Research on Cancer. Monographs on the
Evaluation of Carcinogenic Risks to Humans. Lyon: IARC; 1971–2005.
2. Boffetta P. Epidemiology of environmental and occupational cancer.
Oncogene. 2004;23:6392– 6403.
3. Doll R, Peto R. The causes of cancer: quantitative estimates of avoidable
risks of cancer in the United States today. J Natl Cancer Inst. 1972–
2004;66:1191–1308.
4. Vineis P, Simonato L. Proportion of lung and bladder cancers in males
resulting from occupation: a systematic approach. Arch Environ Health.
1991;46:6 –15.
5. Steenland K, Burnett C, Lalich N, et al. Dying for work: the magnitude
of US mortality from selected causes of death associated with occupation. Am J Ind Med. 2003;43:461– 482.
6. Riboli E, Hunt KJ, Slimani N, et al. European Prospective Investigation
into Cancer and Nutrition (EPIC): study populations and data collection.
Public Health Nutr. 2002;5:1113–1124.
7. Vineis P, Airoldi L, Veglia F, et al. Environmental tobacco smoke and
risk of respiratory cancer and chronic obstructive pulmonary disease in
former smokers and never smokers in the EPIC prospective study. BMJ.
2005;330:277.
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Squamous Cell and Basal Cell Carcinoma of the Skin in
Relation to Radiation Therapy and Potential Modification of
Risk by Sun Exposure
Margaret R. Karagas,* Heather H. Nelson,† Michael S. Zens,* Martha Linet,‡ Therese A. Stukel,‡
Steve Spencer,§ Katie M. Applebaum,† Leila Mott,* and Kiyohiko Mabuchi‡
Background: Epidemiologic studies consistently find enhanced risk
of basal cell carcinoma of the skin among individuals exposed to
ionizing radiation, but it is unclear whether the radiation effect
occurs for squamous cell carcinoma. It is also not known whether
subgroups of individuals are at greater risk, eg, those with radiation
sensitivity or high ultraviolet radiation exposure.
Methods: We analyzed data from a case-control study of keratinocyte cancers in New Hampshire. Incident cases diagnosed in 1993–
1995 and 1997–2000 were identified through a state-wide skin
cancer surveillance system, and controls were identified through the
Department of Transportation and Center for Medicare and Medicaid Service Files (n ⫽ 1121 basal cell carcinoma cases, 854
squamous cell carcinoma cases, and 1049 controls).
Results: We found an association between history of radiation
treatment and basal cell carcinoma. The association was especially
strong for basal cell carcinomas arising within the radiation treatment field (odds ratio ⫽ 2.6; 95% confidence interval ⫽ 1.5– 4.3),
and among those treated with radiation therapy before age 20 (3.4;
1.8 – 6.4), those whose basal cell carcinomas occurred 40 or more
years after radiation treatment (3.2; 1.8 –5.8), and those treated with
radiation for acne (11; 2.7– 49). Similar age and time patterns of risk
were observed for squamous cell carcinoma, although generally with
smaller odds ratios. For basal cell carcinoma, early exposure to
radiation treatment was a risk factor largely among those without a
history of severe sunburns, whereas for squamous cell carcinoma,
radiation treatment was a risk factor primarily among those with a
sun-sensitive skin type (ie, a tendency to sunburn).
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Conclusions: Radiation treatment, particularly if experienced before
age 20, seems to increase the long-term risk of both basal and
squamous cell carcinomas of the skin. These risks may differ by sun
exposure or host response to sunlight exposure.
(Epidemiology 2007;18: 776 –784)

I

onizing radiation is an established human carcinogen. Indeed, the first recognized link between ionizing radiation
and cancer was the occurrence of skin cancers among early
radiologists working with x-rays.1,2 The skin cancers were
mostly squamous cell carcinomas at sites of skin ulceration
and dermatitis caused by exposure to exceedingly high doses
of ionizing radiation.3,4 Epidemiologic studies of atomic
bomb survivors and patients medically exposed to low to
moderate radiation doses have consistently found enhanced
risk of basal cell carcinoma (as reviewed by Karagas et al5).
Ionizing radiation and ultraviolet radiation are established
mutagens.6,7 In addition, ultraviolet radiation is an indirect
carcinogen that can promote the expansion of previously
damaged cells.6,7 The interplay between ionizing radiation
and ultraviolet radiation exposure in the genesis of skin
cancer has not been well established. A synergistic interaction between ionizing radiation and ultraviolet radiation has
been suggested by animal data,8 and is supported by the
human observation of excess skin cancer risk after psoralen
and ultraviolet A therapy among those with a history of
ionizing radiation treatment.9 However, epidemiologic studies of various ionizing radiation-exposed populations have
provided limited and conflicting findings regarding an interaction of ionizing radiation and ultraviolet radiation.10,11
We reported previously from a population-based casecontrol study in New Hampshire, comprising skin cancer
cases diagnosed from July 1994 to June 1995.12 An increased
risk of squamous cell carcinoma was associated with radiation treatment only among those with a sun-sensitive phenotype (ie, tendency to sunburn). Further, risk of skin cancer
was specifically associated with previous radiation to the site
of the tumor. We have extended the study period (adding
cases diagnosed from July 1997 to March 2000), enabling
Epidemiology • Volume 18, Number 6, November 2007
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more precise evaluation of both the independent and interactive effects of ultraviolet and ionizing radiation exposures on
basal and squamous cell carcinoma risk.

METHODS
Study Group
To identify cases for our study, we enlisted the collaboration of dermatologists and pathology laboratories throughout New Hampshire and bordering regions.13 We selected a
random sample of incident basal cell carcinoma cases (for
efficiency) and all cases of incident invasive squamous cell
carcinoma diagnosed from 1 July 1993, through 30 June
1995, in the initial phase of enrollment and from 1 July 1997,
through 31 March 2000 in the second phase of enrollment.
The sample of basal cell carcinoma cases was drawn concomitantly with the squamous cell carcinoma cases (at a ratio
of about 2 basal cell carcinoma to 1 squamous cell carcinoma
cases in the first phase, and 1 to 1 in the second phase). These
basal cell carcinoma cases were selected to represent the
entire diagnosis group for anatomic site, age, and sex. Eligible subjects included New Hampshire residents who were age
25 to 74 years at the time of diagnosis, spoke English, and
had a listed telephone number. A small percentage (⬍1%)
were excluded due to physician refusal to contact. We identified 2517 potential participants. Of these, we contacted and
confirmed the eligibility on 2457 (98%), of whom 2014
(82%) were interviewed (1143 basal cell carcinoma and 871
squamous cell carcinoma cases).
We chose controls from New Hampshire residents age
25–74 years who were frequency-matched on age (25–34,
35– 44, 45–54, 55– 64, 65– 69, and 70 –74 years) and sex to
the combined distribution of the squamous cell carcinoma
and basal cell carcinoma cases. We selected controls (roughly
equal to the number of basal cell carcinoma cases) from lists
of New Hampshire residents provided by the New Hampshire
Department of Transportation (for those less than 65 years
old) and Health Care Financing Administration’s Medicare
Program (for those 65 years and older). As with the eligibility
criteria for cases, controls were required to speak English and
to have a listed telephone number. For interviewing purposes,
controls were randomly assigned reference dates corresponding to the cases’ diagnosis dates. Of the 1527 potential
controls, 1462 (96%) were contacted and confirmed as eligible, and 1066 (73%) were interviewed.

Personal Interview
All participants provided informed consent in accordance with the Committee for the Protection of Human
Subjects at Dartmouth College. Study participants completed
an interviewer-administered structured personal interview,
usually at their homes. To minimize potential reporting bias,
we did not reveal the specific hypotheses of interest to either
the interviewer or participant, and we did not inform the
© 2007 Lippincott Williams & Wilkins
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interviewers of the case-control status of participants. The
interview included sociodemographic information (level of
education), use of tobacco, assessment of skin pigment and
nevi, and skin sensitivity to the sun after first exposure in the
summer (ie, tendency to sunburn). To estimate sun exposure,
we used a standardized questionnaire developed for a casecontrol study conducted in Australia14,15 to inquire about the
amount of time spent outdoors on work days, nonwork days,
and vacations (both in the summer and other times of the
year); history of sunbathing; number of painful and blistering
sunburns; lifetime residential history; and frequency of specific outdoor activities (ie, swimming, sailing). To ascertain
previous exposure to therapeutic ionizing radiation, we asked
subjects whether they were ever treated with x-rays or other
radiation, as well as the condition and anatomic location
treated, age at treatment, and duration and frequency of
treatments.12

Statistical Methods
We estimated the odds ratios (ORs) and 95% confidence intervals (CIs) of basal cell carcinoma and squamous
cell carcinoma associated with radiation therapy (for reasons
other than for skin cancer) using unconditional logistic regression analysis. We examined the associations of radiation
treatment with basal cell carcinoma and squamous cell carcinoma for the following radiation treatment variables: ever
treated, condition treated, years since first radiation treatment
(⬍40 years, ⱖ40 years), and age at first radiation treatment
(⬍20 years, ⱖ20 years), with no radiation treatment as the
reference category. Trends in years since first treatment and
age at first radiation treatment were assessed using both the
continuous variables and a test for trend in the ordinal
categories.
We also specifically analyzed ionizing radiation treatment to the anatomic site of the skin cancer. In this analysis,
we grouped anatomic location for each type of skin cancer
into 3 categories: head and neck, trunk, or limbs. We evaluated whether the tumor was within or outside the radiation
treatment field. Because controls did not have a tumor site,
we randomly assigned a site based on the anatomic distribution of the overall case series, and counted those with radiation treatment within or outside the assigned anatomic site.
Using this variable, we computed skin cancer risks according
to whether the tumor was within or outside of the radiation
treatment field. Due to small strata, we performed this analysis using conditional logistic regression using age (25–35,
36 – 45, 46 –50, 51–59, 60 – 64, 65– 69, and 70 –74) and sex
classes.
All analyses were adjusted for age at skin cancer
diagnosis (as a continuous variable) and sex, after finding
similar risk estimates by these factors (ie, age ⬍60 vs. ⱖ60
and men vs. women). We examined other factors for
potential confounding: cigarette smoking history (never,
former, current); level of education (less than college,
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college, graduate/professional school); history of tanning
lamp use; and as a marker of inherent susceptibility, skin
reaction to first exposure to strong sunlight in summer
(dichotomized as getting a severe sunburn with blistering,
or having a painful sunburn for a few days followed by
some peeling, vs. getting mildly burnt followed by some
tanning or going brown without any sunburn). We also
assessed lifetime hours spent outdoors during the warmer
months (eg, June, July, and August) between 9 AM and
5 PM, childhood (15-year-old and younger) hours spent
outdoors during the warmer months between 9 AM and 5
PM, and lifetime number of painful sunburns. Each outdoor
sun exposure measure was evaluated as a categorical
variable using quartiles based on the control distribution.
The adjusted ORs for skin cancer in relation to radiation
treatment were unaffected by these additional variables;
therefore, these factors were not included in the final
model.
We next assessed the potential modifying effects of
sun exposure-related factors on the associations between
radiation treatment and basal cell carcinoma or squamous
cell carcinoma. We first conducted a case-case analysis
using anatomic site (tumors on the head and neck exclusively compared with tumors on other sites) as an indicator
of chronic sun exposure. Further, we estimated the main
effects of the 2 variables most strongly related to risk: skin
reaction to first exposure to strong sunlight in summer and
number of lifetime painful sunburns, stratified by history
of radiation treatment. We then estimated the strata-specific ORs associated with radiation treatment for these
factors. We additionally evaluated the number of severe
sunburns in childhood (at age ⬍20 years) and the number
of severe sunburns in adult life (at ages 20 years or older)
in an attempt to discern whether there was a temporal
relationship with the 2 exposures (ie, radiation treatment
and sun exposure).
Strata-specific results were obtained using the STATA
statistical software package (Stata Corp., College Station,
TX); all other analyses and tests were performed with the
SAS statistical software package (version 9.1; SAS Institute,
Cary, NC).

RESULTS
Of 3080 subjects (1143 basal cell carcinoma cases, 871
squamous cell carcinoma cases, 1066 controls) interviewed
for the study, information on radiation treatment history was
available on 99% (data were missing on 8 basal cell carcinoma cases, 7 squamous cell carcinoma cases, 6 controls). In
these analyses, we excluded those who received radiation
treatment for skin cancer (14 basal cell carcinoma cases, 10
squamous cell carcinoma cases, and 11 controls), leaving
1121 basal cell carcinoma cases, 854 squamous cell carcinoma cases and 1049 controls for the analysis.

778

Among controls, those with a history of radiation
treatment were slightly older; this also was observed
among both case groups (Table 1). A higher proportion of
women were in the radiation treatment group among controls but not among cases. A higher proportion of cases
than controls had college or higher education; however, the
proportion with a history of radiation treatment differed
only slightly by education level among controls (Table 1).
Also, among controls there was a slightly higher percentage of current smokers among those with history of radiation treatment (Table 1). Despite these differences, education and smoking were not found to affect associations
between radiation treatment and basal cell carcinoma or
squamous cell carcinoma.
A history of radiation treatment was associated with an
increased risk for basal cell carcinoma, especially for tumors that
arose within the radiation treatment field (OR ⫽ 2.6; 95% CI ⫽
1.5– 4.3) (Table 2). When skin cancer risks were evaluated in
relation to the condition for which radiation treatment was given,
the ORs for basal cell carcinoma were markedly elevated for
radiation treatment given for acne (11.4 关2.7– 48.7兴) for all
anatomic sites of the tumors associated with any radiation
treatment, and 8.7 关2.0 –38.0兴 for tumors arising within the
radiation treatment field) (Table 2). The ORs also were elevated
for radiation treatment for benign skin conditions or cancer
(Table 2). Both time since first radiation treatment and age at
first treatment modified the risk of radiation treatment-related
basal cell carcinoma. Odds ratios for basal cell carcinoma were
elevated for both younger age at radiation treatment (⬍20 years)
and longer time since radiation treatment (ⱖ40 years) (Table 2).
We further conducted a joint analysis of the age and
time factors. Radiation treatment at a younger age and with a
shorter latency (ie, ⬍20 years at treatment and ⬍40 years
since treatment began) and at an older age and for a longer
time since first treatment (ie, ⬎20 years and ⱖ40 years since
treatment began) were each associated with a modestly increased risk of basal cell carcinoma (Table 2). The highest
OR was found with the joint effects of younger age (age ⬍20
years) and longer latency (ⱖ40 years since treatment began)
(OR ⫽ 4.1; 95% CI ⫽ 2.0 – 8.6) (Table 2). Conversely, the
combined category of older age and shorter time interval
since first treatment appeared unrelated to basal cell carcinoma risk (Table 2).
For squamous cell carcinoma, the ORs were enhanced
for those with a history of radiation treatment to any body site
(1.6; 1.1–2.2) as well as those whose tumors arose within the
radiation treatment field (1.9; 1.1–3.3) (Table 3). The ORs
were also higher for those treated with radiation for acne
(Table 3). Risks for squamous cell carcinoma arising within
the radiation treatment field were increased by almost 3-fold
among those who had received radiation therapy for cancer
(other than skin cancer) (2.9; 1.1–7.6) (Table 3). Effects of
age and time since first radiation treatment on squamous cell
© 2007 Lippincott Williams & Wilkins
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TABLE 1. Distribution of Radiation Treatment Among Study Subjects by Age, Sex, Level of Education, and Smoking Status
Cases

Age (yrs)
ⱕ50
51–60
61–70
⬎70
Sex
Women
Men
Education*
High school or technical school
College
Graduate or professional school
Smoking status
Current
Former
Never

Controls

Basal Cell

Squamous Cell

Radiation Treatment
No
Yes
(n ⴝ 980)
(n ⴝ 69)
%
%

Radiation Treatment
No
Yes
(n ⴝ 1010)
(n ⴝ 111)
%
%

Radiation Treatment
No
Yes
(n ⴝ 761)
(n ⴝ 93)
%
%

20
21
41
18

15
12
49
25

29
24
33
14

14
19
45
22

10
20
43
27

5
14
55
26

39
61

55
45

45
55

43
57

37
63

39
61

47
20
33

55
17
28

35
25
40

24
38
38

42
22
35

34
33
32

17
48
35

22
48
30

14
45
41

14
49
38

17
50
33

14
59
27

*Level of education was missing for 2 controls, 1 basal cell carcinoma case, and 3 squamous cell carcinoma cases—all with no history of radiation treatment.

carcinoma risk were similar to those for basal cell carcinoma
(Table 3). Radiation treatment-related ORs were higher for
those with a longer time period since first radiation treatment
(for ⱖ40 years, OR ⫽ 2.7 关CI ⫽ 1.5–5.1兴) and early age at
first radiation treatment (for ⬍20 years, 2.7 关1.4 –5.3兴) (Table
3). The squamous cell carcinoma data were too sparse to
separately examine age and time since first treated.
We next examined the potential modifying effects of
sunlight-related factors on the associations of radiation treatment and skin cancer risks. When we simply compared the
ORs of basal cell carcinoma associated with radiation treatment at chronically sun-exposed sites (ie, head and neck)
versus other sites of the body, the ORs were slightly higher
for the head and neck tumors (Table 4). Among both those
with and without a history of radiation treatment, the ORs for
basal cell carcinoma were similarly increased for those having a skin type that tends to sunburn compared with those
who tend to tan (Table 4). The number of lifetime severe
sunburns was positively related to basal cell carcinoma
largely among those without a history of radiation treatment
(Table 4). As a result, the stratum-specific radiation-treatment-related OR was highest among those who did not report
any severe sunburns. In particular, we found a stronger
association with radiation treatment before age 20 years
among those with fewer than 3 severe sunburns (4.9; 1.8 –
13.0) than among those with 3 or more severe sunburns (2.2;
1.8 – 4.8).
© 2007 Lippincott Williams & Wilkins

The OR for squamous cell carcinoma at sun-exposed
sites was slightly greater than that for other body sites, with
overlapping confidence intervals (Table 5). Stratum-specific
ORs associated with radiation treatment were higher for those
with a sun-sensitive phenotype compared with those who
tend to tan without sunburn, or who mildly sunburn with
some tanning (Table 5). Of interest, the difference in the odds
ratios by sun sensitivity was evident among those who were
treated with radiation before age 20 years (for those with a
tendency to tan, OR ⫽ 1.7 关CI ⫽ 0.6 to 4.3兴, and for those
with a tendency to burn, 3.8 关1.2 to 11.5兴), but not among
those treated with radiation therapy at older ages (1.3 关0.8 to
2.0兴 and 1.5 关0.8 to 2.8兴, respectively). The strata-specific
odds ratios for squamous cell carcinoma associated with
radiation treatment did not increase with number of lifetime
severe sunburns, although the highest odds ratio was observed among those who reported the largest number of
sunburns (Table 5).

DISCUSSION
In our extended study, we found an association between
basal cell carcinoma and history of radiation treatment for those
tumors occurring within the radiation treatment field. The association was strongest among those treated with radiation for
acne. The odds ratio for basal cell carcinoma was persistently
elevated 40 or more years after the first treatment, and was also
higher when radiation treatment was given before age 20. We
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TABLE 2. Association of Radiation Treatment, Condition Treated, Years Since First Treatment, and Age First Treated With
Basal Cell Carcinoma
Any Radiation Treatment

Radiation treatment
No§
Yes
Condition treated¶
No radiation§
Acne
Benign skin condition㛳
Cancer#
Other**
Time since first treated (yrs)
No radiation§
⬍40
ⱖ40
Test for linear trend, grouped††
Age first treated (yrs)
No radiation§
⬍20
ⱖ20
Test for linear trend, grouped††
Age by time since first treated (yrs)
No radiation§
Age ⬍20, time ⬍40
Age ⬍20, time ⱖ40
Age ⱖ20, time ⬍40
Age ⱖ20, time ⱖ40

Radiation to the Tumor Site*

OR† (95% CI)

Controls
(n ⴝ 998)
No. (%)

Cases
(n ⴝ 1019)
No. (%)

OR‡ (95% CI)

1010 (90.1)
111 (9.9)

1.0
1.7 (1.2–2.3)

977 (97.9)
21 (2.1)

967 (94.9)
52 (5.1)

1.0
2.6 (1.5–4.3)

980 (93.5)
2 (0.2)
13 (1.2)
34 (3.2)
19 (1.8)

1010 (90.4)
23 (2.1)
19 (1.7)
47 (4.2)
18 (1.6)

1.0
11.4 (2.7–48.7)
1.6 (0.8–3.2)
1.5 (1.0–2.4)
0.9 (0.5–1.9)

977 (98.0)
2 (0.2)
4 (0.4)
6 (0.6)
8 (0.8)

967 (95.3)
17 (1.7)
11 (1.1)
12 (1.2)
8 (0.8)

1.0
8.7 (2.0–38.0)
3.0 (1.0–9.6)
2.3 (0.8–6.1)
1.0 (0.4–2.6)

980 (93.4)
54 (5.2)
15 (1.4)

1010 (90.1)
66 (5.9)
45 (4.0)

1.0
1.3 (0.9–1.9)
3.2 (1.8–5.8)
P ⫽ 0.008

977 (97.9)
16 (1.6)
5 (0.5)

967 (94.9)
23 (2.3)
29 (2.9)

1.0
1.4 (0.7–2.7)
6.3 (2.4–16.3)
P ⫽ 0.012

980 (93.4)
13 (1.2)
56 (5.3)

1010 (90.1)
47 (4.2)
64 (5.7)

1.0
3.4 (1.8–6.4)
1.3 (0.9–1.8)
P ⫽ 0.006

977 (97.9)
7 (0.7)
14 (1.4)

967 (94.9)
31 (3.0)
21 (2.1)

1.0
4.1 (1.8–9.4)
1.8 (0.9–3.5)
P ⫽ 0.122

980 (93.4)
4 (0.4)
9 (0.9)
50 (4.8)
6 (0.6)

1010 (90.1)
11 (1.0)
36 (3.2)
55 (4.9)
9 (0.8)

1.0
1.9 (0.6–6.2)
4.1 (2.0–8.6)
1.2 (0.8–1.8)
1.8 (0.6–5.2)

Controls
(n ⴝ 1049)
No. (%)

Cases
(n ⴝ 1121)
No. (%)

980 (93.4)
69 (6.6)

NC

*Tumor site for controls is a randomly assigned site based on the anatomic distribution of the combined basal cell and squamous cell carcinoma cases. Restricted to cases with
1 site of tumor (43 no radiation treatment, 7 radiation to the tumor site, and 4 radiation to another site are excluded). Included all subjects receiving at least 1 radiation treatment
to the tumor site. Four subjects (1 basal cell carcinoma cases and 3 controls in the no radiation treatment group) with nonspecific tumor sites are excluded.
†
Estimated using unconditional logistic regression adjusted for age (continuous) and sex.
‡
Estimated using conditional logistic regression, due to small strata, with adjustment for age (25–35, 36 – 45, 46 –50, 51–59, 60 – 64, 65– 69, 70 –74) and sex.
§
Reference category.
¶
Five people who were radiated for more than 1 condition are excluded (4 cases, 1 control).
㛳
Benign skin conditions included tinea or ringworm or skin fungus, birthmark, rash, warts, eczema or dry skin, noncancerous skin lesion, and keloid.
#
Cancers included prostate, breast, uterine, mouth, respiratory tract, colon, rectum, bladder, ovarian, pancreatic, and testicular cancer, lymphoma, leukemia, melanoma, cancer
of the bone, and cancer of female reproductive system not otherwise specified.
**Other conditions included enlarged tonsils, enlarged thyroid, enlarged thymus, renal transplant injection, cystic craniopharyngioma, swollen glands, infection or allergy, growth
or tumor but not cancer, bursitis, frozen shoulder, ear infection, decreased white cell count, incision, hyperthyroid, nasal infection, or difficulty conceiving.
††
P for trend calculated on ordinal categories (grouped linear).
NC indicates not computed due to small strata sizes.

also found an association between squamous cell carcinoma and
history of radiation treatment, with the elevated risk lasting 40 or
more years after radiation treatment. The effects of radiation
treatment on risk of basal cell carcinoma appeared greater
among those without a history of severe sunburns. For squamous
cell carcinoma, on the other hand, the association was slightly
higher among those with a sun-sensitive phenotype.
In epidemiologic studies, an increased risk of keratinocyte cancers, and specifically basal cell carcinoma, has been
observed among populations occupationally and medically
exposed to ionizing radiation. These include uranium min-
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ers,16 radiologists,17,18 radiologic technologists,19 and patients therapeutically treated with x-rays for tinea capitis,20,21
thymic enlargement,22 childhood cancer23 or acne,24 as well
as atomic-bomb survivors.25 We previously reported an increased risk of basal cell carcinoma and squamous cell
carcinoma after radiation treatment for acne.24 With an enlarged sample size in this study, we were able to estimate
more precise risks for basal cell carcinoma and squamous cell
carcinoma in relation to medical conditions for which radiation treatment was given, according to whether or not the skin
tumor was within or outside of the radiation treatment field,
© 2007 Lippincott Williams & Wilkins
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TABLE 3. Association Between Radiation Treatment, Condition Treated, Years Since First Treatment, Age First Treated, and
Squamous Cell Carcinoma
Any Radiation Treatment

Radiation treatment
No§
Yes
Condition treated¶
No radiation§
Acne
Benign skin condition㛳
Cancer#
Other**
Years since first treatment††
No radiation§
⬍40 yr
ⱖ40 yr
Test for linear trend, grouped‡‡
Age first treated††
No radiation§
⬍20 yr
ⱖ20 yr
Test for linear trend, grouped‡‡

Controls
(n ⴝ 1049)
No. (%)

Cases
(n ⴝ 854)
No. (%)

980 (93.4)
69 (6.6)

Radiation to the Tumor Site*

OR (95% CI)†

Controls
(n ⴝ 998)
No. (%)

Cases
(n ⴝ 785)
No. (%)

OR (95% CI)‡

761 (89.1)
93 (10.9)

1.0
1.6 (1.1–2.2)

977 (97.9)
21 (2.1)

753 (95.9)
32 (4.1)

1.0
1.9 (1.1–3.3)

980 (93.5)
2 (0.2)
13 (1.2)
34 (3.2)
19 (1.8)

761 (89.3)
8 (0.9)
18 (2.1)
44 (5.2)
21 (2.5)

1.0
4.8 (1.0–22.8)
1.6 (0.8–3.4)
1.5 (0.9–2.3)
1.4 (0.7–2.6)

977 (98.0)
2 (0.2)
4 (0.4)
6 (0.6)
8 (0.8)

753 (96.2)
5 (0.6)
4 (0.5)
15 (1.9)
6 (0.8)

1.0
3.0 (0.6–15.6)
1.2 (0.3–4.8)
2.9 (1.1–7.6)
1.0 (0.3–2.9)

980 (93.4)
54 (5.2)
15 (1.4)

761 (89.2)
57 (6.7)
35 (4.1)

1.0
1.2 (0.8–1.8)
2.7 (1.5–5.1)
P ⫽ 0.029

977 (97.9)
16 (1.6)
5 (0.5)

753 (95.9)
20 (2.6)
12 (1.5)

1.0
1.5 (0.8–3.0)
2.8 (1.0–8.1)
P ⫽ 0.332

980 (93.4)
13 (1.2)
56 (5.3)

761 (89.2)
26 (3.1)
66 (7.8)

1.0
2.7 (1.4–5.3)
1.3 (0.9–2.0)
P ⫽ 0.078

977 (97.9)
7 (0.7)
14 (1.4)

753 (95.9)
9 (1.2)
123 (2.9)

1.0
1.7 (0.6–4.7)
1.9 (1.0–3.8)
P ⫽ 0.840

*Tumor site for controls is a randomly assigned site based on the anatomic distribution of the combined basal cell and squamous cell carcinoma cases. Restricted to cases with
1 site of tumor (8 subjects with no radiation treatment excluded). Included all subjects receiving at least 1 radiation treatment to the tumor site. Nine subjects (4 squamous cell
carcinoma, 3 controls in the no radiation treatment group, and 2 squamous cell carcinoma receiving radiation treatments) with nonspecific tumor sites are excluded.
†
Estimated using unconditional logistic regression adjusted for age (continuous) and sex.
‡
Estimated using conditional logistic regression, due to small strata, adjusted for age (25–35, 36 – 45, 46 –50, 51–59, 60 – 64, 65– 69, 70 –74) and sex.
§
Reference category.
¶
Three people who were radiated for more than 1 condition are excluded (2 squamous cell carcinoma cases, 1 control).
㛳
Benign skin conditions included tinea or ringworm or skin fungus, birthmark, rash, warts, eczema or dry skin, noncancerous skin lesion, and keloid.
#
Cancers included prostate, breast, uterine, mouth, respiratory tract, colon, rectum, bladder, ovarian, pancreatic, and testicular cancer, lymphoma, leukemia, melanoma, cancer
of the bone, and cancer of female reproductive system not otherwise specified.
**Other conditions included enlarged tonsils, enlarged thyroid, enlarged thymus, renal transplant injection, cystic craniopharyngioma, swollen glands, infection or allergy, growth
or tumor but not cancer, bursitis, frozen shoulder, ear infection, decreased white cell count, incision, hyperthyroid, nasal infection, or difficulty conceiving.
††
One case was excluded due to missing time since start of treatments.
‡‡
P for trend calculated on ordinal categories (grouped linear).

and by potentially modifying factors such as tendency to
sunburn and history of severe sunburns.
Studies of atomic bomb survivors and tinea capitis
patients have shown that age at exposure is a significant
modifier of the ionizing radiation-related relative risk of basal
cell carcinoma, which decreases with increasing age at exposure.4,25 Our results are consistent with these findings on
basal cell carcinoma. Further, based on a smaller number of
squamous cell carcinoma cases, our data suggest a similar
age-at-exposure effect for this histologic type of skin cancer.
In the atomic-bomb survivors and tinea capitis patients,11,20,25 the elevated risk of basal cell carcinoma persisted for 4 or more decades, and the present data also are
consistent with the persistence of the risk for 40 or more years
for both types of skin cancer examined.
Among atomic bomb survivors, an excess risk has been
observed for basal cell carcinoma but not for invasive squamous
© 2007 Lippincott Williams & Wilkins

cell carcinoma.25 The risk for Bowen disease—an in situ squamous cell carcinoma lesion— however, was elevated.25 Studies
of early radiologists in the United States and the United
Kingdom, who were exposed to very high doses of ionizing
radiation, showed higher-than-expected mortality from skin
cancer, most likely squamous cell carcinoma,17,18 although
excess skin mortality was limited to the first 20 years of
follow-up of the UK radiologists.26 A large population-based
study of men in Canada reported odds ratios of 5.7 and 4.8 for
basal cell carcinoma and squamous cell carcinoma, respectively, associated with therapeutic radiation exposure (which
involves higher doses).27 Our current study expands upon our
earlier analysis that also indicated an excess risk of squamous
cell carcinoma associated with radiation treatment12 and
further suggests that the excess risk of squamous cell carcinoma, like basal cell carcinoma, continues even 40 or more
years after exposure.
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TABLE 4. Odds Ratios of Basal Cell Carcinoma According to Anatomic Site, Skin Sensitivity, and Cumulative Number of
Painful Sunburns, Stratified by History of Radiation Treatment, and Stratum-Specific Odds Ratios for Radiation Treatment
According to These Factors
No Radiation Treatment
No. Cases/
No. Controls

OR (95% CI)*

Any Radiation Treatment
No. Cases/
No. Controls

OR (95% CI)*

Stratum-Specific OR for
Radiation Treatment
(95% CI)*†

‡

Anatomic site
Head and neck
Other
Skin sensitivity§
Tan without sunburn or mild
sunburn with some
tanning¶
Painful sunburn with peeling
or severe sunburn with
blistering
No. lifetime painful sunburns㛳
0㛳
1–2
3–9
ⱖ10

635
374

75
36

1.8 (1.3–2.5)
1.5 (1.0–2.3)

570/664

1.0

69/49

1.0

1.8 (1.2–2.6)

437/313

1.6 (1.3–1.9)

42/20

1.5 (0.8–2.9)

1.6 (0.9–2.9)

240/287
206/254
142/128
364/226

1.0
0.9 (0.7–1.2)
1.3 (1.0–1.7)
1.8 (1.4–2.3)

29/15
22/24
20/12
39/15

1.0
0.4 (0.2–1.0)
0.7 (0.3–1.9)
1.1 (0.5–2.8)

2.5 (1.3–4.8)
1.2 (0.6–2.2)
1.7 (0.8–3.6)
1.8 (1.0–3.2)

*Adjusted for age and sex.
†
Stratum-specific odds ratio for radiation treatment, using no radiation treatment as the referent group.
‡
Four subjects (1 case and 3 controls in the no radiation treatment group) with nonspecific tumor sites excluded.
§
Sun sensitivity was defined as the reaction to 1 hour of sun exposure the first time in the summer. Six subjects (3 basal cell carcinoma codes and 3 controls) missing sun sensitivity
were excluded.
㛳
One hundred and forty-seven subjects (58 unexposed cases and 85 unexposed controls; 1 exposed case and 3 exposed controls) missing the number of painful sunburns are
excluded.
¶
Reference category.

The hypothesis that ionizing radiation interacts with
ultraviolet exposure on risk of skin malignancies was suggested in a prospective study of 1373 psoralen and ultraviolet
A-treated patients.9 After a 2.1-year follow-up period, the
relative risk of cutaneous carcinoma (basal cell carcinoma or
squamous cell carcinoma) was increased (RR ⫽ 3.7; 95% CI ⫽
2.4 – 8.7) among those with a history of ionizing radiation
exposure compared with a substantially lower risk (1.5; 0.74 –
3.34) among those without this history. In our study, the odds
ratio for basal cell carcinoma associated with radiation treatment, particularly before age 20 years, was stronger among
those with fewer severe sunburns. Thus, among those with a
lower baseline risk (ie, due to few sunburns), ionizing radiation
exposure early in life may increase the relative risk of this tumor,
whereas among those with a higher baseline risk (ie, due to
severe sunburns), the relative effects of radiation treatment
appear more modest.
For squamous cell carcinoma, individuals with a sunsensitive phenotype had a somewhat greater risk associated
with early radiotherapy. The potential for enhanced susceptibility to skin cancer associated with ionizing radiation
therapy according to host sensitivity to ultraviolet radiation
was noted in our earlier report,12 as well as in a study of tinea
capitus.11 Interindividual differences in DNA repair proficiency may at least in part explain this finding. A greater
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tendency to sunburn has been associated with a reduced DNA
repair capacity,28 and by extension these individuals with a
reduced DNA repair phenotype could be more susceptible to
ionizing radiation-DNA damage as well. Additionally, those
who are sun-sensitive could experience greater immunosuppressive effects of sunlight exposure,29 and this could allow
for expansion of prealtered clones (eg, cells containing mutations from early-life ionizing radiation exposure) into larger
clones with subsequent ultraviolet radiation exposure. Additional work incorporating genetic susceptibility and mutation
profiling might help answer these mechanistic questions.
Aside from limited statistical power for some of the
analyses, our study has other weaknesses that must be kept in
mind. For one, our study relied on self-reported treatment
with radiation, and hence is subject to both differential and
nondifferential reporting bias. In an attempt to verify responses, in the first study phase we reviewed the radiation
treatment records of those who reported radiotherapy for
cancer and found a reporting accuracy of nearly 100%.12 Of
the self-reported conditions, there was one individual who
reported radiation therapy (for a broken bone) that we would
have excluded even in the absence of medical record information. We did not attempt to verify the responses of those
who said they did not receive radiation therapy. It is conceivable that some individuals who received radiation treatment
© 2007 Lippincott Williams & Wilkins
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TABLE 5. Odds Ratios of Squamous Cell Carcinoma According to Anatomic Site, Skin Sensitivity, and Cumulative Number of
Painful Sunburns, Stratified by History of Radiation Treatment, and Stratum-Specific Odds Ratios for Radiation Treatment
According to These Factors
No Radiation Treatment
No. Cases/
No. Controls

OR (95% CI)*

Any Radiation Treatment
No. Cases/
No. Controls

OR (95% CI)*

Stratum-Specific OR for
Radiation Treatment
(95% CI)*†

‡

Anatomic site
Head and neck
Other
Skin sensitivity§
Tan without sunburn or mild
sunburn with some
tanning¶
Painful sunburn with peeling
or severe sunburn with
blistering
No. lifetime painful sunburns㛳
0㛳
1–2
3–9
ⱖ10

455
302

55
36

1.7 (1.1–2.4)
1.4 (0.9–2.2)

431/664

1.0

48/49

1.0

1.4 (0.9–2.1)

327/313

1.7 (1.4–2.1)

44/20

2.5 (1.3–5.1)

1.9 (1.1–3.4)

192/287
148/254
104/128
265/226

1.0
0.9 (0.7–1.2)
1.4 (1.0–2.0)
2.0 (1.5–2.6)

17/15
25/24
9/12
37/15

1.0
1.0 (0.4–2.4)
0.6 (0.2–1.9)
2.1 (0.8–5.4)

1.5 (0.7–3.1)
1.7 (0.9–3.1)
0.8 (0.3–2.0)
2.1 (1.2–3.7)

*Adjusted for age and sex.
†
Stratum-specific odds ratio for radiation treatment, using no radiation treatment as the referent group.
‡
Nine subjects (4 cases, and 3 controls in the no radiation treatment group, 2 cases receiving radiation treatments) with nonspecific tumor site were excluded.
§
Sun sensitivity was defined as the reaction to 1 hour of sun exposure the first time in the summer.
¶
Reference category.
㛳
One hundred and forty-five subjects (52 unexposed cases and 85 unexposed controls; 5 exposed cases and 3 exposed controls) missing the number of painful sunburns are
excluded.

were misclassified due to under-reporting. Arguing against
reporting bias is the specificity of our results to the radiation
field, ie, the odds ratio for basal cell carcinoma and squamous
cell carcinoma for radiation outside the regions of the tumor
were modest (1.3 for basal cell carcinoma, and 1.5 for
squamous cell carcinoma; data not shown). Further, our
response rates were less than 100%. This may have introduced selection bias that could not be taken into account even
with our careful consideration of potential confounding factors. Lack of comparability between cases and controls due to
the control selection methods is another possible source of
bias; however 98.5% of cases younger than age 65 stated they
held a valid driver’s license and 98% of those 65 years and
older stated that they were enrolled in Medicare. Further, our
population-based approach is less susceptible to selection
bias than clinic-based studies of skin cancers. Additionally,
although it is conceivable that residual confounding exists in
our analyses, our in-person interview used a questionnaire
that was quite comprehensive, particularly with respect to
solar-related factors.
The lack of information on radiation dose precluded
quantitative estimates of radiation-related risk per unit dose.
Such data would have been useful in determining whether the
differences in the magnitude of skin cancer risk for anatomic
locations were due to variation in radiation dose or indeed
© 2007 Lippincott Williams & Wilkins

were influenced by sunlight exposure. It is also possible,
though unlikely, that the apparent age-at-exposure effect on
the ionizing radiation-related risk was attributed to higher
doses used for treatment at younger ages.
The high basal cell carcinoma and possibly squamous
cell carcinoma risks associated with a history of radiation
treatment for acne are noteworthy. The association did not
appear to be due to the early age at which this radiation
treatment was given; the magnitude of the risk associated
with early radiation treatment for acne still exceeded that for
radiation treatment given at an early age for other conditions
(adjusted odds ratio for basal cell carcinoma associated with
treatment before 20 years of age for acne was 10.3 关95% CI ⫽
2.4 – 44.3兴), and for other conditions was 2.1 (1.0 – 4.5) (data not
shown). Radiation treatment for acne was common until the
mid-1900s and typically involved doses of about 10 Gy. An
estimated 1 million people were treated with radiation for adolescent acne vulgaris in the United States through the mid1900s.30,31 The unfiltered radiation used often30 in this treatment
could have resulted in high skin doses and hence a greater risk
associated with this form of therapy.
Radiation treatment is no longer used for treatment of
acne, but medical radiation continues to be the largest source
of man-made radiation exposure. Most recently, there has
been a rapid increase in the use of computerized tomography
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scanning and fluoroscopically guided diagnostic and interventional procedures. These relatively high-dose procedures
deliver substantially greater skin doses than standard diagnostic x-rays.32 Such procedures, particularly computerized
tomography scans, are often employed for diagnostic
work-up of children and frequently involve radiation exposure to the head, face, and neck—the predominant sites for
skin cancers.
In conclusion, we found evidence of effects of radiation
treatment on subsequent keratinocyte skin cancer, both for
basal cell and squamous cell carcinomas. The strongest association was seen for treatment of acne and subsequent basal
cell carcinoma risk. Increased risks of both basal cell and
squamous cell carcinoma after radiation treatment appeared
to persist for several decades. This potential, combined with
the widespread occurrence of skin cancer in the population
and its associated morbidity, highlights the need to understand susceptibility to radiation-related skin cancer.
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Abstract: Attributable risks are routinely estimated in “risk-factor”
epidemiology. Often, these risks are interpreted as the numbers of
deaths caused by (or numbers of lives lost by) exposure to the factor
of interest. It is then often surmised that removal of exposure will
avoid deaths and save lives. This reasoning leads to confusion
because of 2 underlying assumptions. One is that removal of the
exposure will reduce permanently the annual number of deaths by
the number attributed to the factor. In reality, deaths are merely
postponed and lives are merely prolonged; estimating the effect of
exposure on life expectancy is both more straightforward and of
greater public health interest. The other misleading premise is that
the deaths attributed to a certain risk factor can be identified. While
such identification may be possible for certain immediate external
causes of death (eg, accidents), it is not usually feasible for deaths
attributed to factors that merely contribute to development of
chronic disease and ultimately death. For such exposures, it is more
reasonable to suggest that they contribute to death in all who are
exposed – more so in some people than in others. Again, it is more
appropriate to calculate the average loss of life expectancy associated with exposure from follow-up studies; the years of life lost by
individuals who are exposed then varies around this average. The
”real age” concept popularized in lifestyle Web sites and television
programs may be more useful than calculations of the numbers of
attributable deaths for communicating individual as well as public
health risks associated with common environmental, occupational
and lifestyle risk factors.
(Epidemiology 2007;18: 785–788)
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hen Aldous Huxley wrote Brave New World in 1932,
he envisaged a world inhabited by healthy people
looking and feeling young forever—that is, until they, somewhere in their 60s, entered the Park Lane Hospital for the
Dying for a brief, accelerated but comfortable aging and
dying process.1
Together with many other preoccupations, epidemiology would surely have vanished from Huxley’s World. After
all, with health, well-being, and death programmed to the
point where everybody’s experience is equivalent to that of
the whole group, there would be no need to study their
distributions or determinants.
Few people would have much sympathy for the means
used to create the “Brave New World,” with its eugenics,
totalitarianism, and mind control. But some of the ends seem
familiar—a long healthy life, morbidity that is compressed
into a late and short last phase of life, and compassionate
end-of-life care. It is interesting to look at some of the
ramifications of risk-factor epidemiology in the light of Huxley’s book, and in particular to consider the tendency (or is it
the temptation?) to interpret, at the level of the individual,
results and concepts based on group differences.
Let’s take the example of air pollution. Cohort studies2,3 have documented that people living in urban areas with
high concentrations of particulate matter in the atmosphere
have a lower life expectancy than subjects breathing clean air.
Such effects are expressed as relative, which in this context is
the proportional change in mortality hazards (ie, age-specific
death rates) per unit of fine particles. Higher relative risks
mean “extra” deaths in the more polluted communities.
However, these cohort studies make no attempt to
identify which individual deaths in the more polluted areas
are attributable to air pollution—nor could they. We know
that the excess mortality is focused among certain causes of
death (cardiorespiratory and lung cancer). We also know that
relative risks are somewhat higher in some subgroups, notably those with lower educational status3—a finding widely
understood as reflecting increased susceptibility among
poorer people. Even so, more precise identification of those
affected by air pollution remains elusive, precisely because
the role of pollution is best understood as increasing the risks
among many.
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Although the effects can be described reasonably reliably for the population or community as a whole, we cannot
say how this translates into effects on specific individuals.
For example, we cannot say whether a given excess risk of
lung cancer is due to new cases in persons who otherwise
would not have been affected, or to an acceleration of the
disease among those who were going to get lung cancer
anyway. Relative risks do not distinguish between the two.
Increasingly, policies to protect health by better control
of air pollution are informed by health impact assessments.
These assessments estimate the mortality and morbidity due
to current levels of air pollution, and the public health
benefits that might accrue by reducing air pollution in various
ways and to varying extents. These health impact assessments
link the relative risks from cohort studies with estimates of
the size of the exposed population and the extent of ambient
pollution experienced by that population, to estimate the
numbers of deaths (or the change in life expectancy) that can
be “attributed” to the exposure.4
The relative risks for air pollution are small (on the
order of 1.1–1.2 for dirty vs. clean air communities). Still,
given that the number of exposed people is large, the numbers
of “attributable” deaths can also be large. For instance,
Künzli et al5 estimated that air pollution causes 6% of annual
mortality in Austria, France, and Switzerland, for a total of
40,000 annual deaths. A Dutch report6 attributed 18,100, or
more than 10% of some 130,000 annual deaths, to particles
smaller than 10 m, and estimates for the European Commission’s Clean Air for Europe program suggested 200,000
“attributable” deaths annually across the 25 countries in the
European Union at that time.7 In their investigation of the
worldwide impact of a broad range of external risk factors,
Ezzati et al8 attributed 40 million of a total of 56 million
deaths per year to 6 main categories of risk factors(childhood
and maternal undernutrition, other nutritional risks and
physical inactivity, sexual and reproductive health risks,
addictive substances, environmental risks, and occupational risks). (The authors cautioned that overlap among
these risk factors would make this number of “attributable”
deaths an overestimate).
“Attributable” deaths are estimated by assessing the
mortality experience of populations under 2 scenarios—a
baseline using current death rates, and an alternative using
death rates that reflect reduced exposure. “Attributable”
deaths are the differences in deaths (the “extra” deaths)
between the 2 scenarios. These deaths are sometimes also
labeled as “avoidable.”9 The all-too-easy interpretation is that
deaths attributed to factor X will be avoided when exposure
to X ceases. Authors may or may not acknowledge explicitly
that these are not “avoidable” deaths per se, but rather
avoidable premature deaths. Death, in the end, is not avoidable. Death can merely be postponed; what can be influenced
is not the fact of death, but its timing.
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This has a number of important implications. One is
technical. The concept of “avoidable” deaths was popularized
some 30 years ago for the purpose of evaluating the benefits
of health care for ailments such as appendicitis.10 To avoid
the complications of such calculations at more advanced
ages, the estimates of “avoidable” deaths were usually constrained to younger people (below age 65, 70, or 75
years).11,12 This convention is also carried over into assessments of other risk factors. As an example, an analysis of 40
years of follow-up of the famous Framingham heart study
cohort documented dramatic joint effects on survival of
smoking and obesity at baseline, and then estimated the
numbers of “premature” deaths only as those occurring before age 70.13
However, most deaths attributed to external risk factors
such as air pollution or smoking are not expected to occur at
these younger ages. For this reason, most health impact
assessments of air pollution consider all “attributable” deaths,
without restriction by age.5,7,8,14 Counting “attributable”
deaths only up to a given age would have important implications for the results. In the Netherlands, for example, 81%
of all deaths nowadays occur in subjects older than 65, 74%
in subjects older than 70, and 59% in subjects older than 75.
More discussion is needed of the trade-offs between underestimating the effects by narrowing the age range, and increasing the uncertainty by estimating attributable deaths in
older people.
A second implication is in the very notion of “premature” death. This tacitly supposes that we have some idea of
the age at which deaths stop being “premature” and become
“mature.” In Huxley’s Brave New World, where individuals
experience the group average, this was easy: they’re the
sexagenerians in Park Lane Hospital (showing that in the
1932 United Kingdom, living to your 60s was not considered
a bad deal). But what about our less brave and older world?
At what age does death become “mature”? In the well-known
Global Burden of Disease project, the human life expectancy
was set at 82.5 years for women and 80 years for men.9 This
was based not on any medical or biologic reasoning, but
rather on the highest observed life expectancy at the time
(Japanese women). Ten years later, the World Health Organization World Health Report 2006 shows that Japanese
women have a life expectancy of 86 years.
Life expectancy continues to increase around the globe,
even in countries with the highest expectancies already. We
would consider it a major public health crisis if our exposure
to one of the many risk factors we throw into our health
impact assessments today were to suggest a shortening of life
expectancy even to that of our parents’ generation. Maybe
this is just as well. Like poverty, life expectancy can be
considered in absolute or relative terms, and it is no harm to
have our sights raised regarding what is possible.
© 2007 Lippincott Williams & Wilkins
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In relative terms, “premature” carries the simple connotation of “earlier than it would otherwise have been.” This
concept is captured in the slightly awkward but informative
phrase of “deaths brought forward.”15 This term was introduced to refer to deaths “attributable” to short-term exposure
to air pollution, ie, deaths triggered by higher air pollution on
the same or on immediately preceding days. It is widely
acknowledged that such deaths occur primarily in a subgroup
with serious preexisting (though possibly undiagnosed) cardiorespiratory disease, and who therefore have a life expectancy far less than others of the same age. This further
example of a “moving target” shows that the choice of
reference group is crucial when estimating the size of lifeexpectancy gains and losses.
A third implication of the fact that death can only be
postponed is that removal of exposure from a specific cohort
produces only temporary reductions in the absolute number
of deaths per year.16,17 Of course, a reduction in risk that
leads to lower annual death rates and an increased life
expectancy will, over time, increase the size of the population
surviving at a given age. But for this very reason, there will
come a time when a cohort with cleaner air and better
survival will experience more deaths at advanced ages than a
cohort breathing “dirty” air, simply because more people in
the “clean air” cohort have survived to older age.
An added complication is that factors contributing to
chronic disease development and early death usually do not
operate discretely (producing death in some but not in others),
but rather increase the risk of death in everyone exposed.
Attributable fraction calculations, though based on the risk
differences between 2 groups, easily lend themselves to the
interpretation that some of the exposed die of their exposure but
the rest do not. This dichotomy doesn’t make much sense from
a biologic point of view, and it seems more logical to express
effects of exposure in terms of “rate advancement periods,”
which estimate by how many months or years the survival curve
among the exposed is “advanced” or brought forward compared
with the survival curve among the unexposed.18
In keeping with this line of reasoning, health gains from
the reduction of multiple external risk factors were recently
estimated in terms of increases in (healthy) life expectancy
rather than reductions in numbers of deaths.19 Similarly, we
have for some years now20 –22 proposed and used changes in
life expectancy rather than estimates of “attributable deaths”
in estimating the mortality impacts of longer-term exposure
to air pollution. This approach is also championed by Rabl,16
and is increasingly used either on its own or in parallel with
estimates of “attributable” deaths.7,14
These thoughts lead to some conclusions. First of all,
when it comes to the risk of dying from chronic disease at an
advanced age, the term “avoidable” deaths is an unlucky one,
even when “avoidable” is put between quotation marks.
“Postponable” is more like it. Similarly, lives are not “sacri© 2007 Lippincott Williams & Wilkins
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ficed” or “saved”—they’re cut short or prolonged. Second,
the concept of “avoidable” or “postponable” deaths may have
meaning at the individual level for patients whose lives are
prolonged by a specific medical procedure, but is not meaningful for subjects exposed to some risk factor that decreases
their average life expectancy as a group. Removal or reduction of exposure to a given risk factor will increase life
expectancy by some calculable amount, but we do not know
how that gain in life expectancy is distributed across individuals. It leads to some reduction in risk in possibly all (formerly) exposed subjects, and variable postponement of death
in an unquantifiable number of them. It is impossible to say
how many deaths are “avoided” or “postponed” because the
numbers of deaths attributed to such exposures refer to group
differences, and are not linked to identifiable patients.
It can be useful to calculate reductions in the numbers
of deaths in populations, for example when age-specific death
rates are reduced through improved air quality— but there are
difficulties in interpreting such numbers as “attributable”
deaths. In particular, it is misleading to take the average gain
in life expectancy over the whole population, and attribute it
to the “deaths avoided,” thereby inferring an estimate of “live
years saved” per death “avoided”. The arithmetic is easy but
the interpretation is not.
So perhaps we should try to use more appropriate
terminology when communicating the public health threats
related to external risk factors, and the benefits expected from
their reduction. Body counts have the potential to seriously
mislead, whereas risks and benefits expressed as changes in
life expectancy are more straightforward. Maybe we can
learn something here from popular Internet and television
questionnaire-based programs called “your true age” that help
individuals translate their own set of “risk” factors into an
estimate of how much different their “true” age is from the
calendar one.
This is not all that new. Sir Joseph Bazalgette was chief
engineer of the reconstruction of the London sewers in the
19th century. At his death in 1891, his obituary in the London
Times ended thus: “Of the great sewer that runs below
Londoners know, as a rule, nothing; though the Registrar
General could tell them that its existence has added some 20
years to their chance of life.”23
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EDITORIAL

Probing STROBE
The Editors

M

any epidemiologists have not yet heard of STROBE. The acronym stands for
“Strengthening the Reporting of Observational Studies in Epidemiology,” and
represents an effort to provide guidelines on how epidemiologic results should be
reported.
STROBE springs from the success of CONSORT, a set of guidelines for reporting
randomized clinical trials (RTCs). There seems to be little question that the CONSORT
guidelines have encouraged more complete and open reporting of clinical trials. Do such
formulas apply equally well to observational research?
As the Editors of EPIDEMIOLOGY, we have reservations. In an earlier incarnation,
the “S” in STROBE stood for “Standards”—suggesting judgmental intent. To their
great credit, the authors of STROBE have retreated from the appearance of setting
standards, and they provide instead a set of recommendations. We believe these
recommendations deserve consideration. In this issue, we provide 2 documents on
STROBE—a set of recommended guidelines1 (simultaneously published in BMJ,
Bulletin of the World Health Organization, The Lancet, PLoS Medicine, and Preventive Medicine) and a longer explanatory document2 (appearing also in Annals of
Internal Medicine and PLoS Medicine).
EPIDEMIOLOGY is not ready to endorse STROBE. We have concerns about any effort
to formalize reporting in a field as heterogeneous as observational epidemiology. At the
same time, we recognize STROBE as a serious effort to improve the quality of
epidemiologic reports. Our purpose here is to inform epidemiologists about STROBE, and
to encourage input on its further development. Toward this end, we provide not only the
STROBE documents themselves, but also reflections on this effort from leading figures in
our field.3–5 Jan Vandenbroucke, an author of STROBE (and former member of our
Editorial Board), provides an insider’s view on the dilemmas and tradeoffs that have
shaped STROBE to date.6

RTC Origins and Remnants
The fact that STROBE has sprung from the success of CONSORT is itself a reason
for concern. Clinical trials are narrowly constructed and thus well suited to explicit
guidelines. By comparison, observational studies are idiosyncratic. Vandenbroucke6
describes his own concerns about STROBE’s origins in the CONSORT experience. He
expresses satisfaction that the transition to the world of observational studies has been
successful. Nonetheless, there are odd remnants of clinical-trial thinking in STROBE. (For
example, how many observational studies have actually been terminated because the
results achieved statistical significance?2(section 10) We would welcome a more thorough
purging of inapplicable RTC concepts, and a clear statement of the crucial distinctions
between randomized trials and observational studies—and hence between CONSORT and
STROBE.
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On Reporting, Not Researching
We agree there is room for improvement of the
presentation of epidemiologic data. As authors, we all
experience the temptations to gloss over study shortcomings and to dwell on the importance of our results. Editors
and reviewers have an essential function in counter-balancing such tendencies; EPIDEMIOLOGY has published specific guidance for this purpose.7 As Editors, we would be
willing to consider a value-free set of recommendations
that focuses narrowly on reporting— guidelines that do not
include as their mission the improvement of the conduct of
studies. It is unfortunate that STROBE ventures into matters of study conduct, with (for example) debatable opinions on the conditions under which matching should be
done. Reporting guidelines should avoid attempts to define
what constitutes “good” epidemiology.

From Recommendations to Judgment
Epidemiology is famously opportunistic. It was the
accidental contamination of the Broad Street pump that provided John Snow with dramatic demonstration that cholera is
water-bourne. This opportunism is a strength, but the corresponding lack of rigid structure in epidemiology makes our
craft particularly vulnerable to criticism. One of the Editors’
deepest concerns is that STROBE will evolve from a set of
reporting guidelines into a tool for judging the studies themselves. STROBE is not an appropriate basis for the evaluation
of studies. Although the authors of STROBE may agree, the
documents lack a clear statement to this effect.

The Beginning, Not the End
Rothman and Poole3 suggest that any set of guidelines
such as STROBE should be an evolving process. We concur.
The authors of STROBE say that comments are welcome
(although the specific process for developing future revisions
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is unclear). We present the complete STROBE documents to
our readers in hopes of stimulating wide discussion—and ultimately improvement— of the STROBE recommendations.
Towards that end, we offer these suggestions:
1. STROBE should acknowledge the differences between
randomized trials and observational studies, and the consequent differences between CONSORT and STROBE.
2. STROBE should explicitly restrict its function to the
improvement of reports on observational studies. Efforts
to improve the conduct of studies belong elsewhere.
3. STROBE should expressly discourage the use of its guidelines for the evaluation of studies or study results.
STROBE’s role is to provide aids for improving presentation, not for judging content.
4. Finally, and perhaps most important, STROBE should
give clear emphasis to the importance of good judgment
over any specific criteria. We should not allow the blindly
applied rule to trump the creative exception.
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COMMENTARY

Is There a Dark Phase of This STROBE?
Brian MacMahon* and Noel S. Weiss†‡
Abstract: Suggestions for improving the reporting of observational
epidemiologic studies are to be encouraged, but we believe the
required use in reports of a checklist of design and analytic features
relevant to study quality would have detrimental consequences.
(Epidemiology 2007;18: 791)

P

roposals to improve the reporting of epidemiologic and
other scientific studies are always welcome, but we have
reservations about the usefulness of the document developed
by von Elm and colleagues.1
One of the purposes of the document is said to be “to
support editors and reviewers when considering such articles
for publication.” This smacks of condescension. Typically,
the editors and reviewers chosen by a journal are not newcomers: it is our impression that the editors of epidemiologically-oriented journals are well informed about the issues
referred to in the von Elm document. Editors of other major
medical journals, if they are not themselves epidemiologists,
have consultants who are. Such people are not usually in need
of a checklist to perform their task.
What would be the effect on prospective authors of
wide-scale use of a check-list for submitted manuscripts? For
the novice, it might serve a purpose, but there are potential
downsides. Certainly, the principles that underlie such a list
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are matters that should be in the forefront of the design,
conduct, and analysis of all studies—surely not to be introduced at the time of reporting. Is there a risk that an author
who becomes aware of these principles only at the stage of
report writing will shade his or her description towards what
should have been done rather than what was done? While
appreciating the value of clear and accurate prose, we (like
most readers) try to avoid judging an apple by how well it is
polished.
Potential reviewers, aware of the time and effort required to determine whether the work conforms to a lengthy
list of specified characteristics (33 items in 22 categories)
may be more inclined to decline invitations to review. Moreover, having accepted an assignment, the reviewers’ efforts to
deal with the checklist may come at the cost of time and effort
spent evaluating more broadly the real value of the work.
We concur with von Elm and colleagues that the reporting
of epidemiologic studies should be transparent “so that readers
can follow what was planned, what was done, what was found,
and what conclusions were drawn.” We concur also that reporting sometimes falls short of this standard. Nonetheless, we
believe that the prescription that these authors have written for
improving the present state of affairs could lead to adverse
effects that are as or more serious than the problem that
prompted the prescription.
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COMMENTARY

Suggestions for STROBE Recommendations
Lewis H. Kuller and Bernard D. Goldstein
Abstract: The STROBE initiative is an excellent approach to
improving observational epidemiologic studies. Our concerns include: 1) the need for further emphasis on presenting a clear
definition of the hypothesis, its biologic rationale, and its implication
to the health of the public; 2) correction of the glaring omission in
the STROBE guidelines of the necessity to consider the incubation
periods for risk factors and diseases and to review other biologically
relevant issues that often have a major impact on the plausibility of
the observed association; 3) the essential importance of guidance
about a careful definition of host factors, including a clear statement
of results specific to race, sex and ethnicity rather than merely
stating: “The interaction term was not significant”; 4) the importance
of specifying that all studies should present the actual rates or
numbers of events in relation to the size of the population, including
the actual numbers for each independent variable in a multiple
regression analysis, rather than solely presenting a hazards ratio; and
5) the need to restrict the P value only to those hypotheses that were
generated prior to the data analysis, reserving retrospective analyses
to point estimates and confidence limits.
(Epidemiology 2007;18: 792–793)

he STROBE guidelines1 and the detailed paper2 are an
excellent approach for improving the presentation and
analysis of epidemiologic studies. There are, however, several concerns. First, a major problem with epidemiologic
(observation) studies is the failure to carefully specify the
hypotheses and the rationale for the hypotheses in the introduction to the study. The STROBE guidelines note that the
hypotheses should be stated. They do not emphasize nearly
enough the importance of clearly defining the hypotheses in
the introduction, specifying the biologic rationale for the
hypotheses if it exists, and testing the hypotheses with regards to future scientific endeavors or to the “public’s
health.”
The second and perhaps most glaring missing piece of
information from the STROBE report is the lack of a discussion of the incubation period of the risk factors and disease of
interest. There is a great tendency to report an association
between a variable measured in the recent past and an
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outcome even when it is well known that the incubation
period from the time of the initial lesion, (ie, carcinogenesis,
atherosclerosis, cognitive changes leading to dementia) occurs over a relatively long period of time. Thus, many of the
researchers’ interpretations of the associations are biologically implausible and are most likely due to reverse causality,
ie, the disease or the evolving disease causes changes in the
observed independent variable. Thus, it is extremely important to define the temporal relationship between the associations. This lack of information about incubation period is part
of a general weakness of the STROBE approach in considering the biology underlying cause-and-effect relationships.
For example, the classic Bradford Hill requirement to consider biologic plausibility is not mentioned in the STROBE
Commentary or checklist,1 and is restricted to one paragraph
in the full STROBE document.2 To provide information
about the meaning of the findings, reports of observational
epidemiologic studies must contain the information allowing
integration of the findings within the broader scientific base.
The STROBE guidelines for the discussion section should
require reflection about the relevance of the epidemiologic
finding to observations in laboratory animals or understanding about scientific mechanisms—including pertinent psychologic or sociological theory when warranted. The evidence to be considered in the discussion should be presented
in an evenhanded manner, and should include information for
and against the biologic plausibility of the findings.
Third, little attention is given to the importance of
clearly defining the host characteristics in the study. Epidemiologic studies are a study of the host, the agent, and the
environment. It is important that the host characteristics be
defined not only as being men or women or blacks or whites,
but by socioeconomic class, ethnic origin and, most likely in
the future, genotypic characteristics. It is also important that the
study design states whether there was a plan to compare the
results in various ethnic or racial groups and, if not, why not.
The National Institutes of Health have spent an extraordinary
amount of money, time and effort in creating a series of
regulations to increase the participation of women and minorities in studies. Yet there is a continued paucity in reporting of results specific to race, ethnicity or sex differences. We
do not think that the most common explanation for the lack of
such detail—that the interaction term was not significant—is
acceptable. Journals should require that both race- and sexspecific data be presented or else an explanation for their
omission be provided.
Epidemiology • Volume 18, Number 6, November 2007
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The fourth problem not implicitly included in the
STROBE guidelines is the tendency to present hazards ratios
(HR) without presenting the rates or even the number of
events and populations in the numerator and the denominator.
A large HR can be due to either a high rate in the numerator
or to a very low rate in the denominator. Random variation in
the denominator sometimes results in HRs that are quite
different across studies but have nothing to do with the effects
of the unique independent variable on the outcome. Thus, all
studies should be required to present the actual number of
events and the absolute rates, as well as HRs and relative risk.
Similarly, multiple regression analyses should not be presented without also providing information about the number
of individuals and events related to each of the independent
variables. Thus, the associations in multiple regression analyses may, in part, be related to the differences in variability of
the measurements of the independent variables. Some statement should also be included about the ability to measure the
independent variables (ie, both within the individual and the
between-individual variability of the measurement) and how
that may reflect on the interpretation of the results.
Fifth, the statistical analyses, the P values, should be
restricted in a paper to only the primary hypothesis and any
subgroup hypotheses that were generated prior to any of the data
analysis. Investigators submitting manuscripts to journals should
be required to state that the analysis and the P values for the
primary hypothesis and subgroup hypotheses were generated
prior to reviewing the data. P values generated from data that
already has been observed are essentially irrelevant since the
observed effect is the effect; no probability of the effect can be
considered. The so-called “peppered P value syndrome” is one
of the biggest problems in observational epidemiologic studies
because it leads to associations that cannot be substantiated. On
the other hand, it is perfectly acceptable to do further analysis
beyond the original hypothesis. Point estimates and confidence
limits can be generated, but there should be no P values associated with such analyses.
Journal editors should make sure that the reviewers of
articles do not judge their recommendation as to acceptability
for publication on the size of the HRs but rather on the quality
of the study and the specific hypothesis tested. If most of the
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research was original, most of the study results should be null
and only about 5% of studies should have positive results.
Given the fact that a priori biologic knowledge led to the
study, the percentage of positive results should be somewhat
higher. However, if most of the study results are positive then
the studies cannot be generating new information but rather
are only reflecting prior observations.
Finally, we note that the STROBE initiative was developed under European auspices and that the majority of the
epidemiologists involved are from Europe. These fortunate
individuals appear not fully aware of a problem with observational studies in the much more litigious environment of
the United States—although greater familiarity with litigation
may occur as the European Union gives standing to citizens
of European Union countries similar to that of the United
States. Journal editors need to be more suspicious about
observational epidemiologic studies aimed specifically at
toxic tort or regulatory issues by either side of the issue.
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COMMENTARY

Some Guidelines on Guidelines
They Should Come With Expiration Dates
Kenneth J. Rothman*†‡ and Charles Poole§
Abstract: The STROBE guidelines (for Strengthening the Reporting of OBservational Studies in Epidemiology) add to a lengthy
catalog of attempts to keep epidemiologists on more or less straight
and more or less narrow paths charted by guideline authors.
STROBE has an ambitious goal, and may prove highly useful for
some. It raises concern, however, about a problem generic to
guidelines, namely how long they will be useful. Guidelines may be
inevitable, but they can foster ossification and be counterproductive.
Who today would be happy with epidemiology guidelines issued in,
say, 1960, 1970, 1980, or even, 1990? One solution is to offer each
set of guidelines with an expiration date, beyond which it would
cease to apply. Such a policy would at least prompt revisions. We
propose that the STROBE guidelines might expire on 31 December
2010 or 3 years after any revision.
(Epidemiology 2007;18: 794 –796)

A

fter floundering for endless time in uncharted territory,
epidemiologists today are awash in helpful guidelines.
Some of these guidelines advise on conducting research,
some on reporting it, some on grading it, some on interpreting
it, some on acting ethically with regard to it, and some on
combinations of these activities. Many guidelines have been
issued by professional societies, and others by concerned
professionals who band together in spontaneous altruism to
share their collective wisdom.
Guidelines are one of several ways to affect the behavior of epidemiologists. Other approaches, beginning with the
most coercive, include government regulations, requirements
to obtain funding, editorial policies, textbooks, articles, and,

From *RTI Health Solutions, RTI International, Research Triangle Park,
North Carolina; the Departments of †Epidemiology, and ‡Medicine,
Boston University, Boston, Massachusetts; and §Department of Epidemiology, University of North Carolina School of Public Health, Chapel
Hill, North Carolina.
Both authors are listed as contributors to the STROBE initiative. Dr. Poole
is an author of the longer STROBE explanatory paper.8
Editors’ note: Related articles appear on pages 789, 791, 792, 797, 800, and
805.
Correspondence: Kenneth J. Rothman, RTI Health Solutions, 200 Park Offices
Drive, Research Triangle Park, NC 27709. E-mail: KRothman@rti.org.
Copyright © 2007 by Lippincott Williams & Wilkins
ISSN: 1044-3983/07/1806-0794
DOI: 10.1097/EDE.0b013e3181571259

794

on the gentle end of the spectrum, simply setting a good
example in one’s own work. Guidelines usually lie in the
middle of this hierarchy, depending on how seriously the
professional community regards them and the degree to
which they are adopted, formally or informally, by regulatory
agencies, funding sources, and journals.
The contents of guidelines range from the pithy, broad,
and platitudinous to the wordy, encyclopedic, and micromanaging. Many recommendations in guidelines are helpful, but
others may be trivial, out of date, justifiably controversial, or
just plain wrong. Here are a few examples (which we leave to
the reader to characterize):
1. Guidelines for Good Pharmacoepidemiology Practices
(GPP). “Sufficient resources, e.g., office space, relevant
equipment, and office/professional supplies, shall be available to ensure timely and proper completion of all studies.”1
2. Guidelines on Studies in Environmental Epidemiology.
“Case-control studies should involve random sampling
from the population at risk.”2
3. Consolidated Standards of Reporting Trials (CONSORT).
“A report of a randomized controlled trial (RCT) should
convey to the reader, in a transparent manner, why the
study was undertaken.”3
4. Good Epidemiological Practice (GEP)—Proper Conduct
in Epidemiologic Research. “If the researchers themselves
have no confidence in their results, the results should
probably remain undisseminated.”4
5. American College of Epidemiology Ethics Guidelines.
“关M兴aintain honesty and impartiality in the design, conduct, interpretation, and reporting of research.”5
6. Meta-analysis of Observational Studies in Epidemiology
(MOOSE). “In cases when heterogeneity of outcomes is
particularly problematic, a single summary measure may
well be inappropriate.”6
Insofar as guidelines distill important and correct principles into short summaries, they can be valuable. Nevertheless, they represent no more than the consensus opinion of a
particular group of writers at a specific point in time. Guidelines intended only to lay out a bare minimum of advice can
encourage mediocrity if they are perceived as describing all
that is necessary for research. When they enshrine arguable or
outmoded tenets, or convert the conduct or reporting of science
Epidemiology • Volume 18, Number 6, November 2007
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into a recipe, guidelines retard progress by hamstringing
scientists who do not need them.
It was from this ambivalent perspective on guidelines in
general that we responded to the development of the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines. As epidemiologists who have long lived
with the dread that someday guidelines would emerge riddled
with ill-advised strictures we would have to follow, or spend
inordinate time explaining why we chose not to, we greeted this
particular guideline initiative with independent sighs of relief.
Even in the state they were in when we first viewed them, these
particular guidelines were a first-rate compendium of state-ofthe art principles for epidemiologic research. The explanatory
papers written to accompany the guidelines, and published in
this issue of the journal,7,8 discuss the relevant issues behind the
STROBE guidelines in admirable detail. We hope future references to the STROBE guidelines will include not only the
checklist itself but these explanatory documents as well.
But consensus invariably entails compromise. Hence, it
would be easy, even for those most intimately involved in
developing these guidelines, to object to specific elements of
lesser or greater importance. For example, the guidelines urge
scientists to “consider translating estimates of relative risk
into absolute risk for a meaningful time period.” Surely, “risk
difference” or “absolute change in risk” was meant instead of
just “absolute risk.” If not clearly stated, at least the intent is
correct, and much more insightful than one might hope for in
a set of broad guidelines. But consider another example: In
the longer explanatory document, STROBE advises that authors should “not bother readers with post hoc justifications
for study size or retrospective power calculations.”8 This
advice is considered sound in some statistical circles,9 but it
runs contrary to other guidance and practice, at least for those
occasions when the null hypothesis is not rejected.10 –12 The
STROBE advice not to discuss power post hoc comes in a
section explaining a checklist item that urges epidemiologists
to “关e兴xplain how the study size was arrived at.” The researcher thus faces a conundrum of explaining how the study
size was determined after a study is completed, but without
offering post hoc justifications of study size.
Despite an admirable emphasis on reporting point estimates and confidence intervals rather than conducting tests
of statistical significance, the foregoing example illustrates
how the STROBE guidelines nevertheless incorporate a reliance on statistical significance testing into the canon of
reporting. It does so through numerous examples, if not by
dictum. We admit to some possible hypersensitivity on this
point. As the previous editor of this journal, one of us (K.J.R.)
introduced a policy strongly urging authors to adopt estimation over testing in their submissions,13 and the other has
strongly supported the principles behind that policy.14
A careful reader of the STROBE document could easily
infer that significance testing is, if not preferable to estima© 2007 Lippincott Williams & Wilkins
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tion, at least desirable when one is estimating. Thus, to
illustrate a good way to report interaction analyses, the longer
STROBE explanatory document8 cites a statement that “关s兴ex
differences in susceptibility to the 3 lifestyle-related risk
factors studied were explored by testing for biologic interaction according to Rothman.”15 The measure of interaction
(RERI) cited was indeed proposed by one of us,16 but as a
way to quantify biologic interaction, emphatically not as a
way to test for it. After years spent explaining the drawbacks
of relying on statistical tests and emphasizing the advantages
of estimation, it was deflating to be cited in STROBE, albeit
indirectly, as recommending a statistical test.
We note that difficulties are inevitable in any attempt to
accomplish a task as ambitious as the provision of guidance
for designing, conducting, and reporting observational studies
of all kinds. The potential for such difficulties is multiplied
when guidelines, and lengthy documents explaining them, are
written by committees.
Notwithstanding the stimulating discussion in the explanatory document, the core of the STROBE guidelines is
the checklist.17 We have always abhorred the thought of
conducting or reporting science by checklist.17 Most worrisome is the ease with which journals and other decisionmaking authorities will be tempted to turn checklists into
requirements—the template for all your future publications.
We hope that journals resist this regimentation. Nevertheless,
understanding that it may happen, as it did with the CONSORT guidelines,18 we suggest that guidelines should be
formulated more as suggestions than as rigid rules.
Indeed, many of the current limitations of the STROBE
guidelines, including all the ones we have mentioned, could
be easily fixed in an evolving process of discussion and
revision. As it stands, the checklist itself, in our judgment, is
as close to completely benign as such a list can be, given the
danger that it might be widely adopted as a publishing
standard. This is high praise from skeptics such as us, who
hold in low regard the potential for good to come from
scientific guidelines, and who worry more about their potential for harm.
The central problem we see is that guidelines can
promote ossification—just the thing to avoid in science. One
way to deal with this problem would be to encourage the
issuance of competing guidelines, premised on the theory that
competition among writers of guidelines would promote
excellence. This route, however, seems wasteful of collective
talent. The better route is to deal with what we have. To have
lasting influence, the STROBE guidelines will need tending.
If there had been a STROBE document in 1960, 1970, 1980,
or even 1990, and had it not been revised, today either we
would be hampered by it or it would be largely forgotten.
Hence, our suggestion is to create ongoing processes of
discussion and revision of the guidelines, and to incorporate
expiration dates into STROBE, and other scientific guide-
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lines, when they are published. For example, the present
STROBE guidelines, if not revised, might be scheduled to
expire on 31 December 2010. Upon revision by a suitably
open process, the expiration date could be extended. Otherwise, after 2010, science could simply move along and the
current STROBE guidelines could take their place among the
archives of old guidelines.
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COMMENTARY

The Making of STROBE
Jan P. Vandenbroucke
Abstract: This commentary gives a personal view of drafting the
“Strengthening the Reporting of Observational Studies in Epidemiology” (STROBE) statement, by one of its authors. My initial
wariness about guidelines for observational research was overcome
by focusing on clarity of reporting, rather than on how research
should be done. Areas of tension that arose when drafting STROBE
include the problem of finding common ground among researchers
with different research backgrounds, questions of the intended
audience (professional epidemiologists or statisticians vs. all researchers who use epidemiologic study designs), and the fine line
between encouraging clarity of reporting vs. prescribing how to do
research. STROBE is not an instrument to evaluate the quality of
research: research can be reported clearly or not, irrespective of its
intrinsic quality. However, the ultimate benefit of STROBE might
be that more comprehensive reporting allows for better discussions
about published observational research, which may lead to better
decisions about what new analyses or new studies are needed to
solve a problem.
(Epidemiology 2007;18: 797–799)

Paradoxically, observational research is regarded as
somehow inferior relative to randomized trials, which are
responsible for a much smaller fraction of useful medical
knowledge. Randomized trials mostly have the luxury of
starting with relatively high priors: 50 –50 under equipoise.
By that fact alone, positive findings from trials will lead to a
strong posterior probability. In contrast, the hypotheses investigated in observational research, eg, about the causation
of diseases, are much more tentative.1 Even if design and
execution were to be flawless, a positive finding still would
leave a causal or preventive hypothesis with lesser posterior
probability of truth, and the hypothesis might more often
falter upon replication. Randomized trials enjoy a second
luxury: the formal aspects of their design and execution are
highly codified, in contrast to observational research. For
example, the choice of a control group in case-control studies
rests on general principles that have to be reinterpreted and
reapplied each time—which each time necessitates renewed
critical reflection, of authors as well as readers.

Cookbook Science?

O

bservational research is immensely successful. Our
knowledge about the transmission of infectious diseases, from local outbreaks of food poisoning to the global
spread of acquired immunodeficiency virus, derives mainly
from observational research. All human genetic knowledge is
observational—from initial observations of clustering of diseases in families up to molecular linkage analysis. The effects
of environmental scourges, including smoking, lead exposure
in paint or gasoline, or occupationally-induced exposures
such as asbestos, have been analyzed in observational research. Almost all knowledge on adverse effects of medical
interventions derives from observational research. All description of diseases, ie, their definition and their subdivisions, is based on observational research. Most diagnostic and
all prognostic research is observational.
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Within the world of randomized controlled trials
(RCTs), the CONSORT guidelines for reporting trials have
been successful: they have improved the quality of reporting.2,3 However, I was wary when I heard about a group
wanting to make a similar type of recommendations for
observational research. Guidelines might be fit for highlycodified evaluation, but what about etiologic research?
I had been educated in a tradition in which a researcher
each time starts thinking from scratch, by defining exactly
what the problem is, what the aim of a study is, and then
derives from first principles how to go about achieving that
aim. Once you know how first principles translate into a piece
of research, you also know which are the most important
things to report. At the same time, you will know what to look
for in papers on the same topic by others. So, why bother
about guidelines? In the progress of science “anything goes”:
if someone derives an argument that strikes colleagues as
credible— even an argument resulting from a study design
that was never used before—it becomes acceptable. Why
stifle scientific creativity by guidelines?
I had a rather skeptical view of what I feared might lead
to “cookbook” science. The first meeting of the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) group in Bristol, UK in 2004 was enlightening.4
It became clear that the initiative was not about “how to do
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observational research,” but “how to report observational
research.” The initiative started from the point of view of
persons who want to evaluate the literature, and who find that
all too often elementary information is lacking in published
papers. This focus was reassuring and looked worthwhile.
Hence, my participation in the STROBE writing group was to
help create what we preferred to call “recommendations”
instead of “guidelines.”

Areas of Tension
The process of drafting the recommendations is described in the paper describing the STROBE Statement,4
which is being published simultaneously in several general
medical and epidemiologic journals. The recommendations can be understood only alongside the longer Elaboration and Explanation (E&E) papers that is jointly published by EPIDEMIOLOGY and PLoS Medicine. Each paper
influenced the other. While the original checklist was
based on the discussions at Bristol, UK in 2004, and was
first completed by the coordination group, we kept tinkering with it while writing the E&E paper; upon writing the
explanation, we often realized that the checklist did not
express sufficiently clearly what we meant to say.
The process was challenging. During the project, we
had several areas of tension, with strong initial disagreement
about what should be reported, what should not be reported,
and why. Particularly difficult were topics such as subgroups,
sample size, and interaction. However, while proceeding, we
discovered the source of these tensions. Some of the
STROBE writing group had their experience mainly in etiologic observational research; others mainly in evaluative
research such as RCTs, still others in systematic reviews and
meta-analysis. Thus, without being explicitly aware ourselves, the several participants had different mindsets: the
mindset of the discovery type of science versus that of an
evaluative type of science. The former were used to situations
in which data from a case-control study are used secondarily
for exploring possible new leads on causes of disease; the
latter were used to conducting evaluation studies under strict
protocols that permit no deviation. That difference translated
at first into endless debates about how to think about reporting subgroup analysis (quasi-forbidden when not preplanned
in RCTs, universally indulged in during etiologic research),
the reporting of predefined sample size (necessary for the
credibility of RCTs, only vaguely looked at in secondary use
of existing data). The recognition of this tension led us to
write an introduction to the E&E paper about the diverse
purposes of observational research, ranging from discovery
and first confirmation of new ideas, to evaluation under strict
protocols. Going through this discussion was extremely useful, as it suddenly made things fall into place. The diverse
research backgrounds and experience of the group meant that
we had to come to a common view about reporting, which
may make them more useful for a wider range of researchers.
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Another area of tension was the intended audience.
While the “E” in the STROBE acronym stands for epidemiology, we gradually realized that we were writing for a much
larger research community: for anybody who would employ
one of the major epidemiologic research designs, in whatever
type of journal, and who would not necessarily have a
professional epidemiologic or statistical background. This led
us to explain some principles of epidemiology in the E&E
paper, with ample reference to introductory and advanced
textbooks. The E&E paper in places comes close to a “minitextbook.” The reaction to this feature by readers of interim
versions was diverse. Many applauded, and mentioned that
they might use the E&E as a guide for teaching their doctoral
students about writing and evaluating papers; others, in particular professional academic epidemiologists, wondered
what the need was for such basic explanations.
A final area of tension in STROBE, as with similar
guidelines, is the thin line between the idea of good reporting
versus the idea of good science. Some nudging in the direction of what is generally accepted as better research or better
analytic practice is unavoidable in recommendations about
reporting. However, we soon learned that whenever our
internal debates became particularly heated, it was a sign that
we had crossed the line: we needed to retreat, emphasizing
good reporting rather than prescribing how research should
be done. The basic idea remained that it is more important to
know what was actually done by the authors than to try to
apply a straitjacket of ideas about study design and analysis.
The latter might even be counterproductive, as authors might
start to pay lip service to the recommendations in order to
have their paper published.
These discussions forced us to the limits of our knowledge and wits. When one member of the writing group
proposed something as being important, others might
strongly disagree, and the one proposing had to explain by
examples, by theory and, if possible, by empirical argument.
We tended to use the classics of epidemiology to support our
arguments, and we learned about important methodologic
papers from each other. This led us to revisit those classics to
see what was really written—and what we found was sometimes different from what we recalled. Very useful was the
feedback on interim drafts from the dozens of persons listed
in the acknowledgments of the STROBE papers; they kept us
down to earth.
The STROBE recommendations will attract criticism.
One of the difficulties of publishing guidelines is that they
need to be broadly general; thus it is always possible to find
exceptions, details omitted, etc. We have tried to assemble as
many diverse sources of opinion and research experiences as
possible in preparing these recommendations. We have attempted to express commonly-held views by knowledgeable
practitioners and writers of leading textbooks, and we have
not tried to be “avant-garde,” even if we knew about budding
© 2007 Lippincott Williams & Wilkins
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improvements to current methodology. As emphasized in the
2 papers, the guidelines are a first version only, and they will
certainly improve by being used and criticized.

Closer to Truth?
The emphasis on good reporting has a particular role in
observational research. When findings from observational
studies are challenged, that challenge is most likely about a
potential weakness in terms of bias and confounding. “Replicating” observational research is most of the time not pure
replication, in the sense of simply obtaining more numbers,
but involves the new design of studies, or new analyses of
existing data, to attempt to overcome the alleged weaknesses
of previous studies. Sifting out the likely direction and magnitude of an association—nil, slight or large— can be a long
process with many detours. However, to be able to discuss a
piece of research, and to know which aspects might be
rightfully challenged, it is necessary to have clear reporting.
Having started out as a skeptic fearing “cookbook” science, I
came to see the importance of having a cogent document
about reporting.
The usefulness of STROBE came home to me directly
when the doctoral students in my department started asking
me questions about the preliminary drafts of the STROBE
recommendations. They had learned about these drafts from
the “instructions for authors” of certain journals that had
referred to the early Web-based versions. I discovered that
these fledgling researchers considered even the meager 20odd items (without the E&E) as an important guide to help
them writing their papers.
To the expert epidemiologist, STROBE might still
provide a good check of whether all necessary information is
given. The expert with the attitude of “going back to first
principles” might rightly emphasize in his report the aspects
of the study that are crucial to getting his point across. She
might treat these in great detail, but might treat other aspects
just too briefly to be useful to others. STROBE might help to
restore the balance.
What about readers or evaluators such as editors or
reviewers? When authors adhere to STROBE, they may want
to make a statement about an attempt at quality of reporting.
However, this does not say anything about quality of research, and certainly not about its truthfulness, in the sense
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that the findings are reliable and likely to be replicated.
Actually, several of the examples that we used in the E&E
paper came from studies that ended with disastrously wrong
messages because of serious flaws, but for which the reporting of some part of the study was very clearly written. For
that reason, and that reason alone, they were considered to be
good examples. Conversely, it is quite possible for authors of
excellent and innovative research to emphasize only the new
aspects and fail in their reporting to follow the STROBE
guidelines.
Still, an improvement in the quality of reporting might
lead to a higher quality of discussion and replication of
observational research. Science makes progress because of
open discussion about strengths and weaknesses of published
research. STROBE might contribute, not toward more truth,
but to better discussions.
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PLoS Medicine, Annals of Internal Medicine, and EPIDEMIOLOGY.
We hope that the STROBE Statement will contribute to improving
the quality of reporting of observational studies.
(Epidemiology 2007;18: 800 – 804)

M

any questions in medical research are investigated in
observational studies.1 Much of the research into the
cause of diseases relies on cohort, case-control, or crosssectional studies. Observational studies also have a role in
research into the benefits and harms of medical interventions.2 Randomized trials cannot answer all important questions about a given intervention. For example, observational
studies are more suitable to detect rare or late adverse effects
of treatments, and are more likely to provide an indication of
what is achieved in daily medical practice.3
Research should be reported transparently so that readers can follow what was planned, what was done, what was
found, and what conclusions were drawn. The credibility of
research depends on a critical assessment by others of the
strengths and weaknesses in study design, conduct, and analysis. Transparent reporting is also needed to judge whether
and how results can be included in systematic reviews.4,5
However, in published observational research important information is often missing or unclear. An analysis of epidemiological studies published in general medical and specialist
journals found that the rationale behind the choice of potential confounding variables was often not reported.6 Only few
reports of case-control studies in psychiatry explained the
methods used to identify cases and controls.7 In a survey of
longitudinal studies in stroke research, 17 of 49 articles
(35%) did not specify the eligibility criteria.8 Others have
argued that without sufficient clarity of reporting, the benefits
of research might be achieved more slowly,9 and that there is
a need for guidance in reporting observational studies.10,11
Recommendations on the reporting of research can
improve reporting quality. The Consolidated Standards of
Reporting Trials (CONSORT) Statement was developed in
1996 and revised 5 years later.12 Many medical journals
supported this initiative,13 which has helped to improve the
Epidemiology • Volume 18, Number 6, November 2007
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quality of reports of randomized trials.14,15 Similar initiatives
have followed for other research areas— eg, for the reporting
of meta-analyses of randomized trials16 or diagnostic studies.17 We established a network of methodologists, researchers, and journal editors to develop recommendations for the
reporting of observational research: the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) Statement.

Aims and Use of the STROBE Statement
The STROBE Statement is a checklist of items that
should be addressed in articles reporting on the 3 main study
designs of analytical epidemiology: cohort, case-control, and
cross-sectional studies. The intention is solely to provide
guidance on how to report observational research well: these
recommendations are not prescriptions for designing or conducting studies. Also, while clarity of reporting is a prerequisite to evaluation, the checklist is not an instrument to
evaluate the quality of observational research.
Here we present the STROBE Statement and explain
how it was developed. In a detailed companion paper, the
Explanation and Elaboration article,18 –20 we justify the
inclusion of the different checklist items and give methodological background and published examples of what we
consider transparent reporting. We strongly recommend
using the STROBE checklist in conjunction with the explanatory article, which is available freely on the websites of PLoS
Medicine (www.plosmedicine.org), Annals of Internal Medicine
(www.annals.org), and EPIDEMIOLOGY (www.epidem.com).

Development of the STROBE Statement
We established the STROBE Initiative in 2004, obtained funding for a workshop and set up a website
(www.strobe-statement.org). We searched textbooks, bibliographic databases, reference lists, and personal files for
relevant material, including previous recommendations,
empirical studies of reporting and articles describing relevant methodological research. Because observational research makes use of many different study designs, we felt
that the scope of STROBE had to be clearly defined early
on. We decided to focus on the 3 study designs that are
used most widely in analytical observational research:
cohort, case-control, and cross-sectional studies.
We organized a 2-day workshop in Bristol, UK, in
September 2004. 23 individuals attended this meeting, including editorial staff from Annals of Internal Medicine,
BMJ, Bulletin of the World Health Organization, International Journal of Epidemiology, JAMA, Preventive Medicine,
and The Lancet, as well as epidemiologists, methodologists,
statisticians, and practitioners from Europe and North America. Written contributions were sought from 10 other individuals who declared an interest in contributing to STROBE, but
could not attend. Three working groups identified items
deemed to be important to include in checklists for each type
© 2007 the authors
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of study. A provisional list of items prepared in advance
(available from our website) was used to facilitate discussions. The 3 draft checklists were then discussed by all
participants and, where possible, items were revised to make
them applicable to all three study designs. In a final plenary
session, the group decided on the strategy for finalizing and
disseminating the STROBE statement.
After the workshop we drafted a combined checklist
including all three designs and made it available on our
website. We invited participants and additional scientists and
editors to comment on this draft checklist. We subsequently
published 3 revisions on the website, and 2 summaries of
comments received and changes made. During this process
the coordinating group (ie, the authors of the present paper)
met on eight occasions for 1 or 2 days and held several
telephone conferences to revise the checklist and to prepare
the present paper and the Explanation and Elaboration
paper.18 –20 The coordinating group invited 3 additional coauthors with methodological and editorial expertise to help
write the Explanation and Elaboration paper, and sought
feedback from more than 30 people, who are listed at the end
of this paper. We allowed several weeks for comments on
subsequent drafts of the paper and reminded collaborators
about deadlines by e-mail.

STROBE Components
The STROBE statement is a checklist of 22 items that
we consider essential for good reporting of observational
studies (Table 1). These items relate to the article’s title and
abstract (item 1), the introduction (items 2 and 3), methods
(items 4 –12), results (items 13–17), and discussion sections
(items 18 –21) and other information (item 22 on funding). 18
items are common to all three designs, while four (items 6,
12, 14, and 15) are design-specific, with different versions for
all or part of the item. For some items (indicated by asterisks),
information should be given separately for cases and controls
in case-control studies, or exposed and unexposed groups in
cohort and cross-sectional studies. Although presented here
as a single checklist, separate checklists are available for each
of the 3 study designs on the STROBE website.

Implications and Limitations
The STROBE statement was developed to assist authors when writing up analytical observational studies, to
support editors and reviewers when considering such articles
for publication, and to help readers when critically appraising
published articles. We developed the checklist through an
open process, taking into account the experience gained with
previous initiatives, in particular CONSORT. We reviewed
the relevant empirical evidence as well as methodological
work, and subjected consecutive drafts to an extensive iterative process of consultation. The checklist presented here is
thus based on input from a large number of individuals with
diverse backgrounds and perspectives. The comprehensive
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TABLE 1. The STROBE statement—Checklist of Items That Should be Addressed in Reports of Observational Studies
Item
Number
TITLE and
ABSTRACT
INTRODUCTION
Background/
rationale
Objectives
METHODS
Study design
Setting
Participants

Variables
Data sources/
measurement
Bias
Study size
Quantitative
variables
Statistical
methods

RESULTS
Participants

1

(a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done and what was found

2

Explain the scientific background and rationale for the investigation being reported

3

State specific objectives, including any prespecified hypotheses

4
5
6

Present key elements of study design early in the paper
Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of
follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give
the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case
Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Describe any efforts to address potential sources of bias
Explain how the study size was arrived at
Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen, and why

7
8*
9
10
11
12

(a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses

13*

(a) Report the numbers of individuals at each stage of the study—eg, numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing follow-up, and analyzed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg, demographic, clinical, social) and information on exposures and potential
confounders
(b) Indicate the number of participants with missing data for each variable of interest
(c) Cohort study—Summarize follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence intervals).
Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorised
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Report other analyses done—eg, analyses of subgroups and interactions, and sensitivity analyses

Descriptive data

14*

Outcome data

15*

Main results

16

Other analyses
DISCUSSION
Key results
Limitations

17
18
19

Interpretation

20

Generalizability
OTHER
INFORMATION
Funding

Recommendation

21

22

Summarise key results with reference to study objectives
Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Discuss the generalizability (external validity) of the study results

Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the
present article is based

*Give such information separately for cases and controls in case-control studies, and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
An explanation and elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
checklist is best used in conjunction with this article (freely available on the websites of PLoS Medicine, Annals of Internal Medicine, and EPIDEMIOLOGY). Separate versions of the
checklist for cohort, case-control, and cross-sectional studies are available on the STROBE website.
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explanatory article,18 –20 which is intended for use alongside
the checklist, also benefited greatly from this consultation
process.
Observational studies serve a wide range of purposes,
on a continuum from the discovery of new findings to the
confirmation or refutation of previous findings.18 –20 Some
studies are essentially exploratory and raise interesting hypotheses. Others pursue clearly defined hypotheses in available data. In yet another type of studies, the collection of new
data is planned carefully on the basis of an existing hypothesis. We believe the present checklist can be useful for all
these studies, since the readers always need to know what
was planned (and what was not), what was done, what was
found, and what the results mean. We acknowledge that
STROBE is currently limited to 3 main observational study
designs. We would welcome extensions that adapt the checklist to other designs— eg, case-crossover studies or ecological
studies—and also to specific topic areas. Four extensions are
now available for the CONSORT statement.21–24 A first
extension to STROBE is underway for gene-disease association studies: the STROBE Extension to Genetic Association
studies (STREGA) Initiative.25 We ask those who aim to
develop extensions of the STROBE Statement to contact the
coordinating group first to avoid duplication of effort.
The STROBE Statement should not be interpreted as an
attempt to prescribe the reporting of observational research in a
rigid format. The checklist items should be addressed in sufficient detail and with clarity somewhere in an article, but the
order and format for presenting information depends on author
preferences, journal style, and the traditions of the research field.
For instance, we discuss the reporting of results under a number
of separate items, while recognizing that authors might
address several items within a single section of text or in
a table. Also, item 22, on the source of funding and the role
of funders, could be addressed in an appendix or in the
methods section of the article. We do not aim at standardizing reporting. Authors of randomized clinical trials were
asked by an editor of a specialist medical journal to
“CONSORT” their manuscripts on submission.26 We believe that manuscripts should not be “STROBEd”, in the
sense of regulating style or terminology. We encourage
authors to use narrative elements, including the description
of illustrative cases, to complement the essential information about their study, and to make their articles an
interesting read.27
We emphasize that the STROBE Statement was not
developed as a tool for assessing the quality of published
observational research. Such instruments have been developed by other groups and were the subject of a recent
systematic review.28 In the Explanation and Elaboration paper, we used several examples of good reporting from studies
whose results were not confirmed in further research - the
important feature was the good reporting, not whether the
© 2007 the authors
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research was of good quality. However, if STROBE is
adopted by authors and journals, issues such as confounding,
bias, and generalizability could become more transparent,
which might help temper the over-enthusiastic reporting of
new findings in the scientific community and popular media,29 and improve the methodology of studies in the long
term. Better reporting may also help to have more informed
decisions about when new studies are needed, and what they
should address.
We did not undertake a comprehensive systematic review
for each of the checklist items and subitems nor did we do our
own research to fill gaps in the evidence base. Further, although
no one was excluded from the process, the composition of the
group of contributors was influenced by existing networks and
was not representative in terms of geography (it was dominated
by contributors from Europe and North America) and was
probably not representative in terms of research interests and
disciplines. We stress that STROBE and other recommendations on the reporting of research should be seen as
evolving documents that require continual assessment,
refinement, and, if necessary, change. We welcome suggestions for the further dissemination of STROBE— eg, by
republication of the present article in specialist journals
and in journals published in other languages. Groups or
individuals who intend to translate the checklist to other
languages should consult the coordinating group beforehand. We will revise the checklist in the future, taking into
account comments, criticism, new evidence, and experience from its use. We invite readers to submit their
comments via the STROBE website (www.strobe-statement.org).
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Geneviève Chêne, Cyrus Cooper, George Davey-Smith, Erik
von Elm, Matthias Egger, France Gagnon, Peter C.
Gøtzsche, Philip Greenland, Sander Greenland, Claire Infante-Rivard, John Ioannidis, Astrid James, Giselle Jones,
Bruno Ledergerber, Julian Little, Margaret May, David Moher, Hooman Momen, Alfredo Morabia, Hal Morgenstern,
Cynthia D. Mulrow, Fred Paccaud, Stuart J. Pocock, Charles

803

Epidemiology • Volume 18, Number 6, November 2007

von Elm et al
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provides guidance to authors about how to improve the reporting of
observational studies and facilitates critical appraisal and interpretation of studies by reviewers, journal editors and readers.
This explanatory and elaboration document is intended to enhance the use, understanding, and dissemination of the STROBE
Statement. The meaning and rationale for each checklist item are
presented. For each item, one or several published examples and,
where possible, references to relevant empirical studies and methodological literature are provided. Examples of useful flow diagrams
are also included. The STROBE Statement, this document, and the
associated web site (http://www.strobe-statement.org) should be
helpful resources to improve reporting of observational research.
(Epidemiology 2007;18: 805– 835)

R

ational health care practices require knowledge about the
etiology and pathogenesis, diagnosis, prognosis and treatment of diseases. Randomized trials provide valuable evidence
about treatments and other interventions. However, much of
clinical or public health knowledge comes from observational
research.1 About nine of ten research papers published in clinical
speciality journals describe observational research.2,3

The STROBE Statement
Reporting of observational research is often not detailed and clear enough to assess the strengths and weaknesses of the investigation.4,5 To improve the reporting of
observational research, we developed a checklist of items that
should be addressed: the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement
(Table 1). Items relate to title, abstract, introduction, methods, results and discussion sections of articles. The STROBE
Statement has recently been published in several journals.6
Our aim is to ensure clear presentation of what was planned,
done, and found in an observational study. We stress that the
recommendations are not prescriptions for setting up or
conducting studies, nor do they dictate methodology or mandate a uniform presentation.
STROBE provides general reporting recommendations
for descriptive observational studies and studies that investigate
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TABLE 1. The STROBE statement—Checklist of Items That Should be Addressed in Reports of Observational Studies
Item
Number
TITLE and
ABSTRACT
INTRODUCTION
Background/
rationale
Objectives
METHODS
Study design
Setting
Participants

Variables
Data sources/
measurement
Bias
Study size
Quantitative
variables
Statistical
methods

RESULTS
Participants

1

(a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done and what was found

2

Explain the scientific background and rationale for the investigation being reported

3

State specific objectives, including any prespecified hypotheses

4
5
6

Present key elements of study design early in the paper
Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of
follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give
the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case
Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Describe any efforts to address potential sources of bias
Explain how the study size was arrived at
Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen, and why

7
8*
9
10
11
12

(a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses

13*

(a) Report the numbers of individuals at each stage of the study—eg, numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing follow-up, and analyzed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg, demographic, clinical, social) and information on exposures and potential
confounders
(b) Indicate the number of participants with missing data for each variable of interest
(c) Cohort study—Summarize follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg 95% confidence intervals).
Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorised
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Report other analyses done—eg, analyses of subgroups and interactions, and sensitivity analyses
Summarise key results with reference to study objectives
Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Discuss the generalizability (external validity) of the study results

Descriptive data

14*

Outcome data

15*

Main results

16

Other analyses
Key results
Limitations

17
18
19

Interpretation

20

Generalizability
OTHER
INFORMATION
Funding

Recommendation

21

22

Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the
present article is based

*Give such information separately for cases and controls in case-control studies, and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Separate versions of the checklist for cohort, case-control and cross-sectional studies are available on the STROBE website at www.strobe-statement.org.

associations between exposures and health outcomes. STROBE
addresses the three main types of observational studies: cohort,
case-control and cross-sectional studies. Authors use diverse
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terminology to describe these study designs. For instance, ‘follow-up study’ and ‘longitudinal study’ are used as synonyms for
‘cohort study’, and ‘prevalence study’ as synonymous with
© 2007 the authors
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‘cross-sectional study’. We chose the present terminology because it is in common use. Unfortunately, terminology is often
used incorrectly7 or imprecisely.8 In box 1 we describe the
hallmarks of the three study designs.

The Scope of Observational Research
Observational studies serve a wide range of purposes:
from reporting a first hint of a potential cause of a disease, to
verifying the magnitude of previously reported associations.
Ideas for studies may arise from clinical observations or from
biologic insight. Ideas may also arise from informal looks at
data that lead to further explorations. Like a clinician who has
seen thousands of patients, and notes one that strikes her
attention, the researcher may note something special in the
data. Adjusting for multiple looks at the data may not be
possible or desirable,9 but further studies to confirm or refute
initial observations are often needed.10 Existing data may be
used to examine new ideas about potential causal factors, and
may be sufficient for rejection or confirmation. In other
instances, studies follow that are specifically designed to
overcome potential problems with previous reports. The latter
studies will gather new data and will be planned for that
© 2007 the authors
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purpose, in contrast to analyses of existing data. This leads to
diverse viewpoints, eg, on the merits of looking at subgroups
or the importance of a predetermined sample size. STROBE
tries to accommodate these diverse uses of observational research—from discovery to refutation or confirmation. Where
necessary we will indicate in what circumstances specific recommendations apply.

How to Use This Paper
This paper is linked to the shorter STROBE paper that
introduced the items of the checklist in several journals,6 and
forms an integral part of the STROBE Statement. Our intention is to explain how to report research well, not how
research should be done. We offer a detailed explanation for
each checklist item. Each explanation is preceded by an
example of what we consider transparent reporting. This does
not mean that the study from which the example was taken
was uniformly well reported or well done; nor does it mean
that its findings were reliable, in the sense that they were later
confirmed by others: it only means that this particular item
was well reported in that study. In addition to explanations
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and examples we included boxes with supplementary information. These are intended for readers who want to refresh
their memories about some theoretical points, or be quickly
informed about technical background details. A full understanding of these points may require studying the textbooks
or methodological papers that are cited.
STROBE recommendations do not specifically address
topics such as genetic linkage studies, infectious disease
modeling or case reports and case series.11,12 As many of the
key elements in STROBE apply to these designs, authors who
report such studies may nevertheless find our recommendations useful. For authors of observational studies that specifically address diagnostic tests, tumor markers and genetic
associations, STARD,13 REMARK,14 and STREGA15 recommendations may be particularly useful.

The Items in the STROBE Checklist
We now discuss and explain the 22 items in the
STROBE checklist (Table 1), and give published examples
for each item. Some examples have been edited by removing
citations or spelling out abbreviations. Eighteen items apply
to all three study designs whereas four are design-specific.
Starred items (for example item 8*) indicate that the information should be given separately for cases and controls in
case-control studies, or exposed and unexposed groups in
cohort and cross-sectional studies. We advise authors to
address all items somewhere in their paper, but we do not
prescribe a precise location or order. For instance, we discuss
the reporting of results under a number of separate items,
while recognizing that authors might address several items
within a single section of text or in a table.

TITLE AND ABSTRACT
1(a) Indicate the Study’s Design with a
Commonly Used Term in the Title or the
Abstract
Example
“Leukemia incidence among workers in the shoe and
boot manufacturing industry: a case-control study.”18

Explanation
Readers should be able to easily identify the design that
was used from the title or abstract. An explicit, commonly
used term for the study design also helps ensure correct
indexing of articles in electronic databases.19,20

1(b) Provide in the Abstract an Informative
and Balanced Summary of What was Done and
What was Found
Example
“Background: The expected survival of HIV-infected
patients is of major public health interest.
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Objective: To estimate survival time and age-specific
mortality rates of an HIV-infected population compared with
that of the general population.
Design: Population-based cohort study.
Setting: All HIV-infected persons receiving care in
Denmark from 1995 to 2005.
Patients: Each member of the nationwide Danish HIV
Cohort Study was matched with as many as 99 persons from
the general population according to sex, date of birth, and
municipality of residence.
Measurements: The authors computed Kaplan–Meier
life tables with age as the time scale to estimate survival from
age 25 years. Patients with HIV infection and corresponding
persons from the general population were observed from the
date of the patient’s HIV diagnosis until death, emigration, or
1 May 2005.
Results: 3990 HIV-infected patients and 379 872 persons from the general population were included in the study,
yielding 22 744 (median, 5.8 y/person) and 2 689 287
(median, 8.4 years/person) person-years of observation.
Three percent of participants were lost to follow-up. From
age 25 years, the median survival was 19.9 years (95% CI,
18.5 to 21.3) among patients with HIV infection and 51.1
years (CI, 50.9 to 51.5) among the general population. For
HIV-infected patients, survival increased to 32.5 years (CI,
29.4 to 34.7) during the 2000 to 2005 period. In the subgroup
that excluded persons with known hepatitis C coinfection
(16%), median survival was 38.9 years (CI, 35.4 to 40.1)
during this same period. The relative mortality rates for
patients with HIV infection compared with those for the
general population decreased with increasing age, whereas
the excess mortality rate increased with increasing age.
Limitations: The observed mortality rates are assumed to apply beyond the current maximum observation
time of 10 years.
Conclusions: The estimated median survival is more
than 35 years for a young person diagnosed with HIV
infection in the late highly active antiretroviral therapy era.
However, an ongoing effort is still needed to further reduce
mortality rates for these persons compared with the general
population.”21

Explanation
The abstract provides key information that enables
readers to understand a study and decide whether to read the
article. Typical components include a statement of the research question, a short description of methods and results,
and a conclusion.22 Abstracts should summarize key details
of studies and should only present information that is provided in the article. We advise presenting key results in a
numerical form that includes numbers of participants, estimates of associations and appropriate measures of variability
and uncertainty (eg, odds ratios with confidence intervals).
© 2007 the authors
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We regard it insufficient to state only that an exposure is or
is not significantly associated with an outcome.
A series of headings pertaining to the background, design,
conduct, and analysis of a study may help readers acquire the
essential information rapidly.23 Many journals require such
structured abstracts, which tend to be of higher quality and more
readily informative than unstructured summaries.24,25

INTRODUCTION
The Introduction section should describe why the study
was done and what questions and hypotheses it addresses. It
should allow others to understand the study’s context and
judge its potential contribution to current knowledge.

2 Background/Rationale: Explain the Scientific
Background and Rationale for the
Investigation Being Reported
Example
“Concerns about the rising prevalence of obesity in
children and adolescents have focused on the well documented associations between childhood obesity and increased
cardiovascular risk and mortality in adulthood. Childhood
obesity has considerable social and psychological consequences within childhood and adolescence, yet little is known
about social, socioeconomic, and psychological consequences in
adult life. A recent systematic review found no longitudinal
studies on the outcomes of childhood obesity other than physical
health outcomes and only 2 longitudinal studies of the socioeconomic effects of obesity in adolescence. Gortmaker et al
found that US women who had been obese in late adolescence
in 1981 were less likely to be married and had lower incomes
seven years later than women who had not been overweight,
while men who had been overweight were less likely to be
married. Sargent et al found that UK women, but not men, who
had been obese at 16 years in 1974 earned 7.4% less than their
nonobese peers at age 23. (. . .) We used longitudinal data from
the 1970 British birth cohort to examine the adult socioeconomic, educational, social, and psychological outcomes of childhood obesity.”26

Explanation
The scientific background of the study provides important context for readers. It sets the stage for the study and
describes its focus. It gives an overview of what is known on
a topic and what gaps in current knowledge are addressed by
the study. Background material should note recent pertinent
studies and any systematic reviews of pertinent studies.

3 Objectives: State Specific Objectives,
Including Any Prespecified Hypotheses
Example
“Our primary objectives were to 1) determine the prevalence of domestic violence among female patients presenting to four community-based, primary care, adult medicine
© 2007 the authors
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practices that serve patients of diverse socioeconomic background and 2) identify demographic and clinical differences
between currently abused patients and patients not currently
being abused.”27

Explanation
Objectives are the detailed aims of the study. Well
crafted objectives specify populations, exposures and outcomes, and parameters that will be estimated. They may be
formulated as specific hypotheses or as questions that the
study was designed to address. In some situations objectives
may be less specific, for example, in early discovery phases.
Regardless, the report should clearly reflect the investigators’
intentions. For example, if important subgroups or additional
analyses were not the original aim of the study but arose
during data analysis, they should be described accordingly
(see also items 4, 17 and 20).

METHODS
The Methods section should describe what was planned
and what was done in sufficient detail to allow others to
understand the essential aspects of the study, to judge
whether the methods were adequate to provide reliable and
valid answers, and to assess whether any deviations from the
original plan were reasonable.

4 Study Design: Present Key Elements of Study
Design Early in the Paper
Example
“We used a case-crossover design, a variation of a
case-control design that is appropriate when a brief exposure
(driver’s phone use) causes a transient rise in the risk of a rare
outcome (a crash). We compared a driver’s use of a mobile
phone at the estimated time of a crash with the same driver’s
use during another suitable time period. Because drivers are
their own controls, the design controls for characteristics of
the driver that may affect the risk of a crash but do not change
over a short period of time. As it is important that risks during
control periods and crash trips are similar, we compared
phone activity during the hazard interval (time immediately
before the crash) with phone activity during control intervals
(equivalent times during which participants were driving but
did not crash) in the previous week.”28

Explanation
We advise presenting key elements of study design
early in the methods section (or at the end of the introduction)
so that readers can understand the basics of the study. For
example, authors should indicate that the study was a cohort
study, which followed people over a particular time period,
and describe the group of persons that comprised the cohort
and their exposure status. Similarly, if the investigation used
a case-control design, the cases and controls and their source
population should be described. If the study was a cross-
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sectional survey, the population and the point in time at
which the cross-section was taken should be mentioned.
When a study is a variant of the three main study types, there
is an additional need for clarity. For instance, for a casecrossover study, one of the variants of the case-control design,
a succinct description of the principles was given in the example
above.28
We recommend that authors refrain from simply calling
a study ‘prospective’ or ‘retrospective’ because these terms
are ill defined.29 One usage sees cohort and prospective as
synonymous and reserves the word retrospective for casecontrol studies.30 A second usage distinguishes prospective
and retrospective cohort studies according to the timing of
data collection relative to when the idea for the study was
developed.31 A third usage distinguishes prospective and
retrospective case-control studies depending on whether the
data about the exposure of interest existed when cases were
selected.32 Some advise against using these terms,33 or adopting the alternatives ‘concurrent’ and ‘historical’ for describing cohort studies.34 In STROBE, we do not use the words
prospective and retrospective, nor alternatives such as concurrent and historical. We recommend that, whenever authors
use these words, they define what they mean. Most importantly, we recommend that authors describe exactly how and
when data collection took place.
The first part of the methods section might also be the
place to mention whether the report is one of several from a
study. If a new report is in line with the original aims of the
study, this is usually indicated by referring to an earlier
publication and by briefly restating the salient features of the
study. However, the aims of a study may also evolve over
time. Researchers often use data for purposes for which they
were not originally intended, including, for example, official
vital statistics that were collected primarily for administrative
purposes, items in questionnaires that originally were only
included for completeness, or blood samples that were collected for another purpose. For example, the Physicians’
Health Study, a randomized controlled trial of aspirin and
carotene, was later used to demonstrate that a point mutation
in the factor V gene was associated with an increased risk of
venous thrombosis but not of myocardial infarction or
stroke.35 The secondary use of existing data is a creative part
of observational research and does not necessarily make
results less credible or less important. However, briefly restating the original aims might help readers understand the
context of the research and possible limitations in the data.

Elizario, El Paso County, Texas and maternal-child clinics of
the Mexican Social Security Institute in Ciudad Juarez, Mexico from April 1998 to October 2000. At baseline, prior to the
birth of the enrolled cohort children, staff interviewed mothers regarding the household environment. In this ongoing
cohort study, we target follow-up exams at 6-month intervals
beginning at age 6 months.”36

5 Setting: Describe the Setting, Locations, and
Relevant Dates, Including Periods of
Recruitment, Exposure, Follow-up, and Data
Collection
Example

6(a) Case-Control Study: Give the Eligibility
Criteria, and the Sources and Methods of Case
Ascertainment and Control Selection. Give The
Rationale for the Choice of Cases and Controls
Example

“The Pasitos Cohort Study recruited pregnant women
from Women, Infant and Child clinics in Socorro and San

“Cutaneous melanoma cases diagnosed in 1999 and
2000 were ascertained through the Iowa Cancer Registry
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Explanation
Readers need information on setting and locations to
assess the context and generalizability of a study’s results.
Exposures such as environmental factors and therapies can
change over time. Also, study methods may evolve over time.
Knowing when a study took place and over what period
participants were recruited and followed up places the study
in historical context and is important for the interpretation of
results.
Information about setting includes recruitment sites or
sources (eg, electoral roll, outpatient clinic, cancer registry, or
tertiary care centre). Information about location may refer to
the countries, towns, hospitals or practices where the investigation took place. We advise stating dates rather than only
describing the length of time periods. There may be different
sets of dates for exposure, disease occurrence, recruitment,
beginning and end of follow-up, and data collection. Of note,
nearly 80% of 132 reports in oncology journals that used
survival analysis included the starting and ending dates for
accrual of patients, but only 24% also reported the date on
which follow-up ended.37

6 Participants:
6(a) Cohort Study: Give the Eligibility Criteria,
and the Sources and Methods of Selection of
Participants. Describe Methods of Follow-up
Example
“Participants in the Iowa Women’s Health Study were a
random sample of all women ages 55 to 69 years derived from
the state of Iowa automobile driver’s license list in 1985, which
represented approximately 94% of Iowa women in that age
group. (. . .) Follow-up questionnaires were mailed in October
1987 and August 1989 to assess vital status and address changes.
(. . .) Incident cancers, except for nonmelanoma skin cancers,
were ascertained by the State Health Registry of Iowa (. . .). The
Iowa Women’s Health Study cohort was matched to the registry
with combinations of first, last, and maiden names, zip code,
birthdate, and social security number.”38
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(. . .). Controls, also identified through the Iowa Cancer
Registry, were colorectal cancer patients diagnosed during
the same time. Colorectal cancer controls were selected
because they are common and have a relatively long survival,
and because arsenic exposure has not been conclusively
linked to the incidence of colorectal cancer.”39

6 (a) Cross-Sectional Study: Give the Eligibility
Criteria, and the Sources and Methods of
Selection of Participants
Example
“We retrospectively identified patients with a principal
diagnosis of myocardial infarction (code 410) according to
the International Classification of Diseases, 9th Revision,
Clinical Modification, from codes designating discharge diagnoses, excluding the codes with a fifth digit of 2, which
designates a subsequent episode of care (. . .). A random
sample of the entire Medicare cohort with myocardial infarction from February 1994 to July 1995 was selected (. . .). To
be eligible, patients had to present to the hospital after at least
30 minutes but less than 12 hours of chest pain and had to
have ST-segment elevation of at least 1 mm on two contiguous leads on the initial electrocardiogram.”40

Explanation
Detailed descriptions of the study participants help
readers understand the applicability of the results. Investigators usually restrict a study population by defining clinical,
demographic and other characteristics of eligible participants.
Typical eligibility criteria relate to age, gender, diagnosis and
comorbid conditions. Despite their importance, eligibility
criteria often are not reported adequately. In a survey of
observational stroke research, 17 of 49 reports (35%) did not
specify eligibility criteria.5
Eligibility criteria may be presented as inclusion and
exclusion criteria, although this distinction is not always
necessary or useful. Regardless, we advise authors to report
all eligibility criteria and also to describe the group from
which the study population was selected (eg, the general
population of a region or country), and the method of recruitment (eg, referral or self-selection through advertisements).
Knowing details about follow-up procedures, including
whether procedures minimized nonresponse and loss to follow-up and whether the procedures were similar for all
participants, informs judgments about the validity of results.
For example, in a study that used IgM antibodies to detect
acute infections, readers needed to know the interval between
blood tests for IgM antibodies so that they could judge
whether some infections likely were missed because the
interval between blood tests was too long.41 In other studies
where follow-up procedures differed between exposed and
unexposed groups, readers might recognize substantial bias
due to unequal ascertainment of events or differences in
nonresponse or loss to follow-up.42 Accordingly, we advise
© 2007 the authors
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that researchers describe the methods used for following
participants and whether those methods were the same for all
participants, and that they describe the completeness of ascertainment of variables (see also item 14).
In case-control studies, the choice of cases and controls
is crucial to interpreting the results, and the method of their
selection has major implications for study validity. In general,
controls should reflect the population from which the cases
arose. Various methods are used to sample controls, all with
advantages and disadvantages: for cases that arise from a
general population, population roster sampling, random digit
dialling, neighborhood or friend controls are used. Neighborhood or friend controls may present intrinsic matching on
exposure.17 Controls with other diseases may have advantages over population-based controls, in particular for hospital-based cases, because they better reflect the catchment
population of a hospital, have greater comparability of recall
and ease of recruitment. However, they can present problems
if the exposure of interest affects the risk of developing or
being hospitalized for the control condition(s).43,44 To remedy this problem often a mixture of the best defensible
control diseases is used.45

6(b) Cohort Study: For Matched Studies, Give
Matching Criteria and Number of Exposed and
Unexposed
Example
“For each patient who initially received a statin, we
used propensity-based matching to identify one control who
did not receive a statin according to the following protocol.
First, propensity scores were calculated for each patient in the
entire cohort on the basis of an extensive list of factors potentially related to the use of statins or the risk of sepsis. Second,
each statin user was matched to a smaller pool of nonstatin-users
by sex, age (plus or minus 1 year), and index date (plus or minus
3 months). Third, we selected the control with the closest
propensity score (within 0.2 SD) to each statin user in a 1:1
fashion and discarded the remaining controls.”46

6(b) Case-Control Study: For Matched Studies,
Give Matching Criteria and the Number of
Controls Per Case
Example
“We aimed to select five controls for every case from
among individuals in the study population who had no diagnosis
of autism or other pervasive developmental disorders (PDD)
recorded in their general practice record and who were alive and
registered with a participating practice on the date of the PDD
diagnosis in the case. Controls were individually matched to
cases by year of birth (up to 1 year older or younger), sex, and
general practice. For each of 300 cases, five controls could be
identified who met all the matching criteria. For the remaining
994, one or more controls was excluded . . .”47
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Explanation
Matching is much more common in case-control studies,
but occasionally, investigators use matching in cohort studies to
make groups comparable at the start of follow-up. Matching in
cohort studies presents fewer intricacies than with case-control
studies. For example, it is not necessary to take the matching into
account for the estimation of the relative risk.48 Because matching in cohort studies may increase statistical precision investigators might allow for the matching in their analyses and thus
obtain narrower confidence intervals.
In case-control studies matching is done to increase a
study’s efficiency by ensuring similarity in the distribution of
variables between cases and controls, in particular the distribution of potential confounding variables.48,49 Because matching
can be done in various ways, with one or more controls per case,
the rationale for the choice of matching variables and the details
of the method used should be described. Commonly used forms
of matching are frequency matching (also called group matching)
and individual matching. In frequency matching, investigators
choose controls so that the distribution of matching variables becomes identical or similar to that of cases. Individual matching
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involves matching one or several controls to each case. Although
intuitively appealing and sometimes useful, matching in case-control studies has a number of disadvantages, is not always appropriate, and needs to be taken into account in the analysis (see box 2).
Even apparently simple matching procedures may be
poorly reported. For example, authors may state that controls
were matched to cases ‘within five years’, or using ‘five year age
bands’. Does this mean that, if a case was 54 years old, the
respective control needed to be in the five-year age band 50 to
54, or aged 49 to 59, which is within five years of age 54? If a
wide (eg, 10-year) age band is chosen, there is a danger of
residual confounding by age (see also box 4), for example
because controls may then be younger than cases on average.

7 Variables: Clearly Define All Outcomes,
Exposures, Predictors, Potential Confounders,
and Effect Modifiers. Give Diagnostic Criteria,
If Applicable
Example
“Only major congenital malformations were included in
the analyses. Minor anomalies were excluded according to
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the exclusion list of European Registration of Congenital
Anomalies (EUROCAT). If a child had more than one
major congenital malformation of one organ system, those
malformations were treated as one outcome in the analyses
by organ system (. . .). In the statistical analyses, factors
considered potential confounders were maternal age at
delivery and number of previous parities. Factors considered potential effect modifiers were maternal age at reimbursement for antiepileptic medication and maternal age at
delivery.”55

Explanation
Authors should define all variables considered for and
included in the analysis, including outcomes, exposures,
predictors, potential confounders and potential effect modifiers. Disease outcomes require adequately detailed description of the diagnostic criteria. This applies to criteria for cases
in a case-control study, disease events during follow-up in a
cohort study and prevalent disease in a cross-sectional study.
Clear definitions and steps taken to adhere to them are
particularly important for any disease condition of primary
interest in the study.
For some studies, ‘determinant’ or ‘predictor’ may be
appropriate terms for exposure variables and outcomes may
be called ‘endpoints’. In multivariable models, authors sometimes use ‘dependent variable’ for an outcome and ‘independent variable’ or ‘explanatory variable’ for exposure and
confounding variables. The latter is not precise as it does not
distinguish exposures from confounders.
If many variables have been measured and included in
exploratory analyses in an early discovery phase, consider
providing a list with details on each variable in an appendix,
additional table or separate publication. Of note, the International Journal of Epidemiology recently launched a new
section with ‘cohort profiles’, that includes detailed information on what was measured at different points in time in
particular studies.56,57 Finally, we advise that authors declare
all ‘candidate variables’ considered for statistical analysis,
rather than selectively reporting only those included in the
final models (see also item 16a).58,59

8 Data Sources/Measurement: For Each Variable
of Interest Give Sources of Data and Details of
Methods of Assessment (Measurement).
Describe Comparability of Assessment Methods
If There is More Than One Group
Example 1
“Total caffeine intake was calculated primarily using US
Department of Agriculture food composition sources. In these
calculations, it was assumed that the content of caffeine was 137
mg per cup of coffee, 47 mg per cup of tea, 46 mg per can or
bottle of cola beverage, and 7 mg per serving of chocolate
candy. This method of measuring (caffeine) intake was shown to
be valid in both the NHS I cohort and a similar cohort study of
© 2007 the authors
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male health professionals (. . .). Self-reported diagnosis of hypertension was found to be reliable in the NHS I cohort.”60

Example 2
“Cases and controls were always analyzed together in
the same batch and laboratory personnel were unable to
distinguish among cases and controls.”61

Explanation
The way in which exposures, confounders and outcomes were measured affects the reliability and validity of a
study. Measurement error and misclassification of exposures
or outcomes can make it more difficult to detect cause-effect
relationships, or may produce spurious relationships. Error in
measurement of potential confounders can increase the risk of
residual confounding.62,63 It is helpful, therefore, if authors
report the findings of any studies of the validity or reliability
of assessments or measurements, including details of the
reference standard that was used. Rather than simply citing
validation studies (as in the first example), we advise that
authors give the estimated validity or reliability, which can
then be used for measurement error adjustment or sensitivity
analyses (see items 12e and 17).
In addition, it is important to know if groups being
compared differed with respect to the way in which the data
were collected. This may be important for laboratory examinations (as in the second example) and other situations. For
instance, if an interviewer first questions all the cases and
then the controls, or vice versa, bias is possible because of the
learning curve; solutions such as randomizing the order of
interviewing may avoid this problem. Information bias may
also arise if the compared groups are not given the same
diagnostic tests or if one group receives more tests of the
same kind than another (see also item 9).

9 Bias: Describe Any Efforts to Address
Potential Sources of Bias
Example 1
“In most case-control studies of suicide, the control
group comprises living individuals but we decided to have a
control group of people who had died of other causes (. . .).
With a control group of deceased individuals, the sources of
information used to assess risk factors are informants who
have recently experienced the death of a family member or
close associate - and are therefore more comparable to the
sources of information in the suicide group than if living
controls were used.”64

Example 2
“Detection bias could influence the association between Type 2 diabetes mellitus (T2DM) and primary
open-angle glaucoma (POAG) if women with T2DM were
under closer ophthalmic surveillance than women without
this condition. We compared the mean number of eye
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examinations reported by women with and without diabetes. We also recalculated the relative risk for POAG with
additional control for covariates associated with more
careful ocular surveillance (a self-report of cataract, macular degeneration, number of eye examinations, and number of physical examinations).”65

Explanation
Biased studies produce results that differ systematically
from the truth (see also box 3). It is important for a reader to
know what measures were taken during the conduct of a
study to reduce the potential of bias. Ideally, investigators
carefully consider potential sources of bias when they plan
their study. At the stage of reporting, we recommend that
authors always assess the likelihood of relevant biases. Specifically, the direction and magnitude of bias should be
discussed and, if possible, estimated. For instance, in casecontrol studies information bias can occur, but may be
reduced by selecting an appropriate control group, as in the
first example.64 Differences in the medical surveillance of
participants were a problem in the second example.65
Consequently, the authors provide more detail about the additional data they collected to tackle this problem. When investigators have set up quality control programs for data collection to
counter a possible “drift” in measurements of variables in lon-
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gitudinal studies, or to keep variability at a minimum when
multiple observers are used, these should be described.
Unfortunately, authors often do not address important
biases when reporting their results. Among 43 case-control
and cohort studies published from 1990 to 1994 that investigated the risk of second cancers in patients with a history of
cancer, medical surveillance bias was mentioned in only 5
articles.66 A survey of reports of mental health research
published during 1998 in 3 psychiatric journals found that
only 13% of 392 articles mentioned response bias.67 A survey
of cohort studies in stroke research found that 14 of 49 (28%)
articles published from 1999 to 2003 addressed potential
selection bias in the recruitment of study participants and 35
(71%) mentioned the possibility that any type of bias may
have affected results.5

10 Study Size: Explain How the Study Size was
Arrived at
Example 1
“The number of cases in the area during the study
period determined the sample size.”73

Example 2
“A survey of postnatal depression in the region had
documented a prevalence of 19.8%. Assuming depression in
© 2007 the authors
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mothers with normal weight children to be 20% and an odds
ratio of 3 for depression in mothers with a malnourished child
we needed 72 case-control sets (one case to one control) with
an 80% power and 5% significance.”74

Explanation
A study should be large enough to obtain a point
estimate with a sufficiently narrow confidence interval to
meaningfully answer a research question. Large samples
are needed to distinguish a small association from no
association. Small studies often provide valuable information, but wide confidence intervals may indicate that they
contribute less to current knowledge in comparison with
studies providing estimates with narrower confidence intervals. Also, small studies that show ‘interesting’ or
‘statistically significant’ associations are published more
frequently than small studies that do not have ‘significant’
findings. While these studies may provide an early signal
in the context of discovery, readers should be informed of
their potential weaknesses.
The importance of sample size determination in observational studies depends on the context. If an analysis is
performed on data that were already available for other
purposes, the main question is whether the analysis of the
data will produce results with sufficient statistical precision to
contribute substantially to the literature, and sample size
considerations will be informal. Formal, a priori calculation
of sample size may be useful when planning a new study.75,76
Such calculations are associated with more uncertainty than
implied by the single number that is generally produced. For
example, estimates of the rate of the event of interest or other
assumptions central to calculations are commonly imprecise,
if not guesswork.77 The precision obtained in the final analysis can often not be determined beforehand because it will
be reduced by inclusion of confounding variables in multivariable analyses,78 the degree of precision with which key
variables can be measured,79 and the exclusion of some
individuals.
Few epidemiological studies explain or report deliberations about sample size.4,5 We encourage investigators to
report pertinent formal sample size calculations if they were
done. In other situations they should indicate the considerations that determined the study size (eg, a fixed available
sample, as in the first example above). If the observational
study was stopped early when statistical significance was
achieved, readers should be told. Do not bother readers with
post hoc justifications for study size or retrospective power
calculations.77 From the point of view of the reader, confidence intervals indicate the statistical precision that was
ultimately obtained. It should be realized that confidence
intervals reflect statistical uncertainty only, and not all uncertainty that may be present in a study (see item 20).
© 2007 the authors
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11 Quantitative Variables: Explain How
Quantitative Variables were Handled in the
Analyses. If Applicable, Describe Which
Groupings Were Chosen, and Why
Example
“Patients with a Glasgow Coma Scale (GCS) less than
8 are considered to be seriously injured. A GCS of 9 or more
indicates less serious brain injury. We examined the association of GCS in these two categories with the occurrence of
death within 12 months from injury.”80

Explanation
Investigators make choices regarding how to collect
and analyse quantitative data about exposures, effect modifiers and confounders. For example, they may group a continuous exposure variable to create a new categorical variable
(see box 4). Grouping choices may have important consequences for later analyses.81,82 We advise that authors explain
why and how they grouped quantitative data, including the
number of categories, the cut-points, and category mean or
median values. Whenever data are reported in tabular form,
the counts of cases, controls, persons at risk, person-time at
risk, etc. should be given for each category. Tables should not
consist solely of effect-measure estimates or results of model
fitting.
Investigators might model an exposure as continuous in
order to retain all the information. In making this choice, one
needs to consider the nature of the relationship of the exposure to the outcome. As it may be wrong to assume a linear
relation automatically, possible departures from linearity
should be investigated. Authors could mention alternative
models they explored during analyses (eg, using log transformation, quadratic terms or spline functions). Several methods exist for fitting a nonlinear relation between the exposure
and outcome.82– 84 Also, it may be informative to present both
continuous and grouped analyses for a quantitative exposure
of prime interest.
In a recent survey, two thirds of epidemiological publications studied quantitative exposure variables.4 In 42 of 50
articles (84%) exposures were grouped into several ordered
categories, but often without any stated rationale for the
choices made. Fifteen articles used linear associations to
model continuous exposure but only 2 reported checking for
linearity. In another survey, of the psychological literature,
dichotomization was justified in only 22 of 110 articles
(20%).85

12 Statistical Methods:
12 (a) Describe all statistical methods, including those
used to control for confounding.

Example
“The adjusted relative risk was calculated using the
Mantel-Haenszel technique, when evaluating if confounding
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by age or gender was present in the groups compared. The
95% confidence interval (CI) was computed around the adjusted relative risk, using the variance according to Greenland
and Robins and Robins et al.”93

Explanation
In general, there is no one correct statistical analysis
but, rather, several possibilities that may address the same
question, but make different assumptions. Regardless, investigators should pre-determine analyses at least for the primary
study objectives in a study protocol. Often additional analyses are needed, either instead of, or as well as, those originally envisaged, and these may sometimes be motivated by
the data. When a study is reported, authors should tell readers
whether particular analyses were suggested by data inspection. Even though the distinction between pre-specified and
exploratory analyses may sometimes be blurred, authors
should clarify reasons for particular analyses.
If groups being compared are not similar with regard to
some characteristics, adjustment should be made for possible
confounding variables by stratification or by multivariable
regression (see box 5).94 Often, the study design determines
which type of regression analysis is chosen. For instance, Cox
proportional hazard regression is commonly used in cohort
studies,95 whereas logistic regression is often the method of
choice in case-control studies.96,97 Analysts should fully
describe specific procedures for variable selection and not
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only present results from the final model.98,99 If model
comparisons are made to narrow down a list of potential
confounders for inclusion in a final model, this process
should be described. It is helpful to tell readers if one or two
covariates are responsible for a great deal of the apparent
confounding in a data analysis. Other statistical analyses such
as imputation procedures, data transformation, and calculations of attributable risks should also be described. Nonstandard or novel approaches should be referenced and the statistical software used reported. As a guiding principle, we
advise statistical methods be described “with enough detail to
enable a knowledgeable reader with access to the original
data to verify the reported results.”100
In an empirical study, only 93 of 169 articles (55%)
reporting adjustment for confounding clearly stated how
continuous and multi-category variables were entered into
the statistical model.101 Another study found that among
67 articles in which statistical analyses were adjusted for
confounders, it was mostly unclear how confounders were
chosen.4

12 (b) Describe Any Methods Used to Examine
Subgroups and Interactions
Example
“Sex differences in susceptibility to the 3 lifestyle-related
risk factors studied were explored by testing for biological
interaction according to Rothman: a new composite variable
© 2007 the authors
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with 4 categories 共a ⫺ b ⫺ , a ⫺ b ⫹ , a ⫹ b ⫺ , and a ⫹ b ⫹ 兲 was redefined for sex and a dichotomous exposure of interest where
a ⫺ and b ⫺ denote absence of exposure. RR was calculated for
each category after adjustment for age. An interaction effect is
defined as departure from additivity of absolute effects, and
excess RR caused by interaction (RERI) was calculated:
RERI ⫽ RR共a ⫹ b ⫹ 兲 ⫺ RR共a ⫺ b ⫹ 兲 ⫺ RR共a ⫹ b ⫺ 兲 ⫺ 1
where RR共a ⫹ b ⫹兲 denotes RR among those exposed to
both factors where RR共a ⫺ b ⫺兲 is used as reference category (RR ⫽ 1.0). Ninety-five percent CIs were calculated
as proposed by Hosmer and Lemeshow. RERI of 0 means
no interaction.”103

Explanation
As discussed in detail under item 17, many debate the
use and value of analyses restricted to subgroups of the study
population.4,104 Subgroup analyses are nevertheless often
done.4 Readers need to know which subgroup analyses were
planned in advance, and which arose while analyzing the
data. Also, it is important to explain what methods were used
to examine whether effects or associations differed across
groups (see item 17).
Interaction relates to the situation when one factor
modifies the effect of another (therefore also called ‘effect
modification’). The joint action of two factors can be characterized in two ways: on an additive scale, in terms of risk
differences; or on a multiplicative scale, in terms of relative
risk (see box 8). Many authors and readers may have their
own preference about the way interactions should be analyzed. Still, they may be interested to know to what extent the
© 2007 the authors
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joint effect of exposures differs from the separate effects.
There is consensus that the additive scale, which uses absolute risks, is more appropriate for public health and clinical
decision making.105 Whatever view is taken, this should be
clearly presented to the reader, as is done in the example
above.103 A lay-out presenting separate effects of both exposures as well as their joint effect, each relative to no exposure,
might be most informative. It is presented in the example for
interaction under item 17, and the calculations on the different scales are explained in box 8.

12 (c) Explain How Missing Data were
Addressed
Example
“Our missing data analysis procedures used missing at
random (MAR) assumptions. We used the MICE (multivariate
imputation by chained equations) method of multiple multivariate imputation in STATA. We independently analyzed 10
copies of the data, each with missing values suitably imputed, in
the multivariate logistic regression analyses. We averaged estimates of the variables to give a single mean estimate and
adjusted standard errors according to Rubin’s rules.”106

Explanation
Missing data are common in observational research.
Questionnaires posted to study participants are not always
filled in completely, participants may not attend all follow-up
visits and routine data sources and clinical databases are often
incomplete. Despite its ubiquity and importance, few papers
report in detail on the problem of missing data.5,107 Investigators may use any of several approaches to address missing
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data. We describe some strengths and limitations of various
approaches in box 6. We advise that authors report the
number of missing values for each variable of interest (exposures, outcomes, confounders) and for each step in the
analysis. Authors should give reasons for missing values if
possible, and indicate how many individuals were excluded
because of missing data when describing the flow of participants through the study (see also item 13). For analyses that
account for missing data, authors should describe the nature
of the analysis (eg, multiple imputation) and the assumptions
that were made (eg, missing at random, see box 6).

12 (d) Cohort Study: If Applicable, Describe
How Loss to Follow-up was Addressed
Example
“In treatment programs with active follow-up, those
lost to follow-up and those followed-up at 1 year had
similar baseline CD4 cell counts (median 115 cells per L
and 123 cells per L), whereas patients lost to follow-up in
programs with no active follow-up procedures had considerably lower CD4 cell counts than those followed-up
(median 64 cells per L and 123 cells per L). (. . .)
Treatment programs with passive follow-up were excluded
from subsequent analyses.”116

Explanation
Cohort studies are analyzed using life table methods or
other approaches that are based on the person-time of fol-
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low-up and time to developing the disease of interest. Among
individuals who remain free of the disease at the end of their
observation period, the amount of follow-up time is assumed
to be unrelated to the probability of developing the outcome.
This will be the case if follow-up ends on a fixed date or at a
particular age. Loss to follow-up occurs when participants
withdraw from a study before that date. This may hamper the
validity of a study if loss to follow-up occurs selectively in
exposed individuals, or in persons at high risk of developing
the disease (⬘informative censoring’). In the example above,
patients lost to follow-up in treatment programs with no
active follow-up had fewer CD4 helper cells than those
remaining under observation and were therefore at higher risk
of dying.116
It is important to distinguish persons who reach the
end of the study from those lost to follow-up. Unfortunately, statistical software usually does not distinguish
between the two situations: in both cases follow-up time is
automatically truncated (‘censored’) at the end of the
observation period. Investigators therefore need to decide,
ideally at the stage of planning the study, how they will
deal with loss to follow-up. When few patients are lost,
investigators may either exclude individuals with incomplete follow-up, or treat them as if they withdrew alive at
either the date of loss to follow-up or the end of the study.
We advise authors to report how many patients were lost to
follow-up and what censoring strategies they used.
© 2007 the authors
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12 (d) Case-control Study: If Applicable,
Explain How Matching of Cases and Controls
was Addressed
Example
“We used McNemar’s test, paired t test, and conditional
logistic regression analysis to compare dementia patients with
their matched controls for cardiovascular risk factors, the
occurrence of spontaneous cerebral emboli, carotid disease,
and venous to arterial circulation shunt.”117

Explanation
In individually matched case-control studies a crude
analysis of the odds ratio, ignoring the matching, usually
leads to an estimation that is biased towards unity (see box 2).
A matched analysis is therefore often necessary. This can
intuitively be understood as a stratified analysis: each case is
seen as one stratum with his or her set of matched controls.
The analysis rests on considering whether the case is more
often exposed than the controls, despite having made them
alike regarding the matching variables. Investigators can do
such a stratified analysis using the Mantel-Haenszel method
on a ‘matched’ 2 by 2 table. In its simplest form the odds ratio
becomes the ratio of pairs that are discordant for the exposure
variable. If matching was done for variables like age and sex
that are universal attributes, the analysis needs not retain the
individual, person-to-person matching: a simple analysis in
categories of age and sex is sufficient.50 For other matching
variables, such as neighborhood, sibship, or friendship, however, each matched set should be considered its own stratum.
In individually matched studies, the most widely used
method of analysis is conditional logistic regression, in which
each case and their controls are considered together. The conditional method is necessary when the number of controls varies
among cases, and when, in addition to the matching variables,
other variables need to be adjusted for. To allow readers to judge
whether the matched design was appropriately taken into account in the analysis, we recommend that authors describe in
detail what statistical methods were used to analyse the data. If
taking the matching into account does have little effect on the
estimates, authors may choose to present an unmatched analysis.

12 (d) Cross-sectional Study: If Applicable,
Describe Analytical Methods Taking Account of
Sampling Strategy
Example
“The standard errors (SE) were calculated using the
Taylor expansion method to estimate the sampling errors of
estimators based on the complex sample design. (. . .) The
overall design effect for diastolic blood pressure was found to
be 1.9 for men and 1.8 for women and, for systolic blood
pressure, it was 1.9 for men and 2.0 for women.”118

Explanation
Most cross-sectional studies use a pre-specified sampling strategy to select participants from a source population.
© 2007 the authors
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Sampling may be more complex than taking a simple random
sample, however. It may include several stages and clustering
of participants (eg, in districts or villages). Proportionate stratification may ensure that subgroups with a specific characteristic
are correctly represented. Disproportionate stratification may be
useful to over-sample a subgroup of particular interest.
An estimate of association derived from a complex
sample may be more or less precise than that derived from a
simple random sample. Measures of precision such as standard error or confidence interval should be corrected using
the design effect, a ratio measure that describes how much
precision is gained or lost if a more complex sampling
strategy is used instead of simple random sampling.119 Most
complex sampling techniques lead to a decrease of precision,
resulting in a design effect greater than 1.
We advise that authors clearly state the method used to
adjust for complex sampling strategies so that readers may
understand how the chosen sampling method influenced the
precision of the obtained estimates. For instance, with clustered sampling, the implicit trade-off between easier data
collection and loss of precision is transparent if the design
effect is reported. In the example, the calculated design
effects of 1.9 for men indicates that the actual sample size
would need to be 1.9 times greater than with simple random
sampling for the resulting estimates to have equal precision.

12 (e) Describe any Sensitivity Analyses
Example
“Because we had a relatively higher proportion of
‘missing’ dead patients with insufficient data (38/148 ⫽
25.7%) as compared to live patients (15/437 ⫽ 3.4%) (. . .),
it is possible that this might have biased the results. We have,
therefore, carried out a sensitivity analysis. We have assumed
that the proportion of women using oral contraceptives in the
study group applies to the whole (19.1% for dead, and 11.4%
for live patients), and then applied two extreme scenarios:
either all the exposed missing patients used second generation
pills or they all used third-generation pills.”120

Explanation
Sensitivity analyses are useful to investigate whether or
not the main results are consistent with those obtained with
alternative analysis strategies or assumptions.121 Issues that
may be examined include the criteria for inclusion in analyses, the definitions of exposures or outcomes,122 which confounding variables merit adjustment, the handling of missing
data,120,123 possible selection bias or bias from inaccurate or
inconsistent measurement of exposure, disease and other
variables, and specific analysis choices, such as the treatment
of quantitative variables (see item 11). Sophisticated methods
are increasingly used to simultaneously model the influence
of several biases or assumptions.124 –126
In 1959 Cornfield et al famously showed that a relative
risk of 9 for cigarette smoking and lung cancer was extremely
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unlikely to be due to any conceivable confounder, since the
confounder would need to be at least nine times as prevalent
in smokers as in non-smokers.127 This analysis did not rule
out the possibility that such a factor was present, but it did
identify the prevalence such a factor would need to have. The
same approach was recently used to identify plausible confounding factors that could explain the association between
childhood leukemia and living near electric power lines.128
More generally, sensitivity analyses can be used to identify
the degree of confounding, selection bias, or information bias
required to distort an association. One important, perhaps
under recognized, use of sensitivity analysis is when a study
shows little or no association between an exposure and an
outcome and it is plausible that confounding or other biases
toward the null are present.

RESULTS
The Results section should give a factual account of
what was found, from the recruitment of study participants,
the description of the study population to the main results and
ancillary analyses. It should be free of interpretations and
discursive text reflecting the authors’ views and opinions.

13 Participants:
13(a) Report the Numbers of Individuals at
Each Stage of the Study— eg, Numbers
Potentially Eligible, Examined for Eligibility,
Confirmed Eligible, Included in the Study,
Completing Follow-up, and Analyzed
Example
“Of the 105 freestanding bars and taverns sampled, 13
establishments were no longer in business and 9 were located
in restaurants, leaving 83 eligible businesses. In 22 cases, the
owner could not be reached by telephone despite 6 or more
attempts. The owners of 36 bars declined study participation.
(. . .) The 25 participating bars and taverns employed 124
bartenders, with 67 bartenders working at least 1 weekly
daytime shift. Fifty-four of the daytime bartenders (81%)
completed baseline interviews and spirometry; 53 of these
subjects (98%) completed follow-up.”129

Explanation
Detailed information on the process of recruiting study
participants is important for several reasons. Those included
in a study often differ in relevant ways from the target
population to which results are applied. This may result in
estimates of prevalence or incidence that do not reflect the
experience of the target population. For example, people who
agreed to participate in a postal survey of sexual behaviour
attended church less often, had less conservative sexual
attitudes and earlier age at first sexual intercourse, and were
more likely to smoke cigarettes and drink alcohol than people
who refused.130 These differences suggest that postal surveys
may overestimate sexual liberalism and activity in the population. Such response bias (see box 3) can distort exposure-
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disease associations if associations differ between those eligible for the study and those included in the study. As another
example, the association between young maternal age and
leukemia in offspring, which has been observed in some
case-control studies,131,132 was explained by differential participation of young women in case and control groups. Young
women with healthy children were less likely to participate
than those with unhealthy children.133 Although low participation does not necessarily compromise the validity of a
study, transparent information on participation and reasons
for nonparticipation is essential. Also, as there are no universally agreed definitions for participation, response or follow-up rates, readers need to understand how authors calculated such proportions.134
Ideally, investigators should give an account of the numbers of individuals considered at each stage of recruiting study
participants, from the choice of a target population to the
inclusion of participants’ data in the analysis. Depending on the
type of study, this may include the number of individuals
considered to be potentially eligible, the number assessed for
eligibility, the number found to be eligible, the number included
in the study, the number examined, the number followed up and
the number included in the analysis. Information on different
sampling units may be required, if sampling of study participants
is carried out in two or more stages as in the example above
(multistage sampling). In case-control studies, we advise that
authors describe the flow of participants separately for case and
control groups.135 Controls can sometimes be selected from
several sources, including, for example, hospitalized patients
and community dwellers. In this case, we recommend a separate
account of the numbers of participants for each type of control
group. Olson and colleagues proposed useful reporting guidelines for controls recruited through random-digit dialling and
other methods.136
A recent survey of epidemiological studies published in
10 general epidemiology, public health and medical journals
found that some information regarding participation was
provided in 47 of 107 case-control studies (59%), 49 of 154
cohort studies (32%), and 51 of 86 cross-sectional studies
(59%).137 Incomplete or absent reporting of participation and
nonparticipation in epidemiological studies was also documented in two other surveys of the literature.4,5 Finally, there
is evidence that participation in epidemiological studies may
have declined in recent decades,137,138 which underscores the
need for transparent reporting.139

13(b) Give Reasons for Non-participation at
Each Stage
Example
“The main reasons for nonparticipation were the participant was too ill or had died before interview (cases 30%,
controls ⬍1%), nonresponse (cases 2%, controls 21%), refusal (cases 10%, controls 29%), and other reasons (refusal
© 2007 the authors
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by consultant or general practitioner, non-English speaking,
mental impairment) (cases 7%, controls 5%).”140

Explanation
Explaining the reasons why people no longer participated in a study or why they were excluded from statistical
analyses helps readers judge whether the study population
was representative of the target population and whether bias
was possibly introduced. For example, in a cross-sectional
health survey, non-participation due to reasons unlikely to be
related to health status (for example, the letter of invitation was
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not delivered because of an incorrect address) will affect
the precision of estimates but will probably not introduce
bias. Conversely, if many individuals opt out of the survey
because of illness, or perceived good health, results may
underestimate or overestimate the prevalence of ill health
in the population.

13(c) Consider Use of a Flow Diagram
Example
See Fig. 1.

FIGURE 1. Child recruitment and follow-up flow diagram. From Hay et al.141
© 2007 the authors
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Explanation
An informative and well-structured flow diagram can
readily and transparently convey information that might otherwise require a lengthy description,142 as in the example
above. The diagram may usefully include the main results,
such as the number of events for the primary outcome. While
we recommend the use of a flow diagram, particularly for
complex observational studies, we do not propose a specific
format for the diagram.

14 Descriptive data:
14(a) Give Characteristics of Study Participants
(eg, Demographic, Clinical, Social) and
Information on Exposures and Potential
Confounders
Example
TABLE 2. Characteristics of the Study Base at Enrollment.
Castellana G (Italy), 1985–1986
HCV-negative HCV-positive Unknown
n ⴝ 1458
n ⴝ 511
n ⴝ 513
Sex (%)
Male
Female
Mean age at enrolment (SD)
Daily alcohol intake (%)
None
Moderate*
Excessive†

936 (64%)
522 (36%)
45.7 (10.5)

296 (58%) 197 (39%)
215 (42%) 306 (61%)
52.0 (9.7)
52.5 (9.8)

250 (17%)
853 (59%)
355 (24%)

129 (25%)
272 (53%)
110 (22%)

119 (24%)
293 (58%)
91 (18%)

HCV, Hepatitis C virus.
*Males ⬍60 g ethanol/day, females ⬍30 g ethanol/day.
†
Males ⬎60 g ethanol/day, females ⬎30 g ethanol/day.
Table adapted from Osella et al.143

Explanation
Readers need descriptions of study participants and
their exposures to judge the generalizability of the findings.
Information about potential confounders, including whether
and how they were measured, influences judgments about
study validity. We advise authors to summarize continuous
variables for each study group by giving the mean and
standard deviation, or when the data have an asymmetrical
distribution, as is often the case, the median and percentile
range (eg, 25th and 75th percentiles). Variables that make up
a small number of ordered categories (such as stages of
disease I to IV) should not be presented as continuous
variables; it is preferable to give numbers and proportions for
each category (see also box 4). In studies that compare
groups, the descriptive characteristics and numbers should be
given by group, as in the example above.
Inferential measures such as standard errors and
confidence intervals should not be used to describe the
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variability of characteristics, and significance tests should
be avoided in descriptive tables. Also, P values are not an
appropriate criterion for selecting which confounders to
adjust for in analysis; even small differences in a confounder that has a strong effect on the outcome can be
important.144,145
In cohort studies, it may be useful to document how an
exposure relates to other characteristics and potential confounders. Authors could present this information in a table
with columns for participants in two or more exposure categories, which permits to judge the differences in confounders
between these categories.
In case-control studies potential confounders cannot be
judged by comparing cases and controls. Control persons
represent the source population and will usually be different
from the cases in many respects. For example, in a study of
oral contraceptives and myocardial infarction, a sample of
young women with infarction more often had risk factors for
that disease, such as high serum cholesterol, smoking and a
positive family history, than the control group.146 This does
not influence the assessment of the effect of oral contraceptives,
as long as the prescription of oral contraceptives was not guided
by the presence of these risk factors - eg, because the risk factors
were only established after the event (see also box 5). In
case-control studies the equivalent of comparing exposed and
non-exposed for the presence of potential confounders (as is
done in cohorts) can be achieved by exploring the source
population of the cases: if the control group is large enough and
represents the source population, exposed and unexposed controls can be compared for potential confounders.121,147

14(b) Indicate the Number of Participants with
Missing Data for Each Variable of Interest
Example
TABLE 3. Symptom End Points Used in Survival Analysis

Symptom resolved
Censored
Never symptomatic
Data missing
Total

Cough

Short of Breath

Sleeplessness

201 (79%)
27 (10%)
0
28 (11%)
256 (100%)

138 (54%)
21 (8%)
46 (18%)
51 (20%)
256 (100%)

171 (67%)
24 (9%)
11 (4%)
50 (20%)
256 (100%)

Table adapted from Hay et al.141

Explanation
As missing data may bias or affect generalizability of
results, authors should tell readers amounts of missing data for
exposures, potential confounders, and other important characteristics of patients (see also item 12c and box 6). In a cohort
study, authors should report the extent of loss to follow-up (with
reasons), since incomplete follow-up may bias findings (see also
© 2007 the authors
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items 12d and 13).148 We advise authors to use their tables and
figures to enumerate amounts of missing data.

14(c) Cohort Study: Summarise Follow-up
Time— eg, Average and Total Amount
Example
“During the 4366 person-years of follow-up (median
5.4, maximum 8.3 years), 265 subjects were diagnosed as
having dementia, including 202 with Alzheimer’s disease.”149

STROBE Initiative

Case-control Study: Report Numbers in Each
Exposure Category, or Summary Measures of
Exposure
Example

TABLE 5. Exposure Among Liver Cirrhosis Cases and
Controls

Explanation
Readers need to know the duration and extent of follow-up for the available outcome data. Authors can present a
summary of the average follow-up with either the mean or
median follow-up time or both. The mean allows a reader to
calculate the total number of person-years by multiplying it
with the number of study participants. Authors also may
present minimum and maximum times or percentiles of the
distribution to show readers the spread of follow-up times.
They may report total person-years of follow-up or some
indication of the proportion of potential data that was captured.148 All such information may be presented separately
for participants in two or more exposure categories. Almost
half of 132 articles in cancer journals (mostly cohort studies)
did not give any summary of length of follow-up.37

15 Outcome Data:
Cohort Study: Report Numbers of Outcome
Events or Summary Measures Over Time
Example

TABLE 4. Rates of HIV-1 Seroconversion by Selected
Socio-Demographic Variables: 1990-1993

Variable
Calendar year
1990
1991
1992
1993
1994
Tribe
Bagandan
Other Ugandan
Rwandese
Other tribe
Religion
Muslim
Other

Person-years

No.
Seroconverted

2197.5
3210.7
3162.6
2912.9
1104.5

18
22
18
26
5

8.2 (4.4–12.0)
6.9 (4.0–9.7)
5.7 (3.1–8.3)
8.9 (5.5–12.4)
4.5 (0.6–8.5)

8433.1
578.4
2318.6
866.0

48
9
16
12

5.7 (4.1–7.3)
15.6 (5.4–25.7)
6.9 (3.5–10.3)
13.9 (6.0–21.7)

3313.5
8882.7

9
76

2.7 (0.9–4.5)
8.6 (6.6–10.5)

CI, confidence interval.
Table adapted from Kengeya-Kayondo et al.150
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Rate/1000
Person-years
(95% CI)

Vinyl chloride monomer (cumulative
exposure: ppm ⫻ years)
⬍160
160–500
500–2500
⬎2500
Alcohol consumption (g/day)
⬍30
30–60
⬎60
HBsAG/HCV
Negative
Positive

Cases
(n ⴝ 40)

Controls
(n ⴝ 139)

7 (18%)
7 (18%)
9 (23%)
17 (43%)

38 (27%)
40 (29%)
37 (27%)
24 (17%)

1 (3%)
7 (18%)
32 (80%)

82 (59%)
46 (33%)
11 (8%)

33 (83%)
7 (18%)

136 (98%)
3 (2%)

HBsAG, hepatitis B surface antigen; HCV, hepatitis C virus Table adapted from
Mastrangelo et al.151

Cross-sectional Study: Report Numbers of
Outcome Events or Summary Measures
Example

TABLE 6. Prevalence of Current Asthma and Diagnosed
Hay Fever by Average Alternaria Alternata Antigen Level in
the Household
Current Asthma
Categorized
Alternaria level*
1st tertile
2nd tertile
3rd tertile

Diagnosed Hay Fever
†

N

Prevalence
(95% CI)

N

Prevalence†
(95% CI)

40
61
73

4.8 (3.3–6.9)
7.5 (5.2–10.6)
8.7 (6.7–11.3)

93
122
93

16.4 (13.0–20.5)
17.1 (12.8–22.5)
15.2 (12.1–18.9)

1st tertile ⬍3.90 g/g; 2nd tertile 3.90 – 6.27 g/g; 3rd tertile ⱖ6.28 g/g.
†
Percentage (95% CI) weighted for the multistage sampling design of the National
Survey of Lead and Allergens in Housing.
Table adapted from Salo et al.152

Explanation
Before addressing the possible association between
exposures (risk factors) and outcomes, authors should report
relevant descriptive data. It may be possible and meaningful
to present measures of association in the same table that
presents the descriptive data (see item 14a). In a cohort study
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TABLE 7. Relative Rates of Rehospitalisation by Treatment in Patients in Community Care After First Hospitalisation Due to
Schizophrenia and Schizoaffective Disorder
Treatment
Perphenazine
Olanzapine
Clozapine
Chlorprothixene
Thioridazine
Perphenazine
Risperidone
Haloperidol
Chlorpromazine
Levomepromazine
No antipsychotic drugs

No. of
Relapses

Personyears

Crude Relative
Rate (95% CI)

Adjusted Relative
Rate (95% CI)

Fully Adjusted Relative
Rate (95% CI)

53
329
336
79
115
155
343
73
82
52
2248

187
822
804
146
201
327
651
107
127
63
3362

0.41 (0.29 to 0.59)
0.59 (0.45 to 0.75)
0.61 (0.47 to 0.79)
0.79 (0.58 to 1.09)
0.84 (0.63 to 1.12)
0.69 (0.58 to 0.82)
0.77 (0.60 to 0.99)
1.00
0.94 (0.69 to 1.29)
1.21 (0.84 to 1.73)
0.98 (0.77 to 1.23)

0.45 (0.32 to 0.65)
0.55 (0.43 to 0.72)
0.53 (0.41 to 0.69)
0.83 (0.61 to 1.15)
0.82 (0.61 to 1.10)
0.78 (0.59 to 1.03)
0.80 (0.62 to 1.03)
1.00
0.97 (0.71 to 1.33)
0.82 (0.58 to 1.18)
1.01 (0.80 to 1.27)

0.32 (0.22 to 0.49)
0.54 (0.41 to 0.71)
0.64 (0.48 to 0.85)
0.64 (0.45 to 0.91)
0.70 (0.51 to 0.96)
0.85 (0.63 to 1.13)
0.89 (0.69 to 1.16)
1.00
1.06 (0.76 to 1.47)
1.09 (0.76 to 1.57)
1.16 (0.91 to 1.47)

Adjusted for sex, calendar year, age at onset of follow-up, number of previous relapses, duration of first hospitalisation, and length of follow-up (adjusted column) and additionally
for a score of the propensity to start a treatment other than haloperidol (fully adjusted column).
Table adapted from Tiihonen et al.156

with events as outcomes, report the numbers of events for
each outcome of interest. Consider reporting the event rate
per person-year of follow-up. If the risk of an event changes
over follow-up time, present the numbers and rates of events
in appropriate intervals of follow-up or as a Kaplan-Meier life
table or plot. It might be preferable to show plots as cumulative incidence that go up from 0% rather than down from
100%, especially if the event rate is lower than, say, 30%.153
Consider presenting such information separately for participants in different exposure categories of interest. If a cohort
study is investigating other time-related outcomes (eg, quantitative disease markers such as blood pressure), present
appropriate summary measures (eg, means and standard deviations) over time, perhaps in a table or figure.
For cross-sectional studies, we recommend presenting the
same type of information on prevalent outcome events or summary measures. For case-control studies, the focus will be on
reporting exposures separately for cases and controls as frequencies or quantitative summaries.154 For all designs, it may be
helpful also to tabulate continuous outcomes or exposures in
categories, even if the data are not analyzed as such.

16 Main Results:
16 (a) Give Unadjusted Estimates and, if
Applicable, Confounder-Adjusted Estimates and
Their Precision (eg, 95% Confidence Intervals).
Make Clear Which Confounders were Adjusted
for and Why They were Included
Example 1
“We initially considered the following variables as
potential confounders by Mantel-Haenszel stratified analysis:
(. . .) The variables we included in the final logistic regression
models were those (. . .) that produced a 10% change in the
odds ratio after the Mantel-Haenszel adjustment.”155
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Example 2
See Table 7.

Explanation
In many situations, authors may present the results of
unadjusted or minimally adjusted analyses and those from fully
adjusted analyses. We advise giving the unadjusted analyses
together with the main data, for example the number of cases
and controls that were exposed or not. This allows the reader to
understand the data behind the measures of association (see also
item 15). For adjusted analyses, report the number of persons in
the analysis, as this number may differ because of missing
values in covariates (see also item 12c). Estimates should be
given with confidence intervals.
Readers can compare unadjusted measures of association with those adjusted for potential confounders and
judge by how much, and in what direction, they changed.
Readers may think that ‘adjusted’ results equal the causal
part of the measure of association, but adjusted results are
not necessarily free of random sampling error, selection
bias, information bias, or residual confounding (see box 5).
Thus, great care should be exercised when interpreting
adjusted results, as the validity of results often depends
crucially on complete knowledge of important confounders, their precise measurement, and appropriate specification in the statistical model (see also item 20).157,158
Authors should explain all potential confounders considered, and the criteria for excluding or including variables in
statistical models. Decisions about excluding or including variables should be guided by knowledge, or explicit assumptions,
on causal relations. Inappropriate decisions may introduce bias,
for example by including variables that are in the causal pathway
between exposure and disease (unless the aim is to asses how
much of the effect is carried by the intermediary variable). If the
© 2007 the authors
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decision to include a variable in the model was based on the
change in the estimate, it is important to report what change was
considered sufficiently important to justify its inclusion. If a
‘backward deletion’ or ‘forward inclusion’ strategy was used to
select confounders, explain that process and give the significance level for rejecting the null hypothesis of no confounding.
Of note, we and others do not advise selecting confounders
based solely on statistical significance testing.147,159,160
Recent studies of the quality of reporting of epidemiological studies found that confidence intervals were
reported in most articles.4 However, few authors explained
their choice of confounding variables.4,5

16 (b) Report Category Boundaries When
Continuous Variables were Categorized
Example

TABLE 8. Table - Polychlorinated Biphenyls in Cord Serum
Quartile

Range (ng/g)

Number

1
2
3
4

0.07 – 0.24
0.24 – 0.38
0.38 – 0.60
0.61 – 18.14

180
181
181
180

Table adapted from Sagiv et al.161

Explanation
Categorizing continuous data has several important implications for analysis (see box 4) and also affects the presentation of results. In tables, outcomes should be given for each
exposure category, for example as counts of persons at risk,
person-time at risk, if relevant separately for each group (eg,
cases and controls). Details of the categories used may aid
comparison of studies and meta-analysis. If data were grouped
using conventional cut-points, such as body mass index thresholds,162 group boundaries (ie, range of values) can be derived
easily, except for the highest and lowest categories. If quantilederived categories are used, the category boundaries cannot be
inferred from the data. As a minimum, authors should report the
category boundaries; it is helpful also to report the range of the
data and the mean or median values within categories.

16(c) If Relevant, Consider Translating
Estimates of Relative Risk into Absolute Risk
for a Meaningful Time Period
Example
“10 years’ use of HRT 关hormone replacement therapy兴
is estimated to result in five (95% CI 3–7) additional breast
cancers per 1000 users of oestrogen-only preparations and
© 2007 the authors
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1915–23 additional cancers per 1000 users of oestrogen-progestagen combinations.”163

Explanation
The results from studies examining the association between an exposure and a disease are commonly reported in
relative terms, as ratios of risks, rates or odds (see box 8).
Relative measures capture the strength of the association between an exposure and disease. If the relative risk is a long way
from 1 it is less likely that the association is due to confounding.164,165 Relative effects or associations tend to be more
consistent across studies and populations than absolute measures, but what often tends to be the case may be irrelevant in a
particular instance. For example, similar relative risks were
obtained for the classic cardiovascular risk factors for men living
in Northern Ireland, France, the USA and Germany, despite the
fact that the underlying risk of coronary heart disease varies
substantially between these countries.166,167 In contrast, in a
study of hypertension as a risk factor for cardiovascular disease
mortality, the data were more compatible with a constant rate
difference than with a constant rate ratio.168
Widely used statistical models, including logistic169
and proportional hazards (Cox) regression170 are based on
ratio measures. In these models, only departures from constancy of ratio effect measures are easily discerned. Nevertheless, measures which assess departures from additivity of
risk differences, such as the Relative Excess Risk from
Interaction (RERI, see item 12b and box 8), can be estimated
in models based on ratio measures.
In many circumstances, the absolute risk associated with
an exposure is of greater interest than the relative risk. For
example, if the focus is on adverse effects of a drug, one will
want to know the number of additional cases per unit time of use
(eg, days, weeks, or years). The example gives the additional
number of breast cancer cases per 1000 women who used
hormone-replacement therapy for 10 years.163 Measures such as
the attributable risk or population attributable fraction may be
useful to gauge how much disease can be prevented if the
exposure is eliminated. They should preferably be presented
together with a measure of statistical uncertainty (eg, confidence
intervals, as in the example). Authors should be aware of the
strong assumptions made in this context, including a causal
relationship between a risk factor and disease (also see box 7).171
Because of the semantic ambiguity and complexities involved,
authors should report in detail what methods were used to
calculate attributable risks, ideally giving the formulae used.172
A recent survey of abstracts of 222 articles published
in leading medical journals found that in 62% of abstracts
of randomized trials including a ratio measure absolute
risks were given, but only in 21% of abstracts of cohort
studies.173 A free text search of Medline 1966 to 1997
showed that 619 items mentioned attributable risks in the
title or abstract, compared to 18,955 using relative risk or
odds ratio, for a ratio of 1 to 31.174
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17 Other analyses: Report Other Analyses
Done— eg, Analyses of Subgroups and
Interactions, and Sensitivity Analyses
Example 1

TABLE 9. Analysis of Oral Contraceptive Use, Presence of
Factor V Leiden Allele, and Risk for Venous
Thromboembolism
Factor V
Leiden
Yes
Yes
No
No

Oral
Contraceptives

No. of
Patients

No. of
Controls

Odds Ratio

Yes
No
Yes
No

25
10
84
36

2
4
63
100

34.7
6.9
3.7
1 (Reference)

*Modified from Vandenbroucke et al.182 by Botto et al.183
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Example 2
See Table 10.

Explanation
In addition to the main analysis other analyses are often
done in observational studies. They may address specific
subgroups, the potential interaction between risk factors, the
calculation of attributable risks, or use alternative definitions
of study variables in sensitivity analyses.
There is debate about the dangers associated with
subgroup analyses, and multiplicity of analyses in general.4,104 In our opinion, there is too great a tendency to look for
evidence of subgroup-specific associations, or effect-measure
modification, when overall results appear to suggest little or
no effect. On the other hand, there is value in exploring
whether an overall association appears consistent across several, preferably pre-specified subgroups especially when a
study is large enough to have sufficient data in each subgroup. A
© 2007 the authors
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TABLE 10. Sensitivity of the Rate Ratio for Cardiovascular
Outcome to an Unmeasured Confounder
Prevalence of
Unmeasured
Binary
Confounder in
the Exposed
Group, %

Prevalence of
Unmeasured
Binary
Confounder in
the Comparator
Group, %

Unmeasured
Binary
Confounder
Rate Ratio

High
Exposure
Rate Ratio
(95% CI)*

10
50
10
10
50
10
50
10
50

1.5
1.5
1.5
2
2
2
3
3
5

1.20 (1.01–1.42)
1.43 (1.22–1.67)
1.39 (1.18–1.63)
0.96 (0.81–1.13)
1.27 (1.11–1.45)
1.21 (1.03–1.42)
1.18 (1.01–1.38)
0.99 (0.85–1.16)
1.08 (0.85–1.26)

90
90
50
90
90
50
90
50
90

CI, confidence interval.
*Adjusted for age, sex, cardiovascular drug use, and unmeasured binary confounder.
Table adapted from Wei et al.184

second area of debate is about interesting subgroups that arose
during the data analysis. They might be important findings, but
might also arise by chance. Some argue that it is neither possible
nor necessary to inform the reader about all subgroup analyses
done as future analyses of other data will tell to what extent the
early exciting findings stand the test of time.9 We advise authors
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to report which analyses were planned, and which were not (see
also items 4, 12b and 20). This will allow readers to judge the
implications of multiplicity, taking into account the study’s
position on the continuum from discovery to verification or
refutation.
A third area of debate is how joint effects and interactions between risk factors should be evaluated: on additive or
multiplicative scales, or should the scale be determined by the
statistical model that fits best (see also item 12b and box 8)?
A sensible approach is to report the separate effect of each
exposure as well as the joint effect – if possible in a table, as
in the first example above,183 or in the study by Martinelli
et al.185 Such a table gives the reader sufficient information to
evaluate additive as well as multiplicative interaction (how
these calculations are done is shown in box 8). Confidence
intervals for separate and joint effects may help the reader to
judge the strength of the data. In addition, confidence intervals around measures of interaction, such as the Relative
Excess Risk from Interaction (RERI) relate to tests of interaction or homogeneity tests. One recurrent problem is that
authors use comparisons of P values across subgroups, which
lead to erroneous claims about an effect modifier. For instance, a statistically significant association in one category
(eg, men), but not in the other (eg, women) does not in itself
provide evidence of effect modification. Similarly, the confidence intervals for each point estimate are sometimes inappropriately used to infer that there is no interaction when
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intervals overlap. A more valid inference is achieved by
directly evaluating whether the magnitude of an association
differs across subgroups.
Sensitivity analyses are helpful to investigate the influence
of choices made in the statistical analysis, or to investigate the
robustness of the findings to missing data or possible biases (see
also item 12b). Judgement is needed regarding the level of
reporting of such analyses. If many sensitivity analyses were
performed, it may be impractical to present detailed findings for
them all. It may sometimes be sufficient to report that sensitivity
analyses were carried out and that they were consistent with the
main results presented. Detailed presentation is more appropriate
if the issue investigated is of major concern, or if effect estimates
vary considerably.59,186
Pocock and colleagues found that 43 out of 73 articles
reporting observational studies contained subgroup analyses. The
majority claimed differences across groups but only eight articles reported a formal evaluation of interaction (see item 12b).4

DISCUSSION
The discussion section addresses the central issues of
validity and meaning of the study.191 Surveys have found that
discussion sections are often dominated by incomplete or
biased assessments of the study’s results and their implications, and rhetoric supporting the authors’ findings.192,193
Structuring the discussion may help authors avoid unwarranted speculation and over-interpretation of results while
guiding readers through the text.194,195 For example, Annals
of Internal Medicine196 recommends that authors structure
the discussion section by presenting the following: 1) a brief
synopsis of the key findings; 2) consideration of possible
mechanisms and explanations; 3) comparison with relevant
findings from other published studies; 4) limitations of the
study; and 5) a brief section that summarizes the implications
of the work for practice and research. Others have made
similar suggestions.191,194 The section on research recommendations and the section on limitations of the study should
be closely linked to each other. Investigators should suggest
ways in which subsequent research can improve on their
studies rather than blandly stating ‘more research is needed’.197,198 We recommend that authors structure their discussion sections, perhaps also using suitable subheadings.

18 Key Results: Summarise Key Results with
Reference to Study Objectives
Example
“We hypothesized that ethnic minority status would be
associated with higher levels of cardiovascular disease (CVD)
risk factors, but that the associations would be explained substantially by socioeconomic status (SES). Our hypothesis was
not confirmed. After adjustment for age and SES, highly significant differences in body mass index, blood pressure, diabetes,
and physical inactivity remained between white women and
both black and Mexican American women. In addition, we
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found large differences in CVD risk factors by SES, a finding
that illustrates the high-risk status of both ethnic minority
women as well as white women with low SES.”199

Explanation
It is good practice to begin the discussion with a short
summary of the main findings of the study. The short summary reminds readers of the main findings and may help them
assess whether the subsequent interpretation and implications
offered by the authors are supported by the findings.

19 Limitations: Discuss Limitations of the
Study, Taking into Account Sources of
Potential Bias or Imprecision. Discuss Both
Direction and Magnitude of Any Potential Bias
Example
“Since the prevalence of counseling increases with
increasing levels of obesity, our estimates may overestimate
the true prevalence. Telephone surveys also may overestimate the true prevalence of counseling. Although persons
without telephones have similar levels of overweight as
persons with telephones, persons without telephones tend to
be less educated, a factor associated with lower levels of
counseling in our study. Also, of concern is the potential bias
caused by those who refused to participate as well as those
who refused to respond to questions about weight. Furthermore, because data were collected cross-sectionally, we cannot infer that counseling preceded a patient’s attempt to lose
weight.”200

Explanation
The identification and discussion of the limitations of a
study are an essential part of scientific reporting. It is important not only to identify the sources of bias and confounding
that could have affected results, but also to discuss the
relative importance of different biases, including the likely
direction and magnitude of any potential bias (see also box 3,
item 9).
Authors should also discuss any imprecision of the
results. Imprecision may arise in connection with several
aspects of a study, including the study size (item 10) and the
measurement of exposures, confounders and outcomes (item
8). The inability to precisely measure true values of an
exposure tends to result in bias towards unity: the less
precisely a risk factor is measured, the greater the bias. This
effect has been described as ‘attenuation’,201,202 or more
recently as ‘regression dilution bias’.203 However, when
correlated risk factors are measured with different degrees of
imprecision, the adjusted relative risk associated with them
can be biased towards or away from unity.204 –206
When discussing limitations, authors may compare the
study being presented with other studies in the literature in
terms of validity, generalizability and precision. In this approach, each study can be viewed as contribution to the
© 2007 the authors
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literature, not as a stand-alone basis for inference and action.207 Surprisingly, the discussion of important limitations
of a study is sometimes omitted from published reports. A
survey of authors who had published original research articles
in The Lancet found that important weaknesses of the study
were reported by the investigators in the survey questionnaires, but not in the published article.192

20 Interpretation: Give a Cautious Overall
Interpretation Considering Objectives,
Limitations, Multiplicity of Analyses, Results
from Similar Studies, and Other Relevant
Evidence
Example
“Any explanation for an association between death
from myocardial infarction and use of second generation oral
contraceptives must be conjectural. There is no published
evidence to suggest a direct biologic mechanism, and there
are no other epidemiologic studies with relevant results. (. . .)
The increase in absolute risk is very small and probably
applies predominantly to smokers. Due to the lack of corroborative evidence, and because the analysis is based on relatively small numbers, more evidence on the subject is needed.
We would not recommend any change in prescribing practice
on the strength of these results.”120

Explanation
The heart of the discussion section is the interpretation of a study’s results. Over-interpretation is common
and human: even when we try hard to give an objective
assessment, reviewers often rightly point out that we went
too far in some respects. When interpreting results, authors
should consider the nature of the study on the discovery to
verification continuum and potential sources of bias, including loss to follow-up and non-participation (see also
items 9, 12 and 19). Due consideration should be given to
confounding (item 16a), the results of relevant sensitivity
analyses, and to the issue of multiplicity and subgroup
analyses (item 17). Authors should also consider residual
confounding due to unmeasured variables or imprecise
measurement of confounders. For example, socioeconomic
status (SES) is associated with many health outcomes and
often differs between groups being compared. Variables
used to measure SES (income, education, or occupation)
are surrogates for other undefined and unmeasured exposures, and the true confounder will by definition be measured with error.208 Authors should address the real range
of uncertainty in estimates, which is larger than the statistical uncertainty reflected in confidence intervals. The
latter do not take into account other uncertainties that arise
from a study’s design, implementation, and methods of
measurement.209
© 2007 the authors
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To guide thinking and conclusions about causality,
some may find criteria proposed by Bradford Hill in 1965
helpful.164 How strong is the association with the exposure?
Did it precede the onset of disease? Is the association consistently observed in different studies and settings? Is there
supporting evidence from experimental studies, including
laboratory and animal studies? How specific is the exposure’s
putative effect, and is there a dose-response relationship? Is
the association biologically plausible? These criteria should
not, however, be applied mechanically. For example, some
have argued that relative risks below 2 or 3 should be
ignored.210,211 This is a reversal of the point by Cornfield et
al about the strength of large relative risks (see item 12b).127
Although a causal effect is more likely with a relative risk of
9, it does not follow that one below 3 is necessarily spurious.
For instance, the small increase in the risk of childhood
leukemia after intrauterine irradiation is credible because it
concerns an adverse effect of a medical procedure for which
no alternative explanations are obvious.212 Moreover, the
carcinogenic effects of radiation are well established. The
doubling in the risk of ovarian cancer associated with eating
2 to 4 eggs per week is not immediately credible, since
dietary habits are associated with a large number of lifestyle
factors as well as SES.213 In contrast, the credibility of much
debated epidemiologic findings of a difference in thrombosis
risk between different types of oral contraceptives was
greatly enhanced by the differences in coagulation found in a
randomized cross-over trial.214 A discussion of the existing
external evidence, from different types of studies, should
always be included, but may be particularly important for
studies reporting small increases in risk. Further, authors
should put their results in context with similar studies and
explain how the new study affects the existing body of
evidence, ideally by referring to a systematic review.

21 Generalizability: Discuss the
Generalizability (External Validity) of the
Study Results
Example
“How applicable are our estimates to other HIV-1infected patients? This is an important question because the
accuracy of prognostic models tends to be lower when applied to data other than those used to develop them. We
addressed this issue by penalising model complexity, and by
choosing models that generalized best to cohorts omitted
from the estimation procedure. Our database included patients from many countries from Europe and North America,
who were treated in different settings. The range of patients
was broad: men and women, from teenagers to elderly people
were included, and the major exposure categories were well
represented. The severity of immunodeficiency at baseline
ranged from not measureable to very severe, and viral load
from undetectable to extremely high.”215
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Explanation
Generalizability, also called external validity or applicability, is the extent to which the results of a study can
be applied to other circumstances.216 There is no external
validity per se; the term is meaningful only with regard to
clearly specified conditions.217 Can results be applied to an
individual, groups or populations that differ from those
enrolled in the study with regard to age, sex, ethnicity,
severity of disease, and co-morbid conditions? Are the
nature and level of exposures comparable, and the definitions of outcomes relevant to another setting or population? Are data that were collected in longitudinal studies
many years ago still relevant today? Are results from
health services research in one country applicable to health
systems in other countries?
The question of whether the results of a study have
external validity is often a matter of judgment that depends on
the study setting, the characteristics of the participants, the
exposures examined, and the outcomes assessed. Thus, it is
crucial that authors provide readers with adequate information about the setting and locations, eligibility criteria, the
exposures and how they were measured, the definition of
outcomes, and the period of recruitment and follow-up. The
degree of nonparticipation and the proportion of unexposed participants in whom the outcome develops are also
relevant. Knowledge of the absolute risk and prevalence of
the exposure, which will often vary across populations, are
helpful when applying results to other settings and populations (see box 7).

OTHER INFORMATION
22 Funding: Give the Source of Funding and
the Role of the Funders for the Present Study
and, if Applicable, for the Original Study on
Which the Present Article is Based
Explanation
Some journals require authors to disclose the presence or
absence of financial and other conflicts of interest.100,218 Several
investigations show strong associations between the source of
funding and the conclusions of research articles.219 –222 The
conclusions in randomized trials recommended the experimental
drug as the drug of choice much more often (odds ratio 5.3) if
the trial was funded by for-profit organisations, even after
adjustment for the effect size.223 Other studies document the
influence of the tobacco and telecommunication industries on
the research they funded.224 –227 There are also examples of
undue influence when the sponsor is governmental or a nonprofit organization.
Authors or funders may have conflicts of interest that
influence any of the following: the design of the study228;
choice of exposures,228,229 outcomes,230 statistical methods,231 and selective publication of outcomes230 and studies.232 Consequently, the role of the funders should be de-
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scribed in detail: in what part of the study they took direct
responsibility (eg, design, data collection, analysis, drafting
of the manuscript, decision to publish).100 Other sources of
undue influence include employers (eg, university administrators for academic researchers and government supervisors,
especially political appointees, for government researchers),
advisory committees, litigants, and special interest groups.

Concluding Remarks
The STROBE Statement aims to provide helpful recommendations for reporting observational studies in epidemiology. Good reporting reveals the strengths and weaknesses of a study and facilitates sound interpretation and
application of study results. The STROBE Statement may
also aid in planning observational studies, and guide peer
reviewers and editors in their evaluation of manuscripts.
We wrote this explanatory article to discuss the importance of transparent and complete reporting of observational
studies, to explain the rationale behind the different items
included in the checklist, and to give examples from published articles of what we consider good reporting. We hope
that the material presented here will assist authors and editors
in using STROBE.
We stress that STROBE and other recommendations on
the reporting of research13,233,234 should be seen as evolving
documents that require continual assessment, refinement,
and, if necessary, change.235,236 For example, the CONSORT
Statement for the reporting of parallel-group randomized
trials was first developed in the mid 1990s.237 Since then
members of the group have met regularly to review the need
to revise the recommendations; a revised version appeared in
2001233 and a further version is in development. Similarly,
the principles presented in this article and the STROBE
checklist are open to change as new evidence and critical
comments accumulate. The STROBE web site (http://www.
strobe-statement.org) provides a forum for discussion and
suggestions for improvements of the checklist, this explanatory document and information about the good reporting of
epidemiological studies.
Several journals ask authors to follow the STROBE
Statement in their instructions to authors (see web site for
current list). We invite other journals to adopt the STROBE
Statement and contact us through our web site to let us know.
The journals publishing the STROBE recommendations provide open access. The STROBE Statement is therefore
widely accessible to the biomedical community.
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Mort Levin and the Emergence of Chronic Disease
Epidemiology
Warren Winkelstein, Jr.

M

ort Levin received the John Snow award from the
American Public Health Association in 1978. A member of the selection committee remarked that, “. . . Mort
Levin has had as much impact on public health in this country
as anyone during the past quarter of a century.”1 Today, if Levin
is remembered at all, it is probably for his introduction of the
concept of “attributable risk.”
Mort Levin was born in 1904 in prerevolutionary Russia, and after World War I migrated with his family to the
United States. He graduated from Johns Hopkins University
and took degrees in pharmacy and medicine from the University of Maryland. As a dispensary physician at the Johns
Hopkins Hospital, Levin came under the influence of Wade
Hampton Frost, gave up clinical medicine, and received a
DrPH in 1934. His first job as a public-health physician was
as Commissioner of Health for Ottawa County, Michigan.
Shortly after taking up his position, he traced the source of a
milk-borne outbreak and forced through an ordinance requiring pasteurization. The unpopular legislation led him to be
fired.
Mort Levin made three major contributions to public
health. One was the recognition and derivation of “population
attributable risk,” which provided public health practitioners
with a powerful tool for evaluating the impact of a particular
disease in a defined population. His second major contribution was in his role as the first Director of the Commission on
Chronic Illness (1950)–a Commission created by the AMA,
the APHA and other prominent health organizations. Under
Levin’s leadership, the Commission expanded the scope of
public health from a narrowly-focused emphasis on the control of infectious diseases to a concern with the full spectrum
of disease occurrence.3 His third contribution was the 1950
publication of his case-control study of smoking and lung
cancer4 which, along with simultaneous studies by Wynder
and Graham5 and Doll and Hill6 unleashed a torrent of
investigations on the harmful effects of tobacco smoking on
health.
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Irritable Bowel
Syndrome and
Hysterectomy
A Sequence Symmetry
Analysis

I

rritable bowel syndrome (IBS) is a
functional disorder of the gastrointestinal tract, which results in the clinical
symptoms of altered bowel habits and abdominal pain.1 One hypothesized component cause is hysterectomy.2 To examine
the relation between hysterectomy and
IBS, we used the epidemiologic method of
sequence symmetry analysis, which focuses on the temporal sequence between
the exposure and outcome among people
who have both conditions.3– 8
We used data from UnitedHealthcare, a large, national health insurance
plan. Data included were from 8 geographically diverse states with the largest concentration of plan membership.
We identified all women aged 18
and older who underwent a hysterectomy
and received medical care for IBS from
January 1, 1995 through June 30, 2002.
We identified the date of their hysterectomy procedure and the first encounter
with a physician for a diagnosis of IBS.
We required women to have at least 1
year of continuous health plan membership. We removed from the study
women who had a hysterectomy, received medical care for IBS or related
gastrointestinal conditions, or received
medical care from a gastroenterologist
during the first year of health plan
membership.
The crude sequence symmetry ratio
is the number of women with the hysterectomy-to-IBS sequence divided by the
number with the IBS-to-hysterectomy sequence. We excluded women from the
study who had more than 3 years between
the 2 events, to avoid the influence of
age-related trends in the occurrence of
hysterectomy or irritable bowel syndrome. To correct for other time trends,
we divided the crude ratio by the null-
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effect sequence ratio,4 to obtain a timetrend-adjusted sequence symmetry ratio
(SSR). This is interpretable as the ratio
of the incidence of irritable bowel syndrome occurring after a hysterectomy
to the incidence of IBS occurring before a hysterectomy.
We calculated the time-trend-adjusted SSR for the overall group of
women and stratified according to several baseline covariates to examine heterogeneity of effect. We calculated 95%
confidence intervals for the SSR using
an assumed Poisson distribution.
Analyses were performed using
de-identified data with respect to Protected Health Information. Under the
Health Insurance Portability and Accountability Act of 1996, we did not

require approval by a Privacy Board or
Institutional Review Board.
The time-trend-adjusted sequence
symmetry ratio was 1.0 (95% CI ⫽
0.9 –1.2), indicating that, after adjusting
for time trends in the source population,
there was an equal probability of the
hysterectomy-to-IBS sequence and the
IBS-to-hysterectomy sequence. The Table shows there was little variability in
the distribution of the time-trend-adjusted SSRs within strata of hormone
use and of diagnoses and procedures
associated with hysterectomy.
Sequence symmetry analysis is a
case-only approach conducting epidemiologic research. As with other case-only
approaches, only ratio estimates of effect can be ascertained. Sequence sym-

TABLE. Sequence Symmetry Ratios by Characteristic, January 1995
Through June 2002

Total
Use of estrogen replacement therapy
Yes
No
Use of oral contraceptives
Yes
No
Oophorectomy
Yes
No
Fibroids
Yes
No
Menstrual disorder
Yes
No
Uterine cancer
Yes
No
Ovarian cyst
Yes
No
Uterine prolapse
Yes
No
Endometriosis
Yes
No
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Hysterectomyto-IBS

IBS-toHysterectomy

Time-TrendAdjusted SSR
(95% CI)

351

375

1.0 (0.9–1.2)

48
303

35
340

1.5 (1.0–2.3)
1.0 (0.8–1.1)

35
316

40
335

1.0 (0.6–1.5)
1.0 (0.9–1.2)

36
315

43
332

0.9 (0.6–1.4)
1.0 (0.9–1.2)

194
157

227
148

0.9 (0.8–1.1)
1.2 (0.9–1.4)

254
97

281
94

1.0 (0.8–1.2)
1.1 (0.8–1.5)

22
329

23
352

1.0 (0.6–1.9)
1.0 (0.9–1.2)

53
298

57
318

1.0 (0.7–1.4)
1.0 (0.9–1.2)

86
265

98
277

1.0 (0.7–1.3)
1.0 (0.9–1.2)

104
247

142
233

0.8 (0.6–1.0)
1.2 (1.0–1.4)
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metry analysis also assumes that timerelated confounders are not present.
Calculating the null-effect sequence ratio and limiting the amount of time between the 2 events are approaches to
control for these time- and age-related
trends. Selective loss to follow-up could
also be a concern, because only people
healthy enough to survive to both events
remain under observation. Even considering these limitations, we find no evidence that hysterectomy increases the
risk of irritable bowel syndrome.
J. Alexander Cole
Department of Epidemiology
Boston University School of Public Health
Boston, Massachussets

Francis A. Farraye
Section of Gastroenterology
Boston University School of Public Health
Boston, Massachussets

Howard J. Cabral
Department of Biostatistics
Boston University School of Public Health
Boston, Massachussets

Yuqing Zhang
Clinical Epidemiology Research and
Training Unit
Boston University School of Public Health
Boston, Massachussets

Kenneth J. Rothman
Department of Epidemiology and Divsion
of Preventive Medicine
Boston University School of Public Health
Boston, Massachussets
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Analyses of GenomeWide Association Scans
for Additional
Outcomes
To the Editor:
he article “Analyses of Case-Control
Data for Additional Outcomes”1 is
particularly interesting in the context
of genome-wide association studies
(GWAS). These studies require massive investments of time and money,
and researchers understandably want
to maximize return by studying phenotypes measured on participants besides the primary disease outcome. As
Richardson et al1 note, in some situations an analysis of additional outcomes ignoring the initial ascertainment scheme can lead to biased odds
ratio estimates. However, this is not
true in all situations and may not be
true for most of the loci tested in a
GWAS.
Assuming that ascertainment (A)
is independent of the secondary outcome and genotype conditional on the
primary outcome, the odds ratio comparing cases (D2) and controls (d2) of
the secondary disease and carriers (G)
and noncarriers (g) in the ascertained
sample is:

T

P(D2 | G,A)P(d2 | g,A)
P(d2 | G,A)P(D2 | g,A)

⫽

P(D2 | G)P(d2 | g)
P(d2 | G)P(D2 | g)

兺
兺
兺
⫻
兺

⫻

P(A | X)P(X | D2,G)

ORGD2 is the desired odds ratio
summarizing the marginal association
between G and D2. It follows that if the
primary outcome is independent of genotype conditional on the secondary
outcome or independent of the secondary outcome conditional on genotype,
then  ⫽ 1 and the odds ratio estimate
ignoring ascertainment is unbiased for
ORGD2. In other words, the naive estimate is biased only when both the secondary outcome and the tested genetic
locus are independently associated with
risk of the primary outcome. In a GWAS
most of tested markers will not be associated with the primary outcome, and in
some cases the secondary outcome may
not be associated with the primary outcome. Thus the naive approach provides
valid tests of the null hypothesis ORGD2 ⫽
1 for most if not all loci. Restricting analyses to primary-disease controls yields unbiased estimates of ORGD2 (when the primary disease is rare) but greatly reduces
power and precision. The weighted-likelihood analysis presented by Richardson et
al1 could be used, but it may be less
efficient than the naive approach when G
is independent of D1, and appropriate variance corrections2 are not currently implemented in specialized fast software for the
analysis of GWAS.
Thus it is reassuring that the naive
analysis ignoring case-control sampling
will be inappropriate only for those very
few loci that are associated with risk of
the primary disease—we should be so
lucky as to have to worry about bias in
estimating ORDG2 induced by association between both genes and the secondary outcome and the primary outcome.
Peter Kraft
Departments of Epidemiology and
Biostatistics
Harvard School of Public Health
Boston, MA
pkraft@hsph.harvard.edu

X僆(D1,d1)

P(A | X)P(X | d2,G)

X僆(D1,d1)

P(A | X)P(X | d2,g)

X僆(D1,d1)

P(A | X)P(X | D2,g)

X僆(D1,d1)

⫽ ORGD2 ⫻ .
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Do Time-Series Studies
Contain Residual
Confounding by Risk
Factors for Acute
Health Events?
To the Editor:
ecent papers in EPIDEMIOLOGY have
reported on time-series studies comparing daily pollution levels and daily
health events among a city or group of
cities.1,2 However, such designs have a
potential for uncontrolled/residual confounding that may not have been adequately considered.
Time-series studies are ecological
in nature. As Morgenstern3 suggests,
“ecological bias may be severe in practice” and “adjustment for extraneous
risk factors may not reduce the ecologic
bias” and may even increase it. The
weather variables included in time-series
models are themselves crude ecological
surrogates for heat stress, and provide no
information on important individual-level
factors (eg, access to air conditioning).
Such heat-related variables have a strong
and nonlinear effect on health,4 which
may not be adequately accounted for in
linear time-series models.
Perhaps most importantly, it is not
clear that time-series studies fully control
for traditional confounding variables, such
as smoking and stress. It is true that
chronic risk factors such as smoking status
and high blood pressure are not associated
with daily pollution levels, and are therefore not important confounders in timeseries studies. However, these chronic
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variables are also not pertinent to the daily
risks (eg, death or hospitalization) of interest in time-series studies. That is to say,
smoking status may predict someone’s
long-term probability of a heart attack, but
the risk on any given day should be more
dependent on the pattern of smoking that
day.5,6 Similarly, stress and high blood
pressure may increase overall risk of heart
attack and stroke, but the risk on any given
day would be predicated more on emotional stress during that day.7–10
These acute predictors of daily
risk are plausibly associated with pollution through variables correlated with
pollution. High-risk people might very
well increase risky behaviors (eg, smoking, overeating, and anger) because of
stress associated with high temperature,
heavy traffic, increased occupational
workload, or other variables known to
be associated with air pollution.
In conclusion, time-series studies
suggest very weak associations between
air pollution and acute health events. For
example, the largest US study reported
an average relative risk for nonexternal
all-cause mortality of 1.002 per 10 g
PM10,11 which implies less than 1% excess mortality over typical levels of pollution. By comparison, daily triggers of
cardiovascular disease (which makes up
much of all-cause mortality) are associated with relative risk as high as 6.0 –
15.0.9,10 Therefore, the potential for residual bias would seem plausible and
worth investigating further.
John Bukowski
WW Consulting
Dayton, OH
wwc-johnb@woh.rr.com
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10. Möller J, Theorell T, de Faire U, et al. Work
related stressful life events and the risk of
myocardial infarction. Case-control and
case-crossover analyses within the Stockholm heart epidemiology programme
(SHEEP). J Epidemiol Community Health.
2005;59:23–30.
11. Dominici F, McDermott A, Daniels M, et al.
Revised analyses of the National Morbidity,
Mortality, and Air Pollution study: mortality among residents of 90 cities. J Toxicol
Environ Health A. 2005;68:1071–1092.

839

