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Relative Importance of Borderline and Elevated Levels of Coronary
Heart Disease Risk Factors
Ramachandran S. Vasan, MD; Lisa M. Sullivan, PhD; Peter W.F. Wilson, MD; Christopher T. Sempos, PhD; Johan Sundström, MD, PhD;
William B. Kannel, MD; Daniel Levy, MD; and Ralph B. D’Agostino, PhD

Background: Clinical trials indicate that a sizable proportion of
adults have multiple borderline coronary risk factors and may
benefit from treatment.

Objective: To estimate the relative and absolute contributions of
borderline and elevated risk factors to the population burden of
coronary heart disease (CHD) events.

Design: A prospective cohort study and a national cross-
sectional survey.

Setting: The Framingham Study and the Third National Health
and Nutrition Examination Survey (NHANES III).

Participants: White non-Hispanic persons in the Framingham
Study and in NHANES III who were between 35 to 74 years of age
and had no CHD.

Measurements: Occurrence of first CHD events according to 5
major CHD risk factors: blood pressure, low-density lipoprotein
and high-density lipoprotein cholesterol levels, glucose intoler-
ance, and smoking. Three categories—optimal, borderline, and
elevated—were defined for each risk factor per national guide-

lines. Sex-specific 10-year CHD event rates from the Framingham
Study were applied to numbers of at-risk individuals estimated
from NHANES III and the 2000 U.S. Census.

Results: Twenty-six percent of men and 41% of women had at
least 1 borderline risk factor in NHANES III. According to esti-
mates, more than 90% of CHD events will occur in individuals
with at least 1 elevated risk factor, and approximately 8% will
occur in people with only borderline levels of multiple risk factors.
Absolute 10-year CHD risk exceeded 10% in men older than age
45 years who had 1 elevated risk factor and 4 or more borderline
risk factors and in those who had at least 2 elevated risk factors.
In women, absolute CHD risk exceeded 10% only in those older
than age 55 years who had at least 3 elevated risk factors.

Limitations: The generalizability of the findings to persons of
other ethnic backgrounds is unknown.

Conclusions: Borderline CHD risk factors alone account for a
small proportion of CHD events.

Ann Intern Med. 2005;142:393-402. www.annals.org
For author affiliations, see end of text.

Several recent studies have emphasized that known risk
factors account for more than three quarters of cases of

coronary heart disease (CHD) in the United States (1–4).
These studies have demonstrated that most individuals
with CHD have at least 1 or more antecedent risk factors
for CHD (1–3, 5) and that optimal levels of known risk
factors are associated with very low vascular risk (4). These
data support measuring vascular risk factors to screen for
CHD risk, which would allow higher-risk individuals to be
targeted for appropriate treatment (6–8).

Law and colleagues (9), however, have suggested that
risk factors make poor screening tools. They highlighted
the continuous relationship between levels of most risk
factors and CHD risk (9–11) and concluded that screen-
ing based on conventional definitions of high risk factor
levels would be ineffective because “the 10% in the popu-
lation with the most extreme values . . . experience only
about 20% of the disease events” (9). Since the propor-
tional treatment benefits are similar over a continuous
range of risk factor values (12, 13), Law and colleagues
have proposed that the entire adult population older than
age 55 years should receive mass treatment with a combi-
nation “polypill” (containing a statin, aspirin, 3 blood pres-
sure–lowering medications, and folic acid) without any risk
factor screening. According to Law and colleagues, such
treatment would lower average levels of several risk factors
simultaneously to prevent cardiovascular disease events
(14). Their proposal is based on the premise that popula-

tion attributable risk associated with a certain level of a risk
factor (borderline or elevated) depends not only on the
relative risk but also on the risk factor’s prevalence (15).
Average risk factor levels may contribute substantially to
CHD burden because of their high prevalence. Indeed,
some data support the notion that people with average
levels of risk factors (below recognized intervention thresh-
olds) account for a sizable proportion of individuals with
vascular disease (16).

We investigated the relative contributions of border-
line (suboptimal but below current treatment thresholds)
and elevated vascular risk factors to CHD burden in the
United States. To do this, we first examined the absolute
rates of CHD events associated with borderline risk factors
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in a community-based sample. We then estimated the ab-
solute burden of CHD in the United States arising from
borderline risk factors by applying these event rates to a
national probability sample for which the risk factor prev-
alence has been well characterized.

METHODS

The Framingham Study Sample
The selection criteria and study design of the Framing-

ham Heart Study and the Framingham Offspring Study
have been described previously (17, 18). Participants in the
Framingham Heart Study who attended original cohort
examination 11 from 1968 to 1972 (n � 2995) and par-
ticipants in the Framingham Offspring Study who at-
tended examination 1 from 1971 to 1974 (n � 5124) or
examination 3 from 1984 to 1987 (n � 3873) were eligi-
ble for this study. These examinations are referred to as the
baseline examinations. Of the 11 952 attendees, we ex-
cluded those with prevalent cardiovascular disease (n �
1483 [12%]), those with missing risk factor data (n � 492
[5%]), and those who were younger than age 35 years or
older than age 74 years at the baseline examinations. After
exclusions, 7391 participants, 3973 of whom were women,
remained eligible for this investigation. Persons from the
offspring cohort who were eligible at examination 1 re-
mained eligible at examination 3 if they reached that ex-
amination free of cardiovascular disease.

Measurement of Risk Factors and Classification
At the baseline examinations, all participants under-

went a physical examination (with a medical history), lab-
oratory assessment of cardiovascular disease risk factors,
and routine electrocardiography. A physician using a mer-
cury column sphygmomanometer measured systolic and
diastolic blood pressure twice while participants were seat-
ed; the 2 readings were averaged to determine the exami-

nation blood pressure. Levels of each of 5 established and
modifiable CHD risk factors were classified as optimal,
borderline, or elevated (or low in the case of high-density
lipoprotein cholesterol) according to national guidelines.
Blood pressure was considered optimal if the systolic pres-
sure was less than 120 mm Hg and diastolic pressure was
less than 80 mm Hg (referent), borderline if the systolic
pressure was 120 to 139 mm Hg or diastolic pressure was
80 to 89 mm Hg, and elevated if the participant had hy-
pertension (19). Low-density lipoprotein cholesterol level
was considered optimal at less than 2.59 mmol/L (�100
mg/dL) (referent), borderline at 2.59 to 4.12 mmol/L (100
to 159 mg/dL), and high at greater than 4.12 mmol/L
(�159 mg/dL) (7). High-density lipoprotein cholesterol
level was considered optimal at more than 1.53 mmol/L
(�59 mg/dL) (referent), borderline at 1.04 to 1.53
mmol/L (40 to 59 mg/dL), and low at less than 1.04
mmol/L (�40 mg/dL) (7). Glucose tolerance was classified
as normal, borderline if the participant had impaired fast-
ing glucose or impaired glucose tolerance, or elevated if the
participant had diabetes (20). Smoking status was catego-
rized as optimal if the participant was a nonsmoker, bor-
derline if the participant was a former smoker, and elevated
if the participant was a current smoker. Former smokers
were considered borderline in terms of risk prediction be-
cause data show that they remain at increased CHD risk
compared with nonsmokers for a few years after smoking
cessation (21).

Participants were categorized according to the number
of optimal, borderline, and elevated risk factors. The cate-
gories were all optimal, 1 or more borderline risk factors
but no elevated risk factors, and 1 or more elevated risk
factors. The third category was further stratified by num-
bers of borderline risk factors. Although the relationship
between risk factors and CHD is continuous, we chose to
analyze categories because our study focused on borderline
risk factor levels.

Follow-up and Outcome Events
All study participants were under continuous surveil-

lance for CHD events and death. We obtained informa-
tion about CHD events at follow-up with the aid of med-
ical histories, physical examinations at the Framingham
Heart Study (biennially for the original cohort and every 4
years for the offspring cohort), hospitalization records, and
communication with personal physicians. All suspected
new events were reviewed by a panel of 3 experienced in-
vestigators, who evaluated all pertinent medical records
while blinded to risk factor data. Our primary outcome of
interest was the time to occurrence of a first “hard” CHD
event (recognized or unrecognized myocardial infarction or
coronary death) during 12 years of follow-up. A diagnosis
of recognized acute myocardial infarction required the si-
multaneous presence of at least 2 of the following 3 crite-
ria: symptoms consistent with myocardial infarction, diag-
nostic electrocardiographic changes, and diagnostic

Context

Are borderline levels of risk factors responsible for much
coronary heart disease (CHD)?

Contribution

These researchers applied 10-year CHD event rates from
the Framingham Study to risk factor levels measured in a
recent national probability sample. Twenty-six percent of
men and 41% of women age 35 to 74 years had border-
line risk factors, but only one tenth of the projected CHD
events were attributed to borderline levels. Most events
were attributable to elevated risk factors; among men,

Implications

In the United States, borderline levels of risk factors prob-
ably account for a small proportion of CHD events.

–The Editors
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elevation of biomarkers (22). Unrecognized myocardial in-
farction was diagnosed when an electrocardiogram revealed
new pathologic Q waves compared with the participant’s
last available tracing and myocardial infarction was not
known to have occurred in the interim (22). Hard CHD
events have been used previously as an outcome for Fram-
ingham-based risk prediction algorithms (23, 24).

Risk Factor Distribution in the Third National Health and
Nutrition Examination Survey Sample

Since the distribution of risk factors in the Framing-
ham Study sample may differ from that in the U.S. popu-
lation, we chose to examine the distributions of risk factors
using data from the Third National Health and Nutrition
Examination Survey (NHANES III), a national probability
sample of noninstitutionalized persons (25). In addition, to
permit comparisons with the Framingham Study sample
and to facilitate extrapolations of Framingham CHD event
rates to the U.S. population, we examined data for non-
Hispanic white persons in NHANES III who were be-
tween the ages of 35 to 74 years and who did not have a
history of a previous vascular event (self-reported myocar-
dial infarction, angina, stroke, heart failure, or intermittent
claudication). Furthermore, we included only persons who
had a morning examination and who had been fasting for
at least 9 hours; this restriction permitted us to use 1
weighting variable for all risk factors (individual and com-
binations). Although this restriction excluded approxi-
mately 60% of the participants, there was no evidence of
selection bias. The distributions of sex, blood pressure, and
smoking status among participants who were excluded be-
cause of a nonfasting state or missing risk factors were
similar to those in the included participants (P � 0.2 for
all [data not shown]).

Data on risk factors for eligible individuals from
NHANES III were categorized by using the same criteria
noted for the Framingham Study sample. The laboratory
methods for NHANES III have been detailed elsewhere
(26). The prevalence of risk factor categories was examined
for the overall sample and for 4 age groups defined a priori
(35 to 44 years, 45 to 54 years, 55 to 64 years, and 65 to
74 years).

Statistical Analysis
Our objective was to develop internally consistent es-

timates of first hard CHD event rates in the United States
by age, sex, and risk factor groups. We also sought to estimate
the fraction of hard CHD events that occurred in men and
women according to the number of borderline and elevated
risk factors (and their combinations). We estimated the num-
ber of white persons in the United States with incident hard
CHD events over a 10-year period in each of the risk factor
combinations by using the following 7 steps.

1. We estimated sex-specific Cox proportional hazards
regression functions that related the various risk factor
combinations to the incidence of a first hard CHD event
in the Framingham Study sample. Ten-year CHD event

rates, age-adjusted to the 2000 standard population, were
estimated for each risk factor combination in the Framing-
ham Study sample on the basis of 12-year follow-up. We
modeled the different risk factor combinations using a set
of dummy variables that accounted for the number of op-
timal, borderline, and elevated risk factors, not the specific
risk factors that made up each combination (Appendix,
available at www.annals.org). This classification scheme as-
sumes that the hazards posed by borderline or elevated
levels of the 5 CHD risk factors are similar. We chose this
analytic strategy to facilitate simple yet meaningful inter-
pretation of results. In Cox models incorporating catego-
ries of risk factors, with the optimal category serving as the
referent, parameter estimates for different elevated risk fac-
tors were very similar, and parameter estimates for various
borderline risk factors were equivalent, thereby providing
support for our strategy. For example, regression coeffi-
cients (�SE) for high blood pressure, high levels of low-
density lipoprotein cholesterol, low levels of high-density
lipoprotein cholesterol, smoking, and diabetes were
0.75 � 0.19, 0.79 � 0.22, 0.75 � 0.22, 0.66 � 0.15, and
0.62 � 0.17, respectively, in men. Consequently, absolute
CHD event rates were consistent for a given number of bor-
derline and elevated risk factors regardless of the specific com-
binations of risk factor levels that yielded the number (data
not shown). These observations are consistent with our previ-
ous report showing that summing the number of risk factors
predicts CHD risk reasonably well (23).

2. We estimated 10-year CHD event rates for each
risk factor combination in specific age strata in the Fra-
mingham Study sample by substituting the midpoint for
the age group into the sex-specific regression equation. For
example, we used the model developed in men (pooling
men of all ages) and estimated event rates for men 45 to 54
years of age by considering age 50 years in the model
(Appendix, available at www.annals.org).

3. We estimated the prevalence of various risk factor
combinations in different age strata for the NHANES III
sample and then applied them to 2000 U.S. Census data
(27) to estimate the numbers of individuals at risk for
CHD in each risk factor combination in each age stratum.

4. We estimated the number of individuals who would
be considered to have a high global risk (defined as an
absolute hard CHD event rate of �10%) by summing the
numbers of individuals in strata in the NHANES III sam-
ple that corresponded to categories associated with a 10-
year hard CHD event rate exceeding 10% in the Framing-
ham Study sample. While the threshold of absolute event
rates that defines high risk varies across guidelines (5% for
fatal cardiovascular disease in European guidelines [28] to
20% for CHD events in a recent U.S. report [29]), we
empirically chose a 10% threshold for global risk because
the outcome of interest was hard CHD events.

5. We then applied estimates of the 10-year hard
CHD event rates derived in step 2 (in the Framingham
Study sample) to the population estimates of the numbers of
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individuals at risk for CHD from step 3 to calculate the num-
bers of adults with incident CHD over a 10-year period for
each risk factor combination in each baseline age stratum. We
have previously reported that Framingham Study risk func-
tions yield reasonable estimates of absolute CHD risk in sam-
ples of white persons in the United States (24).

6. We determined the fractions of estimated CHD
events in each risk factor combination within each baseline
age stratum (and overall) by dividing the number of esti-
mated CHD events in that risk factor combination by the
total number of estimated CHD events in an age stratum
(and overall). Bar graphs were constructed to facilitate in-
terpretation of these fractions (30).

7. The numbers obtained from step 5 were summed
across all risk factor categories to estimate the fractions of
CHD events in white persons in the United States that
arise from each risk factor combination.

Role of the Funding Source
This work was supported in part through research grants

from the National Heart, Lung, and Blood Institute to Dr.

Vasan. The funding source supported the collection and anal-
yses of data but did not influence the interpretation of the
data or the decision to submit the work for publication.

RESULTS

Risk Factor Profiles in the Framingham Study and
NHANES III

Table 1 shows the prevalence of individual CHD risk
factors and risk factor combinations in the Framingham
Study and NHANES III samples. Generally, the risk factor
distributions were similar. Individuals in the Framingham
Study sample had a higher prevalence of high blood pres-
sure and smoking, and a greater proportion of women in
the Framingham Study had elevated levels of low-density
lipoprotein cholesterol. Optimal levels of all 5 risk factors
were distinctly rare in both samples. Twenty-six percent of
men and 41% of women in the NHANES III sample had
1 or more borderline risk factor but no elevated risk factors
(Appendix Table 2, available at www.annals.org). Approx-

Table 1. Distribution of Individual CHD Risk Factors in Framingham Heart Study Participants and in the Third National Health and
Nutrition Examination Survey*

Risk Factors Definitions Framingham Heart Study NHANES III†

Men
(n � 3418)

Women
(n � 3973)

Men
(n � 681)

Women
(n � 807)

Mean age, y 50.2 51.1 50.3 51.5

Blood pressure, %
Optimal Systolic � 120 mm Hg; diastolic � 80 mm Hg 19 31 31 48
Borderline Systolic 120–139 mm Hg or diastolic 80–89

mm Hg
43 36 43 27

High Systolic �140 mm Hg, diastolic �90 mm Hg,
or treatment for hypertension

38 33 26 25

Serum LDL cholesterol level, %
Optimal �2.59 mmol/L (�100 mg/dL) 12 16 14 22
Borderline 2.59–4.12 mmol/L (100–159 mg/dL) 62 57 60 58
High 4.12 mmol/L (�159 mg/dL) 26 27 26 20

Serum HDL cholesterol level, %
Optimal �1.53 mmol/L (�59 mg/dL) 11 41 10 34
Borderline 1.04–1.53 mmol/L (40–59 mg/dL) 53 49 50 53
Low �1.04 mmol/L (�40 mg/dL) 36 10 40 13

Glucose tolerance, %
Optimal Fasting glucose level � 6.11 mmol/L (�110

mg/dL) or 2-h glucose level � 7.77 mmol/L
(�140 mg/dL)

81 90 82 87

Borderline Fasting glucose level 6.11–6.94 mmol/L
(110–125 mg/dL) or 2-h glucose level
7.77–11.04 mmol/L (140–199 mg/dL)

13 6 10 7

High Known diabetes or fasting glucose level �
6.94 mmol/L (�125 mg/dL) or 2-h glucose
level �11.04 mmol/L (�199 mg/dL)

6 4 8 6

Smoking, %
Optimal Never 26 42 30 50
Borderline Former 39 25 42 30
High Current 35 33 28 20

* HDL � high-density lipoprotein; LDL � low-density lipoprotein; NHANES III � Third National Health and Nutrition Examination Survey.
† Data for 1488 eligible non-Hispanic white persons who were 35 to 74 years of age and had no vascular disease in their medical history. There were 10 507 non-Hispanic
white persons in the NHANES III sample (out of 33 199 for all ethnicities). Persons �35 years of age (n � 4825), persons � 74 years of age (n � 1658), those who fasted
less than 9 hours (n � 1841), those with a history of vascular disease (n � 262), and those with missing risk factor data (n � 433) were excluded.
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imately 60% of the men in both samples, 60% of the
women in the Framingham Study sample, and approxi-
mately 50% of the women in the NHANES III sample had
1 or 2 elevated risk factors in both samples. Few individu-
als in either sample had 3 or more elevated CHD risk
factors.

Table 2 shows the age-specific prevalence of risk fac-
tors in the NHANES III sample. Optimal levels of all 5
CHD risk factors were distinctly rare in any age group for
either sex, with the exception of women 35 to 44 years of
age. Prevalence of elevated risk factors increased with age in
both sexes. For any given age group, the risk factor profile
was worse in men than in women. As a result, a higher
proportion of women had 1 or more borderline risk fac-
tors. Two thirds of men and one third of women 35 to 44
years of age had 1 or more elevated risk factors. Three
quarters of men and more than half of women older than
age 55 years had 1 or more elevated CHD risk factors.

CHD Event Rates in Age and Risk Factor Strata in the
Framingham Study Sample

On follow-up, 478 first hard CHD events (135 in
women) occurred in the Framingham Study sample.
Tables 3 and 4 show the age-adjusted and age-specific 10-
year CHD event rates by sex (95% CIs around estimates of
event rates are shown in Appendix Table 3, available at
www.annals.org). In both sexes, event rates increased pro-
gressively from those seen in persons with only borderline
risk factors to those seen in persons with increasing num-
bers of elevated risk factors.

In men, CHD event rates rose as the number of bor-
derline risk factors increased when strata with all borderline
risk factors or with only 1 risk factor were considered.
Ten-year absolute CHD risk exceeded 10% in men older
than age 45 years at baseline who had any 1 elevated risk
factor and borderline levels of the other 4 risk factors, and in
those who had at least 2 elevated risk factors. In men with 2 or
more elevated risk factors, the presence of other borderline risk
factors did not have additional incremental influence on risk.

Generally, presence of borderline risk factors increased
risk further in women in whom 1 or more CHD risk
factors were elevated. Absolute CHD risk exceeded 10%
only in women older than age 55 years who had at least 3
elevated risk factors. An exception was the age group 65 to
74 years, in which the absolute CHD risk exceeded this
threshold with 1 or 2 elevated risk factors and multiple
borderline risk factors.

Estimated Population at High Global Risk in the
United States

We estimated that of 47 million white men between
age 35 and 74 years, 17.7 million (37.7%) would be cate-
gorized as at increased global risk (10-year absolute CHD
event rates �10%) and about 6.5 million men would be
categorized as at extremely high risk (10-year absolute
CHD event rates �20%). Overall, 10.4 million men older
than age 55 years (63%) would exceed the 10% risk
threshold for hard CHD events. Of 49 million white
women between age 35 and 74 years, 2.39 million (4.9%)
would be deemed to be at high risk. About 2.3 million

Table 2. Age-Specific Prevalence of Risk Factor Groups in the Third National Health and Nutrition Examination Survey*

Risk Factor
Group

Borderline
Risk
Factors, n

Men, %† Women, %†

35–44 y (n �
15 816 000
[33.7%])

45–54 y (n �
14 669 000
[31.2%])

55–64 y (n �
9 680 000
[20.6%])

65–74 y (n �
6 836 000
[14.5%])

35–44 y (n �
15 810 000
[32.3%])

45–54 y (n �
14 900 000
[30.4%])

55–64 y (n �
10 244 000
[20.9%])

65–74 y (n �
8 059 000
[16.4%])

All optimal 0 0 0 0 0.2 8.9 3.7 0.3 0.4
Only borderline 1 3.0 2.0 1.5 0.7 15.2 10.4 7.3 4.5

2 11.0 5.4 9.8 4.0 24.8 18.1 15.3 10.7
3 10.2 9.1 10.2 8.0 11.3 12.4 8.8 6.5
4 or 5 8.4 7.0 4.1 6.3 3.9 4.5 8.7 6.9
Total 32.6 23.5 25.6 19.0 55.2 45.4 40.1 28.6

1 high 0 0.3 0 0 1.3 1.9 2.6 1.2 2.5
1 10.6 9.9 2.1 6.5 7.2 10.8 12.8 8.6
2 8.5 11.0 17.5 9.3 8.7 11.5 15.0 12.9
3 13.4 15.1 12.9 11.5 4.6 6.0 6.6 9.1
4 0.9 1.9 2.2 7.1 0.4 1.9 1.7 2.7
Total 33.7 37.9 34.7 35.7 22.8 32.8 37.3 35.8

2 high 0 3.9 3.8 1.9 7.3 2.6 0.6 1.8 6.1
1 9.6 11.2 7.6 13.8 5.5 9.0 5.6 12.5
2 10.9 9.2 9.7 13.3 3.1 6.8 7.1 9.3
3 2.0 2.7 5.6 1.3 0 0 1.3 0.9
Total 26.4 26.9 24.8 35.7 11.2 16.4 15.8 28.8

3 high 0 2.7 3.7 2.4 1.3 0.9 0.7 0.8 1.3
1 4.3 5.7 4.6 4.6 0.5 0.4 3.7 3.6
2 0.3 1.1 4.3 1.5 0.5 0.6 1.5 1.0
Total 7.3 10.5 11.3 7.4 1.9 1.7 6.0 5.9

4 high 0 or 1 0 1.2 3.6 2.0 0 0 0.5 0.5

* Data for non-Hispanic white persons who were 35 to 74 years of age and had no vascular disease in their medical history (see text for details). The Third National Health
and Nutrition Examination Survey includes several million men and women when weights are applied, so the 95% CIs around the estimates do not differ greatly from the
estimates themselves.
† Numbers of persons are for 2001 (based on post-census updates to the 2000 U.S. Census). Data are from reference 27. Percentages are percentages within sex.
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women older than age 55 years (12.6%) would exceed the
10% threshold. The proportions of men and women at
varying degrees of vascular risk in different age groups are
shown in Figure 1.

Projected Burden of Hard CHD Events due to Elevated
Risk Factors

We estimated that over a 10-year period, nearly 4.72
million white men and 1.09 million white women in the
United States would experience a first hard CHD event
(Tables 3 and 4). The numbers of estimated hard CHD
events by sex, in different age groups, and according to
borderline and elevated risk factors are displayed in Tables
3 and 4. During 10 years of follow-up, about 56% of
CHD events in men and 70% of events in women will
occur in those older than age 55 years at baseline; 29.5% of
events in men and 39.6% of events in women will occur in
those older than age 65 years at baseline. Of note, a signif-
icant proportion of events will occur in younger age
groups. In men, 17% of events will occur in the next 10
years in those 35 to 44 years of age at baseline and 26.7%
of events will occur in those 45 to 54 years of age at
baseline. Corresponding figures in women are 9.7% and
20.5%, respectively.

More than 90% of CHD events will occur in persons
with 1 or more elevated risk factors. About 8% of hard
CHD events will occur in people with multiple borderline
risk factors but without a single elevated value (Figure 2).

More than 25% of CHD events will occur in persons with
only a single elevated CHD risk factor, and more than two
thirds will occur in people with 1 or 2 elevated risk factors.
The contribution of multiple borderline risk factors was
marginally higher in the younger age groups, in part be-
cause of a greater prevalence (Figure 2).

DISCUSSION

Our principal findings are 5-fold. First, an optimal
CHD risk profile is rare among U.S. adults. Consistent
with other reports (1, 3, 4), we noted very few CHD
events in the small group of men and women with an
optimal risk factor profile. Second, about half of the men
and 5% of women between the ages of 35 and 74 years
would be categorized as having high global risk according
to the 10% absolute event rate threshold for hard CHD
events. Third, despite a high prevalence in the United
States, borderline CHD risk factors alone contributed to
only about one tenth of hard CHD events across the dif-
ferent age groups in both sexes. Fourth, as reported by
others (1, 3, 4), most CHD event rates were noted in
persons with 1 or more elevated CHD risk factors. Border-
line risk factors contributed incrementally to CHD risk in
the presence of other elevated risk factors, a finding that
was more consistent in women than in men. Fifth, nearly

Table 3. Hard Coronary Heart Disease Rates and Absolute Number of Events according to Risk Factor Groups in Men*

Risk Factor
Group

Borderline
Risk
Factors, n

Age-Adjusted 10-Year Risk for
Hard CHD, %†

Estimated White Men in the
United States, n‡

All Ages 35–44 y 45–54 y 55–64 y 65–74 y 35–44 y 45–54 y 55–64 y 65–74 y

All optimal 0 � � � � � � � � 13 672
Only borderline 1 � � � � � 474 480 293 380 145 200 47 852

2 3.14 2.07 3.10 4.63 6.87 1 739 760 792 126 958 320 273 440
3 3.22 2.13 3.18 4.74 7.04 1 613 232 1 349 548 987 360 546 880
4 or 5 3.42 2.26 3.37 5.03 7.46 1 328 544 1 026 830 396 880 444 340
Total 3.13 2.06 3.09 4.63 6.90 – – – –

1 high 0 � � � � � 47 448 � � 88 868
1 2.73 1.80 2.69 4.02 5.98 1 660 680 1 452 231 203 280 444 340
2 5.31 3.52 5.24 7.78 11.46 1 344 360 1 628 259 1 694 000 635 748
3 8.05 5.37 7.96 11.72 17.08 2 024 448 2 215 019 1 258 400 792 976
4 14.46 9.76 14.30 20.70 29.43 142 344 278 711 212 960 485 356
Total 6.80 4.51 6.72 9.96 14.64 – – – –

2 high 0 14.86 10.04 14.70 21.25 30.17 616 824 557 422 183 920 499 028
1 13.82 9.31 13.66 19.81 28.24 1 518 336 1 642 928 735 680 1 011 728
2 10.87 7.28 10.74 15.70 22.65 1 834 656 1 349 548 938 960 909 188
3 9.60 6.42 9.49 13.92 20.17 237 240 396 063 542 080 88 868
Total 11.72 7.84 11.59 16.96 24.44 – – – –

3 high 0 16.45 11.14 16.27 23.42 33.04 427 032 542 753 232 320 88 868
1 20.40 13.93 20.18 28.74 39.90 680 088 836 133 445 280 321 292
2 16.61 11.25 16.43 23.64 33.33 126 528 161 359 416 240 102 540
Total 18.83 12.80 18.62 26.71 37.43 – – – –

4 high 0 or 1 27.97 19.40 27.68 38.57 51.92 0 176 028 348 480 143 556
Total – – – – – – – – – –

* CHD � coronary heart disease.
† Age-adjusted to Third National Health and Nutrition Examination Survey midpoints in each age group (40 y, 50 y, 60 y, and 70 y).
‡ Based on applying age-specific prevalence in the Third National Health and Nutrition Examination Survey (4 age groups: 35–44 y, 45–54 y, 55–64 y, 65–74 y) to age
distribution of the white non-Hispanic population in 2001 (based on post-census updates to the 2000 U.S. Census). Data are from reference 27.
§ Derived by multiplying the age-adjusted 10-year risk for hard CHD by the estimated white men in the United States and dividing by 100.
� No events observed in group in Framingham Study sample or age-specific prevalence � 0.
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one sixth of hard CHD events in men occur prematurely,
that is, before age 55 years.

There are several reasons why borderline risk factors
accounted for a smaller proportion of hard CHD events in
our study than had formerly been reported. First, with the
sequential lowering of thresholds defining elevated risk fac-
tors in national guidelines, what was considered average a
decade ago has been reclassified as elevated today. Second,
the actual contribution of borderline risk factors may be
greater than observed in our study because of measurement
error (regression dilution bias). A third explanation is that
our analyses did not consider duration of exposure to risk
factor levels because we focused on 10-year risks for CHD.
It is conceivable that long-term exposure to borderline risk
factors may be associated with higher risk over a longer
period of follow-up. Current guidelines (7) recommend
considering both short- and long-term risk for CHD asso-
ciated with risk factors.

Strengths and Limitations
Several strengths of our investigation merit comment.

Our CHD event rates were derived from a large commu-
nity-based sample that was under continuous longitudinal
surveillance for CHD events defined using standardized
criteria. We estimated the prevalence of risk factor levels
within age strata by using a sample representative of the
U.S. adult population. However, our approach also has

Table 4. Rates of Hard CHD Events and Absolute Numbers of Events according to Risk Factor Groups in Women*

Risk Factor
Group

Borderline
Risk
Factors, n

Age-Adjusted 10-Year Risk for
Hard CHD, %†

Estimated White Women in the
United States, n‡

Absolute Hard CHD Events among
White Women in 10 Years§

All
Ages

35–44
y

45–54
y

55–64
y

65–74
y

35–44 y 45–54 y 55–64 y 65–74
y

35–44
y

45–54
y

55–64
y

65–74
y

All optimal 0 � � � � � 1 407 624 542 753 29 040 27 344 � � � �

Only borderline 1 � � � � � 2 404 032 1 525 576 706 640 307 620 � � � �

2 0.24 0.13 0.22 0.36 0.59 3 938 184 2 655 089 1 481 040 731 452 5120 5841 5332 4316
3 � � � � � 1 787 208 1 818 956 851 840 444 340 0 0 0 0
4 or 5 1.95 1.11 1.81 2.97 4.83 616 824 660 105 842 160 471 684 6847 11 948 25 012 22 782
Total 0.26 0.15 0.25 0.39 0.62 – – – – 11 967 17 789 30 344 27 098

1 high 0 � � � � � 300 504 381 394 116 160 170 900 � � � �

1 1.39 0.78 1.29 2.11 3.44 1 138 752 1 584 252 1 239 040 587 896 8882 20 437 26 144 20 224
2 1.28 0.73 1.19 1.95 3.19 1 391 808 1 686 935 1 452 000 881 844 10 160 20 075 28 314 28 131
3 4.15 2.36 3.86 6.27 10.10 727 536 880 140 638 880 622 076 17 170 33 973 40 058 62 830
4 � � � � � 63 264 278 711 164 560 184 572 � � � �

Total 1.77 1.05 1.66 2.61 4.12 – – – – 36 212 74 485 94 516 111 184
2 high 0 1.76 1.00 1.63 2.67 4.35 411 216 88 014 174 240 416 996 4112 1435 4652 18 139

1 3.57 2.03 3.32 5.40 8.73 869 880 1 320 210 542 080 854 500 17 659 43 831 29 272 74 598
2 6.44 3.69 6.00 9.67 15.40 490 296 997 492 696 960 635 748 18 092 59 850 67 396 97 905
3 4.01 2.29 3.73 6.06 9.77 � � 125 840 61 524 � � 7626 6011
Total 4.42 2.62 4.13 6.48 10.09 – – – – 39 863 105 115 108 946 196 653

3 high 0 7.72 4.43 7.19 11.54 18.27 142 344 102 683 77 440 88 868 6306 7383 8937 16 236
1 7.96 4.58 7.41 11.90 18.81 79 080 58 676 358 160 246 096 3622 4348 42 621 46 291
2 4.01 9.74 15.50 24.20 36.60 79 080 88 014 145 200 68 360 7702 13 642 35 138 25 020
Total 8.86 5.31 8.29 12.84 19.60 – – – – 17 630 25 373 86 696 87 547

4 high 0/1 11.39 6.60 10.61 16.86 26.18 � � 48 400 34 180 � � 8160 8948
Total – – – – – – – – – – 105 672 222 762 328 662 431 430

* CHD � coronary heart disease.
† Age-adjusted to Third National Health and Nutrition Examination Survey midpoints in each age group (40 y, 50 y, 60 y, and 70 y).
‡ Based on applying age-specific prevalence in the Third National Health and Nutrition Examination Survey (4 age groups: 35–44 y, 45–54 y, 55–64 y, 65–74 y) to age
distribution of white non-Hispanic population in 2001 (based on post-census updates to the 2000 U.S. Census). Data are from reference 27.
§ Derived by multiplying the age-adjusted 10-year risk for hard CHD by the estimated white women in the United States and dividing by 100.
� No events observed in group in Framingham Study sample or age-specific prevalence � 0.

Table 3—Continued

Absolute Hard CHD Events among
White Men in 10 Years§

35–44 y 45–54 y 55–64 y 65–74 y

� � � �

� � � �

36 013 24 556 44 370 18 785
34 362 42 916 46 801 38 500
30 025 34 604 19 963 33 148

100 400 102 076 111 134 90 433
� � � �

29 892 39 065 8172 26 572
47 321 85 321 131 793 72 857

108 713 176 316 147 484 135 440
13 893 39 856 44 083 142 840

199 819 340 557 331 532 377 709
61 929 81 941 39 083 150 557

141 357 224 424 145 738 285 712
133 563 144 941 147 417 205 931
15 231 37 586 75 458 17 925

352 080 488 893 407 695 660 124
47 571 88 306 54 409 29 362
94 736 168 732 127 973 128 196
14 234 26 511 98 399 34 177

156 542 283 549 280 782 191 734
0 48 725 134 409 74 534

808 841 1 263 799 1 265 553 1 394 535
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some limitations. We chose to estimate absolute CHD risk
using categories of risk factors (optimal, borderline, and
high) that were consistent with national guidelines. We
acknowledge that the definition of what constitutes opti-
mal or borderline may itself vary according to global CHD
risk. Definitions of categories of smoking varied between
the Framingham Study and NHANES III samples. On a
similar note, the assessment of hypertension status was
probably aided by the periodic nature of examination visits
in the Framingham Study sample. This may account in
part for the higher prevalence in this sample compared
with the sample from NHANES III. We noted earlier that
our statistical modeling had an inherent limitation that
weighted the hazards associated with corresponding cate-
gories of the various risk factors equally for the sake of
simplicity. This may not be appropriate for diabetes mel-
litus, which guidelines recommend treating as equivalent
to having established CHD (global risk of �20%) (7). It is
important to note that our use of 10-year absolute event
rates may have resulted in an underestimation of the con-
tributions of risk factors over longer periods (31). Also, our
use of the outcome of hard CHD events and restriction of
participants to those younger than 75 years of age may
have caused us to underestimate the contribution of CHD
risk factors in women. Women more frequently experience
angina as a manifestation of CHD and develop CHD
manifestations 10 to 15 years later than men. It is also
important to note that the lifetime risk for CHD remains
high, at about 1 in 3 for women, only slightly lower than
the lifetime estimate of 1 in 2 for men (32). Furthermore,

we did not evaluate regression models with risk factors
modeled as time-varying covariates; such models would
better characterize risk associations over time by account-
ing for the changing levels of risk factors. Although we
reported on CHD burden in white persons, similar meth-
ods can be used to determine estimates in other ethnic
groups.

Public Health Implications
The quantitative estimates of the fractions of events

arising from risk factor combinations are valuable data for
the economic appraisal of alternative health policy strate-
gies, such as the potential benefits of health interventions.
For example, it can be argued on the basis of our data that
using a “polypill” for all individuals older than age 55 years
(14) may be inappropriate for several reasons, at least in the
United States. First, about one sixth of the CHD events in
men and one tenth of the CHD events in women occurred
before age 55 years and would not be prevented by a poly-
pill. Second, for women, the 10-year absolute CHD event
rates do not cross the 10% threshold regarded as high, even
when 2 CHD risk factors are elevated (29). The polypill in-
tervention strategy (14) may merit investigation for men older
than age 55 years, in whom absolute CHD rates may exceed
the 10% threshold with a single elevated risk factor.

Our data indicate that isolated borderline risk factors,
without elevated risk factors, account for only about one
tenth of the burden of hard CHD events. Given that con-
trol of elevated blood pressure and lipid levels is subopti-
mal in the United States (19, 33), a focus on lowering

Figure 1. Estimated numbers of U.S. individuals at risk for hard coronary heart disease events, according to estimated 10-year
absolute risk.
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borderline levels of these risk factors by pharmacologic
means would seem misplaced in persons without previous
CHD events. Nonpharmacologic measures to reduce bor-
derline levels of risk factors may be more appropriate.
Periodic monitoring of individuals with borderline levels of
risk factors is also important because of the greater proba-
bility of further increases in risk factor levels on follow-up.

Although clinical trial data indicate that lowering bor-
derline levels of risk factors can improve outcome, we must
consider the number needed to treat for benefit (NNTB) to
prevent an outcome before advocating pharmacologic
treatment. This figure is determined not only by the rela-
tive risk reduction but also by the absolute event rates
observed. Thus, the 5-year NNTB for treatments that can
reduce risk by 25% varies from 80 to 160 if the global risk
(absolute CHD event rate) is between 10% and 5%. Even
if a treatment reduces risk dramatically, for example, by
80% (as claimed for the polypill), the 5-year NNTB for
men with only borderline risk factors (10-year absolute
event rate �7.5%) would be 33 or higher. In women with
only borderline risk factors (absolute event rate �5%), the
5-year NNTB for the polypill would be 50 or higher, as-
suming an 80% efficacy.

Overall, our data support the current practice of as-
sessing CHD risk by measuring several risk factors and
using an appropriately calibrated risk prediction algorithm
to guide interventions (6, 28). Our data are also consistent
with current national guidelines noting that absolute CHD
event rates are lower than 10% in individuals with 0 to 1

risk factor (7). The observation that one sixth of the CHD
events in men and one tenth of the CHD events in women
occurred before age 55 years should promote efforts to
successfully identify the presence of elevated major risk
factors before middle age and to intervene appropriately.

Our data indicate that about two thirds of men and
one third of women 35 to 44 years of age have an elevated
modifiable risk factor that could be targeted for interven-
tion. Determining the effectiveness of nonpersonal health
interventions (34) and therapeutic lifestyle changes (7)
would be important complementary steps. The markedly
low prevalence of optimal risk factors in the United States
and the national trend toward a decrease in the proportion
of adults with optimal risk factor profiles (35) should
strengthen primary prevention efforts (36).
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Figure 2. Estimated proportion of hard coronary heart disease (CHD) events according to numbers of borderline and elevated risk
factors for all ages pooled and within age groups for men and women.

Prevalence of risk factors was as follows in men: borderline risk factors, 25.5%; 1 risk factor, 34.7%; 2 risk factors, 28.2%; �3 risk factors, 11.8%.
Prevalence of risk factors was as follows in women: borderline risk factors, 41.3%; 1 risk factor, 31.1%; 2 risk factors, 17.6%; �3 risk factors, 5.8%.
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APPENDIX

We estimated sex-specific Cox proportional hazards regres-
sion functions that related the various risk factor combinations to
the incidence of a first hard CHD event in the Framingham
Study sample. To illustrate the procedure for estimating age-
adjusted rates of CHD, the model for men is given in Appendix
Table 1. Age was modeled as a continuous variable; models with
a squared term for age were also estimated to evaluate for non-
linearity of age effects, but the age square term was not signifi-
cant.

Using the �-coefficients, the means of the risk factors, and
the average 10-year survival estimate, denoted as S(10), the 10-
year probability of developing a hard CHD event can be esti-
mated as follows:

Hard CHD Risk Estimate � 1 � S(t)exp(��X � ��X ) (1)

where S(t) is the average survival at time t (for example, t � 10
years), ��X is the sum of the product of the �-coefficients and
the values of individual risk factors and ��X the sum of the
product of the �-coefficients and the means of the risk factors.

The sum of the products of the �-coefficients and the means
of the risk factors are computed as follows:

��X � 0.041 � �50.24� � 10.837 � �0.002� � 10.996

� �0.013� � 0.025 � �0.049� � 0.061 � �0.067� � 11.172

� �0.004� � 0.168 � �0.045� � 0.511 � �0.136� � 0.943

� �0.147� � 1.564 � �0.023� � 1.593 � �0.011� � 1.514

� �0.093� � 1.258 � �0.152� � 1.127 � �0.037� � 1.704

� �0.023� � 1.943 � �0.074� � 1.714 � �0.027� � 2.306

� �0.021� � 2.759 (2)

To estimate age-adjusted 10-year risk for hard CHD for
each category of risk (that is, for each combination of risk fac-
tors), we used the first equation in this appendix and substituted
the mean age for the age group under consideration (for example,
50 years for the category of 45 to 54 years), a 1 for the specific
risk factor category, and 0 for all others. For example, for men 45
to 54 years of age with 1 high risk factor and 2 marginal risk
factors, we estimated the 10-year risk as follows:

��X � 0.041 � �50� � 0.511 � �1� � 2.561 (3)

Hard CHD Risk Estimate �

1 � S(t)exp(��X � ��X ) � 1 � 0.937exp(2.561 � 2.759) �

1 � 0.948 � 0.052 (4)

Note that in Table 3, we estimated that the 10-year CHD
rate for men age 45 to 54 years with 1 high risk factor and 2
marginal risk factors would be 5.24%. The difference is due to
rounding.
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Appendix Table 1. Cox Model for Men*

Risk Factor
Group

Borderline
Risk
Factors, n

�-Coefficient Proportion of
Events in
Risk Factor
Category

All optimal 0 �10.837 0.002
Only borderline 1 �10.996 0.013

2 �0.025 0.049
3 Referent group† 0.077
4 or 5 0.061 0.067

1 high 0 �11.172 0.004
1 �0.168 0.045
2 0.511 0.136
3 0.943 0.147
4 1.564 0.023

2 high 0 1.593 0.011
1 1.514 0.093
2 1.258 0.152
3 1.127 0.037

3 high 0 1.704 0.023
1 1.943 0.074
2 1.714 0.027

4 high 0 or 1 2.306 0.021
S(10) � 0.937‡

* For age, the �-coefficient was 0.041 and the mean was 50.24 years.
† Chosen as the referent because of adequate numbers in the cell.
‡ S(10) � survival until 10 years.

Appendix Table 2. Distribution of Risk Factor Combinations in the Framingham Study and the Third National Health and Nutrition
Examination Survey*

Risk Factor
Group

Borderline
Risk
Factors, n

Prevalence in the Framingham Study Sample
(95% CI), %†

Prevalence in the NHANES
III Sample, %‡

Men Women Men Women

All optimal 0 0.2 (0.1–0.4) 1.4 (1.0–1.7) 0.03 4.3
Only borderline 1 1.3 (0.9–1.6) 6.5 (5.8–7.3) 2.1 9.8

2 4.9 (4.2–5.6) 11.9 (10.9–12.9) 7.7 17.2
3 7.7 (6.8–8.6) 9.6 (8.7–10.5) 9.0 9.0
4 or 5 6.7 (5.8–7.5) 2.4 (1.9–2.9) 6.6 5.2
Total 20.6 (19.4–22.1) 30.4 (28.9–31.8) 25.4 41.2

1 high 0 0.4 (0.2–0.6) 2.5 (2.1–3.0) 0.3 2.1
1 4.5 (3.8–5.2) 11.1 (10.2–12.1) 8.0 10.2
2 13.5 (12.4–14.7) 16.5 (15.3–17.6) 11.0 12.1
3 14.7 (13.5–15.9) 7.1 (6.3–7.9) 13.1 5.8
4 2.3 (1.8–2.8) 0.7 (0.4–0.9) 2.2 0.9
Total 35.4 (23.8–27.0) 37.9 (36.4–39.5) 34.6 31.1

2 high 0 1.1 (0.8–1.5) 2.4 (1.9–2.8) 3.2 2.8
1 9.3 (8.3–10.3) 11.1 (10.1–12.0) 9.8 7.7
2 15.2 (14.0–16.4) 8.0 (7.1–8.8) 11.4 6.0
3 3.7 (3.1–4.3) 1.0 (0.7–1.3) 3.8 1.1
Total 29.3 (27.8–30.9) 22.5 (21.1–23.7) 28.2 17.6

3 high 0 2.3 (1.8–2.8) 1.7 (1.3–2.1) 2.4 1.6
1 7.4 (6.5–8.2) 4.1 (3.5–4.7) 5.2 3.0
2 2.7 (2.1–3.2) 0.6 (0.4–0.8) 2.4 0.5
Total 12.4 (11.3–13.5) 6.4 (5.7–7.2) 10.0 5.1

4 high 0 or 1 2.1 (1.6–2.6) 1.4 (1.1–1.8) 1.8 0.7

* NHANES III � Third National Health and Nutrition Examination Survey.
† Age-adjusted to NHANES III sex-specific mean ages (men, 50.3 y; women, 51.5 y).
‡ NHANES III includes several million men and women when weights are applied, so the 95% CIs around the estimates for NHANES III do not differ greatly from the
estimates.
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Appendix Table 3. Rates of Hard Coronary Heart Disease Events according to Risk Factor Groups*

Risk Factor
Group

Borderline
Risk
Factors, n

Age-Adjusted 10-Year Risk for Hard CHD (95% CI), %†

Men

All Ages 35–44 y 45–54 y 55–64 y 65–74 y

All optimal 0 ‡ ‡ ‡ ‡ ‡
Only borderline 1 ‡ ‡ ‡ ‡

2 3.14 (0.1–5.9) 2.07 (0.1–4.0) 3.10 (0.5–5.3) 4.63 (1.5–7.8) 6.87 (2.1–11.7)
3 3.22 (0.1–6.2) 2.13 (0.1–3.7) 3.18 (0.1–6.0) 4.74 (0.2–8.9) 7.04 (0.2–13.3)
4 or 5 3.42 (1.1–5.8) 2.26 (0.1–3.8) 3.37 (1.0–5.6) 5.03 (1.6–8.2) 7.46 (2.3–12.4)
Total 3.13 (1.8–4.3) 2.06 (1.1–3.0) 3.09 (1.7–4.4) 4.63 (2.6–6.7) 6.90 (3.7–10.1)

1 high 0 ‡ ‡ ‡ ‡ ‡
1 2.73 (0.1–5.4) 1.80 (0.1–3.5) 2.69 (0.1–5.2) 4.02 (0.1–7.7) 5.98 (0.2–11.6)
2 5.31 (3.2–7.4) 3.52 (2.0–4.9) 5.24 (3.1–7.2) 7.78 (4.6–10.6) 11.46 (6.6–15.9)
3 8.05 (5.7–10.4) 5.37 (3.5–7.0) 7.96 (5.5–10.1) 11.72 (8.2–14.8) 17.08 (11.5–22.0)
4 14.46 (7.2–21.8) 9.76 (2.2–17.5) 14.30 (6.9–21.1) 20.70 (10.3–30.4) 29.43 (14.8–43.0)
Total 6.80 (5.6–8.0) 4.51 (3.3–5.7) 6.72 (5.3–8.2) 9.96 (7.8–12.2) 14.64 (10.8–18.5)

2 high 0 14.86 (3.8–25.9) 10.04 (2.0–17.5) 14.70 (3.7–25.2) 21.25 (6.0–35.8) 30.17 (9.4–50.0)
1 13.82 (9.9–17.7) 9.31 (6.2–12.0) 13.66 (9.6–17.2) 19.81 (14.1–24.8) 28.24 (19.6–35.9)
2 10.87 (8.2–13.5) 7.28 (5.0–9.3) 10.74 (7.9–13.1) 15.70 (11.8–19.0) 22.65 (16.5–28.0)
3 9.60 (4.6–14.6) 6.42 (2.9–9.7) 9.49 (4.5–14.2) 13.92 (6.6–20.7) 20.17 (9.5–30.0)
Total 11.72 (9.6–12.7) 7.84 (6.0–9.7) 11.59 (9.5–13.7) 16.96 (14.0–19.9) 24.44 (19.2–29.7)

3 high 0 16.45 (8.2–24.7) 11.14 (5.1–16.8) 16.27 (8.0–24.0) 23.42 (11.9–34.1) 33.04 (17.2–47.8)
1 20.40 (15.5–25.3) 13.93 (9.7–17.7) 20.18 (15.0–24.7) 28.74 (21.8–34.7) 39.90 (30.0–48.7)
2 16.61 (9.5–23.7) 11.25 (5.8–16.2) 16.43 (9.2–23.0) 23.64 (13.7–32.7) 33.33 (19.6–45.9)
Total 18.83 (14.8–21.9) 12.80 (9.5–16.0) 18.62 (14.9–22.4) 26.71 (21.6–31.8) 37.43 (29.4–45.5)

4 high 0/1 27.97 (17.9–38.0) 19.40 (11.4–27.2) 27.68 (17.7–37.6) 38.57 (25.9–51.4) 51.92 (36.2–68.0)

* CHD � coronary heart disease.
† Age-adjusted to Third National Health and Nutrition Examination Survey midpoints in each age group (40 y, 50 y, 60 y, and 70 y).
‡ No events observed in group in Framingham Study sample or age-specific prevalence � 0.
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Appendix Table 3—Continued

Age-Adjusted 10-Year Risk for Hard CHD (95% CI), %†

Women

All Ages 35–44 y 45–54 y 55–64 y 65–74 y

‡ ‡ ‡ ‡ ‡
‡ ‡ ‡ ‡ ‡
0.24 (0–0.7) 0.13 (0–0.4) 0.22 (0–0.6) 0.36 (0–1.0) 0.59 (0–0.2)
‡ ‡ ‡ ‡ ‡
1.95 (0–4.6) 1.11 (0–2.6) 1.81 (0–4.2) 2.97 (0–6.8) 4.83 (0–11.2)
0.26 (0–0.4) 0.15 (0–0.33) 0.25 (0–0.52) 0.39 (0–0.83) 0.62 (0–1.3)
‡ ‡ ‡ ‡ ‡
1.39 (0.4–2.4) 0.78 (0.2–1.3) 1.29 (0–4.2) 2.11 (0.6–3.5) 3.44 (0.9–5.8)
1.28 (0.5–2.1) 0.73 (0.2–1.2) 1.19 (0.4–2.1) 1.95 (0.8–3.0) 3.19 (1.1–5.1)
4.15 (1.9–6.4) 2.36 (0.1–3.7) 3.86 (1.7–5.8) 6.27 (2.9–9.3) 10.10 (4.3–15.4)
‡ ‡ ‡ ‡ ‡
1.77 (1.8–2.2) 1.05 (0.5–1.5) 1.66 (1.0–2.3) 2.61 (1.7–3.6) 4.12 (2.4–5.9)
1.76 (0–3.8) 1.00 (0–2.1) 1.63 (0.5–1.9) 2.67 (0–5.5) 4.35 (0–9.0)
3.57 (2.0–5.1) 2.03 (0.1–3.1) 3.32 (1.8–4.7) 5.40 (3.2–7.3) 8.73 (4.9–12.1)
6.44 (3.9–9.0) 3.69 (0.2–5.4) 6.00 (3.5–8.2) 9.67 (6.0–12.9) 15.40 (8.9–21.2)
4.01 (0–9.5) 2.29 (0–5.4) 3.73 (0–8.6) 6.06 (0–13.9) 9.77 (0–22.4)
4.42 (3.1–5.3) 2.62 (1.5–3.8) 4.13 (2.8–5.5) 6.48 (4.7–8.2) 10.09 (6.8–13.4)
7.72 (2.1–13.3) 4.43 (0.1–7.8) 7.19 (1.8–12.2) 11.54 (3.3–19.2) 18.27 (5.4–30.4)
7.96 (4.3–11.6) 4.58 (1.9–7.0) 7.41 (3.8–10.7) 11.90 (6.7–16.6) 18.81 (10.3–26.5)

16.60 (3.2–30.0) 9.74 (1.2–17.9) 15.50 (2.8–27.5) 24.20 (5.4–42.0) 36.60 (9.5–62.3)
8.86 (4.3–11.6) 5.31 (2.7–7.9) 8.29 (5.1–11.4) 12.84 (8.5–17.2) 19.60 (12.3–26.9)

11.39 (4.1–18.7) 6.60 (1.9–12.3) 10.61 (3.9–18.2) 16.86 (6.7–27.1) 26.18 (10.4–40.6)
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Effect of a Low-Carbohydrate Diet on Appetite, Blood Glucose Levels,
and Insulin Resistance in Obese Patients with Type 2 Diabetes
Guenther Boden, MD; Karin Sargrad, MS, RD, CDE; Carol Homko, PhD, RN, CDE; Maria Mozzoli, BS; and T. Peter Stein, PhD

Background: It is not known how a low-carbohydrate, high-
protein, high-fat diet causes weight loss or how it affects blood
glucose levels in patients with type 2 diabetes.

Objective: To determine effects of a strict low-carbohydrate diet
on body weight, body water, energy intake and expenditure, gly-
cemic control, insulin sensitivity, and lipid levels in obese patients
with type 2 diabetes.

Design: Inpatient comparison of 2 diets.

Setting: General clinical research center of a university hospital.

Patients: 10 obese patients with type 2 diabetes.

Intervention: Usual diets for 7 days followed by a low-carbo-
hydrate diet for 14 days.

Measurements: Body weight, water, and composition; energy
intake and expenditure; diet satisfaction; hemoglobin A1c; insulin
sensitivity; 24-hour urinary ketone excretion; and plasma profiles
of glucose, insulin, leptin, and ghrelin.

Results: On the low-carbohydrate diet, mean energy intake de-

creased from 3111 kcal/d to 2164 kcal/d. The mean energy deficit
of 1027 kcal/d (median, 737 kcal/d) completely accounted for the
weight loss of 1.65 kg in 14 days (median, 1.34 kg in 14 days).
Mean 24-hour plasma profiles of glucose levels normalized, mean
hemoglobin A1c decreased from 7.3% to 6.8%, and insulin sen-
sitivity improved by approximately 75%. Mean plasma triglyceride
and cholesterol levels decreased (change, �35% and �10%, re-
spectively).

Limitations: The study was limited by the short duration, small
number of participants, and lack of a strict control group.

Conclusion: In a small group of obese patients with type 2
diabetes, a low-carbohydrate diet followed for 2 weeks resulted in
spontaneous reduction in energy intake to a level appropriate to
their height; weight loss that was completely accounted for by
reduced caloric intake; much improved 24-hour blood glucose
profiles, insulin sensitivity, and hemoglobin A1c; and decreased
plasma triglyceride and cholesterol levels. The long-term effects of
this diet, however, remain uncertain.

Ann Intern Med. 2005;142:403-411. www.annals.org
For author affiliations, see end of text.

According to recent surveys, approximately two thirds
of the U.S. population is overweight (1). Several di-

etary approaches to this public health problem have been
recommended. The most popular of these approaches is
probably the Atkins Diet, a low-carbohydrate, high-pro-
tein, high-fat diet that was first publicized by Dr. Atkins in
1972 (2). Several older uncontrolled studies (reviewed in
reference 3) and 4 recent outpatient studies (4–7) have
shown that people on low-carbohydrate diets lose weight
for periods of up to 1 year. The reasons for this weight loss,
however, remain controversial. They include reduced calo-
rie intake, loss of body water, changes in energy expendi-
ture, and different utilization of calories. With respect to
the latter, studies have suggested that people on low-carbo-
hydrate diets can eat more calories than people on high-
carbohydrate diets and still lose more weight (8, 9).

A low-carbohydrate diet is of particular interest to pa-
tients with type 2 diabetes in whom obesity is a major
problem. So far, however, patients with type 2 diabetes
have been included in only 1 such study (25 of the 64
participants in that study had type 2 diabetes) (5). Fasting
plasma glucose levels in these patients decreased from 9.32
mmol/L (168 mg/dL) to 7.88 mmol/L (142 mg/dL) after 6
months.

We designed our study to determine the effects of a
strict low-carbohydrate diet (approximately 20 g of carbo-
hydrates per day), which included the diet supplements
recommended by Dr. Atkins, on energy intake and expen-
diture, body weight and body water, glucose metabolism,

and insulin sensitivity in obese patients with type 2 diabe-
tes in the controlled environment of a clinical research
center.

METHODS

Participants
Ten obese patients with type 2 diabetes participated in

the study. Table 1 shows their baseline characteristics. We
recruited patients through advertisements in local newspa-
pers and in the hospital. We offered no financial compen-
sation. All participants received a thorough medical exam-
ination and had routine blood and urine tests. We
excluded volunteers who had endocrine disorders other
than diabetes; who had other clinically significant health
problems, including cardiovascular, pulmonary, and renal
diseases; and who smoked. Seven patients took glucose-
lowering medications (sulfonylureas, metformin, thiazo-
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lidinediones, or insulin), 8 patients were receiving antihy-
pertensive medications (angiotensin-converting enzyme
inhibitors and angiotensin-receptor blockers, thiazide di-
uretics, and calcium-channel blockers), and 3 patients were
receiving lipid-lowering drugs (statins and fibrates). The
doses of these medications had not been changed during
the 3 months preceding the study and were continued

without changes throughout the control period. The insti-
tutional review board of Temple University Hospital, Phil-
adelphia, Pennsylvania, approved the protocol, and all par-
ticipants gave written informed consent.

Study Design
Before hospitalization, an investigator interviewed all

study participants about their recent diet and exercise hab-
its and asked them to continue their usual diets and phys-
ical activities and to keep daily diet and activity records.

Usual Diet (Days 1 to 7)

We instructed patients to continue their usual diet
(Table 2). The clinical research center kitchen provided all
food and beverages, and we weighed and recorded every-
thing that was consumed. The food was prepared in the
hospital kitchen, as well as in the clinical research center
kitchen, and also included foods from local fast food estab-
lishments. Participants selected from standard hospital
menus each day during their usual diet; participants were
also encouraged to request food from the “outside.” To
supplement the hospital menus, we used brand-name foods
or fat foods for which nutrient data were available (for
example, McDonald’s sandwiches, donuts from Dunkin’
Donuts, and Oreo cookies). To maintain their usual phys-
ical activity, the patients walked in the hospital with a
nurse or used a stationery exercise bike, lifted weights, or
did calisthenics. Each morning, we determined body
weights, vital signs, and fasting blood glucose levels and
collected 24-hour urine samples (for measurement of ke-
tone bodies and nitrogen).

Low-Carbohydrate Diet (Days 8 to 21)

We reduced carbohydrate intake to approximately 21
g/d, but patients could eat protein and fat as much and as
often as they wanted (Table 2). Participants chose food
items from a modified hospital diet that included only
allowable foods without sauces, gravies, or other ingredi-
ents that contain carbohydrates. These items included beef
patties, ground turkey patties, chicken breasts, turkey
slices, fresh ham slices, raw or steamed vegetables, butter,
and diet gelatin. We allowed limited amounts of cheese
and cream cheese. As with their usual diets, participants
could request allowable items that were not available from
the hospital kitchen, such as fresh fish, eggs, various cuts of
beef, cream, and additional vegetables. In addition, specific
brands of salad dressings and snack foods suggested by Dr.
Atkins were made available on request, including Atkins-
brand foods. We weighed and recorded all food consumed,
and we determined body weights, vital signs, fasting
plasma glucose levels, and 24-hour urine outputs daily.

Measurements
We weighed all consumed (served items minus re-

turned items) food and beverages with a Mettler balance to
the nearest gram. We determined the caloric and nutrient

Table 1. Characteristics of Study Participants*

Characteristic Value

Men/women, n/n 3/7
Race, n

Black 7
White 3

Age, y 51 � 9.5 (36–64)
Height, cm 169.7 � 10.4 (154–185)
Weight, kg 114.75 � 12.9 (96.4–141.8)
Fat, kg 51.5 � 11.5 (28.4–67.7)
Body mass index, kg/m2 40.3 � 5.7 (33–52)
Known duration of diabetes, y 4.9 � 4.1 (0.1–12.0)
Diabetes treatment, n

Diet alone 3
Metformin 1
Metformin � insulin 2
Metformin � sulfonylurea 2
Metformin � thiazolidinedione 1
Metformin � sulfonylurea �

thiazolidinedione
1

Cormorbid conditions, n
Obesity 10
Hypertension 7
Dyslipidemia 5
Coronary artery disease 2
Gout 1
Asthma 1
Nephropathy 1
Proliferative retinopathy 0
Painful neuropathy 0

* Values expressed with plus/minus sign are means � SD (range). All data were
obtained on day 1 of study.

Context

Despite the popularity of low-carbohydrate diets for
weight loss, we know little about how low-carbohydrate
diets cause weight loss or how they affect glycemic con-
trol.

Contribution

In a study that observed 10 obese patients with type 2
diabetes during 7 days of usual diet and 14 days of a low-
carbohydrate diet (21 g of carbohydrates per day), partici-
pants lost weight and had improvement in glycemic con-
trol while eating the low-carbohydrate diet. Reduced
calorie intake, not reductions in body water, accounted for
the observed weight loss.

Cautions

This study compared low-carbohydrate diet with usual diet
rather than a conventional weight loss diet.

–The Editors
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value of the ingested food with The Food Processor pro-
gram, version 8.1 (ESHA Research, Salem, Oregon), on all
days except the clamp days (days 1, 8, and 22).

At the end of each day, all patients rated their level of
appetite, satisfaction with the diet, energy level, and gen-
eral well-being by using visual analogue scales (10).

We assessed body composition and body water by us-
ing bioelectrical impedance analysis (11) with the Weight
Manager 2.05 software (RJL Systems, Clinton Township,
Missouri) on days 1, 8, and 22. We determined total en-
ergy expenditure with the doubly labeled water method in
6 of 10 patients. (We added these measurements to the
protocol only after the first 4 patients had been studied.)
We collected 2 mL of saliva 30 minutes after awakening on
day 3 and again on day 15, and again 30 minutes later.
The patients then drank the doubly labeled water contain-
ing 240 g of 2H218O and 10 g of 2H2O. We collected
2-mL saliva samples 5 hours and 6 hours later. We re-
peated saliva collections (2 mL of saliva 30 minutes and
again 1 hour after awakening) on each of the 5 days after
the administration of the doubly labeled water and stored
the samples at �4 °C until analyzed. We measured saliva
isotope enrichment with an isotope ratio mass spectrome-
ter (PDZ Europa Limited, London, United Kingdom). We
calculated isotope loss rates by regression analysis, and we
calculated total energy expenditure according to the
method of Schoeller and colleagues (12).

We performed euglycemic hyperinsulinemic clamps
with serial measurements of insulin and glucose on days 1,
8, and 22 after an overnight fast as described previously
(13).

We collected blood for 24 hours (every hour between
8 a.m. and 1 a.m. and at 4 a.m. and 6 a.m.) for measure-
ment of glucose, insulin, leptin, and ghrelin levels at the
end of the control period (day 7) and at the end of the
low-carbohydrate diet period (day 21) in 9 patients (1 pa-
tient declined to participate).

We determined glucose turnover with 6,6 2H2 glucose
as described (14, 15). We calculated rates of glucose ap-

pearance and disappearance by using Steele’s equation
(16). We determined endogenous glucose production by
subtracting the rate of glucose infusion needed to maintain
euglycemia from the rate of glucose appearance.

We determined basal metabolic rates by indirect calo-
rimetry with a metabolic measurement cart (DeltaTrac II,
Sensor Medics, Yorba Linda, California) as described else-
where (17, 18).

Analytical Procedures
We measured plasma glucose levels with a glucose an-

alyzer (YSI, Yellow Springs, Ohio). We determined serum
insulin level after protein precipitation with polyethylene
glycol by radioimmunoassay (Linco, St. Charles, Missouri)
with a specific antibody that cross-reacts only minimally
(�0.2%) with proinsulin. We measured �-hydroxybu-
tyrate, acetoacetate, serum creatinine, and blood urea ni-
trogen levels enzymatically. We measured urinary nitrogen
level with the Kjeldahl method (19). We determined glu-
cagon, ghrelin (coefficient of variation, 10.0%), leptin (co-
efficient of variation, 6.2%), and cortisol (coefficient of
variation, 4.0%) levels in duplicate by radioimmunoassay
with kits (Linco).

Statistical Analysis
Data are expressed as means � SD (range) in Table 1

and as means, medians (range) in Tables 2 to 5. For diet
composition end points, we compared results during the
control period (days 1 to 7) with those during the low-
carbohydrate period (days 8 to 21). We compared caloric
intake and total energy expenditure results on days 3 to 7
(control) and days 15 to 21 (low-carbohydrate) because
total energy intake could be measured only during these
periods. For all other end points, we compared day 7 (con-
trol) results with day 21 (low-carbohydrate) results. We
calculated within-patient diet changes (control vs. low-car-
bohydrate) by end point and analyzed them by using Wil-
coxon signed-rank tests for paired data. We performed all
statistical analysis with the SigmaStat statistical software
(SPSS, Inc., Chicago, Illinois).

Table 2. Diet Composition*

Variable Control Group
(n � 10)†

Low-Carbohydrate
Group (n � 10)‡

Difference P Value§

Carbohydrates, g 309, 296 (182 to 552) 21, 22 (14 to 32) 288, 272 (165 to 538) 0.002
Simple carbohydrates, g 120, 97 (74 to 219) 10, 11 (7 to 14) 110, 84 (62 to 211) 0.002
Complex carbohydrates, g 169, 157 (89 to 301) 7, 7 (3 to 12) 162, 150 (84 to 297) 0.002
Fiber, g 20, 17 (10 to 37) 4, 4 (2 to 7) 16, 14 (6 to 30) 0.002
Protein, g 137, 128 (88 to 218) 151, 145 (120 to 190) –14, –12 (–62 to 42) 0.13
Fat, g 154, 163 (86 to 209) 164, 159 (138 to 200) –10, –12 (–72 to 64) �0.2
Saturated fatty acids, g 52, 53 (24 to 77) 56, 58 (46 to 65) –4, –10 (–35 to 18) �0.2
Monounsaturated fatty acids, g 43, 47 (25 to 57) 46, 46 (34 to 64) –3, –4 (–26 to 21) �0.2
Polyunsaturated fatty acids, g 21, 21 (12 to 31) 12, 12 (8 to 17) 9, 10 (2 to 17) 0.002
Transaturated fatty acids, g 2.95, 2.85 (0.7 to 5.0) 0.78, 0.70 (0 to 2) 2.17, 2.10 (0.4 to 5.0) 0.002
Other fats, g 34, 36 (9.7 to 66) 47, 46 (31 to 75) –13, –10 (–44 to 15) 0.0037

* Data are expressed as mean, median (range).
† The displayed means and medians are from days 1–7 (usual diet period).
‡ The displayed means and medians are from days 8–21 (low-carbohydrate period).
§ Per Wilcoxon signed-rank test on paired differences.
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Role of the Funding Sources
This study was funded by grants from the National

Institutes of Health and the American Diabetes Associa-
tion. These sources had no role in the collection, analysis,
or interpretation of the data or in the decision to submit
the report for publication.

RESULTS

Body Weight and Body Water
Body weight was stable during the usual diet period,

with a mean weight of 114.75 kg and 114.43 kg on days 1
and 7, respectively. During the low-carbohydrate diet,
mean body weight decreased by 2.02 kg from 114.43 kg
(last day of the usual diet) to 112.41 kg (last day of the
low-carbohydrate diet) (P � 0.042) (Figure 1, Table 3).

During the low-carbohydrate diet, mean body water
decreased from 46.30 kg to 45.94 kg (P � 0.2). Body
water decreased in 6 patients, increased in 3 patients, and
did not change in 1 patient. After subtraction of body
water, mean body weight decreased from 68.13 kg to
66.48 kg (mean change, �1.65 kg; P � 0.049) (Table 3).

Energy Intake and Expenditure
Mean energy intakes and expenditures were in balance

(3111 kcal/d vs. 3284 kcal/d; P � 0.12) during the usual
diet period, resulting in stable body weights.

During the low-carbohydrate diet, mean total energy
expenditure (in 4 of these patients, we calculated total en-
ergy expenditure by using their resting energy expenditure
and the resting–total energy expenditure ratio obtained in
the 6 patients in whom total energy expenditure was mea-
sured) exceeded mean calorie intake (3190 kcal/d vs. 2164
kcal/d; P � 0.001), resulting in a mean energy deficit of
1027 kcal/d (median, 737 kcal/d). The decrease in mean
body fat (from 52.13 kg to 49.7 kg) indicated that all
weight loss during the low-carbohydrate diet was due to
loss of adipose tissue. Thus, we can estimate that the mean
caloric deficit (1027 kcal/d � 14 d � 14 378 kcal) should
have resulted in a mean weight loss of 1.60 kg (median,
1.15 kg), which did not differ from the actual measured
mean weight loss (corrected for loss of body water) of 1.65
kg (median, 1.34 kg) (Table 3).

The results were similar for the group of 6 patients in
whom total energy expenditure was measured (Table 4).

Figure 1. Daily body weights and energy intakes (top) and
urinary ketone body excretion (bottom).

Data are from 10 patients with type 2 diabetes while on their usual
high-carbohydrate, high-protein, high-fat diet (days 1 to 7) and while on
a low-carbohydrate, high-protein, high-fat diet (days 8 to 21). Values are
means � SE.

Table 3. Metabolic Balances in 10 Patients*

Variable Control Group
(n � 10)

Low-Carbohydrate Group
(n � 10)

Difference P Value†

Body weight, kg‡ 114.43, 113.28 (96.2 to 141.6) 112.41, 111.31 (94.7 to 132.9) 2.02, 1.97 (–1.4 to 8.6) 0.042
Body water, kg‡ 46.30, 43.99 (37.6 to 65.3) 45.94, 44.22 (36.3 to 64.4) 0.37, 0.45 (–2.3 to 4.1) �0.2
Body weight – water, kg‡ 68.13, 68.98 (47.7 to 84.4) 66.48, 67.76 (44.5 to 81.2) 1.65, 1.34 (–1.9 to 7.7) 0.049
Fat-free mass, kg‡ 62.32, 59.52 (49.3 to 88.6) 62.73, 60.51 (49.3 to 88.0) –0.43, –0.61 (–3.9 to 5.7) �0.2
Fat mass, kg‡ 52.13, 53.65 (29.8 to 70) 49.69, 50.20 (25.4 to 66.4) 2.45, 2.72 (–2.5 to 7.9) 0.026
Calorie intake, kcal/d§ 3111, 3022 (1917 to 4810) 2164, 2116 (1748 to 2671) 947, 905 (–14 to 2379) 0.001
Total energy expenditure, kcal/d§� 3284, 2924 (2652 to 5202) 3190, 2497 (2476 to 4753) 94, 40 (–72 to 449) 0.12
Resting energy expenditure, kcal/d‡ 1945, 1822 (1670 to 2737) 1842, 1800 (1558 to 2339) 103, 67 (–117 to 399) 0.048
Caloric deficit, kcal/d 1027, 737 (399 to 1030)
Predicted weight loss, kg¶ 1.60, 1.15 (0.64 to 3.61)

* Data are expressed as mean, median (range).
† Per Wilcoxon signed-rank test on paired differences.
‡ The displayed means and medians are from day 7 (last day of usual diet) for the control group and from day 21 (last day of low-carbohydrate diet) for the low-carbohydrate
group.
§ The displayed means and medians are from days 3–7 in the control group and days 15–21 in the low-carbohydrate group. Total energy expenditure was measured only
during these days.
� Measured in 6 patients and calculated in 4 patients (see text).
¶ See text for calculation (1 g fat � 9 kcal; 1 g protein � 4 kcal; 1 g carbohydrate � 4 kcal).
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Their predicted mean weight loss was 1.59 kg, which did not
differ from the observed and water-corrected mean weight loss
of 1.49 kg. Thus, our results suggested that the weight loss
was completely accounted for by a reduction in caloric intake
and a relatively small loss of body water, which occurred in 6
patients but not in the other 4 patients.

Assessment of Diet Satisfaction
The patients’ answers to questionnaires (visual ana-

logue scales) indicated that they considered the low-carbo-
hydrate diet and their usual diet to be about equal with
respect to feelings of hunger, satisfaction provided by the
diets, feelings of comfort or discomfort, and energy levels
(Table 5).

Ketone Bodies
Mean plasma total ketone body levels were 130

�mol/L (91.5% �-hydroxybutyrate) on day 7 and in-
creased 5-fold to 653 �mol/L (97.4% �-hydroxybutyrate)
on day 21 (P � 0.001).

Mean urinary ketone body excretion (Figure 1) increased
sharply in all patients during the first week of the low-carbo-
hydrate diet from 0.10 mmol/d (on day 8) to a peak of 2.75
mmol/d (on day 15; P � 0.001) (Figure 1, bottom).

Profiles of 24-Hour Plasma Glucose, Insulin, Leptin, and
Ghrelin

Mean fasting plasma glucose levels decreased from 7.5
mmol/L (135 mg/dL) (on day 8) to 6.3 mmol/L (113
mg/dL) (on day 22; P � 0.025) (Figure 2). Mean 24-hour
plasma glucose level profiles were significantly lower after
than before the low-carbohydrate diet.

During the low-carbohydrate diet period, decreasing
glucose levels necessitated decreasing insulin doses in 2 pa-
tients, decreasing thiazolidinedione and metformin doses
in 1 patient each, and discontinuing sulfonylurea therapy
in 1 patient.

Mean hemoglobin A1c decreased from 7.3% on day 8
to 6.8% on day 22 (P � 0.006). Mean 24-hour serum
insulin and leptin levels profiles were statistically signifi-
cantly lower at the end of the low-carbohydrate diet than
before this diet, while ghrelin profiles increased marginally.

Euglycemic Hyperinsulinemic Clamps
Mean glucose infusion rates needed to maintain eu-

glycemia increased from 12.9 �mol/kg of body weight per
minute (on day 8) to 16.8 �mol/kg per minute on day 22
(increase, 30%; P � 0.03) (Figure 3). After adjustment for
the lower clamp insulin levels seen during the last clamp

Table 4. Metabolic Balances in 6 Patients*

Variable Control Group
(n � 6)

Low-Carbohydrate Group
(n � 6)

Difference P Value†

Body weight, kg‡ 112.60, 114.80 (96.2 to 125.2) 110.43, 113.09 (94.7 to 122.5) 2.17, 2.50 (0.22 to 3.2) 0.006
Body water, kg‡ 45.80, 44.44 (37.6 to 55.8) 45.12, 44.67 (36.3 to 52.6) 0.68, 0.68 (–2.3 to 4.1) �0.2
Body weight – water, kg‡ 66.80, 65.59 (47.7 to 81.2) 65.31, 64.79 (44.5 to 81.2) 1.49, 1.70 (–0.88 to 3.18) 0.048
Fat-free mass, kg‡ 61.74, 59.96 (49.3 to 76.4) 61.53, 61.05 (49.3 to 71.8) 0.16, –0.62 (–3.3 to 5.7) �0.2
Fat mass, kg‡ 50.86, 50.61 (29.8 to 70.0) 48.89, 48.16 (25.4 to 66.4) 2.02, 2.56 (–2.5 to 4.4) 0.011
Calorie intake, kcal/d§ 3057, 3022 (2724 to 3514) 2101, 2009 (1748 to 2671) 956, 1077 (486 to 1296) �0.001
Total energy expenditure, kcal/d§ 3179, 2939 (2652 to 4432) 3123, 2978 (2476 to 4349) 57, 29 (–71 to 229) �0.2
Resting energy expenditure, kcal/d‡ 1895, 1875 (1670 to 2218) 1836, 1800 (1701 to 2140) 60, 59 (–117 to 202) �0.2
Caloric deficit, kcal/d 1022, 754 (548 to 2001)
Predicted weight loss, kg†� 1.59, 1.17 (0.85 to 3.11)

* Data are expressed as mean, median (range).
† Per Wilcoxon signed-rank test on paired differences.
‡ The displayed means and medians are from day 7 (last day of usual diet) for the control group and from day 21 (last day of low-carbohydrate diet) for the low-carbohydrate
group.
§ The displayed means and medians are from days 3–7 in the control group and days 15–21 in the low-carbohydrate group. Total energy expenditure was measured only
during these days.
� See text for calculations (1 g fat � 9 kcal; 1 g protein � 4 kcal; 1 g carbohydrate � 4 kcal).

Table 5. Visual Analogue Scale Results*

Variable Control Group
(n � 10)

Low-Carbohydrate
Group (n � 10)

Difference†

Hunger‡ 6.6, 7.2 (4.3 to 8.0) 6.7, 6.9 (5.0 to 8.9) �0.12, 0.33 (�1.2 to 2.1)
Satisfaction§ 4.1, 3.7 (2.3 to 7.2) 3.6, 3.0 (1.8 to 7.4) 0.46, 0.08 (�3.8 to 5.2)
Queasiness� 6.6, 8.0 (2.0 to 9.0) 7.5, 7.5 (4.9 to 8.8) �0.89, �0.25 (�4.7 to 1.2)
Energy¶ 5.0, 5.7 (1.0 to 6.5) 4.6, 4.5 (3.3 to 6.9) 0.38, 0.55 (�4.0 to 2.7)

* Data are expressed as mean, median (range).
† No difference was statistically significant.
‡ 0 � hungry and 10 � full.
§ 0 � satisfied and 10 � unsatisfied.
� 0 � queasy or nauseous and 10 � not queasy or nauseous.
¶ 0 � energetic and 10 � tired.
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(648 pmol/L vs. 498 pmol/L), glucose infusion rates in-
creased by approximately 75% (from 0.033 �mol �
kg�1 � min�1/pmol � L�1 to 0.058 �mol � kg�1 � min�1/
pmol � L�1; P � 0.008).

Mean insulin-stimulated rates of glucose disappear-
ance, after adjustment for the difference in clamp insulin
concentrations, increased from 0.01 �mol � kg�1 � min�1/
pmol � L�1 to 0.03 �mol � kg�1 � min�1/pmol � L�1; P �
0.046)—that is, the increase in glucose disappearance ac-
counted for essentially all of the increase in the glucose

infusion rates. Endogenous glucose production did not sta-
tistically significantly change.

Hormones
We measured plasma levels of several hormones

known to influence carbohydrate metabolism. Compari-
sons of plasma hormone levels before and after the low-
carbohydrate diet showed the following mean values: glu-
cagon, 78 � 31 pg/mL vs. 89 � 47 pg/mL; cortisol,
229 � 82 nmol/L vs. 249 � 79 nmol/L; human growth

Figure 2. Profiles of 24-hour plasma glucose, insulin, leptin, and ghrelin.

Data are from 9 patients (1 patient declined to participate) with type 2 diabetes obtained on day 7 on their usual high-carbohydrate, high-protein,
high-fat diet and after 2 weeks (day 21) on a low-carbohydrate diet. Individual values and means of the areas under the curves (AUCs) of these profiles
are shown on the right. During the low-carbohydrate diet, insulin doses were decreased in 2 patients, metformin and thiazolidinediones doses were
decreased in 1 patient each, and sulfonylureas were discontinued in 1 patient. Values are means � SE.
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hormone, 0.5 � 0.3 ng/mL vs. 0.5 � 0.3 ng/mL; and adi-
ponectin, 3.7 � 1.5 �g/mL vs. 3.7 � 1.5 �g/mL. None of
these differences were statistically significant.

Serum Lipid Levels
Comparisons of mean serum levels before and after the

low-carbohydrate diet showed that triglyceride levels de-
creased by 35% from 1.84 � 0.63 mmol/L (162.83 �
5.58 mg/dL) to 1.19 � 0.03 mmol/L (105.31 � 2.65 mg/
dL) (P � 0.001) and that total cholesterol levels decreased
by 10% from 4.68 mmol/L (180 mg/dL) to 4.24 mmol/L
(163 mg/dL) (P � 0.02). Low-density lipoprotein choles-
terol levels (2.61 � 0.88 mmol/L [101 � 35 mg/dL] vs.
2.56 � 0.88 mmol/L [99 � 35 mg/dL]) and high-density
lipoprotein cholesterol levels (1.16 � 0.3 mmol/L
[45 � 12 mg/dL] vs. 1.14 � 0.4 mmol/L [44 � 15 mg/
dL]) did not change.

Renal Function
Mean blood urea nitrogen modestly increased from

5.85 � 1.23 mmol/L (16.4 � 3.5 mg/dL) to 7.14 � 1.92
mmol/L (20.0 � 5.4 mg/dL) (P � 0.01). Mean serum cre-
atinine levels (88.4 � 27.8 �mol/L [1.0 � 0.3 mg/dL] vs.

97.2 � 27.8 �mol/L [1.1 � 0.3 mg/dL]), serum uric acid
levels (0.40 � 0.15 mmol/L vs. 0.41 � 0.09 mmol/L), uri-
nary creatinine levels (10.5 � 4.1 mmol/L [119 � 47 mg/
dL] vs. 9.6 � 4.1 mmol/L [109 � 79 mg/dL]), and uri-
nary albumin excretion levels (0.55 � 1.13 �mol/L vs.
0.31 � 0.44 �mol/L) did not statistically significantly
change.

DISCUSSION

Body Weight, Body Water, and Energy Intake and
Output

During the usual diet period (days 1 to 7), when all
patients maintained their usual eating and activity patterns,
mean caloric intakes and total energy expenditures were in
balance (approximately 3100 kcal/d) and body weights re-
mained stable. During the low-carbohydrate diet period
(days 8 to 22), mean carbohydrate intakes were reduced
from approximately 300 g to approximately 20 g. Al-
though patients had free access to all noncarbohydrate food
items, they increased their protein and fat intakes very lit-
tle. Their mean caloric intakes decreased by approximately

Figure 3. Plasma glucose and insulin levels and glucose infusion rates (GIR) needed to maintain euglycemia, rates of glucose
disappearance (GRd) and endogenous glucose production (EGP).

Data were obtained during euglycemic hyperinsulinemic clamping performed in 10 obese patients with type 2 diabetes before (admission); after 1 week
of their usual high-carbohydrate, high-protein, high-fat diet (before); and after 2 weeks of a strict low-carbohydrate diet (after). Glucose infusion rates are
shown uncorrected and corrected for differences in clamp insulin levels (�GIR/�IRI). Rates of glucose disappearance and EGP are shown corrected for
differences in basal rates and clamp insulin levels (�GRd/�IRI and �EGP/�IRI, respectively). IRI � immunoreactive insulin.
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1000 kcal/d, while their mean total energy expenditures
remained essentially unchanged (approximately 3284
kcal/d vs. 3190 kcal/d; P � 0.12). Changes in body water
varied (decreases in 6 patients, increases in 3 patients, and
no change in 1 patient). These changes may have reflected
changes in natriuresis due to increased ketone body excre-
tion and “obligatory water changes” due to changes in gly-
cogen stores (20, 21). Mean body weight decreased by 2.02
kg. Corrected for changes in body water, the mean weight
loss was 1.65 kg. Because all weight loss was due to loss of
fat, we estimated that the caloric deficit plus changes in
body water accounted for all weight loss (Table 3). Thus,
our data did not support the concept that the weight loss
induced by the low-carbohydrate diet was due to different
metabolic utilization of macronutrients (8, 9).

Appetite
Patients spontaneously reduced their mean energy in-

take to approximately 2200 kcal/d, which is approximately
the caloric intake of normal-weight individuals with the
same height as our patients (22, 23). How the selective
reduction in carbohydrate intake (there was very little com-
pensatory increase in protein or fat intake) reduced appe-
tite is not known. Lack of diet variety and palatability has
been incriminated but was not supported by the patients’
recordings in the visual analogue scale questionnaire
(Table 5). However, several humoral satiety factors
changed. We consider it unlikely that the relatively small
increase in mean blood ketone body levels (from 0.13
mmol/L to 0.65 mmol/L) may have had anorectic effects
(24). On the other hand, the decreased serum insulin levels
may have reduced appetite because, in contrast to rodents,
studies in humans have found that insulin increased food
intake (25–27). Mean plasma leptin levels were lower, per-
haps because of caloric restriction (28, 29) and decreased
insulin levels (30) or perhaps because leptin sensitivity had
increased. In view of the appetite-suppressing effect of lep-
tin (31), lower leptin levels may have stimulated appetite
and limited diet-induced weight loss.

Glycemic Control
During the low-carbohydrate diet, 24-hour glucose

profiles improved dramatically and mean hemoglobin A1c

decreased from 7.3% to 6.8 % (P � 0.01) in only 2 weeks.
Hemoglobin A1c equilibrates in approximately 8 weeks.
Thus, assuming no further change in glycemic control,
hemoglobin A1c should have been approximately 5.6% af-
ter 8 weeks on the low-carbohydrate diet. This level would
have been compatible with the observed normalization of
the 24-hour glucose profiles in our patients (Figure 2).
These findings emphasized that postprandial glucose levels
are primarily determined by the amount of ingested carbo-
hydrates (32). Insulin sensitivity also improved, primarily
because of an increase in mean peripheral glucose uptake,
although the high mean clamp insulin levels may have
obscured a possible effect on the liver. The reason for this
is that the liver is more insulin-sensitive than muscle and,

therefore, the relatively high clamp insulin levels might
have fully compensated an existing hepatic insulin resis-
tance. Others have reported that low-carbohydrate diets
improved insulin–glucose ratios, suggesting improved in-
sulin sensitivity (5). Whether similar improvements in gly-
cemic control can been achieved with more conventional
diets, resulting in similar reductions in energy intake, re-
mains to be investigated.

Lipids
Mean plasma low-density lipoprotein cholesterol and

high-density lipoprotein cholesterol levels did not change.
Mean total plasma cholesterol and triglyceride levels, how-
ever, decreased by 10% and 35%, respectively. Decreased
plasma triglyceride levels have been a consistent finding in
studies using low-carbohydrate diets (4, 5, 21, 33). De-
creased cholesterol levels were also seen in another 2-week
study (21) but not in a 12-month study (4), which suggests
that this decrease may be a transient phenomenon.

Summary
In this strictly supervised inpatient study, short-term

use of a low-carbohydrate diet in obese patients with type 2
diabetes resulted in spontaneous reduction in energy intake
to a level appropriate for their height, in weight loss that
was mainly due to reduced calorie intake and variable
changes in body water, in markedly improved glycemic
control and insulin sensitivity, and in decreased plasma
triglyceride and cholesterol levels. Thus, the low-carbohy-
drate diet was beneficial for weight and blood glucose level
control in this small short-term study. Its long-term effects,
however, remain uncertain, particularly since long-term
adherence to this diet has been poor (7). Moreover, the
reduced fiber intake may have adverse long-term health
effects.
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Energy expenditure by doubly labeled water: validation in humans and proposed
calculation. Am J Physiol. 1986;250:R823-30. [PMID: 3085521]
13. Homko CJ, Cheung P, Boden G. Effects of free fatty acids on glucose uptake
and utilization in healthy women. Diabetes. 2003;52:487-91. [PMID:
12540625]
14. Boden G, Cheung P, Homko C. Effects of acute insulin excess and defi-
ciency on gluconeogenesis and glycogenolysis in type 1 diabetes. Diabetes. 2003;
52:133-7. [PMID: 12502503]
15. Molina JM, Baron AD, Edelman SV, Brechtel G, Wallace P, Olefsky JM.
Use of a variable tracer infusion method to determine glucose turnover in hu-
mans. Am J Physiol. 1990;258:E16-23. [PMID: 2405697]
16. Altszuler N, De Bodo RC, Steele R, Wall JS. Measurement of size and
turnover rate of body glucose pool by the isotope dilution method. Am J Physiol.
1956;187:15-24. [PMID: 13362583]
17. Owen OE, Trapp VE, Reichard GA Jr, Mozzoli MA, Smith R, Boden G.

Effects of therapy on the nature and quantity of fuels oxidized during diabetic
ketoacidosis. Diabetes. 1980;29:365-72. [PMID: 6769726]

18. Tappy L, Owen OE, Boden G. Effect of hyperinsulinemia on urea pool size
and substrate oxidation rates. Diabetes. 1988;37:1212-6. [PMID: 3044886]

19. Hawk PB. The Kjeldahl method. In: Hawk PB, Oser BL, and Summerson
WH, eds. Practical Physiological Chemistry. 12th ed. Toronto: Blakiston; 1947:
814-22.

20. Van Itallie TB, Yang MU. Diet and weight loss. N Engl J Med. 1977;297:
1158-61. [PMID: 917044]

21. Lewis SB, Wallin JD, Kane JP, Gerich JE. Effect of diet composition on
metabolic adaptations to hypocaloric nutrition: comparison of high carbohydrate
and high fat isocaloric diets. Am J Clin Nutr. 1977;30:160-70. [PMID: 835502]

22. Owen OE, Kavle E, Owen RS, Polansky M, Caprio S, Mozzoli MA, et al.
A reappraisal of caloric requirements in healthy women. Am J Clin Nutr. 1986;
44:1-19. [PMID: 3728346]

23. Owen OE, Holup JL, D’Alessio DA, Craig ES, Polansky M, Smalley KJ, et
al. A reappraisal of the caloric requirements of men. Am J Clin Nutr. 1987;46:
875-85. [PMID: 3687821]

24. Rich AJ, Chambers P, Johnston IDA. Are ketones an appetite suppressant?
[Abstract] JPEN J Parenter Enteral Nutr. 1988;13:7S.

25. Rodin J, Wack J, Ferrannini E, DeFronzo RA. Effect of insulin and glucose
on feeding behavior. Metabolism. 1985;34:826-31. [PMID: 3897769]

26. Holt SH, Miller JB. Increased insulin responses to ingested foods are associ-
ated with lessened satiety. Appetite. 1995;24:43-54. [PMID: 7741535]

27. The effect of intensive treatment of diabetes on the development and pro-
gression of long-term complications in insulin-dependent diabetes mellitus. The
Diabetes Control and Complications Trial Research Group. N Engl J Med.
1993;329:977-86. [PMID: 8366922]

28. Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW,
Nyce MR, et al. Serum immunoreactive-leptin concentrations in normal-weight
and obese humans. N Engl J Med. 1996;334:292-5. [PMID: 8532024]

29. Boden G, Chen X, Mozzoli M, Ryan I. Effect of fasting on serum leptin in
normal human subjects. J Clin Endocrinol Metab. 1996;81:3419-23. [PMID:
8784108]

30. Boden G, Chen X, Kolaczynski JW, Polansky M. Effects of prolonged
hyperinsulinemia on serum leptin in normal human subjects. J Clin Invest. 1997;
100:1107-13. [PMID: 9276727]

31. Campfield LA, Smith JF. Central integration of peripheral signals in the
regulation of food intake and energy balance: role of leptin and insulin. In: Bray
GA, Bouchard C, eds. Handbook of Obesity. 2nd ed. New York: Marcel Dekker;
2003:461-79.

32. Jenkins DJ, Wolever TM, Jenkins AL, Josse RG, Wong GS. The glycaemic
response to carbohydrate foods. Lancet. 1984;2:388-91. [PMID: 6147465]

33. Garg A, Bantle JP, Henry RR, Coulston AM, Griver KA, Raatz SK, et al.
Effects of varying carbohydrate content of diet in patients with non-insulin-
dependent diabetes mellitus. JAMA. 1994;271:1421-8. [PMID: 7848401]

ArticleLow-Carbohydrate Diet, Appetite, Glucose, and Insulin Resistance

www.annals.org 15 March 2005 Annals of Internal Medicine Volume 142 • Number 6 411



Current Author Addresses: Drs. Boden and Homko and Ms. Mozzoli:
Temple University Hospital, 3401 North Broad Street, Philadelphia, PA
19140.
Ms. Sargrad: Drexel University, 3141 Chestnut Street, Philadelphia, PA
19104.
Dr. Stein: University of Medicine and Dentistry of New Jersey School of
Osteopathic Medicine, 1 Medical Center Drive, Stratford, NJ 08084.

Author Contributions: Conception and design: G. Boden, K. Sargrad.
Analysis and interpretation of the data: G. Boden, K. Sargrad, C.
Homko, M. Mozzoli, T.P. Stein.

Drafting of the article: G. Boden.
Critical revision of the article for important intellectual content: G.
Boden.
Final approval of the article: G. Boden.
Provision of study materials or patients: C. Homko, T.P. Stein.
Obtaining of funding: G. Boden.
Administrative, technical, or logistic support: C. Homko, M. Mozzoli.
Collection and assembly of data: K. Sargrad, C. Homko, M. Mozzoli.

W-62 15 March 2005 Annals of Internal Medicine Volume 142 • Number 6 www.annals.org



Thyroid Hormone Replacement Therapy in Primary Hypothyroidism:
A Randomized Trial Comparing L-Thyroxine plus Liothyronine with
L-Thyroxine Alone
Héctor F. Escobar-Morreale, MD, PhD; José I. Botella-Carretero, MD; Manuel Gómez-Bueno, MD; José M. Galán, MD; Vivencio Barrios, MD,
PhD; and José Sancho, MD, PhD

Background: Substituting part of the dose of L-thyroxine with
small but supraphysiologic doses of liothyronine in hypothyroid
patients has yielded conflicting results.

Objective: To evaluate combinations of L-thyroxine plus liothy-
ronine in hypothyroid patients that match the proportions present
in normal secretions of the human thyroid gland.

Design: Randomized, double-blind, crossover trial.

Setting: Academic research hospital.

Participants: 28 women with overt primary hypothyroidism.

Intervention: Crossover trial comparing treatment with L-thy-
roxine, 100 �g/d (standard treatment), versus treatment with L-
thyroxine, 75 �g/d, plus liothyronine, 5 �g/d (combination treat-
ment), for 8-week periods. All patients also received L-thyroxine,
87.5 �g/d, plus liothyronine, 7.5 �g/d (add-on combination treat-
ment), for a final 8-week add-on period.

Measurements: Primary outcomes included serum thyroid hor-
mone levels, results of quality-of-life and psychometric tests, and
patients’ preference. Multiple biological thyroid hormone end
points were studied as secondary outcomes.

Results: Compared with standard treatment, combination treat-
ment led to lower free thyroxine levels (decrease, 3.9 pmol/L
[95% CI, 2.5 to 5.3 pmol/L]), slightly higher serum levels of

thyroid-stimulating hormone (increase, 0.62 mU/L [CI, 0.01 to
1.23 mU/L]), and unchanged free triiodothyronine levels. No im-
provement was observed in the other primary and secondary end
points after combination treatment, with the exception of the
Digit Span Test, in which the mean backward score and the mean
total score increased slightly (0.6 digit [CI, 0.1 to 1.0 digit] and
0.8 digit [CI, 0.2 to 1.4 digits], respectively). The add-on combi-
nation treatment resulted in overreplacement. Levels of thyroid-
stimulating hormone decreased by 0.85 mU/L (CI, 0.27 to 1.43
mU/L) and serum free triiodothyronine levels increased by 0.8
pmol/L (CI, 0.1 to 1.5 pmol/L) compared with standard treatment;
10 patients had levels of thyroid-stimulating hormone that were
below the normal range. Twelve patients preferred combination
treatment, 6 patients preferred the add-on combination treatment,
2 patients preferred standard treatment, and 6 patients had no
preference (P � 0.015).

Limitations: Treatment with L-thyroxine, 87.5 �g/d, plus liothy-
ronine, 7.5 �g/d, was an add-on regimen and was not random-
ized.

Conclusions: Physiologic combinations of L-thyroxine plus lio-
thyronine do not offer any objective advantage over L-thyroxine
alone, yet patients prefer combination treatment.

Ann Intern Med. 2005;142:412-424. www.annals.org
For author affiliations, see end of text.

The recommended treatment for hypothyroidism is oral
L-thyroxine sodium. This treatment is administered

with the aim of restoring clinical euthyroidism and well-
being and maintaining normal serum levels of thyroid-
stimulating hormone (TSH) (1). However, triiodothyro-
nine is the most active thyroid hormone because its affinity
for the nuclear thyroid hormone receptor is 10- to 20-fold
that of thyroxine (2, 3). The current practice of using L-
thyroxine alone as replacement therapy for hypothyroidism
assumes that peripheral conversion of thyroxine into tri-
iodothyronine is able to restore normal triiodothyronine
concentrations in target tissues. However, no experimental
data support this assumption. On the contrary, we found
that infusion of thyroxine alone into thyroidectomized rats
was not able to restore euthyroidism (4); this was possible
only by infusing combinations of thyroxine and triiodothy-
ronine in proportions similar to those secreted by the rat
thyroid gland (5).

An early study in hypothyroid patients compared
treatment with the usual daily L-thyroxine dose, consisting
of two or three 100-�g tablets, versus the same number of
tablets, each containing 80 �g of L-thyroxine and 20 �g of

liothyronine (6). Although patients were probably over-
treated throughout the study, adverse events were more
frequent during treatment with the L-thyroxine–liothyro-
nine combination (6), probably because of the excessive
amount of liothyronine administered. More recently, sev-
eral studies have evaluated combined levothyroxine–liothy-
ronine treatment using a “triiodothyronine substitution”
approach, in which a small yet supraphysiologic amount of
liothyronine, ranging from 10 �g/d to 15 �g/d, was sub-
stituted for 50 �g of the total L-thyroxine dose (7–10).
Bunevicius and colleagues (7, 8) reported that triiodothy-
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ronine substitution resulted in marked improvements in
several items of the Profile of Mood States (POMS) and in
a few indexes of psychometric function and quality of life,
especially in athyreotic patients with thyroid cancer (8).

Recent studies, however, have failed to confirm any
beneficial effects of triiodothyronine substitution on qual-
ity of life (9, 10). Even in selected hypothyroid patients
presenting with depressive symptoms despite normaliza-
tion of serum TSH concentrations, substitution of 50% of
the L-thyroxine dose with a variable amount of liothyro-
nine did not improve self-rated mood or well-being (11).
However, 2 of these studies had a parallel-group design
(10, 11), and in the study that included a crossover design,
serum TSH levels were higher after triiodothyronine sub-
stitution than after treatment with L-thyroxine alone (9),
suggesting undertreatment with the former agent (12).

These recent studies using triiodothyronine substitu-
tion had limitations. The ratios of L-thyroxine to liothyro-
nine in the individual combinations administered to pa-
tients varied widely and differed from the physiologic ratio
of thyroxine to triiodothyronine and from the absolute
quantities of both hormones secreted by the human thy-
roid gland (5, 13). Moreover, these studies included men
and women whose hypothyroidism varied in duration and
severity. Some had subclinical hypothyroidism and might
have retained some residual secretion of thyroxine and tri-
iodothyronine. Prestudy L-thyroxine requirements also dif-
fered among patients. Therefore, the lack of beneficial ef-
fects of the combinations over L-thyroxine alone might
depend not on the treatment itself but on these confound-
ing factors. To avoid the limitations of previous studies, we
examined L-thyroxine–liothyronine combinations with
fixed ratios based on human thyroid secretion (14) in
women with overt hypothyroidism at diagnosis.

METHODS

Study Objective and Participants
We performed this study to evaluate whether combi-

nations of L-thyroxine plus liothyronine matching the pro-
portion present in the normal secretion of the human thy-
roid gland offer demonstrable advantages over standard
treatment with L-thyroxine alone in patients with overt
primary hypothyroidism. We included women who were
between 18 and 70 years of age; who presented with overt
primary hypothyroidism, as defined by increased TSH lev-
els and decreased serum free thyroxine levels at diagnosis;
and who had maintained normal serum TSH levels while
receiving treatment with a stable L-thyroxine dosage of 100
�g/d for at least the previous year. Exclusion criteria were
mental illness; affective disorders or use of psychotropic
drugs; cardiovascular, renal, or hepatic disease; or osteopo-
rosis. For the external euthyroid control group, we selected
healthy women who were similar to the patients in terms
of age, postmenopausal status, ethnicity, social and cultural
background, academic degrees, and current professional

occupation. Patients and controls were not taking any drug
known to influence thyroid function, other than L-thyrox-
ine in the former group. The Ethics Committee of the
Hospital Ramón y Cajal approved the study, and written
informed consent was obtained from all patients and con-
trols.

Interventions
We used a randomized, double-blind, crossover design

to compare treatment with L-thyroxine, 100 �g/d (stan-
dard treatment), and treatment with a combination of
L-thyroxine, 75 �g/d, plus liothyronine, 5 �g/d (combina-
tion treatment), in periods of 8 weeks each (Figure 1). The
latter combination was selected after we considered the
14-to-1 proportion of thyroxine to triiodothyronine in hu-
man thyroid secretion (14) and the intestinal absorption of
both hormones. Because our previous experience in rats
indicated that it is difficult to guess the correct L-thyrox-
ine–liothyronine combination, and because we feared that
the combination we chose might result in undertreatment,
all patients were also given a daily combination containing
87.5 �g of L-thyroxine plus 7.5 �g of liothyronine (add-on
combination treatment) for a final 8-week add-on period
(Figure 1).

On a daily basis, patients took one 50-�g tablet of
L-thyroxine (Euthyrox, Merck KgaA, Darmstad, Germany)
from a red-tagged opaque box and another tablet from a
yellow-tagged opaque box. The content of the yellow-
tagged box differed during every 8-week period and con-
tained 50-�g L-thyroxine tablets (Levothroid, Aventis, Ma-
drid, Spain) for standard treatment; Novothyral Mite
tablets (Merck), containing 25 �g of L-thyroxine plus 5 �g
of liothyronine, for combination treatment; or half-tablets
of Novothyral 75 (Merck), containing 37.5 �g of L-thy-
roxine plus 7.5 �g of liothyronine, for the add-on combi-
nation treatment.

Context

Studies comparing the outcomes of treatment of hypothy-
roidism with L-thyroxine alone versus with a combination
of L-thyroxine and liothyronine have had conflicting re-
sults. Some experts believe the conflicting results occurred
because some studies used supraphysiologic doses of lio-
thyronine.

Contribution

This crossover trial compared L-thyroxine with a combina-
tion of physiologic doses of L-thyroxine and liothyronine
and found no objective advantages of combination ther-
apy.

Implications

Treatment of hypothyroidism with L-thyroxine alone is suf-
ficient.

–The Editors
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Outcomes
Primary outcomes included serum thyroid hormone

levels, POMS, the Digit Symbol Substitution Test, the
Digit Span Test, the Visual Scanning Test, and patients’
preference. Other tests of quality of life and psychometric
function and multiple biological thyroid hormone end
points were studied as secondary outcomes. We performed
the same procedures in patients at 4 different times: when
they were receiving their usual L-thyroxine treatment be-
fore the start of the study and at the end of each treatment
period. Patients were evaluated while receiving usual treat-
ment to avoid a placebo effect related to the fact of being
evaluated; these data were not included in the final analy-
sis. Controls were evaluated only once.

Patients and controls reported to the hospital after
fasting overnight for 12 hours. Patients took the study
medication with water immediately after waking up. Body
mass index, office blood pressure, waist-to-hip ratio, body
composition (estimated by bioelectrical impedance
[BF-300, Omron Healthcare Inc., Bannockburn, Illinois]),
and body temperature were measured. Immediately after-
ward, a broad evaluation of biological thyroid hormone
end points was performed. The sequence of this evaluation
was the same for every participant and lasted for no more
than 3 hours.

Cardiovascular Evaluation

A single investigator performed echocardiography in
all participants as described previously (15). The following
measurements were recorded: left atrial diameter, systolic
and diastolic left ventricular diameter, posterior wall and
septum thickness, shortening fraction, left ventricular ejec-
tion fraction, left ventricular mass index, early-phase and
maximal late mitral valve flows and their ratio, isovolumic
relaxation time, deceleration time, aortic velocity time in-
tegral, heart rate, and cardiac output. Systemic vascular
resistance was calculated as the mean arterial blood pres-
sure divided by cardiac output. Patients were asked to
record their heart rate using an oscillometric ambulatory
blood pressure monitor (A&D Company Ltd., Tokyo, Ja-
pan) for 24 hours to exclude liothyronine-induced tachy-
cardia.

Hormonal and Biochemical Measurements

Blood samples were obtained 2 hours after ingestion of
study medication. Serum levels of free thyroxine, free tri-
iodothyronine, TSH, and sex hormone–binding globulin
were determined by using immunochemiluminescent as-
says (Immulite 2000, Diagnostic Products Corp., Los An-
geles, California). The normal ranges were 0.4 to 4.0

Figure 1. Flow of patients through the study.

T3 � liothyronine (synthetic triiodothyronine); T4 � L-thyroxine (synthetic thyroxine).
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mU/L for serum TSH, 10.3 to 24.5 pmol/L for free thy-
roxine, and 2.8 to 6.5 pmol/L for free triiodothyronine, as
reported by the Central Laboratory of Hospital Ramón y
Cajal.

An automated analyzer was used to perform a com-
plete serum biochemistry analysis, including renal and liver
function tests and lipid profiles, and to measure 24-hour
urinary creatinine, calcium, and phosphate excretion
(Aeroset, Abbott Laboratories, Abbot Park, Illinois). Levels
of urinary hydroxyproline, pyridolines, and deoxypyrido-
lines were determined by using chromatography (Bio-Rad
Laboratories, Hercules, California). The mean coefficients
of variation were below 10% for all of these assays.

Central and Peripheral Nervous System Evaluation

Immediately after blood sampling, participants had a
small breakfast and an independent evaluator performed a
battery of cognitive, affective, and quality-of-life tests, in-
cluding the Zulewski score (16), POMS (17), Nottingham
Health Profile and Short Form-36 Health Survey (18–22),
Digit Symbol Substitution Test (23, 24), Digit Span Test
(23), Visual Scanning Test (25, 26), and 16 Visual Ana-
logue Mental Scales (VAMS) (sadness, confusion, fear, de-
pression, irritability, tension, anger, tiredness, agitation,
feeling cold, blurred vision, nausea, sleep, lightheadedness,
drowsiness, and feeling hot, as previously described in de-
tail [27]). Central and peripheral nervous system perfor-
mance was objectively estimated by measuring the ankle
reflex relaxation time (Cardioline, Elettronica Trentina,
Cavareno, Italy) and obtaining visual and brainstem audi-
tory evoked potentials (28, 29). At the end of the study,
patients were asked which treatment they preferred.

Sample Size
We based our a priori power analysis on the beneficial

effects of triiodothyronine substitution previously reported
by Bunevicius and colleagues (7, 8). Calculations were
done for a repeated-measures design, considering the auto-
correlation of each test and setting � at 0.05, using
PASS2000 software (Number Cruncher Statistical Sys-
tems, Kaysville, Utah). Our sample size provided 80%
power to detect differences between the mean values after
treatment of 2.1 points in the fatigue–inertia score, 3.6
points in the depression–dejection score, and 2.7 points in
the anger–hostility score of the POMS; 0.5 digit in the
total score of the Digit Span Test; and 1 point in the
“items found” score of the Visual Scanning Test.

Randomization, Implementation, and Blinding
One investigator, who had no contact with the pa-

tients throughout the study, designed the protocol, ob-
tained the computer-generated sequence of randomization,
assigned participants to their groups, and prepared the
boxes with the tablets. The physicians recruiting the pa-
tients, administering the interventions, and evaluating the
outcomes were blinded to the design of the study and to
the medication contained in the boxes. Blinding was main-

tained throughout the study. The study pills were counted
to assess adherence only after all of the patients had com-
pleted the study. Adherence was 98%, 99%, and 98% for
standard treatment, combination treatment, and add-on
combination treatment, respectively.

Statistical Analysis
Data are presented as means with 95% CIs, unless

otherwise stated. Logarithm or square root transformations
were applied to ensure normality whenever possible. For
normally distributed outcomes, the comparisons of stan-
dard treatment and combination treatment were evaluated
with corrected t-tests by using the crossover analysis tools
of NCSS 2004 software (Number Cruncher Statistical Sys-
tems). For outcomes that were not normally distributed
after transformations, we compared treatments with
Hodges–Lehman estimates of point median differences
and exact 95% CIs, using StatXact software (Cytel Soft-
ware Corp., Cambridge, Massachusetts) (30, 31).

The add-on combination treatment was compared
with standard treatment by using paired t-tests or Wil-
coxon signed-rank tests, as appropriate. Comparisons of
the different treatments used in hypothyroid patients with
controls were performed by using 1-way analysis of vari-
ance followed by the Dunnet test or by Kruskal–Wallis
analysis of variance followed by Mann–Whitney tests, as
appropriate. Discontinuous variables were analyzed by us-
ing the chi-square test. These analyses were performed by
using SPSS for Macintosh, version 10 (SPSS, Inc., Chi-
cago, Illinois). P values less than 0.05 were considered sta-
tistically significant.

Role of the Funding Sources
The funding sources (Instituto de Salud Carlos III,

Ministerio de Sanidad y Consumo and Consejerı́a de Edu-
cación, Comunidad de Madrid, Spain, and Merck KgaA,
Darmstad, Germany) had no role in the study design; the
collection, analysis, and interpretation of data; the writing
of the report; or the decision to submit the paper for pub-
lication.

RESULTS

Twenty-eight hypothyroid patients (mean age [�SD],
48 � 11 years; mean body mass index [�SD], 25.9 � 7.1
kg/m2) were recruited from October 2000 to January
2003. Twenty healthy women (mean age [�SD], 46 � 13
years; mean body mass index [�SD], 25.4 � 5.7 kg/m2)
served as the external euthyroid control group. Causes of
overt hypothyroidism were chronic lymphocytic thyroiditis
in 23 patients and thyroid ablation for Graves disease or
toxic multinodular goiter in 5 patients.

Two patients did not complete the study (Figure 1).
One was lost to follow-up while receiving standard treat-
ment. The other was removed from the study because of
asymptomatic thyrotoxicosis after combination treatment,
related to the ingestion of a homeopathic preparation con-
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taining desiccated thyroid extract. Her thyroid hormone
levels returned to normal after the homeopathic compound
was withdrawn, but her data were not used for analysis.
The results from the 26 patients who completed the 3
treatment regimens are included in the final analysis.

Crossover Study Comparing Standard Treatment
(L-Thyroxine, 100 �g/d) with Combination Treatment
(L-Thyroxine, 75 �g/d, plus Liothyronine, 5 �g/d)

The results of the primary outcomes are presented in
Figure 2 and Table 1. Compared with standard treatment,
serum levels of free thyroxine decreased by 3.9 pmol/L
(95% CI, 2.5 to 5.3 pmol/L) after combination treatment,
whereas serum TSH levels increased slightly by 0.62 mU/L
(CI, 0.01 to 1.23 mU/L) and levels of free triiodothyro-
nine remained unchanged (Table 1). No improvement af-
ter combination treatment was observed in any scale of the
POMS, on the Digit Symbol Substitution Test, or on the
Visual Scanning Test. However, combination treatment
slightly improved the backward and total scores of the
Digit Span Test (0.6 digit [CI, 0.1 to 1.0 digit] and 0.8
digit [CI, 0.2 to 1.4 digit], respectively) (Table 1). At the
end of the study, 12 patients preferred combination treat-
ment, 6 preferred the add-on combination treatment, 2
preferred standard treatment, and 6 had no preference
(chi-square value, 10.46; P � 0.015).

The results of the most important secondary outcomes
are presented in Table 1. The remainder can be found in
the Appendix Table (available at www.annals.org). As oc-
curred with other tests of quality of life and psychometric
function, no statistically significant differences between
standard and combination treatment were observed in any
scale of the Nottingham Health Profile or the Short
Form-36 Health Survey or in any VAMS.

Compared with standard treatment, combination
treatment led to an increase of 0.1 °C (CI, 0.1 to 0.2 °C)
in body temperature, an increase of 0.4 mmol/L (16 mg/
dL) (CI, 0.2 to 0.7 mmol/L [8 to 27 mg/dL]) in total
cholesterol level, an increase of 0.4 mmol/L (16 mg/dL)
(CI, 0.1 to 0.6 mmol/L [4 to 23 mg/dL]) in low-density
lipoprotein cholesterol level, and an increase of 1.6 �mol
(CI, 0.1 to 3.4 �mol) in the ratio of urinary deoxypyrido-
lines to creatinine (Table 1). Cardiac output showed a
small decrease of 0.2 L/min (CI, 0.01 to 0.4 L/min), re-
lated to a subtle decrease in heart rate of 3.0 beats/min (CI,
0.4 to 5.7 beats/min) (Appendix Table, available at www
.annals.org). No statistically significant differences between
standard and combination treatment were observed in
other secondary outcomes, including clinical, biochemical,
and hormone measurements; ankle reflex relaxation time;
evoked potentials; or echocardiographic measurements
(Appendix Table, available at www.annals.org).

Add-On Combination Treatment (L-Thyroxine,
87.5 �g/d, plus Liothyronine, 7.5 �g/d)

Regarding primary outcomes, the add-on combination
treatment resulted in overreplacement. Levels of TSH de-

creased by 0.85 mU/L (CI, 0.27 to 1.43 mU/L), and levels
of free triiodothyronine increased by 0.8 pmol/L (CI, 0.1
to 1.5 pmol/L) compared with standard treatment (Table 2).
In 10 women, TSH levels were below the lower limit of the
normal range but were not suppressed. No statistically signif-
icant differences were observed for the add-on combination
treatment compared with standard treatment in any scale of
the POMS or the Digit Span Test. On the contrary, when
compared with standard treatment, patients receiving the
add-on combination treatment performed better on the
copies score of the Digit Symbol Substitution Test (in-
crease, 8.5 points [CI, 3.0 to 14.0 points]) and on the time
needed to complete the Visual Scanning Test (decrease,
10.0 seconds [CI, 0.9 to 26.0 seconds]) (Table 2).

With respect to secondary outcomes, no statistically
significant differences were observed in any scale of the
Nottingham Health Profile and the Short Form-36 Health
Survey or in any VAMS compared with standard treatment
(Appendix Table, available at www.annals.org). Moreover,
the number of patients who scored abnormal values on any
category of the quality-of-life tests according to population
standards did not differ depending on the treatment ap-
plied.

Compared with standard treatment, body temperature
in patients receiving the add-on combination treatment
increased by 0.2 °C (CI, 0.1 to 0.3 °C), and the Zulewski
score decreased by 1.0 point (CI, 0.1 to 1.5 points) (Table 2).
Serum creatinine concentration decreased by 3.2 �mol/L
(0.04 mg/dL) (CI, 0.4 to 5.9 �mol/L [0.01 to 0.07 mg/
dL]), whereas urinary bone-remodeling markers increased
after the add-on combination treatment compared with
standard treatment. The hydroxyproline–creatinine ratio
increased by 0.5 mmol (CI, 0.09 to 1.23 mmol), the pyri-
doxines–creatinine ratio increased by 10.1 �mol (CI, 2.5
to 17.7 �mol), and the pyridolines–creatinine ratio in-
creased by 2.8 �mol (CI, 1.5 to 4.0 �mol), suggesting that
the add-on combination regimen led to overtreatment
(Table 2, Appendix Table [available at www.annals.org]).
There were also statistically significant differences in the
isovolumic relaxation time and the left III latency of brain-
stem auditory evoked potentials (Appendix Table, avail-
able at www.annals.org). However, considering the large
number of variables tested in our study, and considering
that we did not correct for multiple testing, it is possible
that some of these differences might have resulted from
chance instead of being actually present in the sample.
Finally, no statistically significant differences were found in
other clinical or biochemical variables or in the ankle reflex
relaxation time (Table 2, Appendix Table [available at
www.annals.org]).

Comparison with External Euthyroid Controls
The results of the primary outcomes and the most

important secondary outcomes obtained from the control
group are presented in Table 3 and in the Appendix Table
(available at www.annals.org). Standard treatment resulted
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Figure 2. Evolution of primary outcomes during the study depending on the sequence of treatment.

Data are means with 95% CIs. Squares indicate the following treatment sequence: 1) L-thyroxine, 75 �g/d, plus liothyronine, 5 �g/d; 2) L-thyroxine, 100
�g/d; 3) L-thyroxine, 87.5 �g/d, plus liothyronine, 7.5 �g/d (n � 14). Circles indicate the following treatment sequence: 1) L-thyroxine, 100 �g/d; 2)
L-thyroxine, 75 �g/d, plus liothyronine, 5 �g/d; 3) L-thyroxine, 87.5 �g/d, plus liothyronine, 7.5 �g/d (n � 12). FT3 � free triiodothyronine; FT4 �
free thyroxine; TSH � thyroid-stimulating hormone.
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Table 1. Primary and Selected Secondary Outcomes in the 26 Hypothyroid Patients Who Completed the Crossover Study*

Outcome Standard Therapy† Combination Therapy‡ Adjusted Difference (95% CI)§

Biochemical variables
TSH level, mU/L 1.95 � 1.44 2.56 � 1.65 0.62 (0.01 to 1.23)
Free thyroxine level, pmol/L 20.7 � 3.4 16.8 � 3.1 �3.9 (�5.3 to �2.5)
Free triiodothyronine level, pmol/L 5.1 � 1.5 5.0 � 1.4 �0.03 (�0.7 to 0.6)

Combination therapy first (n � 14) 4.3 � 1.2 4.4 � 1.0
Standard therapy first (n � 12) 5.9 � 1.4 5.8 � 1.4

SHBG level, nmol/L 35.9 � 24.0 31.5 � 22.8 �4.4 (�9.7 to 1.0)
Total cholesterol level

In mmol/L 5.2 � 1.0 5.6 � 1.1 0.4 (0.2 to 0.7)
In mg/dL 201 � 39 217 � 43 16 (8 to 27)

LDL cholesterol level
In mmol/L 3.0 � 1.0 3.4 � 1.0 0.4 (0.1 to 0.6)
In mg/dL 116 � 39 132 � 39 16 (4 to 23)
Combination therapy first (n � 14), mmol/L (mg/dL) 2.7 � 1.0 (104 � 39) 3.0 � 1.0 (116 � 39)
Standard therapy first (n � 12), mmol/L (mg/dL) 3.4 � 0.9 (132 � 35) 3.8 � 0.9 (147 � 35)

Ratio of urinary deoxypyridolines to creatinine, �mol� 9.4 � 3.4 10.8 � 4.4 1.6 (0.1 to 3.4)

Clinical variables
Ankle reflex relaxation time, ms 0.18 � 0.02 0.18 � 0.02 0.00 (�0.02 to 0.02)¶
Zulewski score 0.5 � 0.6 0.4 � 0.9 0.0 (0.0 to 1.0)¶
Body temperature, °C 36.4 � 0.2 36.6 � 0.2 0.1 (0.1 to 0.2)

Combination therapy first (n � 14) 36.5 � 0.3 36.7 � 0.2
Standard therapy first (n � 12) 36.3 � 0.1 36.4 � 0.2

Profile of Mood States scores
Tension–anxiety 11.1 � 6.5 12.1 � 6.8 1.2 (�1.3 to 3.8)
Depression–dejection 7.8 � 7.4 7.1 � 8.9 �0.8 (�3.4 to 1.8)
Anger–hostility 9.5 � 7.3 9.9 � 7.8 0.2 (�2.0 to 2.5)
Vigor–activity 16.3 � 4.4 16.2 � 6.3 �0.2 (�2.8 to 2.5)
Fatigue–inertia 6.7 � 5.4 6.6 � 5.3 �0.1 (�2.2 to 2.0)
Confusion–bewilderment 7.5 � 4.9 7.7 � 4.9 0.3 (�1.5 to 2.0)

Cognitive performance scores
Digit Symbol Substitution Test

Pairs 45.9 � 21.4 44.7 � 21.3 �1.1 (�4.0 to 1.9)
Copies 81.5 � 20.5 81.2 � 19.9 0.0 (�18.0 to 14.5)¶
Difference 35.7 � 15.8 36.5 � 14.3 0.7 (�3.0 to 4.4)

Digit Span Test
Forward 7.1 � 3.0 7.3 � 2.9 0.2 (�0.3 to 0.7)
Backward 5.3 � 2.6 5.8 � 2.2 0.6 (0.1 to 1.0)
Total 12.4 � 5.3 13.2 � 4.9 0.8 (0.2 to 1.4)

Visual Scanning Test
Time 109.3 � 46.6 109.0 � 39.5 �0.5 (�11.9 to 10.8)
Items found 58.5 � 2.1 58.6 � 2.2 0.0 (�1.0 to 1.0)¶
Errors 0.0 � 0.0 0.0 � 0.0 0.0 (0.0 to 0.0)¶

Quality-of-life scores
SF-36–general health 60.9 � 17.1 62.2 � 17.5 1.2 (�2.3 to 4.7)
NHP

Total 8.8 � 6.8 8.5 � 6.4 �0.3 (�1.8 to 1.5)
Emotional 13.1 � 10.8 14.4 � 12.6 0.0 (�4.8 to 7.2)¶
Energy 3.8 � 6.7 3.8 � 5.8 0.0 (�7.0 to 7.0)¶
Social 4.8 � 10.3 6.9 � 14.3 6.9 (�13.9 to 27.8)¶

Visual Analogue Mental Scale scores
Depressed 23.8 � 28.8 23.9 � 29.4 0.2 (�7.7 to 7.4)
Blurred vision 25.2 � 29.1 27.1 � 29.8 0.0 (�7.0 to 12.0)¶
Nauseated 12.5 � 21.4 11.0 � 18.3 �2.0 (�10.0 to 7.0)¶
Drowsy 20.2 � 21.5 15.4 � 23.2 �6.8 (�16.5 to 3.5)¶

* Data are presented as means � SD. Data from the secondary outcomes not presented here are shown in the Appendix Table (available at www.annals.org). LDL � low-
density lipoprotein; NHP � Nottingham Health Profile; SF-36 � Short Form-36 Health Survey; SHBG � sex hormone–binding globulin; TSH � thyroid-stimulating
hormone.
† L-thyroxine, 100 �g/d.
‡ L-thyroxine, 75 �g/d, plus liothyronine, 5 �g/d.
§ Adjusted for subject and period effects.
� Urinary collagen degradation products were measured in 19 patients.
¶ Differences are Hodges–Lehman estimates of median differences between groups.
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in serum thyroid hormone concentrations similar to those
of controls, with the exception of increased free thyroxine
levels, whereas levels of TSH, free thyroxine, and free tri-
iodothyronine did not differ from those of controls after

combination treatment. On the contrary, serum TSH lev-
els were decreased compared with controls after the add-on
combination regimen, further suggesting overtreatment
with this combination. No statistically significant differ-

Table 2. Primary and Selected Secondary Outcomes in the 26 Hypothyroid Patients Who Completed the Crossover Study: Data from
Add-On Combination Treatment*

Outcome Standard
Treatment†

Add-On Combination
Treatment‡

Difference (95% CI)

Biochemical variables
TSH level, mU/L 1.95 � 1.44 1.09 � 1.33 �0.85 (�1.43 to �0.27)
Free thyroxine level, pmol/L 20.7 � 3.4 17.3 � 3.7 �3.4 (�5.0 to �1.9)
Free triiodothyronine level, pmol/L 5.1 � 1.5 5.9 � 1.8 0.8 (0.1 to 1.5)
SHBG level, nmol/L 35.9 � 24.0 39.5 � 22.1 3.6 (�4.2 to 11.5)
Total cholesterol level

In mmol/L 5.2 � 1.0 5.1 � 1.1 �0.1 (�0.3 to 0.2)
In mg/dL 201 � 39 197 � 43 �4 (�12 to 8)

LDL cholesterol level
In mmol/L 3.0 � 1.0 3.0 � 1.0 �0.05 (�0.30 to 0.20)
In mg/dL 116 � 39 116 � 39 �2 (�12 to 8)

Ratio of urinary deoxypyridolines to creatinine, �mol§ 9.4 � 3.4 12.2 � 4.1 2.8 (1.5 to 4.0)

Clinical variables
Ankle reflex relaxation time, ms 0.18 � 0.02 0.17 � 0.01 �0.01 (�0.02 to 0.00)�
Zulewski score 0.5 � 0.6 0.1 � 0.5 �1.0 (�1.5 to �0.1)�
Body temperature, °C 36.4 � 0.2 36.6 � 0.2 0.2 (0.1 to 0.3)

Profile of Mood States scores
Tension–anxiety 11.1 � 6.5 12.8 � 8.2 1.7 (�1.2 to 4.6)
Depression–dejection 7.8 � 7.4 8.5 � 7.8 0.7 (�2.1 to 3.6)
Anger–hostility 9.5 � 7.3 11.1 � 7.4 1.6 (�1.5 to 4.7)
Vigor–activity 16.3 � 4.4 17.0 � 6.0 0.7 (�1.8 to 3.2)
Fatigue–inertia 6.7 � 5.4 7.3 � 5.0 0.6 (�1.1 to 2.4)
Confusion–bewilderment 7.5 � 4.9 8.5 � 6.0 1.0 (�0.7 to 2.6)

Cognitive performance scores
Digit Symbol Substitution Test

Pairs 45.9 � 21.4 48.4 � 21.1 2.5 (�0.2 to 5.3)
Copies 81.5 � 20.5 83.8 � 17.2 8.5 (3.0 to 14.0)�
Difference 35.7 � 15.8 35.3 � 15.1 �0.4 (�3.7 to 2.9)

Digit Span Test
Forward 7.1 � 3.0 7.5 � 2.6 0.4 (�0.1 to 0.9)
Backward 5.3 � 2.6 5.7 � 3.0 0.4 (�0.4 to 1.2)
Total 12.4 � 5.3 13.1 � 5.3 0.7 (�0.3 to 1.7)

Visual Scanning Test
Time 109.3 � 46.6 99.3 � 46.4 �10.0 (�26.0 to �0.9)
Items found 58.5 � 2.1 58.7 � 1.5 0.0 (�1.0 to 1.5)�
Errors 0.0 � 0.0 0.0 � 0.0 0.0 (0.0 to 0.0)�

Quality-of-life scores
SF-36–general health 60.9 � 17.1 61.8 � 17.3 0.9 (�5.0 to 6.9)
NHP

Total 8.8 � 6.8 8.7 � 6.5 0.0 (�1.3 to 1.2)
Emotional 13.1 � 10.8 13.5 � 12.2 0.0 (�2.4 to 7.2)�
Energy 3.8 � 6.7 3.8 � 6.1 0.0 (�7.0 to 7.0)�
Social 4.8 � 10.3 6.4 � 9.8 0.0 (�0.1 to 13.9)�

Visual Analogue Mental Scale scores
Depressed 23.8 � 28.8 17.0 � 20.1 �6.8 (�17.0 to 3.5)
Blurred vision 25.2 � 29.1 24.1 � 28.2 1.5 (�6.5 to 7.0)�
Nauseated 12.5 � 21.4 15.8 � 24.0 2.5 (�3.0 to 9.0)�
Drowsy 20.2 � 21.5 19.7 � 26.7 �1.8 (�14.0 to 9.5)�

* Data are presented as means � SD. Data from the secondary outcomes not presented here are shown in the Appendix Table (available at www.annals.org). LDL � low-
density lipoprotein; NHP � Nottingham Health Profile; SF-36 � Short Form-36 Health Survey; SHBG � sex hormone–binding globulin; TSH � thyroid-stimulating
hormone.
† L-thyroxine, 100 �g/d.
‡ L-thyroxine, 87.5 �g/d, plus liothyronine, 7.5 �g/d.
§ Urinary collagen degradation products were measured in 19 patients.
� Differences are Hodges–Lehman estimates of median differences between groups.
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ences between controls and patients were observed in any
scale of the POMS, the Digit Symbol Substitution Test,
and the Digit Span Test, regardless of the treatment ap-
plied. Patients performed worse than controls in the time
score of the Visual Scanning Test after standard and com-

bination treatment, but not after add-on combination
treatment.

Of note, when compared with euthyroid controls, pa-
tients presented with worse scores on the general health
item of Short Form-36 Health Survey; on the total, emo-
tional, energy, and social scores of the Nottingham Health
Profile; and on the depression, nausea, blurred vision, and
drowsiness VAMS, regardless of the treatment applied.
Also compared with euthyroid controls, the isovolumic re-
laxation time and some brainstem auditory evoked poten-
tials were worse in patients after standard and combination
treatment, but not after add-on combination treatment.
Nevertheless, all of the individual values for these evoked
potentials were within the normal ranges. No other differ-
ences were observed between patients and controls in any
other primary or secondary outcomes.

Sequence and Period Effects
Statistically significant sequence effects were found for

free triiodothyronine levels, low-density lipoprotein choles-
terol levels, and body temperature. We explored this by
adjusting these results by baseline values and reanalyzing
the data. No statistically significant sequence effect per-
sisted once we adjusted for baseline differences, so we con-
cluded that carryover effects were unlikely. However, for
completeness, we present results for these outcomes both
overall and by sequence (Table 1). Of all of the variables
studied here, an unexplained yet statistically significant pe-
riod effect was found only for right P-100 amplitude in
visual evoked potentials.

Adverse Effects
No adverse effects were reported with any of the treat-

ments. Moreover, the proportion of increased heart rate
readings (�120 beats/min in daytime or �100 beats/min
at nighttime) in the patients who received ambulatory
monitoring was similar (chi-square value, 1.95; P � 0.2)
after standard treatment (13 of 420 readings), after com-
bination treatment (13 of 376 readings), and after add-on
combination treatment (7 of 377 readings).

DISCUSSION

Interpretation
According to our present results, treatment of primary

hypothyroidism with L-thyroxine–liothyronine combina-
tions matching the proportions present in human thyroid
secretions does not offer clear advantages over standard
treatment with L-thyroxine alone. None of the quality-of-
life and mood indexes studied improved with L-thyroxine–
liothyronine combinations compared with standard treat-
ment. In a previous study, we compared the same quality-
of-life and mood indexes in patients with differentiated
thyroid cancer in 2 instances, the first while they were
experiencing mild or subclinical hyperthyroidism due to
TSH-suppressive therapy and the second several days after
withdrawal of L-thyroxine, when serum levels of free thy-

Table 3. Primary and Selected Secondary Outcomes in the
Control Group of 20 Euthyroid Healthy Women*

Outcome Value

Biochemical variables
TSH level, mU/L 1.91 � 0.90†
Free thyroxine level, pmol/L 16.9 � 1.8‡
Free triiodothyronine level, pmol/L 5.1 � 1.3
SHBG level, nmol/L 29 � 24
Total cholesterol level, mmol/L (mg/dL) 5.2 � 1.1 (201 � 43)
LDL cholesterol level, mmol/L (mg/dL) 3.2 � 0.8 (124 � 31)
Ratio of urinary deoxypyridolines to

creatinine, �mol§
9.0 � 2.6†

Clinical variables
Ankle reflex relaxation time, ms 0.17 � 0.02
Zulewski score 0.4 � 0.8
Body temperature, °C 36.5 � 0.2†�

Profile of Mood States scores
Tension–anxiety 8.9 � 4.4
Depression–dejection 5.4 � 7.4
Anger–hostility 9.3 � 5.0
Vigor–activity 19.7 � 5.2
Fatigue–inertia 5.9 � 4.1
Confusion–bewilderment

6.4 � 4.1
Cognitive performance scores

Digit Symbol Substitution Test
Pairs 48.6 � 15.2
Copies 85.9 � 13.4
Difference 37.3 � 10.8

Digit Span Test
Forward 8.5 � 2.1
Backward 6.6 � 2.0
Total 15.1 � 3.9

Visual Scanning Test
Time 81.6 � 27.7‡�

Items found 58.1 � 2.3
Errors 0.0 � 0.0

Quality-of-life scores
SF-36–general health 75.1 � 11.2†‡�

NHP
Total 3.0 � 3.2†‡�

Emotional 4.1 � 4.7†‡�

Energy 0.0 � 0.0†‡�

Social 0.0 � 0.0†‡�

Visual Analogue Mental Scale scores
Depressed 5.5 � 10.2†‡�

Blurred vision 3.1 � 6.0†‡�

Nauseated 1.9 � 3.2†‡�

Drowsy 3.7 � 7.7†‡�

* Data are presented as means � SD. Data from the secondary outcomes not
presented here are shown in the Appendix Table (available at www.annals.org).
LDL � low-density lipoprotein; NHP � Nottingham Health Profile; SF-
36 � Short Form-36 Health Survey; SHBG � sex hormone-binding globulin;
TSH � thyroid-stimulating hormone.
† P � 0.05 when compared with L-thyroxine, 87.5 �g/d, � liothyronine, 7.5
�g/d.
‡ P � 0.05 when compared with L-thyroxine, 100 �g/d.
§ Urinary collagen degradation products were measured in 12 controls.
� P � 0.05 when compared with L-thyroxine, 75 �g/d, � liothyronine, 5 �g/d.

Article L-Thyroxine plus Liothyronine in Hypothyroidism

420 15 March 2005 Annals of Internal Medicine Volume 142 • Number 6 www.annals.org



roxine and free triiodothyronine were within the normal
range (27). We found very few changes in quality of life or
mood despite more marked changes in thyroid hormone
levels than those observed in the present study, suggesting
that these indexes are relatively insensitive to thyroid hor-
mones. Moreover, the rat cerebral cortex has an excellent
homeostasis in triiodothyronine concentrations when thy-
roxine alone is infused (4), but this homeostasis is lost
when triiodothyronine alone is infused (32). Therefore, it
is unlikely that supplementation of L-thyroxine with lio-
thyronine in humans improves indexes dependent on an
organ that is itself virtually independent of the changes in
circulating thyroid hormones when L-thyroxine alone is
used for replacement therapy. However, it is perplexing
that despite the lack of objective advantages, most patients
preferred combined treatment. It is possible that combined
L-thyroxine–liothyronine treatment offers subtle improve-
ments in well-being that may not be detected by the rela-
tively insensitive methods used here to study quality of life.

Combinations of L-thyroxine and liothyronine did not
clearly improve biological thyroid hormone end points per-
taining to other organs and systems. We observed a slight
improvement in the Digit Span Test with combination
treatment compared with standard treatment, but this im-
provement was compensated by an undesirable increase in
total and low-density lipoprotein cholesterol levels (to-
gether with the small increase in TSH levels and the small
decrease in heart rate, this finding might suggest under-
replacement in some organs, such as the pituitary gland,
the heart, and the liver) and in excretion of urinary deoxy-
pyridolines (which, on the contrary, might suggest overre-
placement in bone). Some indexes of cognitive function,
brainstem auditory evoked potentials, and diastolic perfor-
mance indexes were slightly better after the add-on combi-
nation treatment than after standard treatment. However,
these results might be related to the fact that patients were
actually overtreated with the add-on combination regimen,
given that TSH levels were below the normal range in
several patients and bone turnover was clearly increased.
Therefore, clinicians should consider the possibility of un-
desirable effects when adding even small doses of liothyro-
nine to L-thyroxine (33).

The comparison with the external euthyroid control
group also provided interesting results. Perhaps the most
important is that several items on the quality-of-life tests
and several VAMS were worse in patients throughout the
study when compared with euthyroid controls, indepen-
dent of the treatment received. As previous studies showed,
for hypothyroid patients receiving L-thyroxine alone (34),
awareness of disease may be responsible for this difference
(35, 36).

The finding that patients presented with higher serum
levels of free thyroxine when receiving standard treatment
than euthyroid controls who had similar TSH values is in
conceptual agreement with previous results in hypothyroid
humans (37) and thyroidectomized rats (4). This further

suggests that supraphysiologic thyroxine concentrations are
needed to ensure euthyroidism in hypothyroid patients
when L-thyroxine is used alone as replacement therapy.
Our results demonstrate that this may be avoided by using
L-thyroxine–liothyronine combinations, given that serum
concentrations of TSH, free thyroxine, and free triiodothy-
ronine in patients receiving combination treatment were
not different compared with controls. However, combina-
tion treatment did not offer other substantial advantages
over treatment with L-thyroxine alone.

Generalizability
Because we included patients with overt primary hy-

pothyroidism, in whom residual thyroid secretion is un-
likely, our results may be extrapolated to most hypothyroid
patients provided that thyroid hormone is given for re-
placement therapy, not with the aim of suppressing endog-
enous TSH secretion. This is important because the im-
provement in certain indexes of mood and cognitive
performance with triiodothyronine substitution reported
by Bunevicius and colleagues (8) was restricted to athy-
reotic patients with thyroid cancer who received supra-
physiologic thyroid hormone doses to suppress TSH secre-
tion; our present study did not include such patients. We
administered liothyronine once daily, and although pa-
tients were evaluated during the peak postabsorption pe-
riod (38) (making it unlikely that the short half-life of oral
liothyronine influenced the lack of beneficial effects of
L-thyroxine–liothyronine combinations), it is possible that
slow-releasing forms of liothyronine might prove useful for
combined L-thyroxine–liothyronine treatment in the future
(39).

Overall Evidence
Of the 6 studies to date that have evaluated L-thyrox-

ine–liothyronine treatment for hypothyroidism (Table 4),
only the study by Bunevicius and colleagues (7, 8) found
advantages of combined treatment over treatment with L-
thyroxine alone. However, these beneficial effects appeared
to be restricted to athyreotic patients with thyroid cancer
who received TSH-suppressive treatment.

Our present study not only confirms the lack of ben-
efits of L-thyroxine–liothyronine combinations but almost
definitely solves some questions that had not been ad-
dressed in previous studies (36). First, instead of substitut-
ing liothyronine for part of the L-thyroxine dose, we used 2
fixed combinations of L-thyroxine–liothyronine, in propor-
tions based on normal human thyroid secretion. In most
studies, with the exception of that by Siegmund and asso-
ciates (33), the amount of liothyronine used was variable
and excessive compared with that of L-thyroxine. Second,
to avoid patient heterogeneity, we included only women
who had been treated with the same L-thyroxine dose for at
least 1 year before entering the study, allowing us to
ensure that all patients received exactly the same doses
of L-thyroxine and liothyronine at each period of treat-
ment. Third, because patients with subclinical hypothy-
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roidism were excluded, all of our patients had long-term
overt primary hypothyroidism, making it unlikely that
residual thyroid function interfered with our results.
Fourth, we did not restrict outcomes to quality of life
and psychometric function but used a broad evaluation
of thyroid hormone biological end points covering most
organs and systems. This allowed us to detect undesir-
able effects of adding small doses of liothyronine to
L-thyroxine, which may have been missed in all previous
studies. Fifth, of importance, only our study includes an
external control group of healthy euthyroid women.
This allowed us to conclude that several outcomes were

affected in hypothyroid patients regardless of whether
L-thyroxine or L-thyroxine–liothyronine combinations
were used as replacement therapy, a potential confound-
ing factor in previous studies.

Conclusions

In summary, treatment with L-thyroxine–liothyronine
combinations that replicate the ratio of thyroxine to tri-
iodothyronine in human thyroid secretion does not offer
any objective advantage over treatment with L-thyroxine
alone, although patients prefer combination treatment.
However, the addition of even minimally excessive liothy-

Table 4. Summary of Studies Evaluating L-Thyroxine–Liothyronine Combinations for the Treatment of Hypothyroidism*

Variable Smith et al. (6) Bunevicius
et al. (7, 8)

Walsh
et al. (9)

Sawka
et al. (11)

Clyde
et al. (10)

Siegmund
et al. (33)

Present Study

Treatment approach Tablets of L-thyroxine,
80 �g, �
liothyronine, 20 �g,
vs. tablets of
L-thyroxine, 100
�g†

T3 substitution T3 substitution T3 substitution T3 substitution Physiologic proportion
of L-thyroxine–
liothyronine

Physiologic proportion
of L-thyroxine–
liothyronine

L-thyroxine–
liothyronine doses

Variable Variable Variable Variable Variable Variable Fixed

Design Crossover Crossover Crossover Parallel Parallel Crossover Crossover
Degree of

hypothyroidism
Not specified Not specified Not specified Not specified Not specified Not specified Overt hypothyroidism

Prestudy period
with stable
L-thyroxine dose,
mo

�6 �3 �2 �6 �3 Not specified �12

Treatment periods,
wk

8 5 10 12–15 16 12 8

Patients analyzed, n 87 33, 26 101 39 44 23 26
Sample size analysis No No Yes No Yes Yes‡ Yes
Outcomes§ Thyroid function,

patients’ preference
Thyroid

function,
quality of
life, mood
tests,
psychometric
performance,
patients’
preference

Few
biological
end points

Thyroid
function,
quality of
life, mood
tests,
psychometric
performance,
patients’
preference

Few
biological
end points

Thyroid
function,
quality of
life, mood
tests,
psychometric
performance

Thyroid
function,
quality of
life, mood
tests,
psychometric
performance

Few
biological
end points

Thyroid function,
quality of life,
mood tests,
psychometric
performance,
pharmacokinetics

Thyroid function,
quality of life,
mood tests,
psychometric
performance,
patients’ preference

Multiple biological
end points

External euthyroid
control group

No No No No No No Yes

Benefits of
L-thyroxine �
liothyronine

No Yes No No No No No

Undesirable effects
of L-thyroxine �
liothyronine

Yes (symptoms of
hyperthyroidism)

No Not reported Not reported Not reported Yes (serum TSH
suppression and
atrial arrhythmia)

Yes (serum TSH
suppression and
increased urinary
bone-remodeling
markers)

Patients’ preference L-thyroxine L-thyroxine �
liothyronine

No preference Not assessed Not assessed Not assessed L-thyroxine �
liothyronine

* A later study by Bunevicius et al. (40) was not included in this table because the small sample size of 10 patients precluded reaching a definite conclusion.
T3 � triiodothyronine; TSH � thyroid-stimulating hormone.
† Patients received the prestudy number of tablets (2 or 3) throughout the study.
‡ A priori sample size calculation yielded a minimum of 24 patients for an 80% power when P � 0.05, but only 23 patients completed the study.
§ Thyroid function tests were tests of serum thyroid hormone levels, except for the study by Smith et al. (6), in which serum protein-bound iodine levels and T3–resin uptake
were measured.
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ronine doses to L-thyroxine may have undesirable effects.
Until clear advantages of L-thyroxine –liothyronine combi-
nations are demonstrated, L-thyroxine alone should remain
the drug of choice for hypothyroid replacement therapy.

From Hospital Ramón y Cajal, Madrid, Spain.
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Appendix Table. Secondary Outcomes in the 26 Hypothyroid Patients Who Completed the Study and in the External Euthyroid
Control Group of 20 Healthy Women*

Outcome Hypothyroid Patients Euthyroid
Controls

Crossover Study Add-On Period

L-Thyroxine,
100 �g/d

L-Thyroxine,
75 �g/d, �
Liothyronine,
5 �g/d

Adjusted Difference
(95% CI)†

P Value L-Thyroxine,
87.5 �g/d, �
Liothyronine,
7.5 �g/d

Difference Compared
with L-Thyroxine, 100
�g/d (95% CI)

P Value

Biochemical variables
HDL cholesterol level �0.2 �0.2

In mmol/L 1.6 � 0.4 1.7 � 0.5 0.0 (�0.1 to 0.1) 1.6 � 0.4 �0.0 (�0.1 to 0.1) 1.6 � 0.5
In mg/dL 62 � 16 66 � 19 0.0 (�4 to 4) 62 � 16 0.0 (�4 to 4) 62 � 19

Triglyceride level �0.2 �0.2
In mmol/L 1.1 � 0.6 1.1 � 0.6 0.0 (�0.1 to 0.2) 1.1 � 0.5 0.0 (�0.1 to 0.2) 0.9 � 0.4
In mg/dL 97 � 53 97 � 53 0.0 (�9 to 18) 97 � 44 0.0 (�9 to 18) 80 � 35

AST level, U/L 20 � 9 19 � 6 �1 (�1 to 1) �0.2 19 � 7 �1 (�4 to 2) �0.2 17 � 3
ALT level, U/L 20 � 11 18 � 8 �1 (�1 to 1) 0.169 22 � 16 2 (�5 to 8) �0.2 16 � 7
GGT level, U/L 41 � 97 34 � 51 �1 (�7 to 4)‡ �0.2 39 � 85 �2 (�8 to 4)‡ �0.2 16 � 5
AP level, U/L 72 � 24 74 � 24 2 (�3 to 6) �0.2 71 � 23 �1 (�6 to 4) �0.2 79 � 44
Serum creatinine

concentration,
�mol/L

72 � 13 71 � 11 �1 (�3 to 2) �0.2 69 � 9 �3 (�6 to –0.4) 0.028 73 � 7

Ratio of urinary calcium
to creatinine

0.4 � 0.2 0.4 � 0.2 �0.0 (�0.0 to 0.0) �0.2 0.4 � 0.2 0.0 (�0.1 to 0.1) �0.2 0.4 � 0.2

Ratio of urinary
phosphate to
creatinine

2.6 � 0.6 2.7 � 0.8 0.1 (�0.1 to 0.3) �0.2 2.7 � 1.2 0.2 (�0.4 to 0.7) �0.2 2.5 � 0.9

Ratio of urinary
pyridoline to
creatinine, mmol§

2.0 � 0.9 2.0 � 0.7 0.0 (�0.4 to 0.4)‡ �0.2 2.6 � 1.4 0.5 (0.1 to 1.2)‡ 0.019 1.8 � 0.4

Ratio of urinary
hydroxyproline to
creatinine, �mol§

47.7 � 15.5 53.1 � 18.0 6.0 (�1.6 to 13.6) 0.113 57.8 � 17.7 10.1 (2.5 to 17.7) 0.012 46.0 � 10.1

Clinical variables
BMI, kg/m2 26.9 � 5.6 27.1 � 5.5 0.3 (�0.1 to 0.6) 0.083 26.9 � 5.4 0.1 (�0.3 to 0.4) �0.2 25.4 � 5.7
Waist-to-hip ratio 0.80 � 0.05 0.80 � 0.06 0.00 (�0.01 to 0.01) �0.2 0.81 � 0.05 0.01 (�0.00 to 0.01) 0.191 0.78 � 0.08
Estimated fat, % 35.0 � 8.3 35.3 � 7.9 0.2 (�0.2 to 0.7) �0.2 34.8 � 8.1 �0.2 (�0.7 to 0.3) �0.2 31.3 � 9.1
Estimated fat, kg 24.4 � 9.7 24.6 � 9.3 0.3 (�0.1 to 0.7) 0.169 24.1 � 9.4 �0.3 (�0.8 to 0.3) �0.2 21.0 � 9.6

Quality-of-life scores
SF-36 Health Survey

Mental health 66.9 � 20.0 62.9 � 20.7 �4.1 (�8.9 to 0.8) 0.096 65.7 � 20.9 �1.2 (�7.1 to 4.7) �0.2 74.8 � 10.1
Physical function 83.1 � 18.5 83.8 � 17.7 2.5 (�5.0 to 7.5)‡ �0.2 82.9 � 19.2 0.0 (�5.0 to 5.0)‡ �0.2 92.0 � 10.4
Role–physical 85.6 � 27.5 81.7 � 32.8 0.0 (�37.5 to 25.0)‡ �0.2 77.9 � 35.6 �25.0 (�50.0 to 12.5)‡ �0.2 93.7 � 16.0
Role–emotional 70.5 � 39.2 79.5 � 35.4 16.6 (�33.6 to 66.7)‡ �0.2 79.5 � 34.1 16.7 (�16.7 to 66.7)‡ �0.2 93.3 � 17.4
Social function 85.6 � 19.6 86.1 � 21.0 6.3 (�12.5 to 18.8)‡ �0.2 85.6 � 15.7 0.0 (�18.8 to 18.8)‡ �0.2 93.8 � 9.5
Pain 64.8 � 19.0 67.6 � 21.1 2.5 (�4.2 to 9.1) �0.2 71.9 � 21.0 7.0 (�0.1 to 14.3) 0.055 75.1 � 13.1
Vitality 60.8 � 18.8 63.5 � 19.4 2.3 (�3.0 to 7.5) �0.2 62.9 � 21.3 2.1 (�2.5 to 6.7) �0.2 69.5 � 10.2

NHP
Sleep 7.6 � 7.8 6.6 � 7.0 �4.3 (�6.4 to 2.2)‡ �0.2 7.8 � 7.7 0.0 (�4.3 to 6.5)‡ �0.2 2.8 � 4.7
Pain 10.4 � 15.1 9.1 � 11.9 �3.2 (�10.3 to 6.4)‡ �0.2 8.6 � 12.4 �6.4 (�12.8 to 6.4)‡ �0.2 3.2 � 5.7
Mobility 11.9 � 11.8 10.1 � 11.6 �3.7 (�10.1 to 0.0)‡ 0.167 11.9 � 13.5 0.0 (�6.7 to 3.4)‡ �0.2 6.7 � 9.5

Visual Analogue Mental
Scale scores

Sad 24.2 � 28.8 22.3 � 27.2 �2.1 (�11.0 to 6.9) �0.2 20.9 � 25.6 �3.3 (�16.6 to 9.9) �0.2 7.8 � 11.3
Confused 21.3 � 27.3 18.2 � 22.6 �3.0 (�13.3 to 7.3) �0.2 18.6 � 25.5 �2.8 (�12.6 to 7.1) �0.2 9.4 � 11.6
Fearful 11.8 � 15.7 13.4 � 22.0 1.3 (�4.5 to 9.5)‡ �0.2 11.3 � 16.9 2.0 (�2.0 to 6.0)‡ �0.2 7.0 � 12.4
Irritable 17.3 � 17.7 21.9 � 28.7 0.2 (�7.7 to 7.4) �0.2 19.9 � 23.1 2.5 (�7.3 to 12.4) �0.2 8.9 � 12.6
Tense 23.4 � 24.2 27.7 � 27.7 4.6 (�5.9 to 15.2) �0.2 17.5 � 18.6 �5.9 (�14.9 to 3.1) 0.189 13.1 � 15.3
Angry 10.9 � 13.4 17.3 � 24.0 3.5 (�1.0 to 14.0)‡ �0.2 11.9 � 18.4 2.0 (�5.0 to 8.0)‡ �0.2 5.4 � 9.4
Tired 35.8 � 30.6 34.5 � 28.3 �0.9 (�13.7 to 12.1) 0.108 38.5 � 31.1 2.7 (�12.3 to 17.6) �0.2 30.6 � 22.6
Agitated 26.0 � 25.3 27.3 � 31.0 1.1 (�10.9 to 12.9) �0.2 31.6 � 32.1 5.6 (�5.6 to 16.8) �0.2 17.5 � 18.7
Feel cold 18.9 � 24.5 12.1 � 19.7 �7.1 (�17.3 to 3.1) �0.2 17.0 � 22.0 �2.0 (�9.7 to 5.8) �0.2 15.7 � 25.8
Sleepy 17.2 � 21.8 18.5 � 22.8 1.2 (�7.2 to 9.6) �0.2 18.2 � 20.6 1.0 (�7.3 to 9.3) �0.2 9.2 � 13.6
Light-headed 54.7 � 23.2 48.5 � 24.7 �6.3 (�18.8 to 6.2) �0.2 53.3 � 23.3 �1.4 (�13.8 to 11.0) �0.2 65.6 � 27.1
Feel hot 34.8 � 24.9 39.5 � 35.0 4.9 (�7.2 to 16.9) �0.2 41.7 � 30.2 6.9 (�4.3 to 18.1) �0.2 24.7 � 25.7
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Appendix Table—Continued

Outcome Hypothyroid Patients Euthyroid
Controls

Crossover Study Add-On Period

L-Thyroxine,
100 �g/d

L-Thyroxine,
75 �g/d, �
Liothyronine,
5 �g/d

Adjusted Difference
(95% CI)†

P Value L-Thyroxine,
87.5 �g/d, �
Liothyronine,
7.5 �g/d

Difference Compared
with L-Thyroxine, 100
�g/d (95% CI)

P Value

Echocardiographic
and other
cardiovascular
findings

E/A ratio 1.2 � 0.3 1.2 � 0.3 0.0 (�0.1 to 0.1) �0.2 1.2 � 0.3 0.0 (�0.1 to 0.1) �0.2 1.4 � 0.6
IVRT, ms 102 � 13 105 � 14 3 (�1 to 6) 0.098 97 � 10 �5 (�9 to �1) 0.030 90 � 15�¶
Deceleration time, ms 152 � 29 157 � 28 6 (�3 to 14) 0.184 157 � 26 6 (�6 to 16) �0.2 163 � 27
Velocity time

integral, cm
22.9 � 3.4 22.6 � 3.3 �0.3 (�1.0 to 0.5) �0.2 23.1 � 3.4 0.2 (�0.6 to 1.0) �0.2 22.5 � 3.2

Heart rate,
beats/min

69.4 � 8.1 66.5 � 7.2 �3.0 (�5.7 to �0.4) 0.027 68.3 � 8.8 �1.1 (�3.8 to 1.5) �0.2 73.3 � 8.4

Cardiac output,
L/min

4.6 � 0.7 4.4 � 0.8 �0.2 (�0.4 to �0.01) 0.044 4.5 � 0.8 �0.1 (�0.3 to 0.2) �0.2 4.8 � 1.1

Left atrial diameter,
cm

3.2 � 0.3 3.2 � 0.3 0.0 (�0.1 to 0.01) 0.084 3.3 � 0.3 0.1 (�0.1 to 0.1) �0.2 3.1 � 0.5

Septum thickness,
cm

0.9 � 0.1 0.9 � 0.1 0.0 (0.0 to 0.0)‡ �0.2 0.9 � 0.1 0.0 (0.0 to 0.0)‡ �0.2 0.8 � 0.1

Posterior wall
thickness

0.9 � 0.1 0.9 � 0.1 0.0 (0.0 to 0.0)‡ �0.2 0.9 � 0.1 0.0 (0.0 to 0.0)‡ �0.2 0.8 � 0.1

Shortening fraction,
%

39.4 � 3.5 38.8 � 4.8 �0.6 (�1.8 to 0.7) �0.2 40.3 � 4.6 0.9 (�0.5 to 2.2) 0.189 37.9 � 4.5

LV mass index,
g/m2

78.2 � 21.8 76.7 � 23.3 �1.7 (�3.8 to 0.5) 0.056 77.3 � 17.9 �0.9 (�5.8 to 4.1) �0.2 72.4 � 14.4

Ejection fraction 0.701 � 0.045 0.688 � 0.057 �0.012 (�0.028 to 0.004) 0.107 0.707 � 0.055 0.006 (�0.010 to 0.022) �0.2 0.679 � 0.057
Systolic blood

pressure, mm Hg
120 � 12 121 � 10 0 (�4 to 5) �0.2 121 � 10 1 (�3 to 5) �0.2 118 � 10

Diastolic blood
pressure, mm Hg

73 � 9 73 � 8 0 (�4 to 3) �0.2 74 � 9 1 (�2 to 3) �0.2 71 � 7

Mean blood
pressure, mm Hg

86 � 9 86 � 7 0 (�3 to 3) �0.2 86 � 7 0 (�2 to 3) �0.2 86 � 8

SVR, dyn/s per cm�5 1887 � 235 1993 � 328 110 (�10 to 230) 0.070 1941 � 284 54 (�66 to 173) �0.2 1864 � 391

Visual evoked
potentials

P-100 latency–
left, ms

107 � 10 106 � 10 �1 (�3 to 2) �0.2 105 � 9 �2 (�4 to 0) 0.096 105 � 6

P-100 latency–
right, ms

107 � 11 105 � 10 �2 (�4 to 1) 0.195 104 � 10 3 (�6 to 1) 0.097 105 � 6

P-100 amplitude–
left, �V

6.6 � 3.4 6.3 � 3.9 �0.4 (�1.5 to 0.6) �0.2 7.0 � 3.3 0.4 (�0.8 to 1.6) �0.2 7.0 � 3.1

P-100 amplitude–
right, �V

6.3 � 2.8 5.8 � 3.5 �0.6 (�1.6 to 0.4) �0.2 6.8 � 3.0 0.5 (�0.3 to 1.3) 0.192 6.8 � 2.6

Brainstem auditory
evoked
potentials

I latency–left, ms 1.75 � 0.14 1.73 � 0.14 �0.02 (�0.06 to 0.02) �0.2 1.74 � 0.12 �0.01 (�0.05 to 0.04) �0.2 1.69 � 0.13
I latency–right, ms 1.76 � 0.11 1.72 � 0.12 �0.04 (�0.09 to 0.01) 0.087 1.74 � 0.11 �0.02 (�0.07 to 0.03) �0.2 1.66 � 0.11�

III latency–left, ms 3.86 � 0.15 3.88 � 0.24 0.01 (�0.06 to 0.09) �0.2 3.82 � 0.14 �0.05 (�0.08 to �0.01) 0.014 3.79 � 0.22
III latency–right, ms 3.83 � 0.15 3.83 � 0.16 0.00 (�0.04 to 0.04) �0.2 3.82 � 0.15 �0.01 (�0.05 to 0.03) �0.2 3.73 � 0.15
V latency–left, ms 5.88 � 0.28 5.89 � 0.35 0.01 (�0.05 to 0.07) �0.2 5.83 � 0.23 �0.05 (�0.10 to 0.00) 0.066 5.70 � 0.25�¶
V latency–right, ms 5.84 � 0.19 5.83 � 0.19 �0.01 (�0.05 to 0.03) �0.2 5.82 � 0.16 �0.02 (�0.06 to 0.01) �0.2 5.68 � 0.17�¶
I–V interlatency–

left, ms
4.13 � 0.22 4.16 � 0.24 0.03 (�0.03 to 0.08) �0.2 4.08 � 0.16 �0.05 (�0.10 to 0.01) 0.075 4.01 � 0.16�¶

I–V interlatency–
right, ms

4.09 � 0.18 4.09 � 0.16 0.01 (�0.05 to 0.06) �0.2 4.08 � 0.13 �0.01 (�0.06 to 0.04) �0.2 4.07 � 0.67

* Data are presented as means � SD. ALT � alanine aminotransferase; AP � total alkaline phosphatase; AST � aspartate aminotransferase; BMI � body mass index; E/A
ratio � ratio of mitral valve flow velocity curve at the early phase to mitral valve flow velocity curve at the maximal late flow; GGT � �-glutamyltransferase; HDL �
high-density lipoprotein; IVRT � isovolumic relaxation time; LV � left ventricle; NHP � Nottingham Health Profile; SVR � systemic vascular resistance.
† Adjusted for subject and period and effects.
‡ Differences are Hodges-Lehman estimates of median differences between groups.
§ Urinary collagen degradation products were measured in 19 patients and 12 controls.
� P � 0.05 when compared with L-thyroxine, 100 �g/d.
¶ P � 0.05 when compared with L-thyroxine, 75 �g/d, � liothyronine, 5 �g/d.
** P � 0.05 when compared with L-thyroxine, 87.5 �g/d, � liothyronine, 7.5 �g/d.
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C-Reactive Protein Levels Are Not Associated with Increased Risk for
Colorectal Cancer in Women
Shumin M. Zhang, MD, ScD; Julie E. Buring, ScD; I-Min Lee, MBBS, ScD; Nancy R. Cook, ScD; and Paul M. Ridker, MD, MPH

Background: Observations that risk for colorectal cancer is el-
evated in patients with inflammatory bowel disease and that long-
term use of anti-inflammatory drugs may reduce colorectal cancer
risk have raised the possibility that inflammation may play a role
in the development of colorectal cancer. While a recent prospec-
tive study observed a positive association between C-reactive pro-
tein (CRP), a marker of inflammation, and risk for colon cancer,
data testing this hypothesis are sparse.

Objective: To evaluate whether plasma CRP levels predict colo-
rectal cancer risk in women.

Design: Prospective cohort study, with 97% morbidity follow-up
and 100% mortality follow-up within the past 2 years.

Setting: Women’s Health Study.

Participants: 27 913 apparently healthy women age 45 years or
older who had CRP measured at entry into a trial of low-dose
aspirin and vitamin E. Maximum length of intervention and
follow-up was 10.8 years.

Measurements: Self-reported incident colorectal adenocarci-
noma confirmed by medical record review.

Results: 169 women developed colorectal adenocarcinomas dur-

ing follow-up. Baseline CRP levels were not significantly associ-
ated with colorectal cancer risk. The multivariate hazard ratios
according to cutoff points for CRP proposed in clinical guidelines
were 0.79 (95% CI, 0.53 to 1.17) for the category of 1 to 3 mg/L
and 0.66 (CI, 0.43 to 1.03) for the category of greater than 3 mg/L
(P for trend � 0.09), as compared with the category of less than
1 mg/L. High CRP levels were also not associated with increased
risk in analyses done according to tumor location and stage at
diagnosis, according to alternative cutoff points for CRP, or in any
of the subgroups evaluated.

Limitations: Despite multivariate analysis, residual confounding
might still be present. Although this study was prospective, we
cannot completely exclude undetected cancer at baseline. Mea-
surements for CRP were available for only 71% of women in the
cohort; however, the women who did and those who did not
provide blood were mostly similar.

Conclusions: Plasma CRP levels do not appear to predict an
increased risk for developing colorectal cancer in apparently
healthy women. Low-grade inflammation may not play an impor-
tant role in increasing the risk for colorectal cancer.

Ann Intern Med. 2005;142:425-432. www.annals.org
For author affiliations, see end of text.

C-reactive protein (CRP), a marker of inflammation, is
consistently associated with increased risk for cardio-

vascular disease (1). A recent epidemiologic study has
raised the hypothesis that CRP levels might also be associ-
ated with incident colon cancer (2). This latter hypothesis
is supported by clinical observations of an increased risk for
colorectal cancer in patients with chronic, relapsing and
remitting inflammatory disorders—ulcerative colitis and
Crohn disease—collectively known as inflammatory bowel
diseases (3, 4). Reduced risk for colorectal adenomas and
cancer associated with long-term use of aspirin and other
nonsteroidal anti-inflammatory drugs (NSAIDs) in obser-
vational studies and some clinical trials also supports this
hypothesis (5). Moreover, CRP levels in patients with colo-
rectal cancer are correlated with tumor stage (6–10).

However, colorectal cancer associated with inflamma-
tory bowel diseases accounts for only 1% to 2% of all cases
of colorectal cancer in the general population (3). In addi-
tion, the mechanisms by which NSAIDs may reduce the
risk for colorectal neoplasia are still under debate and may
not necessarily reflect disease inflammatory pathways (11).
Furthermore, abundant evidence suggests that inflamma-
tion is part of the host response to cancer (12, 13); thus,
the elevations in CRP levels observed in patients with colo-
rectal cancer may be a result rather than a cause of disease.

Because of the public health importance of this issue,
we evaluated whether CRP levels predict colorectal cancer

risk among 27 913 participants in the Women’s Health
Study for whom CRP was measured at baseline; the max-
imum duration of follow-up was 10.8 years.

METHODS

Study Cohort
Beginning in 1993, 39 876 female U.S. health profes-

sionals age 45 years or older who were free of cancer and
cardiovascular disease were enrolled into the Women’s
Health Study, a randomized, double-blind, placebo-
controlled, 2 � 2 factorial trial evaluating the balance of
benefits and risks of low-dose aspirin and vitamin E in the
primary prevention of cancer and cardiovascular disease
(14). Upon study enrollment, all participants completed a
baseline questionnaire about their medical history and life-
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style characteristics, including potential risk factors for
colorectal cancer.

Before randomization, 28 345 women (71% of those
randomly assigned) also provided baseline blood speci-
mens, sent via overnight courier, using a kit that contained
a gel-filled freezer pack as a coolant. Upon arrival at our
laboratory, the samples were subjected to centrifugation;
separated into plasma, leukocytes, and erythrocytes; and
stored in liquid nitrogen. Baseline characteristics among
women who did and did not provide blood specimens were
largely similar (mean age, 54.7 years vs. 54.4 years; body
mass index � 25 kg/m2, 48.4% vs. 51.1%; family history
of colorectal cancer, 10.6% vs. 10.5%; current use of post-
menopausal hormones, 43.5% vs. 37.5%; ever use of oral
contraceptives, 69.6% vs. 69.4%; aspirin use before the
trial, 11.7% vs. 10.8%; current use of multivitamin sup-
plements, 29.4% vs. 28.6%; history of benign colon pol-
yps, 2.5% vs. 2.5%; and median alcohol intake, 1.1 g/d vs.
0.9 g/d). The following were the exceptions: Women who
provided blood specimens were more physically active (me-
dian, 598.6 kcal/wk vs. 526.0 kcal/wk) but were less likely
to be current smokers (11.7% vs. 16.8%).

Of the 28 345 samples received, 27 939 usable sam-
ples were measured for plasma CRP by a validated high-
sensitivity assay (Denka Seiken Co., Tokyo, Japan) in a
core laboratory facility for ongoing standardization pro-
grams on the CRP measurement (15). The current analysis
was restricted to 27 913 women after the additional exclu-
sion of 21 women with prerandomization cancer reported
after randomization and confirmed by medical record re-
view and 5 women with newly diagnosed nonadenocarci-
noma colorectal cancer during follow-up.

Ascertainment of Cases of Colorectal Cancer
Every 6 months during the first year of follow-up and

then annually thereafter, participants were sent question-
naires asking about newly diagnosed end points, including
colon or rectal cancer. Family members or postal authori-
ties reported deaths of participants. Within the past 2
years, morbidity follow-up is 97%, and mortality fol-
low-up is nearly 100%. For those who reported a diagnosis
of colorectal cancer and for those who are deceased, we
sought medical records and other relevant information,
which were reviewed by an Endpoints Committee consist-
ing of physicians to confirm medical diagnoses. Of the
self-reports, medical record review confirmed 96%. The
reviewers additionally extracted information on anatomic
location and tumor stage at diagnosis (Duke’s A, spread to
submucosa or muscle only; Duke’s B, spread to pericolic or
perirectal tissues, but no lymphatic involvement; Duke’s C,
lymph node involvement or metastasis). The current anal-
ysis included only confirmed incident cases of colorectal
adenocarcinoma.

Statistical Analysis
We first compared the distribution of baseline risk fac-

tors for colorectal cancer by category of plasma CRP level
to assess their potential for confounding. Participants were
categorized into CRP levels of less than 1, 1 to 3, and
greater than 3 mg/L, the cutoff points proposed in clinical
guidelines for cardiovascular disease (16) and previously
used in this cohort to define cardiovascular disease risk
(15). For the analysis of total cancer of the colon and
rectum, we also categorized women into quartiles of CRP
based on the CRP distribution among never users or
among ever users of postmenopausal hormones at baseline
(postmenopausal hormone use elevates CRP level [17–19]).

We calculated person-years for each participant from
the date of randomization to the date of diagnosis of con-
firmed cancer, death, or 20 February 2004, whichever oc-
curred first. A Cox proportional hazards regression model,
which treats disease outcome as a random variable that
would change over time, was used to calculate the hazard
ratios and 95% CIs. We first estimated the crude hazard
ratios according to category of CRP and then additionally
adjusted for age (in years) or age and randomized treat-
ment assignment (aspirin vs. placebo, vitamin E vs. pla-
cebo) to control for potential confounding by the effects of
these treatments. We further performed a multivariate
analysis that additionally adjusted for postmenopausal hor-
mone use (never, past, current); body mass index (�23,
�23 to �25, �25 to �27, �27 to �30, �30 kg/m2);
family history of colorectal cancer in first-degree relatives
(yes or no); physical activity (total kcal/wk in quartiles);
smoking status (never, past, current); aspirin use before the
trial (yes or no); alcohol consumption (0, �0 to �15, �15
g/d); oral contraceptive use (never or ever); menopausal
status (premenopausal, postmenopausal, uncertain/un-
known); and multivitamin supplement use (never, past,

Context

Some data suggest that low-grade inflammation may play
a role in the development of colorectal cancer.

Contribution

In this 10-year prospective study involving 27 913 healthy
women age 45 years or older, elevated C-reactive protein
(CRP) levels at baseline were not associated with a higher
likelihood of colorectal cancer.

Cautions

A single baseline CRP measurement may be an imperfect
marker of inflammation. The investigators relied on a
woman’s report of cancer rather than an ongoing surveil-
lance protocol for colorectal lesions.

Implications

Low-grade inflammation may not be associated with in-
creased colorectal cancer risk.

–The Editors
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current) at baseline. We also conducted an analysis that
additionally adjusted for history of self-reported colon pol-
yps at baseline (yes or no). Of the 27 913 women in the
current analysis, 1817 participants who had missing values
for 1 or more covariates were dropped from multivariate
analyses. Furthermore, we performed an analysis according
to tumor location (proximal colon, distal colon, and rec-
tum) and tumor stage at diagnosis (Duke’s A, B, and C).
Tests for trend were performed by using the median value
for each CRP category as a continuous variable. The as-
sumption of proportional hazards over time was tested by
using log likelihood ratio tests to compare models with or
without interaction terms between CRP and the logarithm
of follow-up time in regression models. There was no in-
dication that the proportionality assumption was violated.

Additional analyses excluded incident cases diagnosed
within 1, 2, and 5 years of follow-up, with further adjust-
ment for symptomatic examination (yes or no) and regular
screening (yes or no) by colonoscopy or sigmoidoscopy,
which were asked on the 12-month follow-up question-
naire to address the potential effect of screening. We con-
ducted analyses stratified by level of other risk factors for
colorectal cancer to evaluate whether the association be-
tween baseline plasma CRP level and colon cancer risk may
exist in subgroups. Tests for interaction between CRP and
level of other risk factors in relation to colorectal cancer
risk were carried out by using the median value for each
CRP category as a continuous variable, an indicator vari-
able for risk factor, and a product term of these 2 variables.
The Wald test was used to assess the statistical significance
of the interaction term. All P values were 2-sided. All anal-
yses were performed by using SAS software, version 8 (SAS
Institute, Inc., Cary, North Carolina).

Role of the Funding Source
The National Institutes of Health, the Doris Duke

Foundation, and the Donald W. Reynolds Foundation
sponsored the study. The sponsors did not participate in
the design and conduct of the study; in the collection,
analysis, and interpretation of the data; or in the prepara-
tion, review, or approval of the manuscript. The authors
had full access to the data files of the study.

RESULTS

Through 20 February 2004, 169 incident cases of in-
vasive colorectal adenocarcinoma were confirmed: 70 cases
of proximal colon cancer, 59 cases of distal colon cancer,
36 cases of rectal cancer, 3 cases with overlapping lesions in
the colon, and 1 case of colon cancer in which the site was
not specified. Median and maximum lengths of follow-up
were 10.1 and 10.8 years, respectively. Age at diagnosis of
colorectal cancer cases ranged from 47 to 86 years (mean,
65 years). The incidence rate of colorectal cancer among
the 27 913 women for the current analysis was 63.1 cases/
100 000 person-years, which was similar to the rate in the
entire cohort of the Women’s Health Study (62.7 cases/

100 000 person-years). Median values of baseline plasma
CRP were 2.02 mg/L among all 27 913 women, 1.43
mg/L among the 12 910 women who had never used post-
menopausal hormones at baseline, and 2.60 mg/L among
the 14 949 women who had ever used postmenopausal
hormones at baseline. The median value of baseline plasma
CRP was 1.77 mg/L for the 169 colorectal cancer cases
diagnosed during follow-up. Baseline CRP levels were
higher for the 27 colorectal cancer cases diagnosed within
the first 2 years of follow-up (median, 2.63 mg/L). Median
values of baseline plasma CRP were 1.17 mg/L among the
81 patients with colorectal cancer who had never used
postmenopausal hormones at baseline and 1.39 mg/L
among the 11 patients with colorectal cancer who received
the diagnosis within the first 2 years of follow-up and had
never used postmenopausal hormones at baseline.

Table 1 shows the age-adjusted baseline characteristics
of participants according to CRP category. Women who
had higher baseline plasma CRP levels were more likely to
be older, heavier, postmenopausal, aspirin users before the
trial, current users of postmenopausal hormones, current
smokers, physically inactive, and ever users of oral contra-
ceptives, but they consumed less alcohol. However, a per-
sonal history of colon polyps, a family history of colorectal
cancer in first-degree relatives, use of colonoscopy or sig-
moidoscopy for screening or for symptoms, and current
use of multivitamin supplements did not appear to vary
appreciably by CRP category.

Baseline plasma CRP levels were not significantly as-
sociated with risk for colorectal cancer in univariate analy-
sis and after adjustment for age and randomized treatment
assignment or after additional adjustment for other poten-
tial risk factors for colorectal cancer (Table 2). In this pop-
ulation, 6 colorectal cancer cases were identified among
703 women who reported a diagnosis of benign colon pol-
yps at baseline. The hazard ratios did not change after
further adjustment for this self-reported history of colon
polyps at baseline (Table 2). We also obtained similar haz-
ard ratios after excluding all women who reported colon
polyps at baseline; the multivariate hazard ratios were 1.00,
0.82 (95% CI, 0.55 to 1.23), and 0.64 (CI, 0.41 to 1.00)
(P for trend � 0.06). The associations between baseline
plasma CRP levels and colorectal cancer risk were not sig-
nificantly modified by randomized aspirin treatment dur-
ing follow-up (P for interaction � 0.47). When we ana-
lyzed data restricted to women age 55 years or older at
baseline (mean, 62 years; 112 cases), the multivariate haz-
ard ratios according to CRP category were 1.00, 0.92 (CI,
0.55 to 1.53), and 0.90 (CI, 0.52 to 1.55), respectively (P
for trend � 0.74). Among women who were postmeno-
pausal at baseline (128 cases), the multivariate hazard ratios
were 1.00, 1.13 (CI, 0.69 to 1.84), and 1.02 (CI, 0.60 to
1.72) (P for trend � 0.84).

Baseline plasma CRP levels were also not significantly
associated with risk for colorectal cancer in analyses based
on the quartile distribution among never users of post-
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menopausal hormones at baseline (�0.58, 0.58 to 1.43,
1.44 to 3.36, and �3.36 mg/L); the multivariate hazard
ratios comparing the 3 higher categories of CRP to the
lowest category were 1.41 (CI, 0.85 to 2.34), 0.89 (CI,
0.52 to 1.53), and 0.85 (CI, 0.48 to 1.48), respectively (P
for trend � 0.13). Moreover, CRP levels were not signifi-
cantly associated with risk for colorectal cancer in analyses
based on the quartile distribution among ever users of post-
menopausal hormones at baseline (�1.17, 1.17 to 2.60,
2.61 to 5.16, and �5.16 mg/L); the multivariate hazard
ratios comparing the 3 higher categories of CRP to the
lowest category were 0.71 (CI, 0.46 to 1.09), 0.83 (CI,
0.53 to 1.29), and 0.61 (CI, 0.36 to 1.02), respectively (P
for trend � 0.11). We again found no significant associa-
tion in an analysis that used CRP as a continuous variable
after log transformation. For a 2.72-mg/L (equivalent to 1
natural logarithm) increment of CRP, the multivariate haz-
ard ratio was 0.89 (CI, 0.76 to 1.04).

We further conducted an analysis by tumor location
and found no significant positive association of baseline
plasma CRP with risk for cancer of the proximal colon,
distal colon, or rectum (Table 3); in fact, we noted an
inverse association with risk for proximal colon cancer in
multivariate analysis. We also found no significant associ-
ations between CRP level and colorectal cancer risk accord-
ing to tumor stage at diagnosis (Table 3). Moreover, we
observed no significant positive associations between base-
line plasma CRP and colon cancer risk among never users
of postmenopausal hormones at baseline and other sub-
groups evaluated (Appendix Table, available at www.annals
.org). An inverse association was found among women who
had ever used oral contraceptives at baseline.

To address the potential bias that colorectal cancer itself,
before it was diagnosed, may have affected plasma CRP levels,
we excluded incident cases of colorectal cancer that were di-
agnosed within 1, 2, and 5 years of follow-up. The remaining

Table 1. Comparison of Age-Adjusted Baseline Characteristics of 27 913 Women according to Category of Plasma C-Reactive
Protein*

Baseline Characteristics Category of C-Reactive Protein

<1 mg/L
(n � 8320)

1–3 mg/L
(n � 9242)

>3 mg/L
(n � 10 351)

Median C-reactive protein level (25th–75th percentiles), mg/L 0.5 (0.3–0.7) 1.8 (1.4–2.3) 5.5 (4.0–8.0)
Mean age, y 51.1 53.3 54.2
Mean body mass index, kg/m2 23.2 25.6 28.4
Postmenopausal women, % 51.3 55.1 58.3
Aspirin users before trial, % 10.6 12.0 12.2
Current users of postmenopausal hormones, % 31.1 43.4 53.9
Current smokers, % 10.1 11.5 13.1
Median physical activity, kcal/wk 1083.3 1003.1 895.3
Ever users of oral contraceptives, % 67.8 69.6 70.7
Mean alcohol intake, g/d 4.7 4.3 3.5
Women with colon polyps, % 2.2 2.6 2.7
Women with family history of colorectal cancer, % 10.4 10.7 10.9
Women having colonoscopy or sigmoidoscopy during the past year

for screening†, %
5.3 5.4 5.9

Women having colonoscopy or sigmoidoscopy during the past year
for symptoms†, %

2.3 2.2 2.6

Current users of multivitamins, % 28.7 30.0 29.0

* All factors except age and C-reactive protein are directly standardized.
† From the 12-month questionnaire.

Table 2. Hazard Ratios of Colorectal Cancer by Category of Plasma C-Reactive Protein*

Variable Category of C-Reactive Protein P Value for Trend

<1 mg/L 1–3 mg/L >3 mg/L

All cases of colorectal cancer, n 57 56 56
Crude hazard ratio 1.00 0.89 (0.62–1.29) 0.80 (0.55–1.15) 0.24
Age-adjusted hazard ratio† 1.00 0.77 (0.53–1.11) 0.67 (0.46–0.97) 0.05
Age- and treatment-adjusted hazard ratio‡ 1.00 0.77 (0.53–1.11) 0.67 (0.46–0.97) 0.05
Multivariate-adjusted hazard ratio§ 1.00 0.79 (0.53–1.17) 0.66 (0.43–1.03) 0.09
Multivariate-adjusted hazard ratio� 1.00 0.79 (0.53–1.17) 0.66 (0.43–1.03) 0.09

* Numbers in parentheses are 95% CIs.
† Adjusted for age in years.
‡ Adjusted for age in years and randomized treatment assignment (aspirin vs. placebo; vitamin E vs. placebo).
§ Adjusted for age, randomized treatment assignment, body mass index, family history of colorectal cancer, physical activity, smoking status, aspirin use before the trial,
menopausal status, postmenopausal hormone use, oral contraceptive use, alcohol intake, and multivitamin supplement use.
� Additionally adjusted for self-reported colon polyps.
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numbers of cases were 156, 142, and 84, respectively. The
multivariate hazard ratios of colorectal cancer according to
CRP category were 1.00 for CRP level less than 1 mg/L, 0.76
(CI, 0.50 to 1.15) for CRP level of 1 to 3 mg/L, and 0.70 (CI,
0.44 to 1.10) for CRP level greater than 3 mg/L (P for
trend � 0.19) after excluding cases within 1 year of follow-up.
The corresponding hazard ratios for the analysis excluding
cases within 2 and 5 years of follow-up were 1.00, 0.67 (CI,
0.44 to 1.04), and 0.59 (CI, 0.36 to 0.95) (P for trend �
0.06) and 1.00, 0.69 (CI, 0.40 to 1.20), and 0.54 (CI, 0.29 to
1.00) (P for trend � 0.07), respectively.

DISCUSSION

In this large prospective cohort, baseline plasma CRP
levels were not significantly associated with increased risk

for developing colorectal cancer. Furthermore, there were
no significant positive associations between CRP levels and
colorectal cancer risk in analyses done according to tumor
location and stage at diagnosis, according to alternative
cutoff points for CRP, or in any of the other subgroups
evaluated. Because relatively few events occurred, the 95%
CIs (the range within which the true magnitude of effect
lies with 95% confidence) were moderately wide. Since the
upper bounds of the 95% CIs for most hazard ratios were
slightly above the null value (1.00), we cannot rule out the
possibility of a small positive association.

Findings suggesting possible inverse relationships be-
tween CRP levels and colorectal cancer risk in some sub-
groups are intriguing. Such findings for which we have no
easy explanations merit further investigations. Inflamma-

Table 3. Hazard Ratios of Colorectal Cancer according to Tumor Location and Stage at Diagnosis by Category of Plasma C-Reactive
Protein*

Tumor Location and Stage at Diagnosis Category of C-Reactive Protein P Value for
Trend

<1 mg/L 1–3 mg/L >3 mg/L

Tumor location
Proximal colon

Cases, n 23 25 22
Crude hazard ratio 1.00 0.99 (0.56–1.74) 0.77 (0.43–1.39) 0.34
Age-adjusted hazard ratio† 1.00 0.83 (0.47–1.47) 0.64 (0.35–1.14) 0.13
Age- and treatment-adjusted hazard ratio‡ 1.00 0.83 (0.47–1.46) 0.64 (0.35–1.14) 0.13
Multivariate-adjusted hazard ratio§ 1.00 0.70 (0.38–1.29) 0.44 (0.22–0.89) 0.03

Distal colon
Cases, n 18 20 21
Crude hazard ratio 1.00 1.01 (0.53–1.90) 0.95 (0.50–1.77) 0.82
Age-adjusted hazard ratio† 1.00 0.87 (0.46–1.64) 0.79 (0.42–1.49) 0.49
Age- and treatment-adjusted hazard ratio‡ 1.00 0.87 (0.46–1.64) 0.79 (0.42–1.49) 0.50
Multivariate-adjusted hazard ratio§ 1.00 1.28 (0.63–2.59) 1.27 (0.59–2.73) 0.68

Rectum
Cases, n 15 10 11
Crude hazard ratio 1.00 0.60 (0.27–1.35) 0.59 (0.27–1.29) 0.27
Age-adjusted hazard ratio† 1.00 0.57 (0.25–1.27) 0.55 (0.25–1.20) 0.21
Age- and treatment-adjusted hazard ratio‡ 1.00 0.57 (0.25–1.27) 0.55 (0.25–1.21) 0.22
Multivariate-adjusted hazard ratio§ 1.00 0.44 (0.18–1.04) 0.44 (0.18–1.08) 0.18

Tumor stage
Duke’s A

Cases, n 20 13 18
Crude hazard ratio 1.00 0.59 (0.29–1.18) 0.73 (0.39–1.38) 0.53
Age-adjusted hazard ratio† 1.00 0.50 (0.25–1.01) 0.60 (0.32–1.14) 0.29
Age- and treatment-adjusted hazard ratio‡ 1.00 0.50 (0.25–1.01) 0.61 (0.32–1.15) 0.30
Multivariate-adjusted hazard ratio§ 1.00 0.58 (0.28–1.23) 0.71 (0.33–1.52) 0.65

Duke’s B
Cases, n 11 15 14
Crude hazard ratio 1.00 1.24 (0.57–2.69) 1.03 (0.47–2.27) 0.89
Age-adjusted hazard ratio† 1.00 1.08 (0.50–2.36) 0.88 (0.40–1.94) 0.64
Age- and treatment-adjusted hazard ratio‡ 1.00 1.08 (0.50–2.36) 0.88 (0.40–1.94) 0.64
Multivariate-adjusted hazard ratio§ 1.00 0.87 (0.38–1.99) 0.63 (0.25–1.59) 0.30

Duke’s C
Cases, n 23 28 24
Crude hazard ratio 1.00 1.10 (0.64–1.91) 0.85 (0.48–1.50) 0.43
Age-adjusted hazard ratio† 1.00 0.94 (0.54–1.64) 0.70 (0.40–1.25) 0.18
Age- and treatment-adjusted hazard ratio‡ 1.00 0.94 (0.54–1.64) 0.70 (0.40–1.25) 0.18
Multivariate-adjusted hazard ratio§ 1.00 1.01 (0.56–1.84) 0.72 (0.36–1.43) 0.25

* Numbers in parentheses are 95% CIs.
† Adjusted for age in years.
‡ Adjusted for age in years and randomized treatment assignment (aspirin vs. placebo; vitamin E vs. placebo).
§ Adjusted for age, randomized treatment assignment, body mass index, family history of colorectal cancer, physical activity, smoking status, aspirin use before the trial,
menopausal status, postmenopausal hormone use, oral contraceptive use, alcohol intake, multivitamin supplement use, and self-reported colon polyps.
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tion is closely related to the immune responses (20). In-
creased CRP levels may reflect both inflammatory status
and an attempt by the host to suppress tumor formation or
growth. This is supported by observations that the pro-
inflammatory cytokine tumor necrosis factor antagonists
used to treat rheumatoid arthritis and Crohn disease are
related to increased risk for lymphoma (21).

The prospective cohort study design and high fol-
low-up rates in this study minimize the possibility that our
null findings result from methodologic biases. Because
medical record review confirmed incident colorectal cancer
cases, it is also unlikely that our findings are due to mis-
classification of outcome measurement. Our results are also
unlikely to be explained by the cutoff points chosen be-
cause we consistently found no associations by using the
cutoff points for CRP proposed in clinical guidelines for
cardiovascular disease (16), by using the quartile distribu-
tion based on CRP values among either never users or ever
users of postmenopausal hormones at baseline, or by using
CRP as a continuous variable after log transformation.

Acute-phase proteins such as CRP are components of
the innate immune responses that increase after infections,
trauma, burns, tissue infarction, inflammatory processes,
and tumors (12). Preoperative CRP levels in patients with
late-stage colorectal tumors were considerably higher than
those in patients with early-stage malignant conditions in
most studies (6–10) except one (22). Moreover, elevated
levels of CRP or interleukin-6, a positive regulatory cyto-
kine for CRP (12, 23), in patients with colorectal cancer
were associated with tumor stage and recurrence and re-
duced survival (10, 24–32). In addition, interleukin-6 lev-
els in colorectal tumor tissue were substantially higher than
those in normal tissue (25, 33). Finally, 3 small case–
control studies reported higher CRP or interleukin-6 levels
in patients with colorectal cancer than in controls (22, 25,
31). All of these data are consistent with the hypothesis
that CRP levels increase after onset of colorectal cancer.
Apparently higher baseline plasma CRP values among
colorectal cancer cases diagnosed within the first 2 years of
follow-up in the present study are also consistent with this
hypothesis.

By contrast, it is largely unknown whether CRP levels
are elevated before biological onset of cancer or whether
CRP is also a risk factor for the de novo development of
colorectal cancer. Recently, a nested case–control analysis
within the CLUE II cohort, a prospective study of 22 887
residents of Washington County, Maryland (named for its
campaign slogan, “Give Us A Clue to Cancer and Heart
Disease”), with 172 colorectal cancer cases and maximum
of 11 years of follow-up, found that prediagnostic plasma
CRP levels were significantly associated with increased risk
for colon cancer but not rectal cancer (2). The positive
association existed among subgroups defined by smoking
status, body mass index, and use of aspirin and NSAIDs
(2). These data in the CLUE II cohort thus conflict with
those in the current analysis.

Similarities as well as differences in these 2 prospective
studies merit consideration. Although the number of rectal
cancer cases was small in both studies, neither found a
positive association. The disagreement in the association
between baseline plasma CRP and colon cancer risk be-
tween the 2 studies is probably not due to the number of
colorectal cancer cases, CRP levels, or length of follow-up,
since these were similar. Disparity in findings between the
2 studies is also unlikely to be the result of different age
distribution because we observed no positive association in
the analysis limited to women age 55 years or older; the
average age in women 55 years of age or older, 62 years,
was similar to the mean age of 63 years in the study within
the CLUE II cohort (2). A potential limitation of the study
in the CLUE II cohort is its lack of adjustment for physical
activity, alcohol intake, and colorectal cancer screening.
Inadequate control for use of aspirin and postmenopausal
hormones is also possible in the CLUE II cohort because
these variables were assessed only within the last 48 hours
before blood collection (34). A further potential difference
is that the Women’s Health Study did not include patients
with inflammatory bowel disease because the elevated CRP
levels (35) and increased risk for colorectal cancer (3) in
these patients is well documented. Some of the observed
risk in the CLUE II cohort may result from inclusion of
such patients; however, the results were unchanged when
persons with a baseline history of inflammatory bowel dis-
eases were excluded (2). Although the incidence rate of
colorectal cancer in the Women’s Health Study was lower
than that in the CLUE II cohort (2), this difference is
probably explained by the fact that the CLUE II cohort
participants were on average 10 years older and that ap-
proximately 40% of them were male. The incidence rate of
colorectal cancer increases with age and is approximately
30% lower in women than in men (36).

Given that participants in the Women’s Health Study
are health professionals who were enrolled into a trial of
low-dose aspirin and vitamin E, with 71% providing blood
specimens at baseline, the generalizability of the present
findings merits discussion. Several observations suggest
that our choice of participants is unlikely to pose a major
problem to the interpretation of the findings. First, ran-
domized low-dose aspirin treatment did not significantly
modify the association between baseline plasma CRP levels
and colorectal cancer risk in the present study. Second, the
incidence rate of colorectal cancer among participants in
the present study was similar to that in the entire cohort.
Third, the baseline characteristics of participants in the
Women’s Health Study who did and did not provide
blood specimens were generally similar. Fourth, the rate of
colorectal cancer screening with colonoscopy or sigmoidos-
copy in the present study was similar to that in the general
population (37). Fifth, although the incidence rate of colo-
rectal cancer in the present study was lower than that in the
general population (36), the stage distribution of tumors
was largely similar (38). It seems unlikely that the biolog-
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ical relation between CRP level and colorectal cancer risk
among women in this cohort will differ significantly from
the relation among women in the general population. In
previous analyses from the Women’s Health Study, we
have observed associations for CRP and cardiovascular dis-
ease that are generally similar to those in the populations at
large (1). Finally, although the proportion of women in the
present study who used postmenopausal hormones at base-
line was higher than that in the general population (39),
we found no positive associations between CRP and colon
cancer risk among never users of postmenopausal hor-
mones at baseline, suggesting that our findings are also
unlikely to be due to confounding by postmenopausal hor-
mone use.

Potential limitations of our study include the follow-
ing. First, while we considered several potential risk factors
for colorectal cancer in multivariate analyses, we cannot
exclude the possibility of residual confounding. Second,
there was the possibility that some women might have had
cancerous lesions that were not yet detected because
women were not enrolled in a protocol with ongoing pro-
spective surveillance for colorectal lesions. This concern
was minimized by analyses that excluded cases diagnosed
within 1, 2, and 5 years after blood collection. Third, al-
though this study used only a single measurement at base-
line, CRP levels are stable over long periods (40), with
little or no diurnal variation (41). Furthermore, this single
measurement of baseline CRP has strongly predicted the
risk for coronary heart disease (15), diabetes mellitus (42),
and hypertension (43) in this cohort. Finally, although the
baseline characteristics of women who did and did not
provide blood specimens were generally similar, women
with the CRP measurements were more physically active
but less frequently smoked. However, this is unlikely to
influence the generalizability of the present findings be-
cause the observed associations between CRP and colon
cancer risk did not significantly differ according to level of
physical activity and smoking status.

In summary, our findings do not appear to support a
positive association between prediagnostic plasma CRP
and colorectal cancer risk among apparently healthy
women. The present data suggest that low-grade inflam-
mation may not play an important role in increasing the
risk for colorectal cancer.
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Appendix Table. Hazard Ratios of Colon Cancer according to Category of Plasma C-Reactive Protein, by Other Baseline Risk Factors
for Colorectal Cancer*

Variable Category of C-Reactive Protein P Value for
Trend

P Value for
Interaction‡

<1 mg/L 1–3 mg/L >3 mg/L

Postmenopausal hormones
Never users

Cases, n 27 23 16
Age- and treatment-adjusted hazard ratio† 1.00 0.86 (0.49–1.51) 0.65 (0.35–1.22) 0.18
Multivariate-adjusted hazard ratio‡ 1.00 0.80 (0.44–1.46) 0.50 (0.23–1.05) 0.06

Ever users
Cases, n 15 23 29
Age- and treatment-adjusted hazard ratio† 1.00 0.91 (0.48–1.75) 0.88 (0.47–1.64) 0.71
Multivariate-adjusted hazard ratio‡ 1.00 1.07 (0.52–2.19) 0.96 (0.46–1.98) 0.77 0.33

Body mass index
� 25 kg/m2

Cases, n 29 20 15
Age- and treatment-adjusted hazard ratio† 1.00 0.74 (0.42–1.31) 0.74 (0.39–1.38) 0.40
Multivariate-adjusted hazard ratio‡§ 1.00 0.88 (0.48–1.59) 1.10 (0.55–2.17) 0.74

� 25 kg/m2

Cases 11 26 30
Age- and treatment-adjusted hazard ratio† 1.00 0.95 (0.47–1.92) 0.68 (0.34–1.36) 0.15
Multivariate-adjusted hazard ratio‡� 1.00 0.95 (0.45–2.01) 0.60 (0.28–1.30) 0.08 0.30

Smoking status
Never smokers

Cases, n 21 22 21
Age- and treatment-adjusted hazard ratio† 1.00 0.85 (0.47–1.54) 0.73 (0.40–1.34) 0.33
Multivariate-adjusted hazard ratio‡ 1.00 0.91 (0.48–1.73) 0.82 (0.40–1.68) 0.58

Ever smokers
Cases, n 21 24 24
Age- and treatment-adjusted hazard ratio† 1.00 0.83 (0.46–1.49) 0.69 (0.38–1.24) 0.23
Multivariate-adjusted hazard ratio‡ 1.00 0.91 (0.47–1.74) 0.67 (0.32–1.37) 0.23 0.99

Alcohol intake
Nondrinkers

Cases, n 17 27 24
Age- and treatment-adjusted hazard ratio† 1.00 1.18 (0.64–2.16) 0.82 (0.44–1.53) 0.31
Multivariate-adjusted hazard ratio‡ 1.00 1.29 (0.67–2.49) 0.92 (0.44–1.93) 0.49

Drinkers
Cases, n 25 19 21
Age- and treatment-adjusted hazard ratio† 1.00 0.59 (0.32–1.07) 0.62 (0.34–1.11) 0.21
Multivariate-adjusted hazard ratio‡ 1.00 0.66 (0.34–1.26) 0.61 (0.30–1.25) 0.28 0.93

Oral contraceptives
Never users

Cases, n 16 27 24
Age- and treatment-adjusted hazard ratio† 1.00 1.25 (0.68–2.33) 1.00 (0.53–1.88) 0.71
Multivariate-adjusted hazard ratio‡ 1.00 1.50 (0.75–2.99) 1.22 (0.58–2.57) 0.99

Ever users
Cases, n 26 19 19
Age- and treatment-adjusted hazard ratio† 1.00 0.58 (0.32–1.05) 0.49 (0.27–0.89) 0.04
Multivariate-adjusted hazard ratio‡ 1.00 0.60 (0.32–1.14) 0.47 (0.23–0.97) 0.07 0.17

Physical activity
�Median value of 599.2 kcal/week

Cases, n 17 19 20
Age- and treatment-adjusted hazard ratio† 1.00 0.85 (0.44–1.64) 0.70 (0.37–1.34) 0.29
Multivariate-adjusted hazard ratio‡ 1.00 0.70 (0.35–1.42) 0.50 (0.23–1.08) 0.10

�Median value of 599.2 kcal/week
Cases, n 24 27 25
Age- and treatment-adjusted hazard ratio† 1.00 0.86 (0.49–1.49) 0.77 (0.44–1.35) 0.39
Multivariate-adjusted hazard ratio‡ 1.00 1.09 (0.60–1.99) 0.99 (0.51–1.94) 0.86 0.42

* Because of missing values, the number of cases in some risk factors is less than the total number of colon cancer cases. Numbers in parentheses are 95% CIs.
† Adjusted for age in years and randomized treatment assignment (aspirin vs. placebo; vitamin E vs. placebo).
‡ Adjusted for age, randomized treatment assignment, body mass index, family history of colorectal cancer, physical activity, smoking status, aspirin use before the trial,
menopausal status, postmenopausal hormone use, oral contraceptive use, alcohol intake, multivitamin supplement use, and self-reported colon polyps. Stratified variable was
excluded from each multivariate model.
§ Additionally adjusted for body mass index of �23 or 23–24.9 kg/m2.
� Additionally adjusted for body mass index of 25–26.9, 27–29.9, or �30 kg/m2.
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Update in Nephrology and Hypertension
Donald G. Vidt, MD

This year’s Update in Nephrology and Hypertension in-
corporates articles on a range of topics: clinical hyper-

tension; proteinuria, lipids, and renal disease; blood pres-
sure, angiotensin II antagonists, and renal disease; smoking
and renal disease; hypertension and coronary artery disease;
and chronic kidney disease detection.

Clinical Hypertension

Guidelines Advised Physicians on the Care of Patients with
High Blood Pressure
Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of

the Joint National Committee on Prevention, Detection, Evaluation,

and Treatment of High Blood Pressure: the JNC 7 report. JAMA.

2003;289:2560-72. [PMID: 12748199]

The Joint National Committee (JNC) 7 report aimed to
provide a current and succinct guide to improving aware-
ness, prevention, treatment, and control of hypertension.
In particular, the JNC 7 report offered 2 major changes
from the JNC 6 report. First, the committee reclassified
blood pressure, and second, it revised the risk stratification
treatment recommendations.

The committee defined a normal blood pressure as less
than 120/80 mm Hg, a level that previous committees
called “optimal.” The committee classified levels that ear-
lier committees called normal and high-normal as prehyper-
tension. They selected the term prehypertension as a
wake-up call for physicians and patients to recognize that
cardiovascular risk increases continuously with increasing
blood pressure. The report also folded stage 3 hypertension
into stage 2 hypertension because the committee recognized
that patients with blood pressure greater than 160/100 mm
Hg required at least 2 medications for control. The com-
mittee wanted to encourage physicians to give patients
with stage 2 hypertension combination therapy rather than
single-drug therapy and then slowly increase the doses.

For patients with prehypertension, every 20/10 mm
Hg–increase in blood pressure over the entire range of
blood pressure doubles the risk for cardiovascular events.
Among patients older than 50 years of age, a systolic blood
pressure greater than 140 mm Hg is a greater cardiovascu-
lar risk factor than diastolic blood pressure.

The JNC 7 also simplified risk stratification and treat-
ment recommendations. It proposed 3 classes for pharma-
cologic therapy based on whether patients have a compel-
ling indication for a particular therapeutic strategy. For
patients with prehypertension (systolic blood pressure, 120

to 139 mm Hg) and no other complications, the JNC 7
recommended lifestyle modification to prevent progression
to sustained hypertension. Good evidence has shown that
weight reduction, sodium restriction, aerobic physical ac-
tivity, and moderate alcohol consumption reduce blood
pressure. The Dietary Approaches to Stop Hypertension
(DASH) diet, which is low in saturated fats and high in
fruits and vegetables and restricts calories, reduces blood
pressure. For patients with prehypertension and diabetes or
chronic kidney disease, the JNC 7 recommended aggres-
sive pharmacologic management to reduce blood pressure
less than 130/80 mm Hg.

For patients with stage 1 hypertension (systolic blood
pressure, 120 to 139 mm Hg; diastolic blood pressure, 90
to 99 mm Hg) and no other complications, the JNC 7 rec-
ommended a diuretic as the first choice in most cases. With
compelling indications or complications, however, other med-
ications may be preferred for either initial or subsequent ther-
apy. For patients with stage 2 (systolic blood pressure � 160
mm Hg; diastolic blood pressure � 100 mm Hg) hyper-
tension, the JNC 7 recommended initial treatment with
a diuretic combined with another class of agents, such
as those that are now available in fixed combinations. As
with stage 1 hypertension, other agents may be as appro-
priate or more appropriate for initial, as well as subsequent,
therapy because of compelling indications in individual pa-
tients.

Diabetes, chronic kidney disease, and recurrent stroke
are some compelling indications for individualized drug
choices. In the diabetic patient, diuretics combined with 1
or several other classes of agents are useful. Angiotensin-
converting enzyme (ACE) inhibitors and angiotensin-
receptor blockers (ARBs) now have proven benefits beyond
reducing blood pressure in patients with diabetes, and they
should be part of every regimen in the diabetic patient.
These 2 classes of agents preserve kidney function in
patients with chronic kidney disease. �-Blockers may be
useful in the patient with a history of coronary heart dis-
ease.

Most patients will require at least 2 medications for
control, but 65% of physicians still try to control blood
pressure with 1 drug. Attempting this goal is no longer
considered optimal care. Combination therapy is needed to
achieve acceptable rates of control. Optimal adherence re-
quires motivation, trust, and physician empathy. Hyper-
tension is one of the hardest conditions for physicians to
treat, partly because success requires precious time in the
office to talk with patients about the disease and the goals
of treatment.

Ann Intern Med. 2005;142:433-438.
For author affiliation, see end of text.
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Hypokalemia Was Associated with Increased Risk for Stroke
among Patients
Smith NL, Lemaitre RN, Heckbert SR, et al. Serum potassium and

stroke risk among treated hypertensive adults. Am J Hypertens. 2003;

16:806-13. [PMID: 14553958]

Smith and colleagues wanted to determine the risk for isch-
emic and hemorrhagic stroke associated with serum potas-
sium levels obtained within 1 year before the stroke. They
used data from an ongoing population-based, case–control
study of stroke among patients in a large health coopera-
tive. The study involved more than 3000 patients 30 to 79
years of age. Of these patients, 718 had a stroke (593
ischemic strokes and 125 hemorrhagic strokes) between
July 1989 and December 2000. The controls were 2397
individuals without a history of stroke who otherwise met
the same inclusion criteria as those who had strokes.

Smith and colleagues found a greater than 2-fold in-
crease in the odds of ischemic stroke (odds ratio, 2.04
[95% CI, 1.14 to 3.64]) and hemorrhagic stroke (odds
ratio, 3.29 [CI, 1.45 to 7.48]) in individuals with hypoka-
lemia. They defined hypokalemia as serum potassium levels
of 3.4 mmol/L or greater (normal serum potassium level,
3.5 to 5.0 mmol/L). Few participants were hypokalemic:
3% of those who had ischemic stroke, 6% of those who
had hemorrhagic stroke, and 2% of the control group.
Stroke risk was not associated with diuretic use.

Since diuretic use was not responsible for the high risk
for stroke, serum potassium levels may contribute to dis-
ease. Restricted intake of potassium could be responsible
for the hypokalemia in study participants. High serum po-
tassium levels are reported to have cardioprotective effects
by inhibiting several processes, including free radical for-
mation, proliferation of vascular smooth-muscle cells, plate-
let aggregation, and arteriolar thrombosis.

Aggressive Education and Treatment Efforts Improved Blood
Pressure
Julius S, Kjeldsen SE, Brunner H, et al. VALUE trial: Long-term blood

pressure trends in 13,449 patients with hypertension and high cardio-

vascular risk. Am J Hypertens. 2003;16:544-8. [PMID: 12850387]

This multicenter, double-blind, randomized, active-control,
parallel-group trial compared the effects of treatment based
on valsartan or amlodipine on blood pressure and cardio-
vascular end points in hypertension. Follow-up lasted 4 to
6 years or until 1450 patients experienced a primary car-
diovascular event. Physicians could add other antihy-
pertensive medications (except for the primary treatment
classes) as needed to reach a target blood pressure of less
than 140/90 mm Hg. This report was preliminary; final
outcomes data are scheduled for later publication.

Julius and colleagues used aggressive educational ef-
forts coupled with a 6-step algorithm to guide drug use. Of
13 449 patients, 92% were taking antihypertensive therapy

at entry with a baseline blood pressure of 154/87 mm Hg.
In 1051 untreated patients, the baseline blood pressure was
168/95 mm Hg. After 6 months, both groups had indis-
tinguishable blood pressure values, and at 12 months, the
mean blood pressure had decreased to 141/83 mm Hg.
Subsequent blood pressure for the entire group was 139/80
mm Hg at 24 months and 138/79 mm Hg at 30 months.
Achieved blood pressure control exceeded the values that
most published large-scale trials have reported, implying
that when an explicit blood pressure goal is set and a treat-
ment algorithm is provided, physicians can achieve better
control rates than in their regular practice.

Combination therapy was required to achieve these
lower goals. By the end of the trial, 85% of patients were
receiving at least 2 drugs to achieve blood pressure less than
140/95 mm Hg. Since two thirds of physicians today try to
control blood pressure with monotherapy, this study has
an important lesson: Physicians need to be willing to in-
crease doses, add medications, and treat patients to achieve
a specific goal blood pressure.

Proteinuria, Lipids, and Renal Disease

Microalbuminuria in Patients with Type 1 Diabetes Did Not
Imply Inexorably Progressive Nephropathy
Perkins BA, Ficociello LH, Silva KH, et al. Regression of microalbu-

minuria in type 1 diabetes. N Engl J Med. 2003;348:2285-93. [PMID:

12788992]

Perkins and colleagues aimed to determine the frequency
and predictors of a substantial reduction or regression in
urinary albumin excretion in patients with type 1 diabe-
tes and microalbuminuria. The study site was the Joslin
Clinic, which has a large ongoing cohort study of the nat-
ural history of microalbuminuria in patients with type 1
diabetes.

The study involved 386 patients with persistent mi-
croalbuminuria, defined as urinary albumin excretion be-
tween 30 to 299 �g/min on repeated measurement over a
2-year period. (The investigators estimated urinary albu-
min excretion by using the albumin-to-creatinine ratio).
Perkins and colleagues took subsequent measurements dur-
ing the next 6 years and grouped the measurements into
2-year periods. They defined regression as a 50% or greater
reduction from one 2-year period to the next.

The lowest blood pressure levels were associated with a
higher hazard ratio for regression (higher hazard ratios in-
dicate greater regression of microalbuminuria). This find-
ing was not surprising since physicians already knew that
reducing blood pressure lowered proteinuria in diabetic pa-
tients. Lower levels of hemoglobin A1c (particularly levels
� 8%) were also associated with higher hazard ratios for
regression. The highest hazard ratio for regression occurred
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when cholesterol levels were less than 5.13 mmol/L (198
mg/dL) and triglyceride levels were less than 1.64 mmol/L
(145 mg/dL).

Patients with type 1 diabetes who develop microalbu-
minuria do not inevitably develop progressive diabetic ne-
phropathy. In more than 50% of patients with new-onset
type 1 diabetes, microalbuminuria may regress. Microalbu-
minuria of short duration is especially likely to regress.
Early, aggressive pharmacologic therapy and lifestyle mod-
ification are the key to suppressing microalbuminuria into
the normal range. This study suggests that indicated ther-
apy may include lipid-lowering drugs, even among patients
who do not have overt dyslipidemia.

Pravastatin Prevented Cardiovascular Events in Persons with
Mild Chronic Renal Insufficiency
Tonelli M, Moyé L, Sacks FM, et al. Pravastatin for secondary pre-

vention of cardiovascular events in persons with mild chronic renal

insufficiency. Ann Intern Med. 2003;138:98-104. [PMID: 12529091]

Tonelli and colleagues wanted to determine the safety and
effectiveness of pravastatin for secondary prevention of car-
diovascular disease in people with mild chronic renal in-
sufficiency. Cardiovascular disease is a common cause of
morbidity and death in patients with chronic kidney dis-
ease. This study was the first to examine the effects of
statins specifically in chronic renal insufficiency.

The post hoc subgroup analysis of the Cholesterol and
Recurrent Events (CARE) study, a large randomized trial,
involved 1711 people with chronic renal insufficiency (de-
fined as creatinine clearance � 1.25 mL/s, measured by
using the Cockcroft–Gault equation), previous myocardial
infarction, and total plasma cholesterol levels less than 6.21
mmol/L (�240 mg/dL). Participants received either 40 mg
of pravastatin (n � 711) or placebo (n � 1000).

After 59 months, compared with the placebo group,
the pravastatin group experienced a 28% reduced risk for
major coronary events (hazard ratio, 0.72), a 27% reduced
risk in fatal myocardial infarction or confirmed nonfatal
myocardial infarction (hazard ratio, 0.72), a 35% reduced
need for coronary artery bypass graft surgery or other in-
terventions (hazard ratio, 0.65), and a 38% reduced risk
for stroke (hazard ratio, 0.62). The benefit seemed to be
independent of the severity of renal insufficiency. Patients
with mild to moderate renal insufficiency (defined as hav-
ing a glomerular filtration rate of �0.19 mL � s�2 � m�2)
experienced no statistically significant increase in the
plasma concentrations of the statin at this pravastatin
dose. The incidence of side effects was similar in the 2
groups.

Tonelli and colleagues’ study, in contrast to other re-
search, did not find mild renal insufficiency to be an inde-
pendent risk factor for cardiovascular disease. Nonetheless,
individuals with renal insufficiency are a large, readily iden-

tifiable group that seems to be at increased risk for cardio-
vascular events. Physicians do not frequently use statins in
these individuals, presumably because of concerns about
medication-related adverse events. The lower rate of ad-
verse events associated with pravastatin in this group of
patients with mild renal insufficiency supports using statins
more frequently in mild chronic renal disease.

Atorvastatin Added to a Regimen with ACE Inhibitors or
ARBs Reduced Proteinuria and the Progression of Kidney
Disease
Bianchi S, Bigazzi R, Caiazza A, et al. A controlled, prospective

study of the effects of atorvastatin on proteinuria and progression of

kidney disease. Am J Kidney Dis. 2003;41:565-70. [PMID: 12612979]

Various mechanisms seem to contribute to the progression
of chronic kidney disease. In addition to control of blood
pressure, glucose level, and the amount of proteinuria, dys-
lipidemia may also contribute to the progression of renal
disease. Experimental studies and limited clinical trials have in-
dicated that 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors may reduce the rate of progression
of kidney disease. These agents can reduce proliferation of
mesangial and vascular smooth-muscle cells, inhibit the
production of cytokines and macrophage-stimulating fac-
tor, and upregulate nitric oxide in the vascular endothe-
lium. These and other mechanisms may be important in
the modulation of inflammatory damage in the kidney.

This small study examined the effects of atorvastatin
on proteinuria and progressive kidney disease. Bianchi and
colleagues selected 56 nondiabetic patients with moderate
renal insufficiency (a mean glomerular filtration rate of
about 0.48 mL � s�2 � m�2, estimated from the Cockcroft–
Gault formula) and an average proteinuria excretion of
2.2 g/d.

Before randomization, Bianchi and colleagues treated
all patients for a 12-month run-in with an ACE inhibitor
or ARB, titrated to maximal effective dosage, plus other
antihypertensive agents as needed. They then added
atorvastatin (10 to 40 mg/d) or placebo. After 12 more
months, the patients in the atorvastatin group experienced
a continued decrease in urinary protein excretion (from 2.2
g/d to 1.2 g/d; P � 0.01) compared with patients in the
placebo group. Creatinine clearance stabilized in the ator-
vastatin group, while it continued to decrease in the pla-
cebo group (from 0.84 to 0.74 mL/s; P � 0.01). The ben-
efits seemed to be an additive effect of ACE inhibitors or
ARBs. Renal protective therapy in patients with diabetic
and nondiabetic chronic kidney disease should include
treatment of dyslipidemia in addition to control of blood
pressure and blood glucose.
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Blood Pressure, Angiotensin II Antagonists, and Renal
Disease

Systolic Blood Pressure Was a Key Predictor of Renal
Outcome in Diabetic Patients
Bakris GL, Weir MR, Shanifar S, et al. Effects of blood pressure level

on progression of diabetic nephropathy: results from the RENAAL

study. Arch Intern Med. 2003;163:1555-65. [PMID: 12860578]

The Reduction of Endpoints in NIDDM [non–insulin-
dependent diabetes mellitus] with the Angiotensin II An-
tagonist Losartan (RENAAL) study, first published a few
years ago, involved 1513 patients with type 2 diabetes and
established nephropathy assigned to take the ARB losartan.
The investigators assigned patients to either losartan or
placebo, with other agents added to achieve the goal of a
trough blood pressure less than 140/90 mm Hg (trough
blood pressure is the measurement taken immediately be-
fore the next dosing). The average follow-up was 3.4 years.
Losartan decreased the rate of doubling of creatinine levels
and decreased the rate of progression to end-stage renal
disease.

Bakris and colleagues’ subgroup analysis of the
RENAAL trial focused on the effects of blood pressure on
the progression of diabetic nephropathy. It evaluated the
effect of baseline and post-treatment systolic blood pressure
and diastolic blood pressure and pulse pressure on dou-
bling of serum creatinine levels, incidence of end-stage re-
nal disease, or death. It also explored the implications of
dihydropyridine calcium-channel blockers as add-on drugs
to control blood pressure in these patients.

Using a Cox proportional hazards regression model,
Bakris and colleagues measured the hazard ratio for these
outcomes for baseline systolic blood pressure, baseline dia-
stolic blood pressure, and pulse pressure, as well as blood
pressure immediately preceding the outcome event. Base-
line systolic blood pressure greater than 140 mm Hg in-
creased the risk for end-stage renal disease or mortality by
38% (P � 0.05) compared with baseline systolic blood
pressure less than 130 mm Hg. Baseline diastolic blood
pressure and pulse pressure less than 60 mm Hg did not
predict increased risk for any end point. However, as the
pulse pressure increased with systolic blood pressure, risk
progressively increased. Patients in the losartan group with
a baseline pulse pressure greater than 90 mm Hg had a
53.5% lower risk for end-stage renal disease (P � 0.003)
and a 35.5% lower risk for end-stage renal disease or death
(P � 0.02) than the placebo group.

Bakris and colleagues’ study showed that baseline sys-
tolic blood pressure was a key indicator of renal outcomes
in patients with type 2 diabetes. It was the first study to
establish a meaningful systolic blood pressure goal for pa-
tients with progressive diabetic nephropathy. Consistent
with other studies in this Update, achieving systolic blood

pressure less than 140 mm Hg will probably require using
3 or more drugs at doses titrated as needed.

Systolic Blood Pressure Goal between 110 and 129 mm Hg
May Reduce Kidney Disease Progression
Jafar TH, Stark PC, Schmid CH, et al. Progression of chronic kidney

disease: the role of blood pressure control, proteinuria, and angio-

tensin-converting enzyme inhibition: a patient-level meta-analysis.

Ann Intern Med. 2003;139:244-52. [PMID: 12965979]

Angiotensin-converting enzyme inhibitors are known to
reduce blood pressure and urine protein excretion and slow
the progression of chronic kidney disease. Jafar and col-
leagues wanted to determine the blood pressure and urine
protein excretion levels associated with the lowest risk for
progression of chronic kidney disease during antihyper-
tensive therapy with and without ACE inhibitors. They
pooled data from 11 randomized, controlled trials that
compared the effects of any hypertensive regimens with or
without ACE inhibitors on 1860 mostly nondiabetic pa-
tients with kidney disease. They defined the progression of
kidney disease as a doubling of baseline creatinine level or
onset of kidney failure.

They performed a multivariate regression analysis to
assess the association of blood pressure and urine protein
excretion level with kidney disease progression. Among this
cohort of patients who were followed for an average of 2.2
years, the measurements associated with the lowest risk for
kidney disease progression were systolic blood pressure be-
tween 110 and 129 mm Hg and urine protein excretion
less than 2.0 g/d. Angiotensin-converting enzyme inhibi-
tors reduced blood pressure and urine excretion to desired
levels (relative risk for kidney disease progression, 0.67).
Kidney disease was more likely to progress at systolic blood
pressure levels greater than 130 mm Hg and urine protein
excretion levels greater than 1.0 g/d (P � 0.006). Jafar and
colleagues also found that a systolic blood pressure less
than 110 mm Hg might be associated with a higher risk for
kidney disease progression.

The relationship of higher systolic blood pressure and
urine protein excretion as independent risk factors for kid-
ney disease progression was highly statistically significant.
Treating systolic blood pressure to less than 130 mm Hg
and suppressing urinary protein excretion to less than 1 g/d
may be appropriate targets. These findings clearly apply to
patients with nondiabetic kidney disease, in whom the risk
for progression of kidney disease is greater than the risk for
cardiovascular disease.

Dual Blockade of the Renin–Angiotensin System Was
Superior to Maximal Recommended ACE Inhibitor Doses for
Treating Diabetic Nephropathy
Jacobsen P, Andersen S, Rossing K, et al. Dual blockade of the

renin-angiotensin system versus maximal recommended dose of ACE
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inhibition in diabetic nephropathy. Kidney Int. 2003;63:1874-80.

[PMID: 12675866]

Jacobsen and colleagues wanted to determine whether add-
ing a maximal recommended dose of ARBs offered a more
thorough blockade of the renin–angiotensin system in pa-
tients with type 1 diabetes and diabetic nephropathy who
were already receiving a maximal dose of ACE inhibitors.
The randomized, double-blind, crossover trial involved 24
patients with type 1 diabetes and diabetic nephropathy.
The patients received either 300 mg of irbesartan once
daily or placebo in addition to 40 mg of enalapril once
daily for 8 weeks.

At the end of each treatment period, Jacobsen and
colleagues measured albuminuria, 24-hour blood pressure,
and glomerular filtration rate. They found that adding irbe-
sartan to enalapril resulted in an additional 25% reduction
in proteinuria level (P � 0.001), an 8 mm Hg reduction in
systolic blood pressure (P � 0.002), and a 4 mm Hg re-
duction in diastolic blood pressure (P � 0.003). The ad-
dition of irbesartan to enalapril did not adversely affect
glomerular filtration rate or plasma potassium level. The
dual blockade seemed to be safe and well tolerated.

This short-term, 8-week study supported the hypoth-
esis that treatment with both ACE inhibitors and ARBs in
maximal dosages offered a synergistic renal and cardiovas-
cular protection that is not obtainable with ACE inhibitors
alone in patients with type 1 diabetes and nephropathy.
Long-term trials are needed to further establish the role of
dual blockade of the renin–angiotensin system and renal
and cardiovascular protection.

Jacobsen and colleagues’ study is the first to demon-
strate that dual blockade of the renin–angiotensin system
achieves better control of albuminuria level and 24-hour
blood pressure than maximal recommended doses of an
ACE inhibitor alone in patients with diabetic nephropathy.
Many small studies have reported additive effects when
using suboptimal dosages of both classes of agents. Al-
though this trial used maximal recommended doses of ena-
lapril and irbesartan, the doses of both agents may have
been too low. However, dose-ranging studies of the anti-
proteinuric and antihypertensive effects of these agents at
dosages beyond their recommended daily dosages have not
been performed. Further studies are needed to determine
whether much higher doses of these agents would further
reduce proteinuria level beyond optimal blood pressure–
lowering effects.

Smoking and Renal Disease

Smoking Was Associated with Renal Impairment and
Proteinuria in a Healthy Population
Briganti EM, Branley P, Chadban SJ, et al. Smoking is associated

with renal impairment and proteinuria in the normal population:

the AusDiab kidney study. Australian Diabetes, Obesity and Lifestyle

Study. Am J Kidney Dis. 2002;40:704-12. [PMID: 12324904]

Smoking has been associated with renal impairment among
patients with diabetes or hypertension, but the effects on a
healthy population have been unclear. Briganti and col-
leagues studied the relationship between cigarette smoking
and indicators of kidney damage in a healthy sample of
participants who were not diabetic, did not have impaired
fasting glucose levels or impaired glucose tolerance, and
did not have hypertension. The population-based, cross-
sectional study involved 11 247 randomly selected Austra-
lian adults. Briganti and colleagues tested the participants
for kidney damage (glomerular filtration rate � 0.58 mL �
s�2 � m�2, determined by using the Cockcroft–Gault equa-
tion,) and proteinuria (urine protein–creatinine ratio �0.20
mg/mg) and measured smoking status with a questionnaire.

After adjustment for potential confounding factors,
smoking was statistically significantly associated with renal
impairment in men (odds ratio, 3.59) but not in women.
Among participants with high-normal systolic blood pres-
sure, smoking was statistically significantly associated with
proteinuria (odds ratio ranging from 3.64 to 5.76 for
blood pressures of 131.5 mm Hg and 139.5 mm Hg, re-
spectively). Smoking was also associated with high-normal
2-hour glucose levels (odds ratio ranging from 1.76 to
10.84 for glucose levels of 7.0 mmol/L [126.13 mg/dL]
and 7.7 mmol/L [138.74 mg/dL], respectively). In addi-
tion, for every 10 pack-years of cigarette smoking among
current smokers, individuals had a 0.031 mL � s�2 � m�2

decrease in estimated glomerular filtration rate. People with
glomerular filtration rates less than 0.58 mL � s�2 � m�2

had almost double the number of pack-years than those
with rates greater than 0.58 mL � s�2 � m�2.

In summary, the findings provided strong evidence
linking smoking with renal impairment in the healthy pop-
ulation. Discouraging smoking is especially important in
those with high-normal systolic blood pressure and 2-hour
glucose levels.

Hypertension and Coronary Artery Disease

Calcium Antagonists Were as Effective as Non–Calcium
Antagonists for Treating Hypertensive Patients with
Coronary Artery Disease
Pepine CJ, Handberg EM, Cooper-DeHoff RM, et al. A calcium

antagonist vs a non-calcium antagonist hypertension treatment strat-

egy for patients with coronary artery disease. The International

Verapamil-Trandolapril Study (INVEST): a randomized controlled

trial. JAMA. 2003;290:2805-16. [PMID: 14657064]

Until the International Verapamil-Trandolapril Study
(INVEST) trial, the only evidence of benefit from using
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hypertensive agents for patients for coronary artery disease
was from subgroup analyses of existing clinical trials. The
INVEST trial was the first major trial primarily designed to
study hypertensive patients with established coronary ar-
tery disease. The multicenter, multicountry, randomized,
open-label, blinded, end point study involved 22 576 hy-
pertensive patients with coronary artery disease 50 years
of age or older. The patients received either a calcium
antagonist strategy (verapamil sustained-release) or a non–
calcium antagonist strategy (atenolol). (�-Blockers are the
only class of agents approved for secondary cardioprotec-
tion, although ACE inhibitors may soon gain approval.)
Concomitant therapies—trandolapril or hydrochlorothia-
zide—were added as needed to reduce blood pressure to
140/90 mm Hg. If diabetes or renal impairment were pres-
ent, the target blood pressure was 130/85 mm Hg. Also,
trandolapril was recommended for patients with heart fail-
ure, diabetes, or renal impairment. The primary outcome
of the study was a composite end point of death from any
cause, nonfatal myocardial infarction, or nonfatal stroke.

After 5 years (mean, 2.7 years per patient), the inves-
tigators found no difference in the primary end point be-
tween the 2 treatment groups. A total of 2269 patients
had experienced a primary outcome event (9.93% in the
calcium antagonist strategy group and 10.17% in non–
calcium antagonist strategy group [relative risk, 0.98 (CI,

0.90 to 1.06)]). In addition, 2-year blood pressure control
was similar between the groups—65.0% (systolic) and 88.5%
(diastolic) of patients in the calcium antagonist strategy
group achieved goal blood pressure, and 64.0% (systolic)
and 88.1% (diastolic) of patients in the non–calcium an-
tagonist strategy group achieved goal blood pressure. The
findings indicated that a �-blocker strategy and a calcium
antagonist strategy gave similar cardioprotection.

Patients receiving the verapamil–trandolapril strategy
were less likely to develop diabetes than those receiving the
atenolol–diuretic strategy. Other major clinical trials in hy-
pertension have demonstrated that patients treated with
diuretics or �-blockers experienced an increased incidence
of new-onset diabetes during the trial compared with pa-
tients receiving ACE inhibitors, ARBs, or calcium antago-
nists. The question now arises whether physicians should
look to treatment strategies that do not carry increased
risk for new-onset diabetes. Longer trials are needed to
determine whether selected treatment strategies are just de-
laying the new onset of diabetes or whether they actually
prevent diabetes.

From the Cleveland Clinic Foundation, Cleveland, Ohio.

Requests for Single Reprints: Donald G. Vidt, MD, Department of
Nephrology and Hypertension, The Cleveland Clinic Foundation, 9500
Euclid Avenue A51, Cleveland, OH 44195; e-mail, vidtd@ccf.org.
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Recommendations for the Diagnosis and Treatment of the
Acute Porphyrias
Karl E. Anderson, MD; Joseph R. Bloomer, MD; Herbert L. Bonkovsky, MD; James P. Kushner, MD; Claus A. Pierach, MD;
Neville R. Pimstone, MD; and Robert J. Desnick, PhD, MD

The acute porphyrias, 4 inherited disorders of heme biosynthesis,
cause life-threatening attacks of neurovisceral symptoms that
mimic many other acute medical and psychiatric conditions. Lack
of clinical recognition often delays effective treatment, and inap-
propriate diagnostic tests may lead to misdiagnosis and inappro-
priate treatment. We review the clinical manifestations, patho-
physiology, and genetics of the acute porphyrias and provide
recommendations for diagnosis and treatment on the basis of
reviews of the literature and clinical experience.

An acute porphyria should be considered in many patients
with unexplained abdominal pain or other characteristic symp-
toms. The diagnosis can be rapidly confirmed by demonstration of
a markedly increased urinary porphobilinogen level by using a
single-void urine specimen. This specimen should also be saved

for quantitative measurement of porphobilinogen, 5-aminolevu-
linic acid, and total porphyrin levels. Intravenous hemin therapy,
started as soon as possible, is the most effective treatment. Intra-
venous glucose alone is appropriate only for mild attacks (mild
pain, no paresis or hyponatremia) or until hemin is available.
Precipitating factors should be eliminated, and appropriate sup-
portive and symptomatic therapy should be initiated. Prompt di-
agnosis and treatment greatly improve prognosis and may prevent
development of severe or chronic neuropathic symptoms. We rec-
ommend identification of at-risk relatives through enzymatic or
gene studies.

Ann Intern Med. 2005;142:439-450. www.annals.org
For author affiliations, see end of text.

The acute porphyrias are well-defined genetic disorders
of heme biosynthesis characterized by acute life-threat-

ening attacks of nonspecific neurologic symptoms (1). Al-
though the specific enzyme and gene defects have been
identified, diagnosis and treatment of these 4 disorders still
present formidable challenges because their symptoms and
signs mimic other, more common conditions. Delaying
diagnosis and treatment of acute porphyric attacks can be
fatal or can cause long-term or permanent neurologic dam-
age. Updated, consistent recommendations for timely di-
agnosis and treatment of these disorders have been lacking,
despite the existence of rapid, sensitive, and specific bio-
chemical tests (2) and the availability of an effective ther-
apy, which was first described more than 30 years ago (3)
and was approved by the U.S. Food and Drug Adminis-
tration (FDA) more than 20 years ago.

FORMATION OF AN EXPERT PANEL AND BASIS OF

RECOMMENDATIONS

Concerns about misdiagnosis, delayed diagnosis, and
inappropriate therapy prompted the American Porphyria
Foundation to assemble a panel of experts on the acute
porphyrias who were selected on the basis of their clinical
and research experience and their contributions to the
medical literature. The panel, which represents specialties
including internal medicine, pediatrics, genetics, gastroen-
terology, hepatology, and hematology, was charged with
formulating updated recommendations for diagnosing and
treating the acute porphyrias.

With support from the American Porphyria Founda-
tion, the panel members convened for a day-long meeting
to formulate clinical recommendations. Two members, as-
sisted by a medical writer funded by the Foundation, pre-

pared a draft manuscript based on the panel’s discussion
and recommendations. All panel members participated in
the review and revision of the manuscript and agreed to the
final version.

Recommendations are based on the clinical experience
of the authors and their review of the literature. Because
the acute porphyrias are rare, most of the literature consists
of reviews, small series, and case studies. A detailed MED-
LINE search on treatment of acute attacks, for example,
revealed 71 papers (55 in English and 16 with English
abstracts) published between 1966 and October 2004. Of
these, 41 were single-case reports, 13 were case series of 10
or fewer patients, and 17 (11 in English) were studies with
more than 10 patients (4–20). Altogether, 53 papers dis-
cuss more than 1000 patients who received hemin therapy
with or without initial treatment with glucose.

The American Porphyria Foundation partially funded
this review. This nonprofit organization provides informa-
tion and support to patients with porphyria and their phy-
sicians. It receives funding from private sources in addition
to a nonrestricted grant from Ovation Pharmaceuticals, the
manufacturer of hemin for injection (Panhematin), the
only FDA-approved hemin therapy for the acute porphy-
rias. The Foundation and Ovation Pharmaceuticals had no
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role in the literature review, the formulation of recommen-
dations, or the drafting and revising of the manuscript.

OVERVIEW OF THE ACUTE PORPHYRIAS

Acute Porphyrias Are Inborn Errors of Heme Biosynthesis
Each of the acute porphyrias results from the deficient

activity of a distinct enzyme in the heme biosynthetic path-
way (1). Porphyrias are classified as hepatic or erythroid,
depending on whether most of the heme biosynthetic in-

termediates arise from, and accumulate in, the liver or in
developing erythrocytes. They are also classified clinically
as acute or cutaneous on the basis of their major clinical
manifestations. Of the 5 hepatic porphyrias, 4 characteris-
tically present with acute attacks of neurologic manifesta-
tions—hence the designation acute porphyrias, a term that
does not fully describe the clinical features, which can be
prolonged and chronic.

Table 1 shows the genetic and enzymatic features of
the 4 acute hepatic porphyrias (21): acute intermittent por-
phyria, hereditary coproporphyria, variegate porphyria,
and the very rare 5-aminolevulinic acid (ALA)–dehy-
dratase porphyria. The combined prevalence of these dis-
eases is approximately 5 cases per 100 000 persons (1).
Numerous mutations have been identified for each disor-
der. The major manifestations of the acute porphyrias are
neurologic, including neuropathic abdominal pain, periph-
eral neuropathy, and mental disturbances (Table 2) (1, 4,
22–25). These develop during adult life, are more common
in women than in men, and are treated by methods to
restore heme homeostasis. Variegate porphyria and, much
less commonly, hereditary coproporphyria can also cause
chronic, blistering lesions on sun-exposed skin that are
identical to those in porphyria cutanea tarda, a much more
common condition. Photocutaneous lesions may occur
without neuropathic manifestations.

In addition to their highly variable neurologic signs
and symptoms, the acute porphyrias are distinct from other
porphyrias because of their common overproduction of the
porphyrin precursors ALA (an amino acid), and porphobi-
linogen (a pyrrole). This striking biochemical feature is
important for laboratory diagnosis and has implications for
pathogenesis of the neurologic manifestations. While por-
phyrins (tetrapyrroles) are also increased, their measure-
ment is of little value for initial diagnosis because they are
also increased (in urine, feces, erythrocytes, or plasma) in
other porphyrias and many other medical conditions.

Pathogenesis of Acute Attacks
The enzyme deficiency in each disorder is partial (ap-

proximately 50% of normal in the 3 most common acute
porphyrias), and the remaining enzyme activity is usually
sufficient for heme homeostasis. Because ALA dehydratase
activity normally greatly exceeds that of the other enzymes
in the pathway, a more severe deficiency of this enzyme
(�5% of normal) is required to cause manifestations of
ALA-dehydratase porphyria. These enzymatic defects “pre-
dispose” the affected persons to the effects of precipitating
factors, including many drugs (for example, barbiturates,
anticonvulsants, rifampin, and progestins), endogenous
steroid hormones (especially progesterone), fasting, dieting,
smoking, and stress from illness, all of which can increase
the demand for hepatic heme and induce synthesis of ALA
synthase, the first enzyme in the heme biosynthetic path-
way. Because hepatic ALA synthase is rate-controlling, pro-
duction of heme pathway intermediates increases to the

Key Summary Points

Early Diagnosis of Acute Porphyria

Consider in all adults with unexplained symptoms seen in acute
porphyrias (Table 2); certain clinical features are suggestive:
women of reproductive age; abdominal pain; muscle weakness;
hyponatremia; and dark or reddish urine.

Establish diagnosis promptly by testing for increased porphobilino-
gen in a single-void urine (we recommend the Trace PBG Kit
[Thermo Trace/DMA, Arlington, Texas]).

If porphobilinogen is increased, begin treatment immediately. To
establish the type of acute porphyria, save the same urine sample
for measurement of ALA, porphobilinogen, and porphyrin levels,
and measure plasma porphyrin levels, fecal porphyrin levels, and
erythrocyte porphobilinogen deaminase levels (Table 5 and Figure).

Treatment of the Acute Attack

Hospitalize patient for control of acute symptoms and withdraw
all unsafe medications (see Table 3) and other possible precipitat-
ing factors.

Provide nutritional support and symptomatic and supportive treat-
ment; consider seizure precautions, especially if patient is hy-
ponatremic; use medications that are known to be safe in the
acute porphyrias; and use intravenous fluids to correct dehydra-
tion and electrolyte imbalances, narcotic analgesics for pain, phe-
nothiazine for nausea or vomiting, and �-adrenergic blockers for
hypertension and symptomatic tachycardia.

Begin hemin (3 to 4 mg daily for at least 4 days) as soon as pos-
sible. Intravenous glucose alone (10%, at least 300 g daily) may
resolve mild attacks (mild pain, no paresis, or hyponatremia) or
can be given while awaiting delivery of hemin.

Monitor patient closely: Check vital capacity (if impaired, place
patient in intensive care) and neurologic status, including muscle
strength (especially proximal); check serum electrolytes, creatinine,
and magnesium levels at least daily; and watch for bladder dis-
tention.

Follow-up

Educate patient and family about the disease, its inheritance, pre-
cipitating factors, and important preventive measures.

Encourage patients to wear medical alert bracelets and keep
records of diagnostic studies and recommended therapy.

Treat chronic manifestations (such as pain and depression) and
disability. Provide access to genetic testing for patient and family
members.
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point at which the inherited partial enzyme deficiency be-
comes limiting, and intermediates accumulate in the liver.
Porphobilinogen and ALA levels are increased in all pa-
tients with acute symptoms of these disorders and in some
who are asymptomatic.

The cause of hepatic overproduction of porphyrin pre-
cursors in the acute porphyrias is better understood than
are the mechanisms for neurologic damage. Presumably,
symptoms result primarily from the porphyrin precursors
themselves rather than a deficiency of heme in nerve tissue
(26, 27). Chronic symptoms and signs may reflect previ-
ous, unresolved neurologic damage. In the very rare cases
of homozygous acute intermittent porphyria (26), variegate
porphyria (28), and hereditary coproporphyria (29), severe
neurologic manifestations begin in childhood. An alloge-
neic liver transplantation in a woman with heterozygous
acute intermittent porphyria normalized her urinary ALA

and porphobilinogen levels in 24 hours and completely
eliminated her recurrent neurologic attacks, which sup-
ports the hepatic overproduction of porphyrin precursors
in causing the neurologic symptoms (27). Similarly, a pa-
tient with variegate porphyria manifested biochemical im-
provement after a liver transplantation for alcoholic cirrho-
sis (30). However, liver transplantation was not beneficial
clinically or biochemically in a child with severe ALA-
dehydratase porphyria (31). These important but limited
case experiences help establish the role of the hepatic over-
production of heme precursors in causing neurologic man-
ifestations of acute porphyrias but do not yet support the
broad application of liver transplantation in these disor-
ders.

Approximately 80% of carriers of a gene mutation for
acute intermittent porphyria, variegate porphyria, and he-
reditary coproporphyria remain asymptomatic, and others

Table 1. Characteristics of the 4 Acute Porphyrias*

Disease
(Abbreviation)

Inheritance Deficient Enzymes
(Synonyms; Sequence
in Pathway)

Subcellular
Locations

Enzyme Activity, %
of normal

Known
Mutations, n†

Gene
Locus

OMIM
Number‡

Acute intermittent
porphyria (AIP)

Autosomal
dominant

PBG deaminase (HMB
synthase; third)§

Cytosolic �50 227 11q23.3 �176000

Hereditary
coproporphyria
(HCP)

Autosomal
dominant

Coproporphyrinogen
oxidase (sixth)

Mitochondrial �50 36 3q12 �121300

Variegate porphyria
(VP)

Autosomal
dominant

Protoporphyrinogen
oxidase (seventh)

Mitochondrial �50 120 1q22 #176200

ALA-dehydratase
deficient porphyria
(ADP)

Autosomal
recessive

ALA dehydratase
(porphobilinogen
synthase; second)

Cytosolic �5 7 9q34 �125270

* Acute intermittent porphyria is the most prevalent and 5-aminolevulinic acid–dehydratase deficient porphyria is the least prevalent of these diseases in the United States.
ALA � 5-aminolevulinic acid (�-aminolevulinic acid); HMB � hydroxymethylbilane; OMIM � Online Mendelian Inheritance in Man; PBG � porphobilinogen.
† Human Gene Mutation Database (www.hgmd.org) (21) as of 14 October 2004.
‡ Online Mendelian Inheritance in Man (for additional information on disease and its genetics) (www.ncbi.nlm.nih.gov/entrez/query.fcgi?db�OMIM).
§ Formerly known as uroporphyrinogen I synthase.

Table 2. Common Presenting Symptoms and Signs of Acute Porphyria*

Symptoms and Signs Estimated
Incidence, %

Comment

Gastrointestinal
Abdominal pain 85–95 Usually unremitting (for hours or longer) and poorly localized but can be cramping. Neurologic

in origin and rarely accompanied by peritoneal signs, fever, or leukocytosis.
Vomiting 43–88 Nausea and vomiting often accompany abdominal pain.
Constipation 48–84 May be accompanied by bladder paresis.
Diarrhea 5–12

Neurologic
Pain in extremities, back, chest, neck,

or head
50–70 Pain may begin in the chest or back and move to the abdomen. Extremity pain indicates

involvement of sensory nerves, with objective sensory loss reported in 10%–40% of cases.
Paresis 42–68 May occur early or late during a severe attack. Muscle weakness usually begins proximally

rather than distally and more often in the upper than lower extremities.
Respiratory paralysis 9–20 Preceded by progressive peripheral motor neuropathy and paresis.
Mental symptoms 40–58 May range from minor behavioral changes to agitation, confusion, hallucinations, and

depression.
Convulsions 10–20 A central neurologic manifestation of porphyria or due to hyponatremia, which often results

from syndrome of inappropriate antidiuretic hormone secretion or sodium depletion.

Cardiovascular
Tachycardia 28, 64–85 May warrant treatment to control rate, if symptomatic (see text).
Systemic arterial hypertension 36–55 May require treatment during acute attacks, and sometimes becomes chronic.

* Based on several series of patients with symptomatic acute intermittent porphyria (1, 4, 22–25).
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may have only 1 or a few acute attacks throughout life.
Levels of ALA, porphobilinogen, and porphyrins in urine,
serum, and feces are normal in most asymptomatic carriers
of autosomal dominant acute porphyrias. Moreover, most
patients with ALA-dehydratase porphyria, who may have
less than 5% of normal ALA dehydratase activity, also re-
main asymptomatic for most of their lives.

Common Clinical Features
Table 2 lists the most commonly reported clinical fea-

tures of acute intermittent porphyria, which are identical
in other acute porphyrias. Severe neuropathic abdominal
pain, the most frequent symptom, is diffuse rather than
localized and is often accompanied by nausea, vomiting,
distention, constipation, and sometimes diarrhea. Other
symptoms include insomnia (often an early symptom),
heart palpitations, seizures (sometimes due to hyponatre-
mia), restlessness, hallucinations, and other acute psychiat-
ric symptoms. Hyponatremia may be due to hypothalamic
involvement and inappropriate antidiuretic hormone secre-
tion or excess gastrointestinal or renal sodium loss. Tachy-

cardia and systemic arterial hypertension may correlate
with increased catecholamine production. Sudden death,
presumably from cardiac arrhythmia, may also occur dur-
ing an acute attack (32, 33).

Peripheral neuropathy, which is primarily motor, usu-
ally develops in the setting of abdominal pain and other
features of a severe acute attack. Pain in the extremities and
elsewhere indicates sensory nerve involvement. Paresis is
usually symmetrical and begins proximally in the upper
extremities, but it may be focal and may involve cranial
nerves. Weakness may progress to respiratory and bulbar
paralysis and death, especially with delayed diagnosis. Even
advanced paralysis is reversible with appropriate treatment
but may require many months of rehabilitation.

Long-term complications include chronic arterial hy-
pertension, renal impairment (34), chronic liver damage,
and hepatocellular carcinoma (35–40). Some patients ex-
perience chronic neuropathic pain, which may account for
an increased risk for depression and suicide (18).

Exacerbating Factors
Most exacerbating factors for acute porphyrias, includ-

ing many drugs (Table 3), increase the demand for hepatic
heme (particularly for cytochrome P450 enzymes) and in-
duce ALA synthase. Many drugs cannot be classified as
definitely harmful or safe because of insufficient informa-
tion. Crash dieting (or other marked reductions in caloric
or carbohydrate intake) is a common cause of attacks. En-
dogenous hormones, particularly progesterone, are impor-
tant and may partially explain why attacks are more com-
mon in women and during the luteal phase of the
menstrual cycle (41). Pregnancy is usually well-tolerated,
but it increases attacks in some women. Cigarette smoking,
which increases hepatic cytochrome P450 enzymes and
presumably heme synthesis, is associated with more fre-
quent attacks (42). Metabolic stress induced by infections
or surgery, and possibly psychological stress, may lead to
exacerbations. Attacks are usually due to the additive ef-
fects of several triggers, including some that are unknown.

DIAGNOSTIC RECOMMENDATIONS

Accuracy and speed are paramount in the diagnosis of
an acute porphyric attack because delayed treatment can
result in neurologic damage and even death. Rapid exclu-
sion of acute porphyrias also avoids delay in establishing an
alternative diagnosis.

When To Suspect an Acute Porphyric Attack
We recommend that acute porphyria be considered in

any patient with symptoms that are prominent in these
conditions, particularly abdominal pain, when initial clin-
ical evaluation does not support another cause (see “Com-
mon Clinical Features” and Table 2). In our experience,
acute porphyria is often seriously considered only after an
expensive, time-consuming, and unproductive search for
other abdominal conditions, including imaging studies and

Table 3. Some Major Drugs Considered Unsafe and Safe in
Acute Porphyrias*

Unsafe Safe

Alcohol Acetaminophen
Barbiturates† Aspirin
Carbamazepine† Atropine
Carisoprodol† Bromides
Clonazepam (high doses) Cimetidine
Danazol† Erythropoietin§
Diclofenac and possibly other NSAIDs† Gabapentin
Ergots Glucocorticoids
Estrogens†‡ Insulin
Ethchlorvynol† Narcotic analgesics
Glutethimide† Penicillin and derivatives
Griseofulvin† Phenothiazines
Mephenytoin Ranitidine†§
Meprobamate (also mebutamate and

tybutamate)†
Streptomycin

Methyprylon
Metoclopramide†
Phenytoin†
Primidone†
Progesterone and synthetic progestins†
Pyrazinamide†
Pyrazolones (aminopyrine and antipyrine)
Rifampin†
Succinimides (ethosuximide and methsuximide)
Sulfonamide antibiotics†
Valproic acid†

* More extensive list of drugs and their status are available in texts (1) and Web
sites (such as www.porphyriafoundation.com and www.porphyria-europe.com).
NSAIDs � nonsteroidal anti-inflammatory drugs.
† Porphyria is listed as a contraindication, warning, precaution, or adverse effect in
U.S. labeling for these drugs. For drugs listed as unsafe, absence of such cautionary
statements in U.S. labeling does not imply lower risk.
‡ Estrogens have been regarded as harmful, mostly from experience with estrogen–
progestin combinations and because they can exacerbate porphyria cutanea tarda.
Although evidence that they exacerbate acute porphyrias is weak, they should be
used with caution. Low doses of estrogen (e.g., transdermal) have been used safely
to prevent side effects of gonadotropin-releasing hormone analogues in women
with cyclic attacks.
§ Although porphyria is listed as a precaution in U.S. labeling, these drugs are
regarded as safe by other sources.
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sometimes unnecessary surgery. Establishing or excluding
the diagnosis through rapid, simple laboratory testing for
porphobilinogen levels within hours of initial hospitaliza-
tion, rather than after several weeks or longer, should be
the goal.

Although a single characteristic symptom may lead to
a diagnosis, additional features in a patient with abdominal
pain might heighten the suspicion of an acute porphyria
(for example, dark or reddish urine; new-onset hyperten-
sion; hyponatremia; proximal muscle weakness; pain asso-
ciated with the luteal phase of the menstrual cycle; recent
use of medications known to exacerbate porphyria; or low-
calorie, low-carbohydrate diets). No single sign or symp-
tom is universal, and 5% to 10% of patients may not have
the most common features, abdominal pain and tachycar-
dia. The family history may be unrevealing because most
carriers of the trait in affected families are asymptomatic.
However, patients with abdominal pain or other suggestive
findings and a family history of acute porphyria should be
tested immediately.

Because misdiagnoses of porphyrias are so common, a
clinician should not assume that a history of porphyria in
the patient or in the kindred is accurate. Laboratory results
that were the basis for the initial diagnosis must be re-
viewed. If these are not available, the patient should be
retested before hemin is administered. We recommend
that patients with established acute porphyria wear medical
alert bracelets, carry medical alert cards, and maintain
records that include diagnostic laboratory reports to inform
health care providers of their condition.

Recurrent attacks in a patient with proven acute por-
phyria are often similar over time and are diagnosed largely
on clinical grounds. Biochemical reconfirmation is not re-
quired and treatment should be initiated immediately, after

exclusion of other causes of symptoms (for example, pan-
creatitis and appendicitis).

Biochemical Testing
Urinary porphobilinogen level is substantially in-

creased (20 to 200 mg/L) in patients with acute attacks of
acute intermittent porphyria, hereditary coproporphyria,
and variegate porphyria. We recommend initial rapid test-
ing for urinary porphobilinogen level to diagnose these
most common acute porphyrias at or near the time of
symptoms. Initial testing for a substantial increase in uri-
nary porphobilinogen levels will miss the diagnosis of acute
porphyria only in patients who are already receiving he-
min, which can rapidly decrease ALA and porphobilino-
gen; the rare patient with ALA-dehydratase porphyria,
which increases ALA but not porphobilinogen levels; and
some cases of hereditary coproporphyria and variegate por-
phyria, because increases in ALA and porphobilinogen lev-
els may be more transient in these conditions than in acute
intermittent porphyria.

Most tests for porphobilinogen (Table 4) (43–46), a
colorless pyrrole, rely on formation of a violet pigment
with Ehrlich’s reagent (p-dimethylaminobenzaldehyde) (2).
Porphobilinogen must be separated from other urinary
substances, principally urobilinogen, that also react with
Ehrlich’s aldehyde. The Mauzerall–Granick (44) and
closely related methods are most reliable and are used for
quantitative measurement of ALA and porphobilinogen
levels. For rapid detection of increased porphobilinogen
levels in urine, we recommend the Trace PBG Kit
(Thermo Trace/DMA, Arlington, Texas), which detects
porphobilinogen levels at concentrations greater than 6
mg/L and has a color chart for semi-quantitative estima-
tion of higher levels (46).

During an acute attack of acute intermittent porphy-

Table 4. Methods for Detecting Increased Urinary Porphobilinogen*

Method (Reference) Feature Principle of Test Advantages Disadvantages

Watson–Schwartz (43) Qualitative Separation of the PBG–Ehrlich’s
reagent pigment from other
substances by organic
solvent extraction

Rapid; reagents readily
available

Lacks sensitivity; no reference
standards; requires several
extraction steps;
false-positive results
common†; does not
measure ALA level

Hoesch (45) Qualitative Strong acid favors detection of
the PBG–Ehrlich’s pigment

Rapid; reagents readily
available

Lacks sensitivity; no reference
standards; false-positive
results common†; does not
measure ALA level

Mauzerall–Granick (44) Quantitative Anion and cation exchange
resins separate PBG and
ALA, respectively, from
interfering substances, and
ALA is reacted to form a
pyrrole, before use of
Ehrlich’s reagent

Rapid, if done
routinely; specific;
measures both ALA
and PBG levels;
disposable columns
available

Somewhat complex if done
occasionally

Trace PBG Kit‡ (46) Semi-quantitative Anion exchange resin, as in the
Mauzerall–Granick method

Rapid; specific; kit
available

Does not measure ALA level

* ALA � 5-aminolevulinic acid (�-aminolevulinic acid); PBG � porphobilinogen.
† False-positive results are especially common with inexperience.
‡ Thermo Trace/DMA, Arlington, Texas.

ReviewThe Acute Porphyrias

www.annals.org 15 March 2005 Annals of Internal Medicine Volume 142 • Number 6 443



ria, urinary excretion of porphobilinogen is generally 220
to 880 �mol/d (20 to 200 mg/d) (typical reference range,
0 to 18 �mol/d [0 to 4 mg/d]). Excretion of ALA (in
�mol/d [mg/d]) is approximately half this amount (refer-
ence range, 0 to 53 �mol/d [0 to 7 mg/d]), since the
molecular weight of ALA is half that of porphobilinogen.
Because excretion of these porphyrin precursors is so high,
differences in reference ranges between laboratories are of
little consequence and collection of urine for 24 hours,
which delays diagnosis, is unnecessary for the diagnosis of
an acute attack. Urinary results expressed per gram of cre-
atinine are readily compared with reference ranges for 24-
hour excretion. Decreases occur with clinical improvement
and are dramatic (but usually do not last long) after hemin
therapy. After recovery from an attack of acute intermittent
porphyria, levels of ALA and porphobilinogen generally
remain increased, except immediately after hemin therapy
or with prolonged latency. In hereditary coproporphyria
and variegate porphyria, ALA and porphobilinogen levels
may be less markedly increased and may decrease more
rapidly after an acute attack than in acute intermittent
porphyria, and excretion of ALA is more often similar to
that of porphobilinogen (both expressed in mg). Recogni-
tion of ALA-dehydratase porphyria requires measurement
of urinary ALA and porphyrin levels, since the porpho-
bilinogen level is not significantly increased.

We recommend that all major medical facilities pro-
vide for in-house determination of urinary porphobilino-
gen levels within hours of obtaining the sample, preferably
by using the Trace PBG Kit, because a delay of several days
in testing may lead to life-threatening delay in diagnosis.
The single-void urine sample should be refrigerated or fro-
zen without additives and shielded from light for subse-
quent quantitative ALA, porphobilinogen, and total por-
phyrin determinations (which can detect hereditary
coproporphyria or variegate porphyria when ALA and por-
phobilinogen levels have already decreased to normal). In
patients with substantial renal dysfunction, ALA and por-
phobilinogen levels can be measured in serum.

If the porphobilinogen level is increased, second-line

testing (Table 5) (47–50) will determine the precise disor-
der of porphyrin metabolism, although treatment (which is
the same regardless of the type of acute porphyria) should
not be delayed pending these results. If only the ALA level
is substantially increased, ALA-dehydratase porphyria and
other causes of ALA-dehydratase deficiency should be dif-
ferentiated before treatment (1).

Biochemical Confirmation of the Type of Acute
Porphyria

Acute intermittent porphyria, variegate porphyria, and
hereditary coproporphyria are readily differentiated, espe-
cially when clinically active, by a group of second-line tests
(Table 5) that include measurement of erythrocyte por-
phobilinogen deaminase activity, as well as urine, plasma,
and fecal porphyrin levels, measured in samples collected
before beginning hemin therapy. Together, these tests will
also identify rare cases of dual porphyria (with deficiencies
of 2 enzymes in the heme pathway). Marked increases in
urinary and fecal total porphyrin levels and relative, rather
than absolute, amounts of the individual porphyrins (sep-
arated by high-performance liquid chromatography or
thin-layer chromatography) are of greatest diagnostic im-
portance. Therefore, spot urine and fecal samples are suit-
able for second-line testing. Total plasma porphyrin levels
are best measured fluorometrically either by acidification
and solvent extraction or in diluted plasma at neutral pH
(47).

We emphasize that relying on these second-line tests is
not warranted for initial diagnosis of an acutely ill patient
before treatment because they lack sensitivity, specificity,
or both. Urinary porphyrin levels, for example, can be in-
creased in many nonporphyric conditions. Coproporphy-
rin is the predominant porphyrin in normal urine, but it is
also partially excreted in bile. Even minor liver dysfunction
may reduce biliary and thus increase urinary coproporphy-
rin excretion. Therefore, increased urinary coproporphyrin
does not always signify a disturbance in heme synthesis.

A substantial increase in ALA level with a normal por-
phobilinogen level suggests ALA-dehydratase porphyria.

Table 5. Laboratory Findings That Differentiate Acute Intermittent Porphyria, Hereditary Coproporphyria, and Variegate Porphyria*

Disease Erythrocyte
Porphobilinogen
Deaminase Levels

Urine Porphyrin Levels Fecal Porphyrin Levels Plasma Porphyrin Levels

Acute intermittent
porphyria

Decreased by �50%
(in �90% of cases)

Markedly increased, mostly
uroporphyrin

Normal or slightly increased Normal or slightly increased

Hereditary coproporphyria Normal Markedly increased, mostly
coproporphyrin

Markedly increased, mostly
coproporphyrin†

Usually normal

Variegate porphyria Normal Markedly increased, mostly
coproporphyrin

Markedly increased, mostly
coproporphyrin† and
protoporphyrin

Markedly increased,
characteristic
fluorescence peak‡

* The findings listed are considered diagnostic for acute intermittent porphyria when porphobilinogen level is increased and for hereditary coproporphyria and variegate
porphyria even when porphobilinogen levels may have returned to normal.
† Mostly coproporphyrin III (49, 50).
‡ A simple test, which consists of fluorescence scanning of diluted plasma at neutral pH, readily differentiates variegate porphyria from other porphyrias that cause elevated
plasma porphyrin levels and cutaneous photosensitivity (47). A plasma porphyrin level determination is the most sensitive porphyrin measurement for detecting variegate
porphyria, including asymptomatic cases (48).
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However, further evaluation is needed to exclude other
causes of ALA-dehydratase deficiency, particularly lead poi-
soning and hereditary tyrosinemia type I, which can pro-
duce symptoms similar to acute porphyria. In ALA-dehy-
dratase porphyria and other ALA-dehydratase deficiency
diseases, urinary coproporphyrin III and erythrocyte zinc
protoporphyrin levels are also increased. Increased porphy-
rin levels seen in ALA-dehydratase porphyria and acute
intermittent porphyria may result from metabolism of ex-
cess ALA in tissues other than the liver. Clinicians should
confirm ALA-dehydratase porphyria by using both enzy-
matic and molecular methods.

Enzymatic and DNA Testing
We recommend enzyme activity measurement and

DNA testing to help confirm the type of acute porphyria
and to enable identification of asymptomatic but at-risk
relatives. Half-normal activity of erythrocyte porphobilino-
gen deaminase helps confirm a diagnosis of acute intermit-
tent porphyria in patients with increased porphobilinogen.
This assay is useful for screening family members once an
index case has been identified. However, normal erythro-
cyte porphobilinogen deaminase activity does not exclude
acute intermittent porphyria because some mutations in
the porphobilinogen deaminase gene lead to a deficiency of
the enzyme in the liver and other organs but not in eryth-
rocytes (1, 25). A definitive diagnosis may also be pre-
cluded because 1) the normal range for erythrocyte por-
phobilinogen deaminase activity is wide (up to 3-fold) and
low-normal and high-carrier values overlap; 2) the enzyme
activity is much higher in younger than older erythrocytes
and therefore increases when erythropoiesis is stimulated;
and 3) improper processing, storing, and shipping of blood
samples can decrease enzyme activities.

Assays of the enzymes deficient in hereditary copro-
porphyria and variegate porphyria are technically difficult
and must be performed in extracts of cells with mitochon-
dria, such as lymphocytes or cultured fibroblasts. These
assays are available in many European reference laborato-
ries but not in North America.

Once biochemical studies have determined the type of
acute porphyria, DNA studies can identify the disease-
causing mutation or mutations in the defective gene. This
permits rapid and accurate testing of asymptomatic at-risk
family members by DNA studies. (Mutation analysis for
patients with acute porphyria and their family members is
available at the Mount Sinai School of Medicine, Depart-
ment of Human Genetics, New York, New York. Contact
Dr. Kenneth Astrin [kenneth.astrin@mssm.edu] for infor-
mation.) Most mutations are family-specific, with a few
notable exceptions, including variegate porphyria in South
Africa (51) and acute intermittent porphyria in northern
Sweden (52), where particular mutations have been trans-
mitted over generations from single founders.

Patients with porphyria should have genetic counsel-
ing and should be encouraged to inform family members

about the disease and its genetics. Knowledge of genetic
status enables family members to make informed decisions
about lifestyle and to know the potential risks of certain
drugs, preferably before the development of an acute ill-
ness. However, latent porphyria should not be construed as
a health risk that limits health or life insurance. Acute
porphyria may be diagnosed prenatally with enzymatic and
molecular studies, but this is seldom indicated because the
outlook for most carriers is favorable.

THERAPEUTIC RECOMMENDATIONS

Acute attacks require treatment of symptoms and
complications and disease-specific therapy (that is, intrave-
nous hemin) to reconstitute heme homeostasis (see Key
Summary Points and Figure).

Supportive and Symptomatic Treatment
Hospitalization may be required for evaluating and

treating severe pain, nausea, and vomiting; for administer-
ing intravenous fluids, electrolytes, glucose, and hemin;
and for closely observing electrolyte derangements and
neurologic complications. Medications taken by the pa-
tient should be reviewed immediately, and those identified
as harmful should be stopped if possible. Narcotic analge-
sic drugs are usually required for abdominal pain, and
small to moderate doses of a phenothiazine are indicated
for nausea, vomiting, anxiety, and restlessness. The Key
Summary Points contain other management consider-
ations.

Early case studies suggested that oral or intravenous
carbohydrate loading may benefit some patients (53, 54).
Carbohydrate loading provides nutritional replacement,
has some repressive effect on hepatic ALA synthase (55,
56), and has been a standard treatment for acute attacks for
many decades. While less effective and specific than hemin,
carbohydrate loading may suffice for mild attacks in pa-
tients with low narcotic requirements and without hypo-
natremia or paresis. Sucrose, glucose polymers, or carbohy-
drate-rich foods may be given to patients without
abdominal distention or ileus and who can tolerate oral
treatment. The standard intravenous regimen is 10% glu-
cose for a total of at least 300 g daily. Amounts up to 500 g
daily may be more effective (57). However, large volumes
of 10% glucose may increase risk for hyponatremia. Severe
or prolonged attacks should be treated with hemin and
may also require more thorough nutrition support.

Tachycardia and systemic arterial hypertension may be
treated cautiously with �-adrenergic blocking agents, but
they may be hazardous in patients with hypovolemia, in
whom increased catecholamine secretion may be an impor-
tant compensatory mechanism. Seizures are difficult to
treat because almost all antiseizure drugs can exacerbate an
attack. Gabapentin, and probably vigabatrin, can be given
safely and benzodiazepines are relatively safe. Careful cor-
rection of hyponatremia and hypomagnesemia is impor-
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tant, particularly when those conditions are associated with
seizures.

Hemin Therapy
Intravenous hemin addresses the underlying patho-

physiology by repressing hepatic ALA synthase activity,
hence decreasing the overproduction of ALA and porpho-
bilinogen. Hemin given intravenously at moderate dosage
(3 to 4 mg/kg of body weight per day) is mostly taken up
in the liver and can at least transiently replenish the de-
pleted heme pool that regulates the synthesis of ALA syn-
thase. It cannot be given orally because it is catabolized by
heme oxygenase during intestinal absorption.

Many uncontrolled clinical studies suggest a favorable
biochemical and clinical response to hemin (5–8, 10, 13,
16, 17, 19, 58–60). In the only double-blind, placebo-
controlled trial of hemin therapy, investigators randomly
assigned 12 patients with acute porphyria to receive either
hemin (as heme arginate) or placebo (12). The 9 patients
who were readmitted with a subsequent attack received the
therapy that they did not get during the earlier attack. This
study found striking decreases in urinary porphobilinogen
excretion and trends in clinical benefit (less pain, decreased
need for pain medication, and shorter hospital stay) asso-
ciated with hemin. However, notably, the study lacked

Figure. Recommended laboratory evaluation of patients with concurrent symptoms suggesting an acute porphyria, indicating how the
diagnosis is established or excluded by biochemical testing and when specific therapy should be initiated.

This schema is not applicable to patients who have recently been treated with hemin or who have recovered from past symptoms suggestive of porphyria.
Levels of 5-aminolevulinic acid (ALA) and porphobilinogen may be less increased in hereditary coproporphyria (HCP) and variegate porphyria (VP) and
decrease more quickly with recovery than in acute intermittent porphyria (AIP). Mutation detection provides confirmation and greatly facilitates
detection of relatives with latent porphyria. CPO � coproporphyrinogen oxidase; PBG � porphobilinogen; PPO � protoporphyrinogen oxidase.
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statistical power, treatment was delayed for 2 days in all
cases, clinical assessments were limited, and information on
what precipitated the attack (which could affect the likeli-
hood of spontaneous remission in either group) was not
recorded (18, 61, 62). In a larger, uncontrolled study of 22
patients and 51 acute attacks treated with heme arginate,
treatment was initiated within 24 hours of admission in 37
attacks (73%). All patients responded (including 2 patients
with paresis), and hospitalization was less than 7 days in
90% of cases (16). In general, early initiation of intrave-
nous hemin is associated with improved outcome (10, 16,
17, 59), and hemin is more effective than glucose in reduc-
ing excretion of porphyrin precursors (3, 6, 7).

Hemin therapy should be started early for most acute
attacks (16, 59, 63–66). Although product labeling recom-
mends an initial trial of intravenous glucose, hemin is the
preferred therapy (16, 59, 63–66). Glucose is clearly less
effective and is recommended only for attacks with mild
pain and no paresis. The standard regimen for hemin ther-
apy is 3 to 4 mg/kg infused intravenously once daily for 4
days. Hemin (Panhematin, Ovation Pharmaceuticals,
Deerfield, Illinois) is available in the United States as ly-
ophilized hydroxyheme (hematin) for reconstitution with
sterile water just before infusion and is approved by the
FDA for ameliorating acute porphyric attacks. A standard
4-day treatment course costs approximately $8000. An-
other hemin preparation, heme arginate, is more stable in
solution but is not available in the United States. We rec-
ommend that lyophilized hemin be reconstituted with hu-
man albumin to enhance stability (60). Degradation prod-
ucts form rapidly in vitro when lyophilized hemin is
reconstituted with sterile water, as recommended in prod-
uct labeling. These degradation products adhere to endo-
thelial cells, platelets, and coagulation factors and cause a
transient anticoagulant effect and often phlebitis at the site
of infusion (67–71). Phlebitis can be severe and can com-
promise venous access with repeated administration. In our
experience, reconstitution with albumin enhances stability
of lyophilized hemin, decreases the incidence of phlebitis,
prevents the anticoagulant effect, and may enhance efficacy
(60), although it increases the cost of treatment. Other
uncommon reported side effects of hemin include fever,
aching, malaise, hemolysis, 1 case of circulatory collapse
that resulted in full recovery after subsequent hemin infu-
sions (72), and 1 case of transitory renal failure after a dose
of 1000 mg (73). Experience indicates that hemin can be
administered safely during pregnancy.

Patients should be monitored closely during therapy
for complications and signs of progression of acute porphy-
ria, such as electrolyte imbalance, acute psychiatric mani-
festations, muscle weakness, bladder retention, and ileus.
Spirometry is sometimes indicated daily to detect respira-
tory impairment, at least until the attack begins to resolve.
Since patients with respiratory impairment can deteriorate
rapidly, we recommend that they be placed in intensive
care. Levels of ALA and porphobilinogen usually decrease

to normal whether therapy is started early or late, but this
does not necessarily predict a clinical response.

Clinical improvement is rapid, often within 1 to 2
days, when hemin therapy is started early in an attack.
Patients may be discharged from the hospital within several
days, although we recommend completion of the standard
4-day treatment course in the outpatient clinic. But when
treatment is delayed, neuronal damage may be advanced
and slow to recover. Therefore, efficacy of hemin may not
be immediately apparent, and treatment for longer than 4
days should be considered, although evidence that this im-
proves outcome is lacking. Even when severe neuropathy is
arrested by treatment, complete recovery may take months
or longer. Hemin is seldom effective for chronic symptoms
that persist between attacks. Hemin therapy can be given
in outpatient settings or in the home if this facilitates
prompt therapy and reduces medical care costs in patients
with frequent attacks.

RECOMMENDATIONS FOR PREVENTION AND

FOLLOW-UP

Prevention of future attacks requires patient education
and identification of precipitating factors. Avoiding alco-
hol, smoking, and drugs that can induce exacerbations and
maintaining adequate nutrition (Table 3) are important.
Medical alert bracelets and wallet cards can help notify
emergency medical personnel and ensure that unsafe drugs
are not given to patients in emergencies. Some patients
have frequent attacks even after exacerbating factors are
removed, possibly because of unidentified modifier genes
or environmental or endogenous precipitating factors.
These patients should be evaluated by a nutritionist and
should follow a well-balanced diet with sufficient calories
to maintain weight.

Gonadotropin-releasing hormone analogues can be
highly effective for women with frequent cyclic attacks
when symptoms are confined to the luteal phase of the
menstrual cycle (41). Unless patients have other medical
indications for oophorectomy, a trial of a gonadotropin-
releasing hormone analogue is preferred because it is re-
versible. Therapy should be started during the first few
days of a cycle, and if attacks are prevented for several
months, estrogen, added back in the form of a low-dose
estrogen patch, can prevent menopausal symptoms. We
recommend gynecologic examination and bone density de-
terminations every 6 months during treatment. Continued
need can be assessed every 1 to 2 years by stopping treat-
ment.

Pregnancy increases levels of progesterone, a potent
inducer of heme biosynthesis in liver, but nevertheless is
well tolerated in most women with acute porphyria. For
example, in a large series of women with acute intermittent
porphyria or variegate porphyria who had 176 deliveries,
porphyric symptoms were absent in 92% of these pregnan-
cies (74). Because some women experience more frequent

ReviewThe Acute Porphyrias

www.annals.org 15 March 2005 Annals of Internal Medicine Volume 142 • Number 6 447



attacks during pregnancy, counseling women who wish to
become pregnant must be individualized. Worsening
symptoms during pregnancy are sometimes due to harmful
drugs (for example, metoclopramide) (75, 76), inadequate
nutrition, or both.

Recurrent noncyclic attacks are sometimes prevented
by weekly or biweekly infusions of hemin (77). Frequent
treatment with hemin has a theoretical risk for iron over-
load (100 mg of hemin contains 8 mg of iron). Therefore,
serum ferritin levels should be monitored. In selected, rare
instances of severe, unremitting symptomatic disease, or-
thotopic liver transplantation may be considered (28).
Transplantation of hepatocytes or specific gene replace-
ment therapy are possible future therapeutic strategies.

End-stage renal disease may partly result from chronic
systemic arterial hypertension (34) and may be delayed by
effective blood pressure control. Several retrospective pop-
ulation-based studies in Scandinavia have found 60- to 70-
fold increases in incidence of or mortality due to hepato-
cellular carcinoma among patients with acute porphyria as
compared with national age- and sex-matched rates (36–
38, 40). In addition, a prospective cohort study of 650
patients with acute porphyria followed for 7 years in
France found 7 cases of hepatocellular carcinoma versus an
expected 0.2 case as determined by national age- and sex-
specific incidences of primary liver cancer (39). Thus, as
with other conditions that predispose to liver cancer, peri-
odic monitoring of serum �-fetoprotein levels and hepatic
imaging seems appropriate. Chronic depression and risk
for suicide (18) are important to recognize in patients with
frequent attacks or chronic symptoms and should prompt
early psychiatric and effective pain management.

IMPROVING PROGNOSIS

Reported fatality rates from acute attacks of porphyria
ranged from 10% to 52% before 1970 (4, 78). Improved
prognosis since 1970 may be attributed to better diagnosis,
treatment, and prevention; availability of hemin (intro-
duced in 1971); identification of at-risk gene carriers; and
decreased use of harmful drugs, such as barbiturates and
sulfonamide antibiotics. In a more recent U.S. study, 12 of
86 patients (14%) who received a diagnosis after 1971 died
after hospitalization for acute attacks. Eleven of these pa-
tients received hemin but only after their attack had pro-
gressed to an advanced stage, with 10 patients requiring
mechanical ventilation (18). Studies have estimated mor-
tality in patients who have experienced attacks of acute
porphyria to be 3-fold higher than the general population,
with most deaths occurring during acute attacks (18) and
delayed diagnosis and treatment still often contributing
(18, 74). The Key Summary Points are intended to in-
crease awareness of these disorders, encourage earlier and
more accurate diagnosis, and suggest the earlier institution
of specific therapy, with the aim of further enhancing prog-
nosis of patients with these inherited conditions.
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Meta-Analysis: Methods for Diagnosing Intravascular Device–Related
Bloodstream Infection
Nasia Safdar, MD, MS; Jason P. Fine, PhD; and Dennis G. Maki, MD

Background: No consensus exists on the best methods for
diagnosis of intravascular device (IVD)–related bloodstream infec-
tion.

Purpose: To identify the most accurate methods for diagnosis of
IVD-related bloodstream infection.

Data Sources: 51 English-language studies published from 1966
to 31 July 2004.

Study Selection: Studies of diagnostic tests for IVD-related
bloodstream infection that described a reference standard and
provided sufficient data to calculate sensitivity and specificity.

Data Extraction: Study quality, diagnostic tests examined, pa-
tient characteristics, prevalence, sensitivity, and specificity.

Data Synthesis: Pooled sensitivity and specificity were calcu-
lated for 8 diagnostic methods. Summary measures of accuracy
were Q* (the upper leftmost point on the summary receiver-
operating characteristic curve) and mean D (a log odds ratio).
Subgroup analyses were used to assess heterogeneity. Overall, the
most accurate test was paired quantitative blood culture (Q* �

0.94 [95% CI, 0.88 to 1.0]), followed by IVD-drawn qualitative
blood culture (Q* � 0.89 [CI, 0.79 to 0.99]) and the acridine
orange leukocyte cytospin test (Q* � 0.89 [CI, 0.79 to 0.91]). The
most accurate catheter segment culture test was quantitative cul-
ture (Q* � 0.87 [CI, 0.81 to 0.93]), followed by semi-quantitative
culture (Q* � 0.84 [CI, 0.80 to 0.88]). Significant heterogeneity in
pooled sensitivity and specificity was observed across all test
categories.

Limitations: The limited number of studies of some of the
diagnostic methods precludes precise estimates of accuracy.

Conclusions: Paired quantitative blood culture is the most ac-
curate test for diagnosis of IVD-related bloodstream infection.
However, most other methods studied showed acceptable sensi-
tivity and specificity (both >0.75) and negative predictive value
(>99%). The positive predictive value of all tests increased greatly
with high pretest clinical probability. Catheters should not be
cultured routinely but rather only if IVD-related bloodstream in-
fection is suspected clinically.

Ann Intern Med. 2005;142:451-466. www.annals.org
For author affiliations, see end of text.

Safe and reliable vascular access is essential to modern
medical practice. Nearly 200 million intravascular de-

vices (IVDs) are sold in the United States every year (1).
Noncuffed percutaneously inserted catheters placed in the
femoral, internal jugular, or subclavian vein are the most
common centrally placed devices for short-term use, with
more than 7 million sold each year (2). Devices for inter-
mediate- and long-term venous access include cuffed and
tunneled surgically implanted catheters; totally implantable
subcutaneous ports; and, most recently, peripherally in-
serted central venous catheters (3–7).

The most common life-threatening complication of
vascular access is bloodstream infection caused by coloni-
zation of the implanted IVD or contamination of the cath-
eter hub or infusate administered through the device (2, 8).
Central venous catheters of all types are the most frequent
cause of nosocomial bloodstream infection (2, 9–12), and
an estimated 250 000 to 500 000 episodes of IVD-related
bloodstream infection occur in the United States annually
(9–14). These episodes are associated with an attributable
mortality rate of 12% to 25% (15, 16), prolongation of
hospitalization by 10 to 40 days (15, 17), and marginal
cost to the health care system of up to $35 000 per episode
(13–18).

Accurate and early diagnosis is essential to guide man-
agement of IVD-related bloodstream infection. A variety of
diagnostic tests that are based on current understanding of
the pathogenesis of IVD-related bloodstream infection
(12) have been developed (19–23). They can be broadly

categorized as methods that necessitate removal of the IVD
and those that do not require removal of the IVD (Table 1,
Appendix [available at www.annals.org]).

We performed a meta-analysis to determine the most
accurate diagnostic methods for IVD-related bloodstream
infection.

METHODS

Search and Selection Processes
We searched the MEDLINE database (1966 to 31

July 2004), Current Contents (1993 to 31 July 2004),
PubMed (1966 to 31 July 2004), and the Cochrane Net-
work by using the search terms intravascular device, vascu-
lar catheter, bloodstream infection, diagnosis, blood cultures,
and infection, and combinations of these terms. Abstracts
of meetings of the InterScience Conference on Antimicro-
bial Agents and Chemotherapy, the American Society of
Microbiology, the Infectious Diseases Society of America,
the Society for Healthcare Epidemiology of America, and
the Association for Professionals in Infection Control were

See also:

Web-Only
Appendix
Appendix Table
Conversion of tables and figures into slides

Review

© 2005 American College of Physicians 451



also reviewed. References from recent published reviews
(1–3, 7, 12, 13, 19–23, 38–43) and a previous meta-
analysis (30) were also searched.

Included studies had to evaluate a diagnostic method
for IVD-related bloodstream infection compared with a
reference standard and provide sufficient data to calculate
the sensitivity and specificity of the test. We excluded case
reports, review articles, and non–English-language articles.
Studies that assessed the utility of blood cultures drawn
from venous or arterial catheters to test for true bacteremia
as opposed to contamination were also excluded (44, 45),
as were studies of IVD colonization rather than IVD-
related bloodstream infection.

Data Extraction
We used a standard form to extract data on study

quality, diagnostic methods studied, reference standard
used, patient characteristics, duration of catheterization,
antibiotic use, prevalence, sensitivity, and specificity.

The Standards for Reporting of Diagnostic Accuracy
statement and other published criteria were used to assess
study quality (46–48). We evaluated studies for descrip-
tion of the sample; setting; type of IVD studied; method of
participant recruitment (all patients with IVDs as opposed
to only those with suspected IVD-related bloodstream in-
fection); design (retrospective or prospective); reference
standard; definition of cut-off values for positivity; whether

evaluators of the test were blinded to the results; statistical
methods used to compare diagnostic accuracy and preci-
sion; description of indeterminate results; subgroup analy-
ses; and presence of biases that may affect study results,
such as incorporation bias (in which the test being studied
is part of the reference standard) and work-up bias (46).

Data Synthesis
We studied the 8 diagnostic methods that are most

frequently used in clinical practice and for which perfor-
mance data have been published: qualitative catheter seg-
ment culture, semi-quantitative catheter segment culture
(roll-plate method), or quantitative catheter segment cul-
ture, each combined with demonstrated concordance with
results of concomitant blood cultures; qualitative blood
culture drawn through an IVD; quantitative blood culture
drawn through an IVD; paired quantitative peripheral and
IVD-drawn blood cultures; acridine orange leukocyte cy-
tospin testing of IVD-drawn blood; and differential time
to positivity of concomitant qualitative IVD-drawn and
peripheral blood cultures (�2 hours).

We did not include endoluminal brushing in the
meta-analysis because few studies have assessed the test.
Four of the 5 studies identified (37, 49–52) were per-
formed by the same group of investigators, and 1 study did
not define IVD-related bloodstream infection (51). We
also excluded studies of cultures of catheter insertion sites

Table 1. Major Diagnostic Methods for Intravascular Device–Related Bloodstream Infection*

Diagnostic Method Description Criteria for Positivity

Methods requiring device removal
Qualitative catheter segment culture (24) A segment from the removed catheter is immersed

in broth media and incubated for 24–72 h
Any growth

Semi-quantitative catheter segment culture (25) A 5-cm segment of the catheter is rolled 4 times
across a blood agar plate and incubated

�15 CFU

Quantitative catheter segment culture (26–28) A segment from the removed catheter is flushed
with broth (45) or sonicated in broth (65),
followed by serial dilutions, surface plating on
blood agar, and incubation

�1000 CFU

Methods not requiring device removal
Qualitative blood culture through the device (29) One or more conventional blood cultures are

drawn through the device
Any growth

Quantitative blood culture through the device (30, 31) A blood culture drawn through the device and
processed by pour-plate methods or a
lysis–centrifugation technique (Isolator,
Wampole Laboratories, Cranbury, New Jersey)

�100 CFU/mL

Paired quantitative blood cultures (32–34) Concomitant quantitative blood cultures are drawn
through the device and percutaneously

Cultures are positive from both
sites and the concentration
of microorganisms in the
culture from the device is 3-
to 5-fold greater than in the
peripherally drawn culture

Differential time to positivity (35, 36) Concomitant conventional blood cultures are
drawn through the device and percutaneously
and are monitored continuously

Both blood cultures are
positive and the
catheter-drawn blood culture
turns positive �2 h earlier
than the peripherally drawn
culture

Acridine orange leukocyte cytospin (37) Approximately 1 mL of blood is aspirated from the
catheter; the cells are lysed with sterile water;
and the specimen is centrifuged, stained with
acridine orange, and examined microscopically

Visualization of any
microorganisms

* CFU � colony-forming units.
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or hubs because of methodologic differences among the
studies and a wide range of cut-points for positivity.

Statistical Analysis
We calculated pooled sensitivities and specificities and

95% CIs for each category of diagnostic tests and an esti-
mate of overall sensitivity and specificity by using a
random-effects model and estimating equations similar to
those proposed by Zhou and colleagues (53). Heterogene-
ity in the estimates of sensitivity and specificity was as-
sessed by using the Pearson chi-square test or the Fisher
exact test.

To combine sensitivity and specificity, we used the
approach of Moses and coworkers (54) and calculated D �
logit (TPR) � logit (FPR) and S � logit (TPR) � logit
(FPR), where TPR is the true-positive rate or sensitivity
and FPR is the false-positive rate (1 � specificity). D is
interpreted as the log odds ratio, that is, the ratio of the
odds that a person who has IVD-related bloodstream in-
fection tests positive to the odds that a person who does
not have the disease tests positive for it. We calculated the
mean and median values of D by using the values com-
puted within each study.

Using the summary receiver-operating characteristic
(ROC) curve method of Moses and coworkers (54), we
also calculated Q*, which corresponds to the upper left-
most point on the summary ROC curve, where sensitivity

equals specificity. The summary measure Q* has been ad-
vocated over area under the curve because it is meaningful
in the ROC region of greatest interest (54, 55).

The ROC curves were derived from linear regressions
of D on S and account for random thresholds across stud-
ies, as discussed by Moses and coworkers (54). Because the
tests for homogeneity were significant, the measure Q*
may be better suited to comparing tests than are measures
that do not adjust for these differences, since it accounts
for random thresholds. The regression model was fit by
using equally weighted least squares with the function
*1m* in S-PLUS software, version 3.4 (MathSoft, Inc.,
Seattle, Washington), and a robust resistant method using
median regression implemented in *11fit* in S-PLUS
software (54). The 95% CIs were reported for mean D and
for Q* based on the equally weighted least-squares
method. Differences in mean D across all tests were eval-
uated by using analysis of variance of D computed within
individual studies.

We also assessed whether increasing degrees of quan-
titation for methods of catheter segment culture and blood
culture would improve the accuracy of the tests. For mean
D, separate linear regression analyses were performed for
each set of tests, with a covariate for level of quantitation
that was coded as an ordinal variable. The same analysis
was also done for summary ROC curves (54).

Figure 1. Literature search leading to the final selection of articles.
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A difficulty with mean and median D and with Q*
based on summary ROC curves is that these measures do

not account for the prevalence of the disease in the group
of interest (54). In selecting a test for clinical use, its prac-

Table 2. Summary Data for Studies Included in the Meta-Analysis

Study, Year (Reference) Diagnostic Technique Duration of
Catheterization

Prevalence,
%

Test Results, n

True-
Positive

False-
Positive

True-
Negative

False-
Negative

Maki et al., 1977 (64) Qualitative catheter
segment culture

Short term 10 5 21 24 0

Maki et al., 1977 (25) Qualitative catheter
segment culture

Short term 1.6 4 37 209 0

Cleri et al., 1980 (26) Qualitative catheter
segment culture

Short term 9.3 13 33 103 0

Jones et al., 1986 (56) Qualitative catheter
segment culture

Short and long term 3.1 12 99 268 0

Nahass et al., 1990 (57) Qualitative catheter
segment culture

Short term 8.7 5 25 48 2

Whitman and Boatman, 1995 (58) Qualitative catheter
segment culture

Long term 65.5 13 2 8 6

Cooper and Hopkins, 1985 (59) Semi-quantitative catheter
segment culture

Short term 3.6 12 29 289 0

Gutierrez et al., 1992 (60) Semi-quantitative catheter
segment culture

Short term 12.2 10 14 72 2

Cercenado et al.,1990 (61) Semi-quantitative catheter
segment culture

Short term 12.9 17 36 85 1

Rello et al., 1991 (92) Semi-quantitative catheter
segment culture

Short term 13.2 13 18 67 0

Maki et al., 1977 (25) Semi-quantitative catheter
segment culture

Short term 1.6 4 21 225 0

Aufwerber et al., 1991 (63) Semi-quantitative catheter
segment culture

Short term 3.1 15 122 403 2

Kite et al., 1999 (37) Semi-quantitative catheter
segment culture

Short and long term 44.6 45 28 34 5

Kite et al., 1997 (52) Semi-quantitative catheter
segment culture

Short term 9.8 18 69 133 4

Maki et al., 1977 (64) Semi-quantitative catheter
segment culture

Short term 10.0 5 11 34 0

Raad et al., 1992 (65) Semi-quantitative catheter
segment culture

Short term 13.2 8 15 96 9

Snydman et al., 1982 (29) Semi-quantitative catheter
segment culture

NR 6.6 5 7 63 0

Collignon et al., 1986 (66) Semi-quantitative catheter
segment culture

Short term 1.7 11 122 610 2

Widmer et al., 1992 (67) Semi-quantitative catheter
segment culture

Short term 3.8 5 6 145 1

Jones et al., 1986 (56) Semi-quantitative catheter
segment culture

Short and long term 3.1 7 25 342 5

Maki et al., 1996 (68) Semi-quantitative catheter
segment culture

Short term 2.7 10 93 296 1

Collignon et al.,1987 (93) Semi-quantitative catheter
segment culture

Short and long term 3.1 5 41 271 5

Moyer et al., 1983 (70) Semi-quantitative catheter
segment culture

Short term 6.8 5 15 53 0

Widmer et al., 2003 (71) Semi-quantitative catheter
segment culture

Short term 6.8 55 19 913 13

Rello et al., 1989 (92) Semi-quantitative catheter
segment culture

Long term 16.0 6 12 30 2

Widmer et al., 2003 (71) Quantitative catheter
segment culture

Short term 6.8 42 19 913 26

Rello et al., 1989 (92) Quantitative catheter
segment culture

Long term 16.0 5 5 37 3

Cleri et al., 1980 (26) Quantitative catheter
segment culture

Short term 8.7 13 11 125 0

Brun-Buisson et al., 1987 (27) Quantitative catheter
segment culture

Short term 6.0 20 24 287 0

Rello et al., 1991 (62) Quantitative catheter
segment culture

Short term 13.2 7 13 72 6

Kite et al., 1999 (37) Quantitative catheter
segment culture

Short term 44.6 48 15 47 2

Gutierrez et al., 1992 (60) Quantitative catheter
segment culture

Short term 12.2 11 14 72 1

Kite et al., 1997 (52) Quantitative catheter
segment culture

Short term 9.0 15 32 170 5

Sherertz et al., 1990 (28) Quantitative catheter
segment culture

Short term 70.1 68 5 11 13

Raad et al., 1992 (65) Quantitative catheter
segment culture

Short term 15.3 13 5 72 1

Table continued on pp 455, 456, and 457.
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tical utility will depend not only on its operating charac-
teristics (sensitivity and specificity) but also the patients in
which it is being used. The relevant quantities for decision

making in this setting are positive predictive value and
negative predictive value. We determined positive predic-
tive value and negative predictive value over a wide range
of prevalences for each of the tests, on the basis of preva-
lences from the studies in this meta-analysis. Pooled esti-
mates of sensitivity and specificity were used in these cal-
culations.

Heterogeneity was assessed by using 2 subgroup anal-
yses. One subgroup analysis was done to determine
whether duration of IVD implantation affected the diag-
nostic accuracy of the various tests. Studies that did not
report the type of IVD studied or that used a mix of short-
and long-term catheterization were excluded from this
analysis. For each diagnostic test category, pooled sensitiv-
ity, specificity, and mean D were calculated separately for
short- and long-term catheter placement. The Fisher exact
test was used to test the equivalence of sensitivity and spec-
ificity for short- and long-term catheterization in each di-
agnostic test category.

Performance of a diagnostic test may differ depending
on the reference standard used for comparison. Several ref-
erence standards have been used in studies of diagnostic
tests for IVD-related infection. We performed subgroup
analysis to compare test performance according to type of
reference standard used. We categorized reference stan-
dards into those based on catheter segment culture, which
include qualitative, semi-quantitative, and quantitative
catheter segment cultures, in conjunction with a qualitative
blood culture, and those based on IVD-sparing blood cul-
ture, which include paired qualitative or quantitative cul-
tures of blood drawn from the IVD and a peripheral site.
Studies of diagnostic tests that used other reference stan-
dards were excluded from the subgroup analysis. The
Appendix Table (available at www.annals.org) shows the
reference standards used in each study.

For each diagnostic test, we calculated pooled sensitiv-
ity, specificity, and mean D separately according to refer-
ence standard used. The Fisher exact test was used to test
the equivalence of sensitivity and specificity.

All statistical analyses were performed by using
S-PLUS software (MathSoft, Inc., Seattle, Washington).

Role of the Funding Source
An unrestricted gift for research from the Oscar Ren-

nebohm Foundation of Madison, Wisconsin, supported
this study. The funding source played no role in the de-
sign, conduct, or reporting of the study or in the decision
to submit the manuscript for publication.

RESULTS

Fifty-one studies were included in the meta-analysis
(25–29, 31–37, 49, 56–93), from an initial review of 185
articles. Figure 1 shows the literature search leading to
selection of the final 51 articles. Table 2 and the Appendix
Table (available at www.annals.org) show detailed charac-
teristics of these studies (25–29, 31–37, 49, 52, 56–93).

Table 2—Continued (top right)

Sensitivity,
%

Specificity,
%

Positive
Predictive
Value,
%

Negative
Predictive
Value,
%

Indeterminate
Test Results,
n/n†

100 53 19 100 NR

100 85 9 100 NR

100 76 28 100 NR

100 73 10 100 NR

71 66 17 96 NR

68 80 86 57 NR

100 91 29 100 NR

83 84 41 97 NR

94 70 32 98 0

100 79 41 100 NR

100 91 16 100 NR

88 77 10 99 NR

90 55 62 87 NR

82 66 21 97 NR

100 76 31 100 NR

47 86 35 91 NR

100 90 41 100 NR

85 83 8 99 NR

83 96 45 96 NR

58 93 21 93 NR

91 76 9 99 NR

50 87 10 98 NR

100 78 25 100 NR

81 98 74 99 NR

75 71 33 93 NR

62 98 69 99 NR

63 88 50 92 NR

100 92 54 100 NR

100 92 45 100 0

54 85 35 92 NR

96 76 76 95 NR

92 84 44 98 NR

75 84 32 97 NR

84 69 93 45 NR

93 94 72 99 NR
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Although a majority of the studies provided informa-
tion on the composition of the sample (57%) and eligibil-
ity criteria (92%), incorporation bias was present in 51%
of studies, 4 studies (8%) reported subgroup analyses, and

8% provided numerical precision for test indices (SEs or
CIs). Only 1 study reported cost data (88), and only 1
reported effects on patient outcome (67).

Table 3 shows the pooled and overall sensitivity and

Table 2—Continued (bottom left)

Study, Year (Reference) Diagnostic Technique Duration of
Catheterization

Prevalence,
%

Test Results, n

True-
Positive

False-
Positive

True-
Negative

False-
Negative

Maki et al., 1996 (68) Quantitative catheter segment
culture

Short term 2.7 8 66 323 3

Kelly et al., 1996 (73) Quantitative catheter segment
culture

Short term 3.4 13 98 293 1

Douard et al., 1999 (32) Quantitative catheter septum
culture

Long term 8.8 14 0 155 1

Bjornson et al., 1982 (75) Quantitative catheter segment
culture

Short and long term 13.5 8 4 60 2

Snydman et al., 1982 (29) IVD-drawn qualitative blood culture NR 0.05 2 8 87 3
Bozzetti et al., 1985 (76) IVD-drawn qualitative blood culture Short term 3.1 7 35 213 1
Paya et al., 1989 (77) IVD-drawn qualitative blood culture Short term 28.8 15 12 25 0
Whitman and Boatman, 1995 (58) IVD-drawn qualitative blood culture Long term 65.5 16 3 7 3
Raucher et al., 1984 (78) IVD-drawn qualitative blood culture Long term 6.5 9 21 107 0
Capdevila et al., 1992 (31) IVD-drawn qualitative blood culture Short term 15.8 17 10 80 0
Moyer et al., 1983 (70) IVD-drawn qualitative blood culture Short term 6.0 4 5 58 0
Paya et al., 1989 (77) IVD-drawn quantitative blood

culture
Short term 28.8 12 6 31 3

Snydman et al., 1982 (29) IVD-drawn quantitative blood
culture

NR 0.05 1 5 90 4

Raucher et al., 1984 (78) IVD-drawn quantitative blood
culture

Long term 6.5 9 5 123 0

Capdevila et al., 1992 (31) IVD-drawn quantitative blood
culture

Short term 15.8 14 1 89 3

Moyer et al., 1983 (70) IVD-drawn quantitative blood
culture

Short term 7.4 4 0 62 1

Franklin et al., 2004 (91) IVD-drawn quantitative blood
culture

Long term 58.0 111 36 65 29

Catton et al., 2002 (94) IVD-drawn quantitative blood
culture

Long term 40.4 80 11 111 3

Flynn et al., 1988 (34) Paired Lysis–centrifugation‡
quantitative blood cultures

Long term 61.5 7 0 5 0

Sanchez-Conde, 2003 (79) Paired Lysis–centrifugation‡
quantitative blood cultures

Short term 73.6 106 1 51 39

Douard et al., 1991 (74) Paired Lysis–centrifugation‡
quantitative blood cultures

Long term 13.2 7 0 46 0

Douard et al., 1994 (33) Paired Lysis–centrifugation‡
quantitative blood cultures

Short and long term 62.0 30 0 22 6

Mosca et al., 1987 (80) Paired Lysis–centrifugation‡
quantitative blood cultures

Long term 30.7 8 0 18 0

Paya et al., 1989 (77) Paired Lysis–centrifugation‡
quantitative blood cultures

Short term 28.8 7 4 33 8

Fortun et al., 2000 (81) Paired Lysis–centrifugation‡
quantitative blood cultures

Short term 18.6 21 3 93 1

Capdevila et al., 1992 (31) Paired quantitative blood cultures Short term 15.8 16 0 90 1
Raucher et al., 1984 (78) Paired quantitative blood cultures Long term 19.2 5 0 21 0
Douard et al., 1999 (32) Paired Lysis–centrifugation‡

quantitative blood cultures
Long term 8.8 12 0 155 3

Blot et al., 1999 (35) Differential time to positivity Short and long term 19.7 16 1 68 1
Malgrange et al., 2001 (83) Differential time to positivity Long term 35.7 27 29 34 8
Sanchez-Conde, 2003 (79) Differential time to positivity Short term 73.6 135 5 47 10
Rjinders et al., 2001 (84) Differential time to positivity Short term 30.0 2 4 3 1
Blot et al., 1998 (82) Differential time to positivity Long term 66.6 27 0 14 1
Gaur et al., 2002 (89) Differential time to positivity Long term 28.5 8 0 24 1
Mermel et al., 1998 (85) Differential time to positivity NR 46.8 11 5 12 4
Raad et al., 2004 (90) Differential time to positivity Short term* 48.0 29 3 36 7
Raad et al., 2004 (90) Differential time to positivity Long term 62.0 67 11 33 5
Seifert et al., 2003 (36) Differential time to positivity Short term 43.1 18 4 25 4
Rushforth et al., 1993 (86) Acridine orange leukocyte cytospin Long term 32.6 27 4 60 4
Tighe et al., 1996 (49) Acridine orange leukocyte cytospin NR 14.0 2 0 43 5
Baum et al., 1998 (87) Acridine orange leukocyte cytospin Short term 28.5 2 2 8 2
Kite et al., 1999 (37) Acridine orange leukocyte cytospin

and Gram stain
Short and long term 44.6 48 5 57 2

Bong et al., 2003 (88) Acridine orange leukocyte cytospin Short term 20.0 10 4 36 0

* IVD � intravascular device; NR � not reported.
† Indeterminate test results were not included in calculation of the test performance.
‡ Isolator system (Wampole Laboratories, Cranbury, New Jersey).
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specificity for each diagnostic method. Heterogeneity was
present in the estimates of sensitivity and specificity, except
for the specificity of the acridine orange leukocyte cytospin
test (P � 0.12). Overall sensitivity for a single test method
was highest for qualitative catheter segment culture (0.90),

followed by IVD-drawn qualitative blood culture (0.87)
and paired quantitative blood cultures (0.87). The acridine
orange leukocyte cytospin test had the lowest overall sen-
sitivity (0.72). Paired quantitative blood cultures (0.98)
had the highest specificity, followed by the acridine orange
leukocyte cytospin test (0.91) and IVD-drawn quantitative
blood culture (0.90), whereas qualitative catheter segment
culture had the lowest specificity (0.72).

The results of the pooled estimates and overall (ran-
dom-effects) estimates of sensitivity and specificity were
similar for each diagnostic method. The biggest differences
were in the sensitivities for differential time to positivity,
paired quantitative blood cultures, and acridine orange leu-
kocyte cytospin test, which were influenced by smaller
studies whose sensitivities differed somewhat from those in
larger studies. These smaller studies tend to be weighted
more heavily in the random-effect estimates.

Our analysis shows that the most accurate diagnostic
test was paired quantitative blood cultures (mean D, 5.73
[95% CI, 4.68 to 6.77]), followed by IVD-drawn quanti-
tative blood culture (mean D, 4.20 [CI, 2.72 to 5.67]) and
semi-quantitative catheter segment culture (mean D, 3.97
[CI, 3.04 to 4.89]) (Table 3). With Q* used as the mea-
sure of diagnostic accuracy, the ranking of the 2 most ac-
curate tests did not change. The rankings of the other tests
are similar but not identical across the measures. The larg-
est difference in ranking for a test across 2 measures is 2;
therefore, the rank of individual tests did not change ma-
terially between the 2 analyses. Differences in mean D
across all test categories were statistically significant (P �
0.027). Because the tests of heterogeneity were significant,
Q* may be better suited to comparing tests than are mea-
sures that do not account for heterogeneity.

Diagnostic Methods Requiring Removal of the Device
Qualitative Culture of Catheter Segment

In the 6 studies analyzed (Appendix Table), qualita-
tive culture of the catheter segment was found to have poor
specificity (0.72 [CI, 0.66 to 0.78]) but high sensitivity
(0.90 [CI, 0.83 to 0.97]). It was the least accurate of the
tests studied.

Semi-quantitative Catheter Segment Culture

Nineteen studies (of which 18 were prospective and 1
retrospective) of semi-quantitative catheter segment culture
qualified for our analysis (Table 2, Appendix Table). Four-
teen studies included short-term catheterization, 1 in-
cluded only long-term catheterization, and 3 included both
short- and long-term catheterization. Four studies included
only patients in whom IVD-related bloodstream infection
was suspected, and 15 studies used all catheter segments
sent to a laboratory at IVD removal.

The overall sensitivity across 19 studies was 0.85 (CI,
0.81 to 0.89), and specificity was 0.82 (CI, 0.80 to 0.84).
Mean D was 3.38 (CI, 2.84 to 3.91), and the equally
weighted least-squares Q* was 0.84 (CI, 0.80 to 0.88),

Table 2—Continued (bottom right)

Sensitivity,
%

Specificity,
%

Positive
Predictive
Value,
%

Negative
Predictive
Value,
%

Indeterminate
Test Results,
n/n†

73 83 11 83 NR

93 75 11 99 NR

93 100 100 99 NR

80 94 100 98 NR

40 92 20 96 NR
88 86 16 99 NR

100 68 55 100 NR
84 70 84 70 NR

100 84 30 10 NR
100 89 62 100 NR
100 92 44 100 NR
80 84 66 91 NR

20 95 16 95 NR

100 96 64 100 NR

82 99 93 96 NR

80 100 100 98 NR

79 64 79 69 NR

96 91 88 97 NR

100 100 100 100 1/13

73 98 99 56 NR

100 100 100 100 NR

83 100 100 78 NR

100 100 100 100 NR

47 89 63 80 NR

95 97 87 98 NR

94 100 100 98 NR
100 100 100 100 NR
80 100 100 98 NR

94 99 94 91 19/93
77 54 48 54 0
93 90 96 82 NR
67 43 33 75 25/37
96 100 100 93 22/64
89 100 100 96 24/57
73 71 68 75 0
81 92 91 84 5947/6138
93 75 86 87 5947/6138
82 86 81 86 NR
87 94 87 93 NR
29 100 100 89 NR
50 80 50 80 NR
96 92 90 96 0

100 90 71 100 NR
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indicating moderate accuracy. The positive predictive value
was low in the setting of low prevalence of IVD-related
bloodstream infection; however, it improved to 0.80 at a
prevalence (pretest probability) of 0.40 (Table 4).

Quantitative Catheter Segment Culture

Fourteen studies of quantitative catheter segment cul-
ture met criteria for inclusion in our analysis (Table 2,
Appendix Table). The test had an overall sensitivity of
0.83 (CI, 0.78 to 0.88) and specificity of 0.87 (CI, 0.85 to
0.89). The mean D value was 3.97 (CI, 3.04 to 4.89), and
the equally weighted least-squares Q* value was 0.87 (CI,
0.81 to 0.93), making it the third most accurate test.

IVD-Sparing Diagnostic Methods
Paired Quantitative Blood Cultures

Ten studies of paired quantitative blood cultures were
analyzed, of which 8 used a lysis–centrifugation system
(Isolator, Wampole Laboratories, Cranbury, New Jersey)

and 2 used pour-plate blood cultures. Most of the devices
studied were long-term IVDs, including totally implant-
able ports. Only 2 studies reported that antibiotics were
administered before blood for culture was obtained. Sensi-
tivity was 0.87 (CI, 0.83 to 0.91), and specificity was 0.98
(CI, 0.97 to 0.99). The mean D value was 5.73 (CI, 4.68
to 6.77), and Q* was 0.94 (CI, 0.88 to 1.0), suggesting
that this test was the most accurate of the techniques stud-
ied.

IVD-Drawn Quantitative Blood Culture

Seven studies examined quantitative blood culture
drawn through the IVD (Table 2, Appendix Table), yield-
ing an overall sensitivity of 0.77 (CI, 0.69 to 0.85) and a
specificity of 0.90 (CI, 0.88 to 0.92). The mean D value
was 4.20 (CI, 2.72 to 5.67), and the equally weighed least-
squares Q* value was 0.89 (CI, 0.79 to 0.89), making this
the second most accurate test.

Table 3. Summary Statistics for Diagnostic Tests for Intravascular Device–Related Bloodstream Infection†

Diagnostic Test Studies,
n

Pooled Sensitivity
(95% CI)

P Value‡ Overall Sensitivity,
by Random-Effects
Model (95% CI)

Pooled Specificity
(95% CI)

Qualitative catheter
segment culture

6 0.87 (0.79–0.96) 0.03 0.90 (0.83–0.97) 0.75 (0.72–0.78)

Semi-quantitative catheter
segment culture

19 0.83 (0.79–0.87) 0.014 0.85 (0.81–0.89) 0.86 (0.85–0.87)

Quantitative catheter
segment culture

14 0.82 (0.78–0.86) �0.001 0.83 (0.78–0.88) 0.89 (0.87–0.91)

IVD-drawn qualitative
blood culture

7 0.91 (0.84–0.98) 0.039 0.87 (0.80–0.94) 0.86 (0.83–0.89)

IVD-drawn quantitative
blood culture

7 0.84 (0.80–0.89) �0.001 0.77 (0.69–0.85) 0.90 (0.88–0.92)

Paired quantitative blood
cultures

10 0.79 (0.74–0.84) 0.008 0.87 (0.83–0.91) 0.99 (0.98–1.0)

Acridine orange leukocyte
cytospin

5 0.87 (0.80–0.94) �0.001 0.72 (0.60–0.84) 0.93 (0.89–0.97)

Differential time to
positivity

8 0.89 (0.86–0.92) 0.022 0.85 (0.78–0.92) 0.83 (0.79–0.87)

† IVD � intravascular device.
‡ Test for homogeneity.
§ The mean D value increases with increasing diagnostic test accuracy.
� The value of Q* increases with increasing diagnostic test accuracy.

Table 4. Performance of Diagnostic Tests, by Prevalence of Intravascular Device–Related Bloodstream Infection*

Diagnostic Test Studies,
n

Positive Predictive Value, by Prevalence Negative Predictive Value, by Prevalence

0.01 0.05 0.09 0.2 0.4 0.01 0.05 0.09 0.2 0.4

Qualitative catheter segment culture 6 0.03 0.16 0.26 0.47 0.70 �0.99 0.99 0.98 0.96 0.89
Semi-quantitative catheter segment

culture
19 0.06 0.24 0.37 0.60 0.80 �0.99 0.99 0.98 0.95 0.88

Quantitative catheter segment
culture

14 0.07 0.28 0.42 0.65 0.83 �0.99 0.99 0.98 0.95 0.88

IVD-drawn qualitative blood culture 7 0.06 0.25 0.39 0.62 0.81 �0.99 0.99 0.99 0.97 0.93
IVD-drawn quantitative blood

cultures
7 0.08 0.31 0.45 0.68 0.85 �0.99 0.99 0.98 0.96 0.89

Paired quantitative blood culture 10 0.44 0.81 0.89 0.95 0.98 �0.99 0.99 0.98 0.95 0.88
Acridine orange leukocyte cytospin 5 0.05 0.22 0.34 0.57 0.78 �0.99 0.99 0.99 0.97 0.93
Differential time to positivity 8 0.05 0.21 0.34 0.56 0.77 �0.99 0.99 0.98 0.96 0.91

* IVD � intravascular device.
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Acridine Orange Leukocyte Cytospin Test

Five studies, all of which were prospective, met our
inclusion criteria. Two studied only short-term catheters, 1

studied only long-term catheters, 1 included both types of
devices, and 1 did not report the type of devices studied. In
all studies, the test was applied only to patients with clin-

Figure 2. Summary receiver-operating characteristic curves for diagnostic techniques based on catheter segment culture (CSC) (left) or
blood culture (right).

The accuracy of tests based on either type of culture increases as the level of quantitation increases but was statistically significant only for blood culture
methods (P � 0.02). IVD � intravasucular device.

Table 3—Continued

P Value‡ Overall Specificity,
by Random-Effects
Model (95% CI)

Summary Measures of Accuracy Equally Weighted
Least-Squares Q*�

Robust Q*

Mean D Value§ Median D Value

�0.001 0.72 (0.66–0.78) 3.07 (2.03–4.11) 3.22 0.76 (0.64–0.88) 0.76

�0.001 0.82 (0.80–0.84) 3.38 (2.84–3.91) 3.13 0.84 (0.80–0.88) 0.83

�0.001 0.87 (0.85–0.89) 3.97 (3.04–4.89) 3.73 0.87 (0.81–0.93) 0.86

0.011 0.83 (0.78–0.88) 3.80 (2.81–4.78) 4.14 0.86 (0.80–0.92) 0.85

�0.001 0.90 (0.88–0.92) 4.20 (2.72–5.67) 5.41 0.89 (0.79–0.99) 0.94

0.045 0.98 (0.97–0.99) 5.73 (4.68–6.77) 6.05 0.94 (0.88–1.0) 0.95

0.12 0.91 (0.86–0.96) 3.95 (2.46–5.43) 4.40 0.89 (0.79–0.91) 0.92

�0.001 0.81 (0.75–0.87) 3.66 (2.33–4.98) 3.64 0.85 (0.81–0.97) 0.80
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ically suspected IVD-related bloodstream infection and the
reference standard varied from paired quantitative blood
cultures to diverse catheter culture techniques in conjunc-
tion with positive peripheral blood cultures.

The overall sensitivity and specificity of the acridine
orange leukocyte cytospin test were 0.72 (CI, 0.60 to 0.84)
and 0.91 (CI, 0.86 to 0.96), respectively. The mean D
value of 3.95 (CI, 2.46 to 5.43) and the Q* value of 0.89
(CI, 0.79 to 0.91) indicate that this test was the fourth
most accurate test.

IVD-Drawn Qualitative Blood Culture

Seven studies of qualitative blood cultures drawn
through the IVD (Table 2, Appendix Table) were ana-
lyzed, yielding an overall sensitivity of 0.87 (CI, 0.80 to
0.94) and a specificity of 0.83 (CI, 0.78 to 0.88). The
mean D was 3.80 (CI, 2.81 to 4.78) and equally weighted
least-squares Q* was 0.86 (CI, 0.80 to 0.92), making this
the fifth most accurate test.

Differential Time to Positivity

We analyzed 10 studies that assessed the utility of differ-
ential time to positivity for diagnosis of IVD-related blood-
stream infection (Table 2, Appendix Table), of which 8 were
prospective and 2 were retrospective. One study evaluated the
performance of this diagnostic method in general inpatients, 7
were limited to patients with cancer, and 2 were limited to
medical and surgical patients in the intensive care unit who
had short-term implantation of devices. In general, differential
time to positivity performed well for long-term IVDs, with an
overall sensitivity of 0.85 (CI, 0.78 to 0.92) and specificity of
0.81 (CI, 0.75 to 0.87). The mean D value was 3.66 (CI, 2.33
to 4.98), and the equally weighted least-squares Q* value was
0.85 (CI, 0.81 to 0.97). Raad and associates (89) recently
assessed the utility of the test in a large study. The sensitivity
and specificity of differential time to positivity in patients with
short-term catheters (�30 days) were 0.81 and 0.92, respec-
tively; for those with long-term catheters (�30 days), differ-
ential time to positivity had a sensitivity of 0.93 and a speci-
ficity of 0.75.

Figure 3. Summary receiver-operating characteristic curves for paired quantitative blood culture (left) and the acridine orange
leukocyte cytospin (right).

Each dot represents 1 study. OR � odds ratio.
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Summary ROC Analyses
Linear regression analysis of D values and the sum-

mary ROC suggested greater accuracy of catheter segment
cultures with increasing quantitation, but these findings
were not statistically significant. For tests of blood cultures,
a statistically significant systematic trend was observed, in
that D values and summary ROC increased as the level of
quantitation increased (P � 0.02 for mean D).

Figures 2 and 3 show summary ROC curves for cath-
eter segment cultures and blood cultures. The ROC curves
for quantitative catheter segment cultures lie closer to the
upper left corner of the ROC plot, indicating greater ac-
curacy of this method. Among the blood culture tests, that
with the greatest area under the ROC curve is paired quan-
titative blood culture.

Influence of Pretest Probability on Test Performance
We determined the positive and negative predictive

values for all diagnostic methods over a wide range of
prevalences of IVD-related bloodstream infection that are
likely to be encountered in the clinical setting. Small dif-
ferences were noted in negative predictive values, whereas
the positive predictive value of all tests increased greatly
with increasing prevalence (Table 4). The ordering of the
accuracy of the diagnostic tests (as shown by Q*), how-
ever, did not change with increasing prevalence.

Subgroup Analyses
Table 5 shows results of subgroup analysis to compare

test accuracy on the basis of duration of catheterization
(short or long term). No diagnostic method was found to
be systematically superior for duration of catheterization in
terms of sensitivity, specificity, or mean D. However, the
small number of studies available for this analysis precludes
drawing firm conclusions.

Subgroup analysis was done to evaluate differences
among diagnostic tests according to the reference standard
used. For some tests, performance (as measured by mean
D) differed significantly by choice of reference standard
(Table 6). However, absolute differences in mean D were
not substantial, and the hierarchical ranking of the 8 test
categories was not materially affected. Few studies of each
method used a reference standard based on catheter seg-
ment culture or blood culture; these results should there-
fore be regarded as exploratory.

DISCUSSION

The spectrum of infections caused by IVDs ranges
from local colonization (asymptomatic infection) to bacte-
remia or candidemia with septic shock (2). Clinical find-
ings are unreliable for diagnosing IVD-related bloodstream

Table 5. Summary Statistics for Diagnostic Tests for Intravascular Device–Related Bloodstream Infection, by Duration of
Catheterization

Diagnostic Test and Duration of
Catheterization

Studies,
n

Pooled
Sensitivity

P Value Pooled
Specificity

P Value Mean D Value

Qualitative catheter segment culture
Short term 4 0.94 0.76 3.50
Long term 1 0.68 0.016 0.80 �0.2 1.95

Semi-quantitative catheter segment culture
Short term 14 0.84 0.85 3.63
Long term 1 0.75 �0.2 0.71 �0.001 1.85

Quantitative catheter segment culture
Short term 11 0.82 0.89 3.76
Long term 2 0.83 �0.2 0.97 �0.001 5.19

IVD-drawn qualitative catheter blood culture
Short term 4 0.98 0.86 4.42
Long term 2 1.00 �0.2 0.83 �0.2 3.43

IVD-drawn quantitative catheter blood culture
Short term 3 0.81 0.96 4.76
Long term 1 0.86 �0.2 0.85 �0.001 4.46

Paired quantitative blood cultures
Short term 4 0.75 0.97 4.98
Long term 5 0.93 0.008 1.00 0.008 6.41

Acridine orange leukocyte cytospin
Short term 2 0.87 0.88 3.18
Long term 1 0.87 �0.2 0.94 �0.2 4.41

Differential time to positivity
Short term 4 0.89 0.87 2.96
Long term 4 0.90 �0.2 0.72 0.003 4.20

* IVD � intravascular device.
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infection because they have poor specificity and sensitivity
(95–98). The most common clinical findings have poor
specificity (for example, fever with or without chills), and
inflammation or purulence around the intravascular device
has high specificity but poor sensitivity (95). Which tests
are best for diagnosing IVD-related bloodstream infection
has been unclear, even though numerous studies have at-
tempted to clarify the matter. This uncertainty is reflected
in many of the summary recommendations of a recent
Centers for Disease Control Hospital Infection Control
Practice Advisory Committee evidence-based guideline (7).

The key findings of our analysis are that with short-
term IVDs, quantitative or semi-quantitative culture of the
catheter combined with 2 blood cultures (1 drawn percu-
taneously from a peripheral vein and 1 through the suspect
catheter) will allow accurate diagnosis of IVD-related
bloodstream infection. Qualitative cultures of catheter seg-
ments should no longer be used because this method has
poor specificity. With long-term IVDs, paired quantitative
blood culture is the most accurate diagnostic method; how-
ever, paired (qualitative) conventional blood culture using
differential time to positivity provides comparable sensitiv-
ity and acceptable specificity, at no increased cost. The
acridine orange leukocyte cytospin test offers rapid diagno-
sis of IVD-related bloodstream infection with similar accu-
racy but lower sensitivity. When paired blood cultures are

used to diagnose IVD-related bloodstream infection, it is
essential that the blood cultures are drawn concomitantly
(�10 minutes apart), similar volumes of blood are cul-
tured, and blood is obtained before empirical anti-infective
therapy begins.

In many centers, central venous catheter tips are rou-
tinely cultured on removal. Positive catheter-tip cultures
prompt empirical antimicrobial therapy, even in the ab-
sence of positive blood cultures or clinical signs of systemic
infection. Numerous studies have shown that 15% to 25%
of cultures of short-term central venous catheters are colo-
nized, usually by coagulase-negative staphylococci, but
most patients have no evidence of infection (99, 100). The
practice of giving anti-infective agents to patients with pos-
itive catheter-tip cultures with no signs of infection or doc-
umented bloodstream infection drives much unnecessary
use of vancomycin and other broad-spectrum antibiotics
(101), ramping antibiotic pressure that is responsible for
the emergence of antimicrobial resistance in hospitals
(102).

The Centers for Disease Control Hospital Infection
Control Policy Advisory Committee strongly recommends
that central venous catheters and other vascular catheters
not be cultured unless local inflammation is present at the
insertion site or the patient has clinical signs suggestive of
bacteremia or candidemia (7, 20). Our analysis (Table 3)

Table 6. Summary Statistics for Diagnostic Tests for Intravascular Device–Related Bloodstream Infection, by Reference Standard Used

Diagnostic Test and Reference Standard Used Studies,
n

Pooled
Sensitivity

P Value Pooled
Specificity

P Value Mean D Value

Qualitative catheter segment culture
Catheter segment culture 4 0.81 0.79 2.98
Blood culture 2 1.00 0.09 0.71 0.005 3.30

Semi-quantitative catheter segment culture
Catheter segment culture 15 0.84 0.86 3.45
Blood culture 4 0.76 0.2 0.85 �0.2 3.12

Quantitative catheter segment culture
Catheter segment culture 11 0.83 0.91 4.22
Blood culture 3 0.74 0.19 0.85 �0.001 3.02

IVD-drawn qualitative catheter blood culture
Catheter segment culture 6 0.90 0.87 3.66
Blood culture 1 1.00 �0.2 0.84 �0.2 4.55

IVD-drawn quantitative catheter blood culture
Catheter segment culture 5 0.89 0.94 4.28
Blood culture 2 0.81 0.07 0.82 �0.001 3.99

Paired quantitative blood cultures
Catheter segment culture 6 0.77 0.98 5.64
Blood culture 3 1.00 0.03 1.00 �0.2 6.09

Acridine orange leukocyte cytospin
Catheter segment culture 4 0.91 0.81 4.04
Blood culture 1 0.88 �0.2 0.87 �0.2 4.14

Differential time to positivity
Catheter segment culture 5 0.91 0.81 3.76
Blood culture 4 0.88 �0.2 0.87 0.18 4.02

* IVD � intravascular device.
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shows that if tests for diagnosis of IVD-related bloodstream
infection are performed only in patients in whom the pre-
test clinical probability of bacteremia or candidemia (prev-
alence � 0.20 to 0.40) is reasonably high, the positive pre-
dictive value of a positive test result is much higher (P �
0.001) and unnecessary use of anti-infective therapy can be
greatly reduced.

Our analysis has limitations stemming from the heter-
ogeneity in the design of the studies analyzed. Although
definitions of IVD-related bloodstream infection and ref-
erence standards used differed substantially, all studies that
we included used acceptable published methods. Several of
the diagnostic techniques, particularly those based on IVD-
drawn blood culture, would be expected to perform less
well if antimicrobial agents were administered before diag-
nostic testing for IVD-related bloodstream infection; how-
ever, few studies reported this information. Disparity also
existed in the patients undergoing the test of interest: In
most studies, the test was done in patients suspected of
having IVD-related bloodstream infection (a high-preva-
lence group), whereas in others, all catheters were exam-
ined at removal (a low-prevalence group). Most studies
reviewed also did not report whether they were blinded.
Even though significant statistical heterogeneity was ob-
served in most of the pooled test variables, our subgroup
analyses to explore the implications of this heterogeneity
found no evidence that it materially affected the relative
sensitivity, specificity, or accuracy of the test categories
(Tables 3 to 5).

Finally, no study that we reviewed included catheters
coated with anti-infective agents. As use of such catheters
becomes more prevalent, the existing definitions of cathe-
ter colonization and catheter-related infection may need to
be modified because anti-infective coatings may lead to
false-negative results on culture (103, 104). Given the im-
portance of IVD-related bloodstream infection as a threat
to patient safety, larger and better-designed trials are
needed to more reliably characterize the accuracy of the
various diagnostic methods for IVD-related bloodstream
infection, particularly IVD-sparing techniques.
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APPENDIX

Methods Requiring Device Removal
Qualitative Culture of Catheter Segment

The qualitative culture technique described by Druskin and
Siegel in 1963 (24) involves immersion of the aseptically
transected catheter tip in liquid media. Any growth after over-
night incubation is considered clinically significant.

Semi-quantitative Catheter Segment Culture (Roll-Plate
Method)

The most widely used technique for diagnosing central ve-
nous catheter–related bloodstream infection is the semi-quantita-
tive method described by Maki and colleagues (25). A 5-cm
catheter segment (or the entire catheter, for short peripheral cath-
eters) is transferred to the surface of a blood agar plate and rolled
back and forth across the surface at least 4 times. The plate is
examined after overnight incubation, and the presence of 15 or
more colony-forming units is considered indicative of catheter
colonization (synonymous with local infection of the catheter),
the precursor to IVD-related bloodstream infection.

Quantitative Catheter Segment Culture
Although the roll-plate method is very useful, it may be

limited in that it samples only the external surface of catheter and
may miss organisms that are colonizing the intraluminal surface.
This limitation is especially apparent with long-term IVDs, in
which the lumen is the predominant site of colonization and
cause of bloodstream infection (38). Quantitative culture tech-
niques, in which the catheter segments are flushed or immersed
in liquid media and centrifuged or sonicated (28) have been
described.

Cleri and coworkers (26) reported a quantitative method of
catheter segment culture. The catheter is removed and the intra-
dermal and intravascular segments are excised, immersed in 2 to
10 mL of trypticase–soy broth, and flushed 3 times. The broth is
serially diluted 100-fold, and 0.1 mL of each dilution is plated; a
cut-off value of 1000 or more colony-forming units is considered
positive.

Brun-Buisson and associates (27) modified the technique of
Cleri and coworkers. The catheter segment is placed in a dry
sterile tube, and 1 mL of sterile water is dripped onto the cath-
eter. After the tube is sonicated for 1 minute, 0.1 mL of fluid is
streaked onto a blood agar plate. A colony count of 1000 or more
colony-forming units is considered a positive result. Sherertz and
associates reported another modification of Cleri and coworkers’
technique, in which catheter segments immersed in 1 mL of
broth and sonicated for 1 minute, and subcultures of serial dilu-
tions are performed (28).

Direct Staining of the Catheter Segment
A variety of microbial stains applied to removed catheter

segments have been studied to facilitate rapid diagnosis of IVD-
related bloodstream infection, including Gram stain of the cath-
eter (59) or of the sonication broth (73), or Gram stain or acri-
dine orange stain of an impression smear of the catheter (69,

105). In 1 study, Gram stain of the removed catheter was helpful
in the diagnosis of local infections but was substantially less sen-
sitive than semi-quantitative or quantitative culture methods for
diagnosis of IVD-related bloodstream infection (59). The tech-
nical difficulty of staining and examining a distorted catheter
segment, and the prolonged time (�30 minutes) required to
examine the stained segments under a light microscope, have
limited acceptance of this technique. Because of the heteroge-
neous methods used and the limited number of studies available,
we did not perform statistical analyses for these methods.

IVD-Sparing Diagnostic Methods
It is important to conclusively implicate the IVD before

removing a needed device, especially a long-term IVD. Prospec-
tive studies have shown that only 25% to 45% of episodes of
fever or sepsis in patients with a central venous catheter represent
true IVD-related bloodstream infection (99, 100). Development
of in situ methods to reliably detect IVD-related bloodstream
infection that do not require removal of the IVD would be of
great value to clinicians and patients.

IVD-Drawn Qualitative Blood Culture
Because of the difficulty in distinguishing between intralu-

minal colonization alone and true IVD-related bloodstream in-
fection, the utility of IVD-drawn qualitative blood culture in the
absence of a concomitant peripheral blood culture may be lim-
ited (44, 45, 106).

IVD-Drawn Quantitative Blood Culture
Evidence indicates that a single quantitative blood culture

drawn from a long-term device, even without an accompanying
positive culture drawn from the periphery, can accurately identify
IVD-related bloodstream infection if more than 100 colony-
forming units/mL are found (30, 31).

Paired Quantitative Blood Cultures
Quantitative blood cultures drawn through the IVD and

concomitantly by venipuncture from a peripheral vein or another
IVD can be used to diagnose IVD-related bacteremia or funge-
mia without removal of the IVD if empirical antimicrobial ther-
apy has not yet been initiated. Access to a laboratory that can do
pour-plate blood cultures or that has an automated quantitative
system for culturing blood, such as the lysis–centrifugation sys-
tem (Isolator [Wampole Laboratories, Cranbury, New Jersey]), is
essential. If the IVD is infected, the blood drawn through it
usually shows a greater than 5-fold increase in the concentration
of organisms compared with the blood drawn percutaneously
from a peripheral vein or another IVD. High-grade peripheral
candidemia (�25 colony-forming units/mL) has been reported
to indicate an infected IVD 90% of the time (107).

Paired quantitative blood cultures are most useful for diag-
nosis of infection associated with long-term IVDs. Their utility
for diagnosis of infections associated with short-term IVDs has
been limited by their expense. Moreover, studies to evaluate the
diagnostic utility of this method have used differing cutpoints for
paired quantitative blood cultures, ranging from a 3-fold (33),
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4-fold (32), or 5-fold (34) difference among concentrations of
organisms drawn from the IVD and a peripheral site. Thus, com-
parison of these studies is difficult.

Differential Time to Positivity
Quantitative blood cultures are labor intensive and expen-

sive. The ubiquity of automated radiometric blood culture sys-
tems (BACTEC system [Becton Dickinson, Sparks, Maryland]),
in which blood cultures are continuously monitored for micro-
bial growth, has led to a clever application of this system to detect
IVD-related bloodstream infection (35): the differential time to
positivity of blood cultures drawn through the IVD and concom-
itantly from a peripheral vein. Positivity in a blood culture drawn
from the IVD more than 2 hours before positivity of the culture
drawn from a peripheral vein has been reported to be highly
predictive of IVD-related bloodstream infection (35, 36).

Acridine Orange Leukocyte Cytospin Test
A simple and rapid method of detecting IVD-related blood-

stream infection is the acridine orange leukocyte cytospin test
(40). Approximately 1 mL of blood is aspirated from the cathe-
ter; the cells are lysed with sterile water; and the specimen is
centrifuged, stained with acridine orange, and examined micro-
scopically. The presence of microorganisms constitutes a positive
result.

Limited studies have evaluated other stains of IVD-drawn
blood, such as Gram stain alone (108, 109), quinacrine (109), or
nitroblue tetrazolium (86), but further studies are needed before
meaningful conclusions can be drawn about the utility of these
stains.

Endoluminal Brushing
In situ testing using a novel culture brush that can be passed

down the lumen and out the end of a long-term IVD to pick up
luminal biofilm and colonized fibrin and thrombus around the
tip has been proposed as an alternative to removal and culture of
the IVD (51). The few studies of this technique have yielded
discordant results, and iatrogenic procedure-associated bactere-
mias have been reported with the use of the culture brush (51).
Future studies of this method must rigorously assess for adverse
effects.

Quantitative Cultures of Catheter Insertion Sites or
Catheter Hubs

Quantitative cultures of insertion sites or catheter hubs have
been proposed as a simple means of detecting infection of short-
term central venous catheters. Most studies have found a fairly
high sensitivity but poor specificity (81, 110–114). Therefore,
culture of the device insertion site or the hub may be of value to
rule out infection of a short-term IVD if the result is negative,
but it does not reliably predict infection of the device if the result
is positive.

Current Author Addresses: Dr. Safdar: H4/572, University of Wiscon-
sin Hospital and Clinics, 600 Highland Avenue, Madison, WI 53792.
Dr. Fine: K6/420, Clinical Sciences Center, University of Wisconsin
Hospital and Clinics, 600 Highland Avenue, Madison, WI 53792.
Dr. Maki: H5/574, University of Wisconsin Hospital and Clinics, 600
Highland Avenue, Madison, WI 53792.
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Appendix Table. Features of the Included Studies*

Study, Year (Reference) Diagnostic Test
Studied

Criteria for
Positivity

Reference Standard
Used

Basis of
Reference
Standard

Study
Design

Patients/
Catheters or
Infectious
Episodes,
n/n

Sample Rationale for
Performance
of Diagnostic
Test

Maki et al., 1977 (25) Qualitative CSC Any growth Qualitative CSC and
qualitative PBC

Catheter
segment

Prospective 250/250 General
inpatients

All catheters at
removal

Maki et al., 1977 (64) Qualitative CSC Any growth Qualitative CSC and
qualitative PBC

Catheter
segment

Prospective 6/50 Patients with
burns

All catheters at
removal

Cleri et al., 1980 (26) Qualitative CSC Any growth Qualitative CSC and
qualitative PBC

Catheter
segment

Prospective NR/149 General
inpatients

Suspected
bloodstream
infection

Jones et al., 1986 (56) Qualitative CSC Any growth Primary bloodstream
infection†

Blood
culture

Prospective NR/379 Patients with
cancer

All catheters at
removal

Nahass et al., 1990 (57) Qualitative CSC Any growth Primary bloodstream
infection†

Blood
culture

Prospective 80/80 Surgical patients All patients

Whitman and Boatman,
1995 (58)

Qualitative CSC Any growth Qualitative PBC and
culture of catheter
segment or
reservoir material

Catheter
segment

Retrospective 29/29 Patients with
cancer,
sickle-cell
disease, and
HIV infection

Suspected
bloodstream
infection

Maki et al., 1977 (25) Semi-quantitative
CSC

�15 CFU Qualitative CSC and
qualitative PBC

Catheter
segment

Prospective 250/250 General
inpatients

All catheters at
removal

Maki et al., 1977 (64) Semi-quantitative
CSC

�15 CFU Qualitative CSC and
qualitative PBC

Catheter
segment

Prospective 6/50 Patients with
burns

All catheters at
removal

Moyer et al., 1983 (70) Semi-quantitative
CSC

�15 CFU Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 67/67 Patients
receiving total
parenteral
nutrition and
patients with
burns

All catheters at
removal

Cooper and Hopkins,
1985 (59)

Semi-quantitative
CSC

�15 CFU Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 224/330 Mostly patients
in the ICU

All catheters at
removal

Collignon et al., 1986
(66)

Semi-quantitative
CSC

�15 CFU Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 440/780 Patients in the
ICU

All catheters at
removal

Jones et al., 1986 (56) Semi-quantitative
CSC

�15 CFU Primary bloodstream
infection†

Blood
culture

Prospective NR/379 Patients with
cancer

All catheters at
removal

Collignon et al., 1987
(69)

Semi-quantitative
CSC

�15 CFU Primary bloodstream
infection†

Blood
culture

Prospective NR/322 NR All catheters at
removal

Rello et al., 1989 (72) Semi-quantitative
CSC

�15 CFU Qualitative PBC and
semi-quantitative
CSC or
quantitative CSC

Catheter
segment

Prospective 41/50 Patients with
end-stage
renal disease

All catheters at
removal

Cercenado et al.,1990
(61)

Semi-quantitative
CSC

�15 CFU Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective NR/139 General
inpatients

All catheters at
removal

Rello et al., 1991 (62) Semi-quantitative
CSC

�15 CFU Primary bloodstream
infection†

Blood
culture

Prospective 49/91 General
inpatients

Suspected
bloodstream
infection

Aufwerber et al., 1991
(63)

Semi-quantitative
CSC

�15 CFU Qualitative CSC and
qualitative PBC

Catheter
segment

Retrospective 453/542 Patients in the
ICU

All catheters at
removal

Raad et al., 1992 (65) Semi-quantitative
CSC

�15 CFU Catheter segment
culture and
qualitative PBC;
clinical signs and
symptoms of
infection

Catheter
segment

Prospective 153/313 General
inpatients

All catheters at
removal

Widmer et al., 1992 (67) Semi-quantitative
CSC

�15 CFU Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective NR/157 Patients in the
ICU

All catheters at
removal

Gutierrez et al., 1992
(60)

Semi-quantitative
CSC

�15 CFU Semi-quantitative
CSC or
quantitative CSC
and qualitative
PBC

Catheter
segment

Prospective NR/98 General
inpatients

Suspected
bloodstream
infection

Maki et al., 1996 (68) Semi-quantitative
CSC

�15 CFU Culture isolates of
hub, infusate, or
catheter segment
and bloodstream
infection by DNA
subtyping

Blood
culture

Prospective NR/400 General
inpatients

All catheters at
removal

Kite et al., 1997 (32) Semi-quantitative
CSC

�15 CFU Qualitative PBC and
quantitative CSC
or
semi-quantitative
CSC

Catheter
segment

Prospective 216/230 Surgical patients
in the ICU

All catheters
and
suspected
bloodstream
infection

Kite et al., 1999 (37) Semi-quantitative
CSC

�15 CFU Quantitative PBC
and
semi-quantitative
CSC or
quantitative CSC

Catheter
segment

Prospective NR/112 Surgical patients Suspected
bloodstream
infection

Snydman et al., 1982
(29)

Semi-quantitative
CSC

�15 CFU Qualitative PBC and
Qualitative CSC

Catheter
segment

Prospective 100/69 Patients
receiving total
parenteral
nutrition

All patients
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Appendix Table—Continued

Study, Year (Reference) Diagnostic Test
Studied

Criteria for
Positivity

Reference Standard
Used

Basis of
Reference
Standard

Study
Design

Patients/
Catheters or
Infectious
Episodes,
n/n

Sample Rationale for
Performance
of Diagnostic
Test

Widmer et al., 2003 (71) Semi-quantitative
CSC

�15 CFU Semi-quantitative
CSC or
quantitative CSC
and qualitative
PBC

Catheter
segment

Prospective NR/1000 NR All catheters at
removal

Rello et al., 1989 (72) Quantitative CSC �1000 CFU Qualitative PBC and
semi-quantitative
CSC or
quantitative CSC

Catheter
segment

Prospective 41/50 Patients with
end-stage
renal disease

All catheters at
removal

Cleri et al., 1980 (26) Quantitative CSC �1000 CFU Qualitative CSC and
qualitative PBC

Catheter
segment

Prospective NR/149 General
inpatients

Suspected
bloodstream
infection

Brun-Buisson et al., 1987
(27)

Quantitative CSC �1000 CFU Qualitative PBC and
qualitative CSC;
no other focus of
infection

Catheter
segment

Prospective 231/331 Patients in the
ICU

All catheters at
removal

Rello et al., 1991 (62) Quantitative CSC �1000 CFU Primary bloodstream
infection

Blood
culture

Prospective 49/91 General
inpatients

Suspected
bloodstream
infection

Kite et al., 1999 (37) Quantitative CSC �1000 CFU Quantitative PBC
and
semi-quantitative
CSC or
quantitative CSC

Catheter
segment

Prospective NR/112 Surgical patients Suspected
bloodstream
infection

Gutierrez et al., 1992
(60)

Quantitative CSC �1000 CFU Semi-quantitative
CSC or
quantitative PBC
and qualitative
PBC

Catheter
segment

Prospective NR/98 General
inpatients

Suspected
bloodstream
infection

Kite et al., 1997 (52) Quantitative CSC �1000 CFU Qualitative PBC and
quantitative PBC

Catheter
segment

Prospective NR/228 Surgical patients
in the ICU

All catheters
and
suspected
bloodstream
infection

Sherertz et al., 1990 (28) Quantitative CSC �1000 CFU Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Retrospective 104/216 Mostly patients
in the ICU

Suspected
bloodstream
infection

Raad et al., 1992 (65) Quantitative CSC �1000 CFU Catheter segment
culture, qualitative
PBC, and clinical
symptoms and
signs of infection

Catheter
segment

Prospective 153/313 General
inpatients

All catheters at
removal

Maki et al., 1996 (68) Quantitative CSC �1000 CFU Culture isolates of
hub, infusate, or
catheter segment
and bloodstream
infection
concordant by
DNA subtyping

Blood
culture

Prospective NR/400 General
inpatients

All catheters at
removal

Kelly et al., 1996 (73) Quantitative CSC �1000 CFU Qualitative PBC and
qualitative CSC

Catheter
segment

Retrospective
and
prospective

NR/405 General
inpatients

All catheters at
removal

Douard et al., 1999 (32) Quantitative
catheter
septum and tip
culture

�4-fold
increase
in growth
from
catheter
blood
compared
with
peripheral
blood

No other focus of
infection, and 1)
purulence at the
insertion site with
positive exudates
and PBCs or 2)
signs and
symptoms of
sepsis with
positive
quantitative CSC
and positive PBC

Catheter
segment

Prospective 170/170 Immuno-
compromised
patients

All catheters at
removal

Bjornson et al., 1982 (75) Quantitative CSC �1000 CFU Qualitative PBC and
CSC

Catheter
segment

Prospective 53/74 Patients
receiving total
parenteral
nutrition

All catheters at
removal

Widmer et al., 2003 (71) Quantitative CSC �1000 CFU Semi-quantitative
CSC or
quantitative CSC
and qualitative
PBC

Catheter
segment

Prospective NR/1000 NR All catheters at
removal

Snydman et al., 1982
(29)

IVD-drawn
qualitative
blood culture

Any growth Qualitative PBC and
Qualitative CSC

Catheter
segment

Prospective 100/69 Patients
receiving total
parenteral
nutrition

All patients

Bozzetti et al., 1984 (76) IVD-drawn
qualitative
blood culture

Any growth Semi-quantitative
CSC and
qualitative PBC

Catheter
segment

Prospective 64/256 Patients with
cancer

All patients

Paya et al., 1989 (77) IVD-drawn
qualitative
blood culture

Any growth Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 44/52 Surgical patients
in the ICU

Suspected
bloodstream
infection

Whitman and Boatman,
1995 (48)

IVD-drawn
qualitative
blood culture

Any growth Semi-quantitative
CSC and
qualitative PBC

Catheter
segment

Retrospective 29/29 Patients with
cancer,
sickle-cell
disease, and
HIV infection

Suspected
bloodstream
infection

Raucher et al., 1984 (78) IVD-drawn
qualitative
blood culture

�5:1 Peripheral
qualitative blood
culture and
catheter blood
culture

Blood
culture

Prospective 28/30 Children Suspected
bloodstream
infection
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Appendix Table—Continued

Study, Year (Reference) Diagnostic Test
Studied

Criteria for
Positivity

Reference Standard
Used

Basis of
Reference
Standard

Study
Design

Patients/
Catheters or
Infectious
Episodes,
n/n

Sample Rationale for
Performance
of Diagnostic
Test

Capdevila et al., 1992
(31)

IVD-drawn
qualitative
blood culture

Any growth Qualitative PBC and
semi-quantitative
CSC; no other
source; recovery
after catheter
removal

Catheter
segment

Prospective 64/107 NR Suspected
bloodstream
infection

Moyer et al., 1983 (70) IVD-drawn
qualitative
blood culture

Any growth Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 67/67 Patients
receiving total
parenteral
nutrition and
patients with
burns

All catheters at
removal

Paya et al., 1989 (77) IVD-drawn
quantitative
blood culture

Any growth Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 44/52 Surgical patients
in the ICU

Suspected
bloodstream
infection

Snydman et al., 1982
(29)

IVD-drawn
quantitative
blood culture

�15 CFU Qualitative PBC and
qualitative CSC

Catheter
segment

Prospective 100/69 Patients
receiving total
parenteral
nutrition

All patients

Raucher et al., 1984 (78) IVD-drawn
quantitative
blood culture

�5:1 Qualitative PBC and
catheter blood
culture

Blood
culture

Prospective 28/30 Children Suspected
bloodstream
infection

Capdevila et al., 1992
(31)

IVD-drawn
quantitative
blood culture

�100 CFU Qualitative PBC and
semi-quantitative
CSC; no other
source; recovery
after catheter
removal

Catheter
segment

Prospective 64/107 NR Suspected
bloodstream
infection

Moyer et al., 1983 (70) IVD-drawn
quantitative
blood culture

�25 CFU Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 67/67 Patients
receiving total
parenteral
nutrition and
patients with
burns

All catheters at
removal

Franklin et al., 2004 (91) IVD-drawn
quantitative
blood culture

�100 CFU Paired quantitative
blood culture

Blood
culture

Retrospective 241/241 Children with
cancer

Suspected
bloodstream
infection

Catton et al., 2002 (94) IVD-drawn
quantitative
blood culture

�100 CFU Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 205/205 Surgical patients Suspected
bloodstream
infection

Flynn et al., 1988 (34) Paired lysis–
centrifugation‡
quantitative
blood culture

�5-fold
increase
in growth
from
catheter
compared
with
periphery

Qualitative PBC and
qualitative
catheter blood
culture

Blood
culture

Prospective 13/13 Children Suspected
bloodstream
infection

Sanchez-Conde et al.,
2003 (79)

Paired lysis–
centrifugation‡
quantitative
blood culture

�5-fold
increase
in growth
from
catheter
compared
with
periphery

Qualitative PBC and
CSC

Catheter
segment

Prospective 145/145 Adults Suspected
bloodstream
infection

Douard et al., 1991 (74) Paired
quantitative
blood culture

�5-fold Positive paired
quantitative blood
cultures

Blood
culture

Prospective NR/53 Children with
hematologic
or oncologic
illness

Suspected
bloodstream
infection

Douard et al., 1994 (33) Paired
quantitative
blood culture

�3:1 Positive PBC and
CSCs

Catheter
segment

Prospective 58/58 Medical and
surgical
patients in the
ICU

Suspected
bloodstream
infection

Mosca et al., 1987 (80) Paired lysis–
centrifugation‡
quantitative
blood culture

�5-fold Clinical follow-up Other Prospective 25/26 General
inpatients

Suspected
bloodstream
infection

Paya et al., 1989 (77) Paired lysis–
centrifugation‡
quantitative
blood culture

�30 CFU
compared
with
peripheral
sample

Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective 44/52 Surgical patients
in the ICU

Suspected
bloodstream
infection

Fortun et al., 2000 (81) Paired lysis–
centrifugation‡
quantitative
blood culture

�5:1 Qualitative PBC and
semi-quantitative
CSC

Catheter
segment

Prospective NR/118 General
inpatients

All catheters at
removal

Capdevila et al., 1992
(31)

Paired
quantitative
blood culture

�4:1 Qualitative PBC and
semi-quantitative
CSC; no other
source of
infection; recovery
after catheter
removal

Catheter
segment

Prospective 64/107 Patients in the
ICU

Suspected
bloodstream
infection

Raucher et al., 1984 (78) Paired
quantitative
blood culture

�5:1 Qualitative PBC and
catheter blood
culture

Blood
culture

Prospective 28/30 Children Suspected
bloodstream
infection
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Appendix Table—Continued

Study, Year (Reference) Diagnostic Test
Studied

Criteria for
Positivity

Reference Standard
Used

Basis of
Reference
Standard

Study
Design

Patients/
Catheters or
Infectious
Episodes,
n/n

Sample Rationale for
Performance
of Diagnostic
Test

Douard et al., 1999 (32) Paired lysis–
centrifugation‡
quantitative
blood culture

�4-fold
increase
in growth
from
catheter-
drawn
blood
compared
with
peripherally
drawn
blood

No other focus of
infection, and 1)
purulence at the
insertion site with
positive exudates
and PBCs or 2)
signs and
symptoms of
sepsis with
positive
quantitative CSC
and positive PBC

Catheter
segment

Prospective 170/170 Immuno-
compromised
patients

All catheters at
removal

Blot et al., 1999 (35) Differential time
to positivity

�2 h Qualitative PBC and
quantitative CSC

Catheter
segment

Prospective 87/93§ General
inpatients

Suspected
bloodstream
infection

Malgrange et al., 2001
(83)

Differential time
to positivity

�2 h Qualitative PBC and
quantitative CSC

Catheter
segment

Prospective NR/98§ Patients with
cancer

Suspected
bloodstream
infection

Rjinders et al., 2001 (84) Differential time
to positivity

�2 h Qualitative PBC and
quantitative CSC

Catheter
segment

Prospective 10/10 Medical and
surgical
patients in the
ICU

Suspected
bloodstream
infection

Blot et al., 1998 (82) Differential time
to positivity

�2 h Qualitative PBC and
quantitative CSC

Catheter
segment

Retrospective NR/42§ General
inpatients

Suspected
bloodstream
infection

Gaur et al., 2002 (89) Differential time
to positivity

�2 h Paired quantitative
blood culture

Blood
culture

Prospective NR/28§ Children with
cancer

Suspected
bloodstream
infection

Mermel et al., 1998 (85) Differential time
to positivity

�2 h Clinical definition Other Retrospective 36/31 General
inpatients

Suspected
bloodstream
infection

Raad et al., (90) Differential time
to positivity

�2 h No other focus of
infection; signs
and symptoms;
and
semi-quantitative
catheter tip
culture with PBC
or paired
quantitative blood
culture, or both

Blood
culture

Prospective 201/191 Adults with
cancer

Suspected
bloodstream
infection

Seifert et al., 2003 (36) Differential time
to positivity

�2 h Paired quantitative
blood culture,
DNA subtyping,
and quantitative
CSC

Blood
culture

Prospective 51/51 Patients with
neutropenia

Suspected
bloodstream
infection

Sanchez-Conde et al.,
2003 (79)

Differential time
to positivity

�2 h Qualitative PBC and
quantitative CSC

Blood
culture

Prospective 145/145 Adults Suspected
bloodstream
infection

Rushforth et al., 1993
(86)

Acridine orange
leukocyte
cytospin

Any growth Paired quantitative
blood culture

Blood
culture

Prospective 51/95§ Infants Suspected
bloodstream
infection

von Baum et al., 1998
(87)

Acridine orange
leukocyte
cytospin

Any growth Semi-quantitative
CSC and
qualitative PBC

Catheter
segment

Prospective 14/14 Adults in the
ICU

Random
sampling of
both
suspected
bloodstream
infection
and not
bloodstream
infection;
data
obtained
from
subgroup
analysis

Kite et al., 1999 (40) Acridine orange
leukocyte
cytospin

Any growth Quantitative PBC
and
semi-quantitative
CSC or
quantitative CSC

Catheter
segment

Prospective NR/112 Surgical patients Suspected
bloodstream
infection

Tighe et al., 1996 (36) Acridine orange
leukocyte
cytospin

Any growth Semi-quantitative
CSC and
qualitative PBC

Catheter
segment

Prospective 50/50 General
inpatients

Suspected
bloodstream
infection

Bong et al., 2003 (87) Acridine orange
leukocyte
cytospin

Any growth Semi-quantitative
CSC and
qualitative PBC

Catheter
segment

Prospective 50/50 Surgical patients Suspected
bloodstream
infection

* CFU � colony-forming units; CSC � catheter segment culture; ICU � intensive care unit; IVD � intravascular device; NR � not reported; PBC � peripheral blood
culture.
† Presence of bacteremia while the catheter is in place and no other probable source of bacteremia.
‡ Isolator system (Wampole Laboratories, Cranbury, New Jersey).
§ Infectious episodes.
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The Middle-Aged and Older American: Wrong Prototype for a
Preventive Polypill?

Any way you look at them, the numbers are staggering.
In the coming year, about 1.2 million Americans will

have a first or recurrent coronary attack and about 700 000
will have a new or recurrent stroke (1). Most Americans
older than age 35 years have 1 or more vascular risk factors.
More than one third of them have hypercholesterolemia
(2). One fifth of adult Americans smoke, and most have
inactive lifestyles (3). One third have high blood pressure,
more than 30% are obese, and nearly 10% have diabetes (4).

Americans have a dizzying array of options available to
reduce vascular disease and its consequences. Preventive
approaches aimed primarily at identifying and treating in-
dividual risk factors were popular in the 1980s and 1990s
but had limited success. Social and environmental changes
curbed some factors, such as smoking, but increased others,
such as obesity and sedentary lifestyles. Treatment recom-
mendations that targeted single risk factors were incom-
plete and contained discrepancies from guidelines targeting
other risk factors (5). There were no clear treatment thresh-
olds for factors such as blood pressure, lipid levels, abdom-
inal obesity, and physical activity. Although relative treat-
ment benefits were proved similar for different levels of
certain risk factors, absolute benefits were greatest with
treatment of higher-risk persons. Optimal assessment of
absolute risk required knowledge of multiple risk factors.
Recognizing these issues, experts now recommend assess-
ment of an individual’s global risk for vascular disease
when deciding whether to treat risk factors and selecting
specific target levels for those risk factors. For example,
recent recommended treatment thresholds and target levels
for low-density lipoprotein cholesterol level vary depending
on whether individuals have low, high, or very high risk for
coronary heart disease (CHD) (6, 7). We hope but do not
yet know if emphasis on global risk assessment will moti-
vate Americans and their doctors and improve outcomes.

Both the single risk factor–based and the global risk–
based approaches rely on measurement of an individual’s
risk factors. In 2003, Wald and Law (8) proposed a radical
population-based strategy that they claimed could reduce
cardiovascular disease by 80% and have greater impact on
public health in the western world than any other preven-
tive strategy. They advised “discarding the view that risk
factors need to be measured and treated individually if
found to be ‘abnormal.’ ” Instead, Wald and Law advo-
cated treating all adults older than age 55 years in western
societies with a “polypill” cocktail containing low doses of
6 agents known to modify cholesterol level, blood pressure,
platelet function, and serum homocysteine level. They pro-
claimed that “there is much to gain and little to lose by the
widespread use of a preventive polypill.”

Wald and Law based their reasoning on the following

premises. Risk factors are high among everyone in western
societies. Ninety-six percent of deaths from vascular disease
occur in people older than age 55 years. Risk factor inter-
ventions are effective whatever the initial level of the risk
factor and cause little harm when given in low doses. Mon-
itoring an individual’s risk factor level to assess treatment
benefits is of limited usefulness because fluctuation within
individuals can mask important variations between indi-
viduals in the systematic effects of interventions.

In this issue, Vasan and colleagues (9) present some
evidence suggesting that the middle-aged and older Amer-
ican may be the wrong prototype for a preventive polypill.
Combining data about rates of CHD attributable to dif-
ferent levels of risk factors from the Framingham Study
cohort and risk factor prevalence data from the Third Na-
tional Health and Nutrition Examination Survey
(NHANES III) and a 2000 U.S. Census report, they in-
vestigated the relative contributions of borderline and ele-
vated levels of 5 vascular risk factors to CHD burden in
white men and women in the United States. They catego-
rized the following as borderline: systolic blood pressure
ranging from 120 to 139 mm Hg or diastolic blood pres-
sure ranging from 80 to 89 mm Hg, low-density lipopro-
tein cholesterol level ranging from 2.59 to 4.12 mmol/L
(100 to 159 mg/dL), and high-density lipoprotein choles-
terol level ranging from 1.04 to 1.53 mmol/L (40 to 59
mg/dL). They also categorized impaired fasting glucose
without overt diabetes and a past history of smoking as
“borderline,” in contrast to diabetes and current smoking,
which they categorized as “elevated.”

Vasan and colleagues’ findings are sobering. About
60% of the men and 50% of the women age 35 to 74 years
in the NHANES III sample had 1 or 2 elevated risk fac-
tors. Despite the frequent presence of at least 1 elevated
risk factor, about one third of men and about 5% of
women were categorized as at high global risk, using a 10%
absolute event rate. About 25% of the men and 40% of the
women had 1 or more borderline risk factor. Optimal lev-
els of all 5 risk factors were uncommon in any age group,
except for women between age 35 and 44 years. Over 90%
of CHD events took place in persons with elevated levels
of 1 or more risk factors. Nearly one sixth of the events in
men occurred before age 55 years. Although borderline
levels led to incremental increases in CHD risk in the pres-
ence of elevated levels of other risk factors, fewer than 10%
of the events in either sex occurred in those with only
borderline risk factors. Very few events occurred in those
who had no risk factors.

Although provocative, the study has limitations. Ob-
serving events attributable to risk factors does not predict
exact benefits of treating risk factors. Coronary heart dis-
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ease events in white adults may be attributable to different
patterns and levels of risk factors than are morbidity and
mortality from all vascular disease in all adults. Some po-
tentially important modifiers, such as abdominal leanness,
physical activity, and alcohol consumption, were not exam-
ined. Risk factors that were examined were categorized as
optimal, borderline, or elevated, even though risks associ-
ated with some factors don’t have discrete thresholds and
thresholds of optimal levels of individual risk factors may
vary depending on numbers and levels of other risk factors.
The analysis model assumed that the magnitude of risk
associated with corresponding categories of each of the 5
risk factors was similar, even though the risk associated
with some categories (for example, diabetes) is probably
greater than with others. The horizon for CHD events was
10 years; the attributable effects of borderline levels of risk
factors might be greater for longer horizons.

Even with limitations, however, this study reminds us
that vascular disease is a leading cause of morbidity and
mortality among men and women in the United States.
Many risk factors are clear, and Americans have them in
abundance. Despite this, treating everyone older than age
55 years with a low-dose polypill without measuring risk
factors may be too audacious for Americans. Why? First,
most middle-aged and older Americans have 1 or more risk
factors, and most of their CHD events are attributable to
elevated levels of those risk factors. Current guidelines al-
ready recommend identifying and treating risk factors that
are elevated. Because standard practice is to target treat-
ment toward optimal levels, many doctors feel obligated to
treat higher levels more intensively than borderline levels.
Second, polypills for everyone at age 55 years won’t pre-
vent substantive numbers of events that occur in men be-
fore age 55 years. Third, a shotgun approach that disperses
aim regardless of risks attributable to high levels of specific
factors would probably precipitate collateral damage from
adverse drug events in low-risk people who have little po-
tential to benefit from treatment. Those Americans might
have more to lose than to gain from a preventive polypill.
Fourth, the benefits and feasibility of low-dose combina-
tion therapies administered regardless of risk factor level
are unproven, particularly when many Americans already
receive various doses of individual therapies. We believe
that the benefits are probably less and the harms are prob-
ably greater than those proposed by Wald and Law.

In sum, we are skeptical about a too broad, scattershot
primary prevention approach to vascular disease among all
middle-aged and older Americans. At the same time, we
welcome development and testing of combination pills
aimed at treating more than 1 risk factor simultaneously.
We encourage additional thoughtful research, including
cost-effectiveness analyses, to help identify groups most
likely to benefit from particular combinations. We advo-
cate primary research that includes global risk–based ap-
proaches that build on rather than preempt risk factor
measurement. One approach might be to use risk factor

measurement to identify groups with moderate to high
global risks and then compare the benefits and harms of
intensive therapy aimed at single elevated risk factors with
those of low-dose combination therapy aimed at multiple
risk factors regardless of their level. While awaiting more
research, we strongly urge societal and environmental
change that promotes healthy lifestyles. We urge policy-
makers to work now to make proven effective treatments
for risk factors and lifestyle-change programs more widely
affordable and accessible. Because many clinicians under-
prescribe known effective therapies, we also urge doctors
and their patients to redouble their own efforts to learn
about and use proven preventive therapies for vascular dis-
ease, including aspirin and blood pressure– and lipid-low-
ering therapy. We already have plenty that we can and
should do, even without a population-curing polypill.

Cynthia Mulrow, MD, MSc
Deputy Editor
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Associate Editor
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Is There Something Special about Low-Carbohydrate Diets?

Obesity is increasing rapidly and has been called an
epidemic by the World Health Organization and the

National Heart, Lung, and Blood Institute (1, 2). Control-
ling this epidemic will require an integrated strategy, in-
cluding education, regulation by appropriate state and fed-
eral agencies, and modifications in food supply (3, 4).
Regardless of the effectiveness of preventive strategies,
some individuals will develop an unhealthy weight, re-
flected in a high body mass index (BMI), and will need
treatment. Dietary strategies, exercise, and behavioral ther-
apy are the cornerstones of current treatment. In this issue,
Boden and colleagues (5) extend the list of studies dealing
with specific popular diets—in this case, the low-carbohy-
drate diet. It reopens the question: Is there something spe-
cial about low-carbohydrate diets?

Boden and colleagues deserve credit for a nicely done,
short-term metabolic ward study. In their study, 10 obese
patients with type 2 diabetes were admitted to a clinical
research unit where they ate their usual diet for 7 days,
followed by a low-carbohydrate diet for 14 days (20 g of
carbohydrates per day and unlimited protein and fat).
With this degree of carbohydrate restriction, calorie intake
decreased by one third (3111 kcal/d to 2164 kcal/d), and
the participants became more insulin-sensitive. What can
this study teach us?

First, the study shows the importance of scholarly eval-
uation of popular diets, which ideally should take place
before they appear in a consumer-oriented book. Popular
diet books date back at least to the mid-19th century and
continue in great demand today. When William Banting
published his famous pamphlet on dieting titled “A Letter
on Corpulence, Addressed to the Public” (6), he presaged a
long list of authors who have followed in his footsteps by
publishing popular diet books. In his book, Banting ex-
tolled a low-carbohydrate diet that helped him lose 46
pounds during the course of 1 year (6). This 24-page pam-
phlet went through many editions and translations and
dominated the popular weight loss market for the next 40
years. The interval since World War II has seen a spate of
diets books, each touting a “successful” weight loss for-
mula. The book by Dr. Robert Atkins (7) has been among
the most popular of these and follows in the footsteps of
Banting by claiming special value for a low-carbohydrate
approach.

Freedman and colleagues (8) compared several popular
diets to determine energy intake if a person followed the
diet according to directions. They concluded that low-car-
bohydrate, low-fat, and balanced-energy–deficit diets all
achieved about the same reduction of energy intake—to a
level of 1400 kcal/d. A recent head-to-head comparison of
4 popular diets bolstered Freedman and colleagues’ conclu-
sion by showing that mean weight losses were similar at 6
or 12 months (9). Boden and colleagues (5) drastically

reduced the amount of carbohydrates in the participants’
diet and found that consumption of other foods did not
increase to replace the calories previously consumed as car-
bohydrate. Thus, the total energy intake decreased by
nearly 30%. Other studies buttress this important finding
by showing that people do not compensate for reduced
calories when dietary fat is replaced with olestra, an indi-
gestible fat. Food intake does not increase in the next meal
(10), and several months are required before the body
compensates for the reduced availability of energy (11).

The second lesson from Boden and colleagues’ study is
that a reduction in food choices is central to all diets,
including the low-carbohydrate diets (8). This finding sup-
ports the concept of “sensory-specific satiety” articulated by
Rolls and colleagues (12). They observe that once we have
eaten our fill of one type of food at a buffet, we still have
room for other foods but do not usually continue to con-
sume more of the food we have just consumed. This be-
havior may explain why we always have room for desserts
even when we have “stuffed” ourselves with other foods. It
would explain why “eat all of the protein and fat you want”
doesn’t translate into an increased intake of meat and fat.

The third lesson is that anything that reduces energy
intake relative to energy expenditure will decrease body
weight, since energy must be withdrawn from body fat
stores (the principal repository of stored energy) to provide
for daily energy needs. Kinsell and colleagues (13) demon-
strated that regardless of diet composition, weight loss de-
pends on the magnitude of the calorie deficit, not on the
composition of the foods ingested when total energy is
below daily needs. In a study using carbon-13–labeled
foods, Lyon and colleagues (14) showed that the level of
adherence to the diet was the best predictor of weight loss.
Therefore, the issue for any diet is whether the proposed
macronutrient composition enhances adherence to the en-
ergy restriction. The recent comparison of 4 popular diets
convincingly showed that weight losses with each diet were
similar and that the best predictor of weight loss was ad-
herence to the diet (9).

The metabolic study by Boden and colleagues (5) adds
to the literature suggesting that low-carbohydrate diets may
have a place in the treatment of obesity. In fact, if any
dietary program reduces energy intake relative to expendi-
ture, individuals will lose weight. From a practical perspec-
tive, having various dietary plans to offer individual pa-
tients is very helpful. With all treatments for obesity, body
weight will plateau after the initial weight loss, and most
patients become frustrated because they aren’t continuing
to lose weight. While we lack evidence that switching diets
enhances continued weight loss, trying other approaches
can help to maintain body weight after a period of weight
loss. A weight loss of 5% to 10% can have clinically sig-
nificant health benefits (15), but patients have difficulty
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maintaining this weight loss with any dietary program. Re-
cent clinical trials of low-carbohydrate diets demonstrated
this point: Participants eating the low-carbohydrate diet
initially lost more weight than those on the control diet,
but the difference vanished after 12 months (9, 16–18).

No diet “cures” obesity. If any diet could induce weight
loss to the desired level and maintain that level, we would
certainly have found it by now, considering the large num-
ber of diets that have been tried (8). Rather, diets provide
a way to restrict food choice, which activates sensory-
specific satiety (12), which in turn limits food intake by
reducing our interest in eating more of foods that we have
just eaten. Recall that the participants in Boden and col-
leagues’ study did not increase their consumption of fat
and protein to compensate for reduced carbohydrate in-
take. Since all diets limit food choices, the effects of
sensory-specific satiety will be operating in each dietary
setting. Switching between different diets with different
approaches to food restriction may be the best approach to
the long-term management of obesity. Our current arma-
mentarium is insufficient to either prevent or effectively
treat obesity other than through surgical intervention with
its high cost and risks. I am thus not yet convinced that 1
diet has any more value than another—they all have value.

George A. Bray, MD
Pennington Biomedical Research Center
Baton Rouge, LA 70808
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COMMENTS AND RESPONSES

When Most Doctors Are Women

TO THE EDITOR: It goes without saying that Levinson and Lurie’s
Perspective, “When Most Doctors Are Women: What Lies Ahead?”
(1), has created a great deal of interest and, particularly with physi-
cians who are women, a great deal of discussion. My choice of words
in the previous sentence, however, really highlights the problem—
these women are physicians. We should not attach the label “women
physicians.” We certainly have never used the label “men physi-
cians.”

A major disappointment in Levinson and Lurie’s article was the
lack of hard data or even very specific studies. Our major concern for
the future should be that we continue to have enough physicians
who are very well trained and dedicated to their profession. Physi-
cians are people, with the varied interests, skills, and abilities that
exist in the human race. It is most likely true that a smaller propor-
tion of physicians who happen to be women choose the strenuous
and ambitious careers available in medicine and science. What we
must safeguard is the right of physicians who are women to choose
such pathways if they so desire.

Certainly, when a greater proportion of physicians and scientists
were men, wonderful things were achieved. More recently, there
have been some wonderful achievements by women in medicine and
science. Other influences probably now affect both men and women
who have made dedicated commitments to medicine and science.
Overall, we have a more relaxed approach to living than have previ-
ous generations, enjoying the arts, sports, and family. More particu-
larly for physicians, many of the recent requirements of the Accred-
itation Council for Graduate Medical Education may curtail the
contributions of young physicians in their postdegree training, both
as residents and fellows. These regulations are affecting career choices
and commitments for both men and women.

Last, Levinson and Lurie commented that in Russia and other
countries, “medicine has long been dominated by women.” It should
be recognized that overall the training of physicians in these coun-
tries was not of the highest standards; hospitals and facilities were
very poor. Therefore, these comments were not relevant. The authors
do admit that various problems have not yet been adequately ana-
lyzed.

I and other physicians at my institution who are women hope
that the publication of Levinson and Lurie’s Perspective will provide
a stimulus for thinking and debate. We also hope it will yield some
good advice that can be used by all physicians, both men and
women.

Evelyn V. Hess, MD
University of Cincinnati Medical Center
Cincinnati, OH 45267-0563
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Breast Cancer after Childhood Cancer

TO THE EDITOR: I read with great interest the article by Kenney and
colleagues (1) on risk factors associated with development of second-
ary breast cancer in a population of childhood cancer survivors. Were
the authors able to perform their analysis taking into account the
patients’ birthweights? Recently, Ahlgren and colleagues (2) empha-
sized the already recognized role of high birthweight as an indepen-
dent risk factor for breast cancer. Moreover, several studies (3–5)
have indicated a positive association between high birthweight and
the risk for some types of cancer (for example, Wilms tumors, brain
tumors, leukemia, and lymphoma). Theoretically, therefore, in the
context of Kenney and colleagues’ population, in which patients
developed breast cancer after having childhood cancer, it could be
argued that high birthweight could somehow influence the genesis of
both tumors in the same patient. It should be of interest to deter-
mine whether high birthweight may be considered an independent
risk factor for secondary breast cancer. In positive cases, clinicians
would have a novel way to identify a specific subgroup of childhood
cancer survivors who might benefit from early, vigilant screening for
breast cancer.

Gabriele Rossi, MD
University of Pavia
27100 Pavia, Italy
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TO THE EDITOR: Regarding the findings of Kenney and colleagues
(1), it is my hypothesis that low levels of dehydroepiandrosterone
(DHEA) may trigger breast cancer, and that this phenomenon is
often accompanied and caused by high testosterone levels (2). My
hypothesis has received demonstrable support. Hormone replace-
ment therapy (HRT) increases the probability of breast cancer. I
suggest this occurs because HRT and estrogen replacement therapy
both reduce DHEA levels (3). Also, “androstenedione and testoster-
one might be more strongly associated with [breast cancer] risk than
estradiol” (4). Testosterone reduces DHEA levels. Stahlberg and as-
sociates (5) reported, “In current users of combined HRT with tes-
tosterone-like progestins, the continuous combined regimens were
associated with a statistically significant higher risk of breast cancer
than the cyclical combined regimens.” I suggest the reason for the
increased risk caused by the “testosterone-like progestins” may be
due to the possibility that they act like testosterone and reduce over-
all DHEA level.
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It is also my hypothesis that the “secular trend,” the increase in
size and earlier puberty in our children, is actually an increase in the
percentage of individuals with higher testosterone levels in our pop-
ulations. The secular trend is real and robust in the United States (6).
More specifically, it is the exposure of fetuses to higher levels of
testosterone in utero that is causing the secular trend, including the
increase in breast cancer.

Kenney and colleagues report risk factors for “breast cancer
among female survivors of childhood cancer” that may also support
my hypothesis. Total-body irradiation of girls significantly reduced
DHEA levels up to 5 years after treatment (7). Conversely, in rats,
“DHEA has a potent preventive activity against the promotion/pro-
gression phase of radiation-induced tumorigenesis” (8). Hypothyroid
conditions and hyperthyroid conditions are accompanied by de-
creases and increases, respectively, in DHEA level. Pelvic radiation
therapy frequently results in ovarian failure (9). This may decrease
the production of testosterone in this cohort and, therefore, reduce
the effects of testosterone in reducing DHEA level. The protective
effect of pelvic radiation reported by Kenney and colleagues may be
due to reduced testosterone levels.

Kenney and colleagues’ findings may represent various phenom-
ena in their cohort that reduce DHEA levels and, therefore, increase
breast cancer. One exception is pelvic radiation, which may reduce
the negative effect of testosterone, thereby increasing DHEA levels.

James M. Howard, BS
Fayetteville, AR 72701
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IN RESPONSE: One of the objectives of our study was to investigate
how hormonal and reproductive factors, known to modify breast
cancer risk in the general population, modify secondary breast cancer
risk in the unique population of childhood cancer survivors. We

acknowledge that breast carcinogenesis is complex and that ovarian
steroid hormones are not the only factors that contribute to an in-
dividual’s breast cancer risk. However, in our attempt to identify risk
factors for secondary breast cancer beyond radiation treatment, we
chose to focus on hormonal and reproductive factors that are well
established as breast cancer risk factors for the general population (1).
In addition, our analysis was limited to data that were available on
this cohort. Future studies on secondary breast cancer risk in child-
hood cancer survivors might address the potential risk factors that
Dr. Rossi and Mr. Howard mention.

Lisa B. Kenney, MD, MPH
Dana-Farber Cancer Institute
Boston, MA 02115
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Evidence for Expanding Physician Supply

TO THE EDITOR: Richard Cooper, in his thoughtful and well-refer-
enced article on physician supply (1), cites cardiology as a specialty
confronting a mismatch in the supply of and demand for doctors.
Several scientific, technological, social, and demographic factors are
driving demand for cardiologists. Meanwhile, the output of cardiol-
ogy training programs decreased significantly in the 1990s (2). The
American College of Cardiology (ACC) recently published a detailed
report of a 2-year study of the cardiology workforce (3). Titled “Car-
diology’s Workforce Crisis: A Pragmatic Approach,” the ACC report
includes sections devoted to 1) the origins and implications of a
growing shortage of cardiologists, 2) ways to increase the supply of
cardiologists, 3) how to encourage more women and underrepre-
sented minorities to choose a career in cardiology, 4) the growing
number of international medical graduates in cardiology, 5) how
cardiologist-led teams of nonphysician clinicians can enhance cardio-
vascular care, 6) the role of technology in enhancing efficiency, 7)
methods to improve the job-matching process, and 8) how to en-
courage more cardiology trainees to choose a career in general clinical
cardiology. The report includes several specific recommendations to
help address the growing shortage of cardiovascular specialists. It is to
be hoped that Cooper’s paper and studies such as the ACC-spon-
sored workforce report will act as a catalyst for academic medical
centers, regulatory organizations, federal policymakers, professional
societies, and other organizations that influence the output of cardi-
ologists to address this problem. As the national burden of cardio-
vascular disease continues to grow, we must increase the output of
cardiologists who will devote their careers to prevention, early and
accurate diagnosis, and cost-effective treatment of cardiovascular disease.

W. Bruce Fye, MD, MA
Mayo Clinic College of Medicine
Rochester, MN 55905
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TO THE EDITOR: In contrast to what Cooper’s article (1) suggests,
the root of the problem of physician undersupply in the coming
years is not only the limits on allopathic medical school admissions
following the 1970s but also the drastic changes in the health care
world that have made becoming a doctor a headache-ridden night-
mare. Today’s doctors must deal with a changing health care climate
in which insurance carriers dictate how much they can make and
how they practice medicine. Look at the recent report in Medical
Economics (2) detailing how physician salaries, especially those of
much-needed primary care physicians, trail way behind rising infla-
tion costs and the costs of running a practice in this age of added
regulations, the Health Insurance Portability and Accountability Act
(HIPAA), and so on.

I know of numerous medical school and residency friends who
have left the medical service field of caring for patients because of the
increasing unattractiveness of efforts made versus rewards received.
This is not only due to limited spaces for medical school admission;
this is due to an overworked health care force telling their youth to
find another career that is more attractive in terms of hours and
rewards. Who wants to be on the phone all day getting precertifica-
tion for this and that, or being told when and how a test may be
ordered?

I’m sorry. The solution is far more complex than merely creat-
ing more “spaces” in allopathic medical schools across the United
States. We need to fix the root of the problem: an insurance system
devoid of the necessary checks and balances from the proper author-
ities. We need to give medicine back to the physicians and patients,
and take it away from these poorly run bureaucracies that are end-
lessly skimping on payments to providers and services to enrollees.
How is it that medicine became subject to the authority of lawyers
and politicians? The American Medical Association (AMA) needs to
become more proactive in protecting the rapidly deteriorating rights
of physicians and patients. Fix this, and we will produce the health
care force that this population needs.

Vincent M. Pedre III, MD
Mount Sinai Medical Center
New York, NY 10028
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TO THE EDITOR: Dr. Cooper (1) notes that projections of physician
workforce needs suffer from a lack of information about physician
work effort, particularly from women and older physicians. This is a
critical observation. While Dr. Cooper’s model for projecting future
needs is impressive, its usefulness—and that of any model—will be
severely limited if the baseline data are faulty. The lack of full-time-
equivalent data may be a major reason that so many projections of
workforce needs have been contradictory (2–4). As Dr. Cooper

noted, recent reports suggest either a shortage of primary care phy-
sicians or a surplus (5, 6).

The inadequacy goes even deeper than the lack of work effort
data: Current systems used to identify and classify physician practice
specialties are seriously flawed. This includes data used to designate
physician shortage areas by state and federal governmental agencies.
Most of these databases are derived from licensure or professional
society information. The specialty, practice site, and effort data from
these systems appear likely to overstate the number of primary care
physicians and to understate the number of subspecialists. A recent
pilot study in rural Alabama demonstrated this by comparing onsite
surveys to existing databases (Coleman W. Unpublished data. 2004).

If Congress does not renew the charter of the Council for Grad-
uate Medical Education, other bodies will have to address this con-
fusion. Otherwise, we are doomed to more erratic projections, flawed
decisions, and greater problems for populations at risk, both rural
and urban.

William A. Curry, MD
University of Alabama School of Medicine
Birmingham, AL 35294

Clyde Barganier, DrPH
Alabama Department of Public Health
Montgomery, AL 36130
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TO THE EDITOR: Dr. Cooper (1) makes a compelling case for a
looming physician shortage and calls for increasing the number of
physicians trained in the United States. The accompanying editorial
by Drs. Garber and Sox (2) cautions that training more physicians
may not be the answer. Both articles make valid points; however,
both agree that there is a looming shortage of physicians in the
United States and that now is the time to consider how to address
the problem.

In the field of critical care medicine, we are already seeing evi-
dence of a shortage of physicians. Demand for critical care services is
increasing. Health purchasers, such as the Leapfrog Group, are call-
ing for 24/7 staffing of intensive care units by trained critical care
providers. There are not enough trained critical care physicians today
to meet the Leapfrog Group requirement, let alone meet the de-
mands of the aging population.
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The need for critical care services will grow as the baby boomers
retire, but the number of trained critical care physicians is not grow-
ing. A joint project of the American Thoracic Society, the American
College of Chest Physicians, and the Society of Critical Care Medi-
cine assessed the supply and demand and projects a major (almost
50%) shortfall in providers by 2010 (3). This predicted shortfall was
only slightly delayed but was not prevented by the unlikely scenario
of a reduction of critical care services to the elderly.

The critical care community is feeling the physician shortage
today. We expect the rest of the physician community will feel the
shortage in the near future, and it will dictate changes in the health
care system. Whether the answer is to increase the supply of physi-
cians or mid-level practitioners, use more technology, adjust the
price of health care, or a blend of all of these options, it is important
that we make policy choices today so we can avoid a system break-
down in the very near future.

Sharon I.S. Rounds, MD
Derek C. Angus, MD, MPH
Brown Medical School
Providence, RI 02908
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IN RESPONSE: Dr. Fye and his colleagues at the ACC are to be
congratulated for calling attention to the plight of cardiology or,
more correctly, the plight of patients who will need cardiologists but
who, because of shortages, will lack the opportunity to see them. It’s
a sad day when Americans cannot access the advanced cardiac care
that our nation has invested so heavily in creating while billions are
squandered on regulation, litigation, and other administrative intru-
sions. These not only add cost but, as Dr. Pedre notes, also create
bureaucratic burdens that force physicians to leave practice alto-
gether. It is also sad that, while physician shortages were evolving,
the Council on Graduate Medical Education was steadfast in fore-
casting impending physician surpluses, not because, as Drs. Curry
and Barganier suggest, the AMA Masterfile is wrong (although it is
far from perfect), but rather because the Council’s methodology was
wrong. Indeed, the Council used the same AMA data in its more
recent model, fashioned after our own, which caused it to reverse
course and acknowledge that the problem was one of shortages rather
than surpluses (1).

In their accompanying editorial, Drs. Garber and Sox (2)
sought comfort in the notion that the United States may not need
more physicians because older folks are healthier these days and
don’t require as much care. Of course, they’re healthier because of
their stents, artificial hips, and cataract operations, and despite these
aids, they’re certain to encounter disease and its costly therapy still
later in life. But most of this care isn’t even necessary, at least if one
accepts the “supplier-induced demand” argument, as Drs. Garber
and Sox have done. This notion springs from an observed correlation

between the number of surgeons and the amount of surgery, but a
similar correlation exists between obstetricians and babies (3), so
where does the demand originate? And lest anyone think that the
advances of the past 3 decades have added value, the editorialists
dutifully recite the “more is worse” catechism (4), a statistical artifact
of population clustering. Most terrifying is their notion that price
will control demand, a disastrous scenario in which shortages of
physicians will lead to such steep increases in cost that use will fall
because most people won’t be able to afford care, so why produce
more physicians anyway? One can only hope that reason will prevail.

Richard A. Cooper, MD
Medical College of Wisconsin
Milwaukee, WI 53226
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CLINICAL OBSERVATIONS

Drug-Induced Thrombocytopenia: An Updated Systematic
Review

TO THE EDITOR: We previously systematically reviewed all English-
language reports, published up to 1 August 2002, on drug-induced
thrombocytopenia (1–3). Our goal for continuing to update our
database is to provide an accessible resource (http://moon.ouhsc.edu
/jgeorge) for all reports of drug-induced thrombocytopenia, describ-
ing the level of evidence for a causal role for each drug as well as
clinical outcomes (1). This letter describes our continuing systematic
review for the period from 2 August 2002 to 14 August 2004.

We reviewed both individual-patient data and group data pre-
sented in case series and clinical trials to assess the probability of
drug-induced thrombocytopenia. Through a MEDLINE search, us-
ing our previously described strategy (1), we retrieved 70 articles; we
identified 58 additional articles by searching the bibliographies of the
retrieved articles. Fifty-one of the 58 additional articles had been
published between 1966 and 1 August 2002 but had not been iden-
tified in our previous searches (1–3), again demonstrating the incom-
pleteness of literature searches. Using our previously published crite-
ria (1), 2 of the authors independently reviewed each patient case
report to establish the level of evidence for a causal role of the drug
in thrombocytopenia. Seventy-four articles contained 103 case re-
ports of individual-patient data, of which 39 were excluded because
they did not meet previously defined criteria (1). The remaining 64
patient case reports involved 33 drugs; 5 had level I (definite) evi-
dence, and 13 had level II (probable) evidence. Of these 18 drugs, 5
had not been documented in our previous reviews as causing throm-
bocytopenia, defined by at least 1 report with level I evidence or 2
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reports with level II evidence (Table) (1). Fifty-four articles con-
tained group data on 63 studies, of which 33 were excluded because
they did not meet previously defined criteria (1). Among the remain-
ing 30 studies, 1 additional drug was identified as having definite
evidence for causing thrombocytopenia (Table).

Xiaoning Li, MS
Laura Hunt, BA
Sara K. Vesely, PhD
University of Oklahoma Health Sciences Centers
Oklahoma City, OK 73190
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Editor’s Note: The lead author of the following Clinical Observa-
tion was one of a dozen Associates of the American College of Physicians
selected to present a clinical vignette at the 2004 Annual Session in New
Orleans. We are proud to present this case report through a special
arrangement with the Council of Associates of the College.

Sarcoidosis Presenting with Massive Involvement of the
Nervous System

TO THE EDITOR: Background: Neurologic involvement is a signifi-
cant cause of morbidity and mortality in patients with sarcoidosis (1).

Objective: To describe a rare case of neurosarcoidosis involving
both the central and peripheral nervous systems.

Case Report: A 21-year-old man presented with recurrent fever
and weight loss of 1 year’s duration, lower-limb paresthesia, and
progressive hyposthenia that had developed in the previous 2
months. Esotropia, diplopia, headache, and vomiting had begun a
few days before admission. The patient’s fever had been unsuccess-
fully investigated and had not responded to several empirical antibi-
otic therapies. On physical examination, there were signs of multi-
focal central and peripheral neurologic impairment and mild
hepatosplenomegaly. The patient’s temperature was 39 °C. Magnetic
resonance imaging showed multiple contrast-enhancing miliary le-
sions in the brain, cerebellum, brainstem, and spinal cord from the
cervical segment to the conus medullaris (Figure). Nerve conduction
studies revealed severe axonal sensorimotor neuropathy primarily af-
fecting the lower limbs. Blood tests showed a hemoglobin level of
103 g/L; absolute CD4� and CD8� cell counts of 0.266 � 109

cells/L and 0.160 � 109 cells/L, respectively; and an erythrocyte sed-
imentation rate of 45 mm/h. Results of tests for HIV-1 were nega-
tive. Tests of the cerebrospinal fluid revealed a glucose content of 0.6
mmol/L (11 mg/dL), a protein level of 750 mg/L, and a leukocyte
count of 0.076 � 109 cells/L (mostly lymphocytes). Results of cere-
brospinal fluid microscopy and cultures for bacteria (including My-
cobacterium tuberculosis) and fungi were negative, and oligoclonal
banding was not seen. However, results of polymerase chain reaction
were positive for M. tuberculosis DNA, and results of a tuberculin test
were also positive. Chest radiography was unrevealing. As a result of
these findings, therapy with isoniazid, rifampin, ethambutol, and
pyrazinamide was started.

After 2 weeks, no significant clinical improvement was seen and
cerebrospinal fluid measures were unchanged, except for results of
polymerase chain reaction for M. tuberculosis DNA, which were neg-
ative. Blood, urine, and stool cultures were also negative for M.
tuberculosis. On bone marrow biopsy, we found a noncaseating gran-
uloma, which was negative for acid-fast bacilli on microscopy. After
detection of an elevated serum level of angiotensin-converting en-
zyme, computed tomography of the chest revealed a few small nod-
ular lesions in both lungs and mediastinal lymphadenopathy. A
transbronchial lung biopsy showed a noncaseating giant-cell granu-
loma consistent with sarcoidosis, and bronchoalveolar lavage fluid
demonstrated a high proportion of CD4 cells. A gallium-67 lung
scan showed a pattern of diffuse uptake. We also performed ophthal-
moscopy and found bilateral posterior uveitis. Sarcoidosis was there-
fore diagnosed, and treatment with methylprednisolone, 60 mg/d,
was started. Of the antituberculous drugs, only therapy with isonia-
zid was continued as prophylaxis. The patient improved gradually,
although complete clinical and radiologic remission was achieved
after a few months.

Discussion: Clinically evident neurosarcoidosis occurs in 5% to
26% of patients with sarcoidosis (2, 3). It may involve any part of
the nervous system, resulting in a wide spectrum of clinical syn-
dromes and yielding a mortality rate of approximately 10%. The
lesions may be single or multiple and are usually associated with signs
and symptoms of systemic disease. Spinal cord involvement occurs in
fewer than 1% of sarcoidosis cases (1, 4). Extended miliary involve-
ment of both the central and peripheral nervous systems is distinctly
unusual. The diagnosis of neurosarcoidosis requires the exclusion of
other diseases capable of producing a similar clinical, radiologic, and

Table. Drugs Causing Thrombocytopenia*

Drug Reports, n

Level I
Evidence

Level II
Evidence

Individual-patient data
Rituximab 1 0
Chlordiazepoxide–clidinium bromide 0 2
Clopidogrel 0 2†
Terbinafine 0 2
Simvastatin 0 2

Group data
Tirofiban 1 0

* These 6 drugs were not reported in the previous 3 systematic reviews (1–3) as
having evidence supporting a causal relation to thrombocytopenia. For individual-
patient data, definite evidence (level I) required reexposure to the drug that re-
sulted in recurrent thrombocytopenia or validation of the causal relation to throm-
bocytopenia by at least 2 patient case reports with probable evidence (level II),
requiring all criteria except reexposure to the drug. For group data, definite evi-
dence (level I) was defined as a significantly increased rate of thrombocytopenia
associated with the drug compared with a control group in a randomized clinical
trial. Probable evidence (level II) was defined as a significantly increased rate of
thrombocytopenia associated with the drug compared with a control group in a
nonrandomized study. The complete database of all articles from this report plus
our previous reviews, including the definitions of levels of evidence, is available at
http://moon.ouhsc.edu/jgeorge.
† One of the level II studies included group data.
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histologic picture, above all tuberculosis of the nervous system. The
finding of M. tuberculosis DNA on polymerase chain reaction in
specimens from patients with sarcoidosis (5) does not prove the eti-
ologic role of mycobacteria and may be a misleading diagnostic clue.

Conclusion: This report emphasizes the need for greater aware-
ness of the neurologic complications of sarcoidosis. Clinicians should
always consider neurosarcoidosis in patients with unusual multiple
impairments of the central or peripheral nervous system.

Salvatore Sollima, MD
Francesco Croce, MD
Chiara Scalamogna, MD
Ilaria Caramma, MD
Spinello Antinori, MD
University of Milan, L. Sacco Hospital
20157 Milan, Italy
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Rapid Diagnostic Test for Plasmodium falciparum in 32
Marines Medically Evacuated from Liberia with a Febrile
Illness

TO THE EDITOR: Background: Plasmodium falciparum causes
700 000 to 2.7 million deaths annually in the tropics (1) and is the
most important infectious risk for civilian and military travelers from
developed countries. Diagnostic laboratory resources are often lim-
ited in endemic areas, and malaria frequently occurs in large, seasonal
outbreaks that can overwhelm expeditious microscopic diagnostic
capability. Rapid diagnostic kits have been developed to detect par-
asite-specific lactate dehydrogenase (the OptiMAL test [Flow Inc.,
Portland, Oregon]) or histidine-rich protein II (the ParaSight-F test
[Becton Dickinson Advanced Diagnostics, Franklin Lakes, New Jer-
sey] and the NOW ICT Malaria P.f./P.v test [Binax, Inc., Portland,
Maine]). For the NOW ICT test, sensitivities and specificities for P.
falciparum infection as high as 100% and 94%, respectively, have
been reported (2, 3).

Objective: To describe our experience using the NOW ICT test
to expedite evaluation of a large outbreak of febrile disease among

Table. Results of the NOW ICT Test Compared with the
Thick-Smear Test*

NOW ICT Results Thick-Smear Results, n

Positive Negative

Positive, n 10 0
Negative, n 0 22

* The NOW ICT Test is manufactured by Binax, Inc., Portland, Maine.

Figure. T1-weighted magnetic resonance imaging (MRI) scans.

Shown are the brain (left), cerebellum (middle), and spinal cord (right). After gadolinium injection, axial MRI showed multiple enhancing miliary lesions
in the white matter of both hemispheres of the brain and cerebellum. Similar intramedullary lesions, the largest of which are at C7, are visible in a sagittal
contrast-enhanced MRI of the cervical spinal cord.
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U.S. Marines in the 26th Marine Expeditionary Unit returning from
Liberia.

Methods: Thirty-two Marines were medically evacuated from
Liberia to the National Naval Medical Center in Bethesda, Mary-
land. The Marines had contracted an undifferentiated febrile illness,
and some required mechanical ventilation and intensive care. Symp-
toms varied and included headache, myalgias, shortness of breath,
diarrhea, and abdominal pain. The differential diagnosis included P.
falciparum malaria, Lassa fever, leptospirosis, and rickettsial infec-
tions. All patients had received presumptive treatment for malaria
before being evacuated. On arrival at the naval center, while bacterial
and viral serologic assays were being completed, blood was immedi-
ately tested by using the 10-minute NOW ICT test, according to the
manufacturer’s instructions. Simultaneously, both thick- and thin-
smear microscopy were performed. The NOW ICT test was then
compared with the gold standard thick-smear test. Laboratory tech-
nicians and infectious disease physicians who interpreted the blood
smears did not know the results of the NOW ICT test. The NOW
ICT test was not used to make decisions about individual patients.

Results: Ten of 32 patients had positive results on the NOW
ICT test, and 10 of 32 had positive thick-smear results. The results
of the rapid diagnostic tests were reported faster than smear results:
approximately 10 minutes compared with an average of 1 hour.
Twenty-two patients had negative results on both the NOW ICT
test and the thick-smear test. In addition, the results of 1 patient’s
thin-smear test were originally reported as negative although the
results of the NOW ICT test were positive. After further review of
the thin smear, P. falciparum was found. Test results are shown in
the accompanying Table.

In our sample, the NOW ICT test had a sensitivity and speci-
ficity of 1.00, with 95% CIs of 0.63 to 1 and 0.85 to 1.00, respec-
tively. The patients with positive results on NOW ICT tests re-
mained hospitalized longer; all 3 patients admitted to intensive care
had positive results on NOW ICT tests.

Discussion: The NOW ICT test for histidine-rich protein II
antigenemia showed remarkable accuracy in predicting P. falciparum
infection and did so more expeditiously than microscopy. This easy-
to-use diagnostic test appears to provide the speed and accuracy
needed for rapid diagnosis of malaria in endemic countries, for mil-
itary use, and for work-up of febrile illness outbreaks in travelers
returning from the tropics. The small number of patients studied
limits our data, and caution must be applied in interpreting negative
results. Studies to investigate the usefulness of the NOW ICT test
for the detection of P. falciparum are under way. Our experience
adds to the growing literature supporting the use of rapid diagnostic
tests for the detection of P. falciparum in certain circumstances. In
addition, it demonstrates the usefulness of these tests in an outbreak
of febrile illnesses where malaria is a possible diagnosis.

Brian Susi, MD
Tim Whitman, DO
David L. Blazes, MD, MPH
Timothy H. Burgess, MD, MPH
Gregory J. Martin, MD
Daniel Freilich, MD
National Naval Medical Center
Bethesda, MD, 20889
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Two Patients with Acute Liver Injury Associated with Use of
the Herbal Weight-Loss Supplement Hydroxycut

TO THE EDITOR: Background: Many herbal supplements contain
compounds that are potentially hepatotoxic (1). Newly formulated
Hydroxycut (MuscleTech, Mississauga, Ontario, Canada) is a con-
coction of plant extracts designed to speed weight loss by increasing
metabolism and curbing appetite (2).

Objective: To report 2 cases of severe hepatotoxicity associated
with use of the weight-loss aid Hydroxycut.

Case Reports: Two men presented to our emergency department
within a 2-month period and were admitted to the hospital. They
were previously healthy and reported no recent foreign travel; sick
contacts; or risk factors for viral, alcoholic, autoimmune, or heredi-
tary liver disease. Except for Hydroxycut, they reported no recent use
of herbal or prescription medications. Both underwent a similar se-
rologic work-up, including viral studies (hepatitis A, B, and C
viruses; Epstein–Barr virus; cytomegalovirus), antinuclear and anti–
smooth-muscle antibody levels, acetaminophen level, and toxicology
screening, which was unremarkable.

Patient 1, a 27-year-old man, presented with 8 days of fatigue
and jaundice. He had been taking Hydroxycut for 5 weeks, 3 tablets
3 times per day. Laboratory analysis revealed a serum aspartate ami-
notransferase level of 1808 U/L (normal range, 5 to 50 U/L), a
serum alanine aminotransferase level of 3131 U/L (normal range, 7
to 40 U/L), a bilirubin level of 133 �mol/L (7.8 mg/dL) (normal
range, 0 to 26 �mol/L [0.0 to 1.5 mg/dL]), an alkaline phosphatase
level of 171 U/L (normal, 40 to 150 U/L), an albumin level of 39
g/L (normal range, 35 to 50 g/L), a prothrombin time of 16 seconds
(normal range, 9 to 13 seconds), and a platelet count of 208 � 109

cells/L (normal range, 150 to 400 � 109 cells/L). The aminotrans-
ferase levels peaked on hospital day 2 (aspartate aminotransferase
level, 1969 U/L; serum alanine aminotransferase level, 3962 U/L).
Four weeks later, results of the liver function tests had improved
substantially (serum aspartate aminotransferase level, 114 U/L; se-
rum alanine aminotransferase level, 304 U/L; bilirubin level, 22
�mol/L [1.3 mg/dL]).

Patient 2, a 30-year-old man, presented with 10 days of jaun-
dice, fever, vomiting, and fatigue. For 5 days, between the 16th and
11th days before presentation, he had been taking 9 tablets of Hy-
droxycut per day. Except for jaundice and minimal abdominal ten-
derness, results of physical examination were normal. Laboratory
analysis revealed a serum bilirubin level of 133 �mol/L (7.8 mg/dL),
an alkaline phosphatase level of 530 U/L, an aspartate aminotrans-
ferase level of 59 U/L, a serum alanine aminotransferase level of 45
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U/L, an albumin level of 28 g/L, a prothrombin time of 15 seconds,
and a platelet count of 217 � 109 cells/L. An abdominal computed
tomography scan and endoscopic retrograde cholangiogram were
negative. On hospital day 4, liver biopsy revealed cholestasis and
portal inflammation. The laboratory abnormalities improved, and
the patient was discharged on hospital day 9. Two months later,
results of liver tests were normal.

Discussion: To our knowledge, these are the first reported cases
of hepatotoxicity associated with the use of Hydroxycut. Although
the evidence reported here is not definitive, the lack of evidence for
other causes and the temporal relationship of Hydroxycut ingestion
to liver injury suggest a causative relationship. It is not clear which of
the ingredients in Hydroxycut may have been responsible for hepa-
totoxicity (Table). A MEDLINE search did not reveal previous cases
of hepatotoxicity resulting from Garcinia cambogia, Gymnema sylves-
tre, willow bark, glucomannan, green tea, or guarana extract.

Patient 2 presented with a cholestatic liver injury pattern, and
histologic examination confirmed portal inflammation and cholesta-
sis. Several herbs have been reported to produce cholestatic hepatitis
including chaparral, kava, and Jin Bu Huan (3). Patient 1 presented
with markedly elevated aminotransferase levels; although a biopsy
was not obtained, hepatocyte necrosis was the likely pattern of in-
jury. It is not unusual for a single herbal preparation to produce
more than 1 type of clinicopathologic liver injury (4).

Conclusion: Evidence for the efficacy of Garcinia cambogia in
promoting weight loss is not compelling (5). We therefore urge cau-
tion in the use of this supplement. Of broader concern are the wide-
spread use of herbal preparations and lack of adequate monitoring of
adverse outcomes.

Tyler Stevens, MD
Asif Qadri, MD
Nizar N. Zein, MD
Cleveland Clinic Foundation
Cleveland, OH 44118
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Editor’s Note: The lead author of the following Clinical Observa-
tion was one of a dozen Associates of the American College of Physicians
selected to present a clinical vignette at the 2004 Annual Session in New
Orleans. We are proud to present this case report through a special
arrangement with the Council of Associates of the College.

Choreoathetosis with Dopamine

TO THE EDITOR: Background: Choreoathetosis is an involuntary,
short-lasting, continuous, slow, writhing movement of the limbs,
trunk, head, face, or tongue. The word derives from the Greek roots
chorea, meaning “to dance,” and athetosis, meaning “unfixed.” The
differential diagnosis of acute choreoathetosis in adults includes en-
cephalitis, hepatic encephalopathy, and adverse effects of medica-
tions.

Objective: To describe a previously unreported cause of choreo-
athetosis.

Case Report: An 84-year-old woman presented to the emergency
department with syncope. She was in a junctional rhythm with a
heart rate of 49 beats/min and a blood pressure of 72/28 mm Hg.
These findings were attributed to a recent increase in her diltiazem
dose. Dopamine infusion at a rate of 10 �g/h was started to correct
the hypotension. After the initiation of this therapy, the patient
developed choreoathetoid movements and confusion. She was sub-
sequently given atropine, 1 mg, for bradycardia. Her blood pressure
stabilized 2 hours later, and the dopamine was stopped. However,
the abnormal movements continued.

Dopamine and atropine were the patient’s only new medica-
tions. Her other medications were diltiazem, aspirin, atenolol, fent-
anyl, ferrous sulfate, alendronate, L-thyroxine, lisinopril, conjugated
estrogen, pantoprazole, and mirtazapine.

On arrival to the medical floor, the patient’s blood pressure was
130/82 mm Hg, her pulse rate was 83 beats/min, her respiratory rate
was 14 breaths/min, and her oxygen saturation was 92% on 2 L of
oxygen delivered by nasal cannula. She was oriented to person only
and had choreoathetoid movements of the mouth and tongue. The
remainder of the physical examination was unremarkable. Noncon-
trast computed tomography of the head showed only chronic small-
vessel disease.

The patient’s arrhythmia did not return, her blood pressure
remained stable, and at a repeated examination done 8 hours after
admission, the choreoathetoid movements had resolved and her
mentation had returned to baseline.

Discussion: To our knowledge, choreoathetoid side effects of
dopamine have not been reported in the literature. Neurologic effects
of the neurotransmitter dopamine are well documented from expe-
rience with L-dopa. That drug is a precursor of dopamine with a
carboxyl group added; as a result it is lipid soluble and can cross the
blood–brain barrier. Dopamine, however, is not lipid soluble. Once
in the brain, L-dopa is decarboxylated to become dopamine. The
neurotransmitter acts by stimulating the striatum (a nucleus of the

Table. Listed Ingredients in Newly Formulated Hydroxycut*

Calcium
Chromium
Potassium
Garcinia cambogia
Gymnema sylvestre leaf extract
Glucomannan
�-Lipoic acid
Willow bark extract
L-Carnitine
Green tea leaf extract
Caffeine
Guarana extract
Others (gelatin, silica, cellulose)

* Reference 2. Hydroxycut is manufactured by MuscleTech (Mississauga, Ontario,
Canada).
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basal ganglia). In Parkinson disease, this stimulation allows move-
ment of otherwise rigid muscles. Excess stimulation causes excess
movement characterized by choreoathetosis.

Because this patient received a water-soluble drug, her blood–
brain barrier must have been disrupted. We are left with several
hypotheses for the movement disorder: 1) One of the patient’s other
medications may have caused increased permeability of the blood–
brain barrier. This has not been reported but is something to con-
sider. 2) Trauma occurring during her syncopal episode before ad-
mission may have disrupted the blood–brain barrier. 3) The patient
may have had a subclinical ischemic event causing increased perme-
ability of the blood–brain barrier. 4) Permeability may have been
increased because of another condition, such as multiple sclerosis,
tumor, or infection. However, these conditions were ruled out by
evidence obtained during the hospital stay. Regardless of the cause of
disruption of the patient’s blood–brain barrier, dopamine as a cause
of her movement disorder has biological plausibility.

Conclusion: In this patient, intravenous dopamine caused acute
choreoathetosis, which must have been facilitated by a disrupted
blood–brain barrier.

Victoria A. Walker, MD
Maryam Massoumi, MD
St. Vincent Hospitals and Health Services
Indianapolis, IN 46260

CORRECTIONS

Correction: Office-Based Testing for Fecal Occult Blood

In an editorial on office-based testing for fecal occult blood (1),
the second sentence of the eighth paragraph should have read, “In
this survey, 29.1% of the adults 50 years or older who reported
having FOBT in the past year said that the only FOBT they received
was after a digital rectal examination.”

Reference
1. Sox HC. Office-based testing for fecal occult blood: do only in case of emergency

[Editorial]. Ann Intern Med. 2005;142:146-8. [PMID: 15657163]

Correction: Prolonged Coagulopathy Related to
Superwarfarin Overdose

In a letter on prolonged coagulopathy related to superwarfarin
overdose (1), a hemoglobin value was reported incorrectly. The tenth
sentence of the Case Report section should have read, “His hemo-
globin level had decreased to 79 g/L,” not 7.9 g/L.

Reference
1. Sarin S, Mukhtar H, Mirza MA. Prolonged coagulopathy related to superwarfarin

overdose [Letter]. Ann Intern Med. 2005;142:156. [PMID: 15657170]
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BOOK NOTES
Structured abstracts of information on newly published books,
computer programs, selected Web sites, and other material are
provided in this portion of Medical Writings. Order phone numbers and
Web sites can be used to place orders directly with publishers.

Creative Healers: A Collection of Essays, Reviews,
and Poems from The Pharos 1938-1998
Harris ED Jr., ed. 532 pages. Menlo Park, CA: Alpha Omega Alpha;

2004. $50.00. ISBN 09755090055000. Order at

www.alphaomegaalpha.org.

Field of medicine: Medical humanities.

Format: Hardcover book.

Audience: People interested in medical humanities, history of
medicine, and medical education.

Purpose: To provide a selection of essays, reviews, and poems from
60 years of The Pharos that are still relevant to today’s physicians and
students.

Content: The book is an anthology containing 69 contributions
arranged in 13 sections. Section 3, “History of Medicine and the
Physicians Who Made History,” is the largest section. Four addi-
tional sections include “The Ancients: Egyptians, Greeks, Romans,
and Chinese,” “Stories Focused upon Sir William Osler,” “The Phy-
sician and Wartime,” and “Women . . . Their Health and Rights.”
The book contains several other papers, including a history of the
journal’s publisher, Alpha Omega Alpha. Thus, almost half the book
focuses on history of medicine. Most contributions are accompanied
by useful brief summaries about the professional lives or current
activities of the 79 authors.

Highlights: The contributions provide an informative retrospec-
tive look at persistent humanistic issues in medical ethics, health
policy, and medical education. The section titled “Dying . . . and
Death” is notable, particularly Cutler’s memorable essay “A Survi-
vor’s Tale.” The poetry selected for inclusion in the anthology em-
phasizes humanistic issues as well. I look forward to the full collec-
tion of poems from The Pharos suggested by the editor in his preface.

Limitations: The quality of modern history-of-medicine research
and writing has risen exponentially from 1938 to 1998, bypassing
most of these contributions.

Related readings: The Journal of the History of Medicine and the
Bulletin of the History of Medicine are excellent sources for further
reading. The Bellevue Literary Review: A Journal of Humanity and
Human Experience will enrich those pursuing an interest in medical
humanities.

Reviewer: Judith Overmier, PhD, Professor Emeritus, University
of Oklahoma, Norman, Oklahoma.

Sleep Deprivation: Clinical Issues, Pharmacology,
and Sleep Loss Effects
Kushida CA, ed. 589 pages. New York; Marcel Dekker; 2004.

$199.95. ISBN 0824720946. Order at www.dekker.com.

Field of medicine: Sleep disorders medicine.

Format: Hardcover book.

Audience: Clinicians who evaluate and treat patients with sleep
disturbances, especially patients who report disturbed function re-
sulting from sleep deprivation or interruption. It should especially
interest pulmonologists, neurologists, and behavioral medicine spe-
cialists. Occupational physicians will be drawn to the discussion of
risks for accident in sleepy workers.

Purpose: To familiarize readers with causes and consequences of
sleep deprivation, and to encourage societal recognition of hazards it
can pose.

Content: Divided into 6 sections, the book reviews current knowl-
edge of methods of evaluating sleep loss effects; the disease states that
cause sleep loss; sleep problems in special circumstances such as in-
fancy, childhood, and pregnancy; the effects of sleep loss on waking
performance; and potential short- and long-term corrective mea-
sures.

Highlights: Despite being a multiauthored text, the book main-
tains a consistently lucid style of presentation, and it is readily acces-
sible even to readers without previous in-depth experience in sleep
physiology or medicine. The subjects of the sections and chapters are
clearly identified in the table of contents, making this an excellent
desktop handbook.

Limitations: Although fairly broad in scope, this is not an exhaus-
tive treatise on all aspects of sleep medicine, and certainly not on
investigative methods. As with any print text dealing with a field in
which research proceeds apace, it suffers from some obsolescent
patches (for example, new guidelines for sleep latency testing to eval-
uate somnolence have only recently been published). The deeply
curious reader will want to complement the book with an online
survey of recent papers.

Related reading: Kryger and colleagues’ Principles and Practice of
Sleep Medicine, 4th edition, will be available soon from Saunders.
This book will be arguably the most thorough text in the field. At
1552 large pages, it will be no handbook and by no means the easily
available reference on sleep loss that is Kushida’s book.

Reviewer: Thomas F. Mulrooney, MD, Minnesota Sleep Institute,
Minneapolis, Minnesota.
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Levels of Risk Factors Associated with Heart Attacks
Summaries for Patients are a service

provided by Annals to help patients

better understand the complicated

and often mystifying language of

modern medicine.

The full report is titled “Relative

Importance of Borderline and

Elevated Levels of Coronary

Heart Disease Risk Factors.” It is

in the 15 March 2005 issue of

Annals of Internal Medicine

(volume 142, pages 393-402).

The authors are R.S. Vasan, L.M.

Sullivan, P.W.F. Wilson, C.T.

Sempos, J. Sundström, W.B.

Kannel, D. Levy, and R.B.

D’Agostino.

What is the problem and what is known about it so far?
In the United States, coronary heart disease (CHD) is the most common cause of death and
disability in middle-aged and older men and women. Coronary heart disease blocks the flow of
blood through the arteries of the heart. If a blockage lasts long enough, a heart attack occurs
and parts of the heart muscle die. There are many risk factors for developing CHD, including
older age, high blood pressure, diabetes, smoking, high levels of total and low-density
lipoprotein (“bad”) cholesterol, low levels of high-density lipoprotein (“good”) cholesterol,
and a family history of a parent or sibling having CHD at an early age. Many studies show
that most heart attacks occur in people with elevated risk factors. However, few studies
have assessed whether borderline levels of risk factors account for many heart attacks.

Why did the researchers do this particular study?
To describe numbers of adults who have different levels of CHD risk factors and to see how
often heart attacks occur in those with borderline rather than high levels of risk factors.

Who was studied?
White non-Hispanic men and women in the United States. All were between the ages of
35 and 74 years, and none were known to have CHD.

How was the study done?
First, the researchers used data from a large ongoing study in Framingham, Massachusetts,
to find the 10-year rates of CHD events among white adults with different levels of 5 risk
factors. They defined CHD events as heart attacks or death from CHD. They categorized
each adult’s blood pressure, low-density lipoprotein cholesterol level, high-density
lipoprotein cholesterol level, glucose level, and smoking status as optimal (normal or
absent), borderline (suboptimal but not clearly abnormal), or high (clearly abnormal).
Second, the researchers used data from a national survey and the 2000 U.S. Census to find
numbers of white non-Hispanic adults in the United States with the various levels of the 5
risk factors. Third, the researchers applied the CHD event rates from the Framingham
Study to the survey data so that they could estimate the fractions of CHD events in white
non-Hispanic persons in the United States arising from the different levels of risk factors.

What did the researchers find?
About 60% of the men and 50% of the white non-Hispanic women in the United States
had high levels of 1 or 2 risk factors. About 25% of the men and 40% of the women in the
national survey sample had borderline levels of 1 or more risk factors but no elevated ones.
Very few persons had optimal levels or no risk factors. More than 90% of the CHD events
over a 10-year period occurred in those with high levels of 1 or more risk factors. Nearly
one sixth of the events in men occurred before age 55 years. Fewer than 10% of the events
occurred in adults with only borderline levels of risk factors (without a single elevated one).
Very few events occurred in those without risk factors.

What were the limitations of the study?
The research involved only white non-Hispanic men and women. Some risk factors, such
as obesity and inactive lifestyle, were not studied.

What are the implications of the study?
Most middle-aged and older white non-Hispanic adults in the United States have high
levels of 1 or more risk factors for CHD. Borderline levels of risk factors are also common,
but borderline levels alone without elevated levels probably account for only a small
proportion of CHD events over a 10-year follow-up period.
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Short-Term Effects of Low-Carbohydrate Diet Compared with
Usual Diet in Obese Patients with Type 2 Diabetes

Summaries for Patients are a service

provided by Annals to help patients

better understand the complicated

and often mystifying language of

modern medicine.

The full report is titled “Effect of

a Low-Carbohydrate Diet on

Appetite, Blood Glucose Levels,

and Insulin Resistance in Obese

Patients with Type 2 Diabetes.” It

is in the 15 March 2005 issue of

Annals of Internal Medicine

(volume 142, pages 403-411).

The authors are G. Boden,

K. Sargrad, C. Homko,

M. Mozzoli, and T.P. Stein.

What is the problem and what is known about it so far?
Low-carbohydrate diets are popular among people who want to lose weight. Some studies
show that people lose weight more quickly with low-carbohydrate diets than with diets
that restrict calories and fat. It is not clear whether the more rapid initial weight loss with a
low-carbohydrate diet is due to eating fewer calories or to some other factor, such as
greater loss of body water. Some worry that low-carbohydrate diets might have an
unfavorable effect on risk factors for heart disease, such as cholesterol levels. However,
low-carbohydrate diets may be beneficial for other metabolic factors, such as blood sugar,
that are linked to diabetes.

Why did the researchers do this particular study?
To describe the changes in weight, body water, appetite, blood sugar level, and cholesterol
level that occurred when obese patients with type 2 diabetes switched from their usual diet
to a low-carbohydrate diet.

Who was studied?
10 volunteers with type 2 diabetes who were very obese (average body mass index was
more than 40 kg/m2).

How was the study done?
During the study, the patients stayed in a research center of the hospital. For the first 7
days, patients ate their usual diet. For the next 14 days, they followed a low-carbohydrate
diet (about 21 grams of carbohydrates per day). Before, during, and after each diet, the
researchers measured many factors, including body weight, body water, calorie energy
intake, appetite hormone levels, and several measures of blood sugar control.

What did the researchers find?
On average, patients lost 1.65 kg after 14 days on the low-carbohydrate diet. On average,
patients reduced their calorie intake from 3111 calories per day to 2164 calories per day
when on the low-carbohydrate diet. This reduction in calorie intake explained the weight
loss. Weight loss was not due to loss of body water. Blood sugar and cholesterol levels
improved during the low-carbohydrate diet.

What were the limitations of the study?
This study included a small number of patients who were studied for a short period of
time in a very controlled research setting.

What are the implications of the study?
Reduced calorie intake seems to account for weight loss associated during the first 2 weeks
of a low-carbohydrate diet. Low-carbohydrate diet improves blood sugar and cholesterol
levels in obese patients with type 2 diabetes.
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Comparison of Two Drug Regimens for Hypothyroidism
Summaries for Patients are a service

provided by Annals to help patients

better understand the complicated

and often mystifying language of

modern medicine.

The full report is titled “Thyroid

Hormone Replacement Therapy

in Primary Hypothyroidism: A

Randomized Trial Comparing

L-Thyroxine plus Liothyronine

with L-Thyroxine Alone.” It is in

the 15 March 2005 issue of

Annals of Internal Medicine

(volume 142, pages 412-424).

The authors are

H.F. Escobar-Morreale,

J.I. Botella-Carretero,

M. Gómez-Bueno, J.M. Galán,

V. Barrios, and J. Sancho.

What is the problem and what is known about it so far?
The thyroid is a gland in the neck that produces hormones that help to regulate
metabolism. Metabolism refers to the body reactions that control how the body uses
energy. Hypothyroidism is a condition in which the thyroid makes too little thyroid
hormone and body functions slow down. Symptoms of hypothyroidism include tiredness,
feeling cold, constipation, hoarse voice, changes in hair and skin, heavy menstrual periods,
and weight gain. Thyroid disease is usually easily treated with a drug that contains a
synthetic version of the thyroid hormone thyroxine. However, a normal thyroid gland
produces both thyroxine and triiodothyronine. Some doctors believe that it is better to
treat hypothyroidism using a combination of drugs containing synthetic versions of both
hormones than with those containing synthetic thyroxine alone. Previous studies of this
issue have had conflicting results, perhaps because they did not always use combinations of
synthetic hormones that matched the amounts of hormones produced by a normal thyroid
gland.

Why did the researchers do this particular study?
To compare treatment of hypothyroidism with synthetic thyronine (L-thyronine) alone
and with a combination of L-thyronine and synthetic triiodothyronine (liothyronine) that
was similar to the amounts of thyroid hormones produced by a normal thyroid gland.

Who was studied?
28 women with hypothyroidism.

How was the study done?
The researchers assigned patients to receive either L-thyroxine or combined
L-thyroxine–liothyronine for 8 weeks. For the next 8 weeks, patients received the opposite
treatment than the one they started with. For the next 8 weeks, all patients received a
slightly higher dose of combined L-thyroxine–liothyronine. The researchers collected
information on patients’ blood levels of thyroid hormone, results of psychological tests,
quality of life, indices of the function of various organs, and satisfaction with treatment
while receiving each of the drug regimens.

What did the researchers find?
Of the 28 patients studied, 18 reported that they preferred the combination treatment.
However, the researchers did not find any measurable differences in any of the other
factors that they measured.

What were the limitations of the study?
The study included only 28 women studied for a relatively short period.

What are the implications of the study?
Treatment of hypothyroidism with a combination of L-thyroxine and liothyronine does
not appear to offer any clear benefit over treatment with L-thyroxine alone.
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Can a Blood Test Help Predict Who Is at Risk for
Colorectal Cancer?

Summaries for Patients are a service

provided by Annals to help patients

better understand the complicated

and often mystifying language of

modern medicine.

The full report is titled

“C-Reactive Protein Levels Are

Not Associated with Increased

Risk for Colorectal Cancer in

Women.” It is in the 15 March

2005 issue of Annals of Internal

Medicine (volume 142, pages

425-432). The authors are

S.M. Zhang, J.E. Buring,

I.-M. Lee, N.R. Cook, and

P.M. Ridker.

What is the problem and what is known about it so far?
Colorectal cancer is a leading cause of cancer and of death from cancer in the United
States. Risk factors include physical inactivity, a low-fiber diet, and having a family
member with this type of cancer. Some data suggest that low-grade inflammation may also
increase the risk for colorectal cancer. C-reactive protein (CRP) is a protein in the blood
that increases when inflammation is present in the body. If inflammation increases a
person’s risk for developing colorectal cancer, higher CRP levels might be a sign of that
higher risk.

Why did the researchers do this particular study?
To see whether CRP levels in the blood predict a person’s risk for developing colorectal
cancer.

Who was studied?
27,913 women health professionals 45 years of age or older. None had ever had cancer or
heart disease. All were participants in the Women’s Health Study, a trial begun in 1993 to
see whether aspirin and vitamin E prevent cancer and heart disease.

How was the study done?
The researchers took blood samples for CRP testing at the beginning of the study. They
sent questionnaires to participants every year for the next 10 years. The questionnaires
asked women about their health and whether they had developed colorectal cancer in the
preceding year. The researchers then compared the women’s risk for developing colorectal
cancer according to whether they had had a low, intermediate, or high CRP level.

What did the researchers find?
Women reported 169 instances of colorectal cancer, which were confirmed by review of
medical records. Women with low CRP levels were just as likely as those with higher levels
to develop colorectal cancer. CRP levels also did not predict which women had smaller
tumors and which had larger tumors or more advanced cancer.

What are the limitations of the study?
The participants were female health professionals. We do not know whether men or
patients with chronic conditions would have similar findings. A single baseline CRP
measurement may be an imperfect marker of inflammation. Relying on a woman’s report
of cancer rather than routinely using tests to detect lesions may have missed some cases of
cancer.

What are the implications of the study?
Higher CRP levels probably do not predict higher risk for colorectal cancer in healthy
women. The finding implies that inflammation may not be a significant risk factor for
colorectal cancer. Doctors will need to find ways other than measuring CRP levels to
predict who is likely to develop colorectal cancer.
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