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THE EDITOR’S PERSPECTIVES
Relationships between infant diet
and atopy
In this issue of The Journal, we are publishing three
articles and an editorial that relate to infant diet and the
development of atopy.
Filipiak et al from the GSF-National Institute for
Environment and Health report the results of a large
birth cohort study performed in Germany. Almost
6,000 infants were recruited for this four year study of
the relationship between the introduction of solid foods
in the first twelve months and the development of
symptomatic eczema. They found that there was no
relationship between the time of introduction of solids
or the diversity of solids and the development of eczema.
Another study was also recently completed in the
Netherlands. Snijders et al from Maastricht University
have performed a study of breastfeeding duration and
infant atopic manifestations by maternal allergic status.
They found that a longer duration of breastfeeding was
associated with a lower risk of eczema in infants of
mothers without allergy or asthma. There was a slight
effect in mothers with allergy but with no asthma. For
asthmatic mothers there was no such relationship.
Longer breastfeeding reduced the risk of recurrent
wheezing independent of maternal allergic status or
asthma status. These findings show that the maternal
allergic status appears to effect the relationship between
breastfeeding and infant eczema in the first two years of
life. However, the protective effect of breastfeeding on

recurrent wheezing may be the effect of reduced numbers of respiratory infections.
A related article from Hill et al at the Royal
Children’s Hospital, Melbourne, Australia reports on
the prevelance of IgE-food sensitization in a cohort of
infants with moderate atopic eczema. Fifty-one infants
with moderate atopic eczema were studied and IgEfood sensitization was diagnosed if they had positive
skin prick tests or if food-specific serum IgE levels were
greater than the 95% confidence intervals for various
foods. They showed that based on the skin prick test,
86% of the infants had positive sensitization and, using
the IgE values, 83%. The main allergies were to egg,
peanuts, and milk. 46, or 90%, of the infants were
sensitive to at least one food item so in the study atopic
eczema was strongly associated with IgE sensitization to
common foods.
This is a complex and also a controversial issue. In
an invited editorial, Sicherer from the Elliot and Roslyn
Jaffee Food Allergy Institute at Mount Sinai School of
Medicine discusses the increased frequency of atopic
disease and the strong interest in the role of diet in
prevention and treatment of atopic disease. He provides
insight into these articles and also goes on to discuss
current issues in atopic disease in other studies which are
in progress.
—Robert W. Wilmott, MD
Page 352 (article)
Page 347 (article)
Page 359 (article)
Page 331 (editorial)
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Headstart on obesity
Obesity is a major health problem for this generation of patients and those that provide their care.
Conventional wisdom suggests that coincident with pubertal changes is the onset of weight gain “creep” that
persists throughout adolescence and into adulthood. In
this issue of The Journal, Crimmins et al investigated
changes in adolescent BMI over the course of a 4 year
longitudinal study in an effort to document stability
versus change in BMI and to document whether subgroups of adolescents stratified by variables such as race,
sex, and pubertal status were at risk for increases in BMI
Z score. The authors demonstrated stability in adiposity
in all but one subgroup. They concluded that the high
baseline prevalence of overweight in their subjects combined with the overall stability of overweight on follow-up suggests that gains in adiposity occur prior to
adolescence. They suggest that the critical window for
primary prevention of obesity is in early childhood
rather than adolescence. As intervention programs are
designed focusing on weight issues, the earlier the better
seems to be the mantra for getting a “head start” on
obesity.
—M. Susan Jay, MD
page 383
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Is real time glucose monitoring feasible
for patients with type 1 diabetes
mellitus?
Previous attempts at real time glucose monitoring
have proven difficult because of issues with accuracy,
skin irritation, and problems with patient discontinuation of use. Nevertheless, real time glucose monitoring
holds great promise for patients to be able to monitor
changes in blood glucose and adjust insulin doses accordingly. This methodology could prevent episodes of
hypoglycemia with a warning system while helping patients achieve tighter diabetes control. In this issue of
The Journal, Buckingham et al report on results from the
Diabetes in Children Research Network (DirecNet)
Study Group on real time glucose monitoring in a case
series of children. Patients averaged 149 hours of use of
the monitor per week. The average hemoglobin A1c
improved over 13 weeks of use. In general, patients were
able to use the monitor with few problems; however,
some had a reaction to the adhesive used to keep the
sensor in place. The next step will be a randomized
clinical trial comparing this methodology with the traditional forms of glucose monitoring.
—Stephen R. Daniels, MD, PhD
page 388

The Journal of Pediatrics

Changes in susceptibility of
pre-adolescents to herpes simplex viruses
Infection to herpes simplex virus type 1 (HSV-1)
was once an inevitable event before young adulthood in
the United States. Xu et al, in this issue of The Journal,
report seroprevalence of HSV-1 antibodies in children
who participated in the National Health and Nutrition
Examination Survey (NHANES) in 1999-2002 compared with that of 1988-1994. Data show an overall
trend of decrease in point estimate of HSV-1 seroprevalence in 12-13 year old individuals from 40.3% to 36.1%
over time. Seroprevalence differed by age, race/ethnicity, birthplace, and poverty.
In the accompanying editorial, Gutierrez highlights certain effects of decreasing early primary HSV-1
infection, such as the possible heightened clinical manifestations of primary HSV-1 and HSV-2 genital infection in adolescent and young adults, and the potential
effect of genital ulcers on acquisition of HIV infection.
—Sarah S. Long, MD
page 374 (article)
page 336 (editorial)

Many childhood football players are
overweight

Blood pressure regulation in preterms
The Barker hypothesis in its most general form
states that events in fetal and/or early life after birth can
change outcomes later in life. There is accumulating
information suggesting that prematurity may program
later growth and physiology with adverse effects on such
variables as pancreatic function and cardiovascular performance. In this issue of The Journal, the report by
Bayrakci et al demonstrates a subtle disturbance in blood
pressure regulation, primarily in preterms with intrauterine growth restriction. In childhood, preterms and
preterms born with growth restriction had normal daytime blood pressure. However, systolic blood pressure
was increased at night in the preterm growth restricted
group. This lack of the normal circadian decrease in
blood pressure indicates a disregulation, which may result in more abnormalities in later life. In these children,
homeostatic mechanisms regulate daytime blood pressure to normal values, but this regulation is not maintained at night. Prematurity may alter multiple physiologic systems in subtle ways that do not become
apparent until those systems are stressed in later life.
—Alan H. Jobe, MD, PhD
page 399

In general, organized sports are thought to be
beneficial for children and adolescents. However, there
has been concern that some sports, such as football,
promote overweight as bigger bodies may be beneficial
at some positions and coaches may encourage behaviors
that are unhealthful.
In this issue of The Journal, Malina et al underscore this problem. They found that over 40% of young
boys playing football were overweight or obese. The
prevalence was highest in early maturing boys and
among linemen. That is the bad news. The potential
good news is that those overweight boys are engaged in
an activity that can promote increased activity and could
be used to promote improved diet. It is important for
pediatricians to interact with coaches of youth sports to
promote more healthful behaviors and reduce the prevalence of overweight.
—Stephen R. Daniels, MD, PhD
page 378
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October 2007
New Insights into Childhood Functional Abdominal
Pain and IBS, a one-day thematic educational and research
conference associated with the 2007 NASPGHAN Meeting
and Postgraduate Course. October 24, 2007, Grand American Hotel, Salt Lake City, Utah. Sponsored by Columbus
Children’s Hospital’s Division of Gastroenterology, Hepatology and Nutrition. More than 20 multidisciplinary health
care professionals will present and serve as moderators for
the day-long program, scheduled the day before the
NASPGHAN event. Carlo Di Lorenzo, MD, chief of the GI
Division at Columbus Children’s Hospital will be one of the
lead presenters. Focusing on functional abdominal pain and
IBS, the program will incorporate successive moderated discussions that include etiology and pathophysiology, lessons
learned from other specialties, Rome III, treatment and research. Eight CME hours will be available. For complete
registration, contact NASPGHAN National Office: phone
215-233-0808; E-mail: naspghan@naspghan.org; Website:
www.naspghan.org.
The Effect of Environmental Pollutants on Foetal
and Child Development: A Global Issue. October 26
and 27, 2007, Hangzhou, China. A Programme for Global
Paediatric Research Symposium, presented by The Programme for Global Paediatric Research and the Chinese
Pediatric Society of The Chinese Medical Association; in
cooperation with The Children’s Hospital of Zhejiang University School of Medicine, Shanghai Children’s Medical
Center and Xinhua Hospital, affiliated with Shanghai Jiao
Tong University School of Medicine. PGPR’s sixth symposium will be held October 26 and 27, 2007 in association with
the Chinese Society of Pediatrics of The Chinese Medical
Association. The sessions will focus on the effects of environmental pollution on foetal and child development. Particular emphasis will be placed on child health in developing
countries. The symposium will be comprised of expert presentations providing an overview of the problems, issues and
instances of work that is being done; oral presentations from
selected abstracts on related issues; and structured panel discussions and open forums focused on determining research
that is needed. A full list of speakers and topics and details of
a call for abstracts are available on the conference website:
www.chinamed.com.cn/pgpr2007. For more information,
contact Alvin Zipursky, MD, Chair and Scientific Director,
The Programme for Global Paediatric Research, The Hospital for Sick Children, Toronto, Canada; phone (001) 416813-8762; E-mail: Alvin.Zipursky@sickkids.ca; Website:
www.globalpaediatricresearch.org.
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December 2007
Hot Topics in Neonatology. December 2-4, 2007,
Omni Shoreham Hotel, Washington, DC. Sponsored by
Neonatal Research and Technology Assessment, Inc.
(NRTA). Premier, exciting, interactive annual conference for
neonatologists from around the world. Average 1400 attendees, 25⫹ speakers and guest discussants. Chairman, Dr.
Jerold F. Lucey, Wallace Professor of Neonatology, Burlington, Vermont, Editor-in-Chief, Pediatrics. For more information, contact Gail Murphy, Neonatal Research and Technology Assessment, Inc; phone 802-865-2283; E-mail:
info@hottopics.org; Website: www.hottopics.org.
February 2008
Lysosomal Disease Network: WORLD Symposium
2008 (We’re Organizing Research on Lysosomal Diseases). February 13-15, 2008, University of Minnesota,
TheVenetianHotel,LasVegas,Nevada.NewbornScreening/
Gaucher Disease/Fabry Disease/Mucopolysaccharidosis/
BattenDisease/PompeDisease/Mucolipidosis/Sphingolipidoses/
Oligosaccharidosis. Determination of AMA credits
pending. For more information: Office of Continuing Medical Education, University of Minnesota; phone: 612-626-7600
or 800-766-8636; E-mail: cme@umn.edu; Websites: www.
LysosomalDiseaseNetwork.org or www.cmecourses.umn.edu.
May 2008
9th Congress of the European Society for Pediatric
Dermatology (ESPD). May 15-17, 2008, Athens Hilton
Hotel, Athens, Greece. Sponsored by The European Society
for Pediatric Dermatology. For more information, contact
Mrs. Penelope Mitroyianni, Erasmus Conferences Tours &
Travel; phone 0030 210 7257693; E-mail: info@
espd2008.com; Website: www.espd2008.com.
2007-2008 Certifying Examinations of the
American Board of Pediatrics
111 Silver Cedar Court, Chapel Hill, NC 27514-1513
telephone: 919-929-0461 fax: 919-918-7114 or 919-9299255 Website: www.abp.org
All applicants for certifying examinations must complete applications online during the registration periods. The
final month of each registration requires payment of a late
fee. The requirements for online applications may be found
on the ABP Website (www.abp.org) or may be obtained by
contacting the ABP. Additional information including eligibility requirements and registration dates may be found on the
ABP Website.
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Teaching Versus Learning and the Role of
Simulation-Based Training in Pediatrics
LOUIS PATRICK HALAMEK, MD, FAAP

Instead, ask:
Who are the learners?
What can be learned?
How is learning best facilitated?

It is important to appreciate the fact that not everything that is
taught is necessarily learned. Consequently, our focus should be on
the learning environment rather than on the teaching environment.
Let us briefly examine these important questions.

WHO ARE THE LEARNERS?
Today’s learners are independent, self-directed, internally
motivated adults who seek immediate applications of their knowledge.2 They are professionals for whom acquisition, recall, and
application of content knowledge, while providing an essential foundation for delivering care to their patients, nevertheless is inadequate
preparation for the complexity of their real-life practice of medicine.
They want tomorrow’s information today, delivered to them in a
format that can be accessed at their convenience and in a language
that they can understand. They are connected with cell phones,
MP3 players, and laptop computers with wireless internet access and
Firewire ports for rapid downloads of digital data. The typical
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(J Pediatr 2007;151:329-30)

HOW IS LEARNING BEST FACILITATED?
For the most part, the current paradigm of training consists of
reading about patients and their diseases, observing senior colleagues
caring for patients, and finally assuming graduated responsibility for
direct patient care. It is presumed that completion of a training
period implies competence; yet, competence is more a life-long
journey rather than an end destination. The limitations to this
paradigm are obvious. Many current training strategies do not take
into account that learners have different strengths, weaknesses, and
life experiences; that they learn best by doing rather than observing;
and that they acquire and retain different skills at different rates.
Despite the fact that training periods are most frequently defined by
time, there are little objective data concerning the length of time
necessary for the initial acquisition of skills and the frequency and
intensity of ongoing practice required for the maintenance of those
same skills. Although current training strategies focus primarily on
the individual learner, much health care is delivered in collaboration
with a multidisciplinary team rather than by individual practitioners.
Finally, training that relies almost solely on the accumulation of
actual clinical experiences is subject to the “education by random
opportunity” that occurs when learning objectives are limited by the
diseases that come through the door of the hospital or clinic (personal communication, Thomas Krummel, MD, Jan 16, 2003). Such
a training strategy provides inadequate preparation for those rare but
potentially devastating events that we all face if we practice medicine
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There are 3 “skill sets” that may be acquired and refined:
(1) what we know in our brains (cognitive skills, or content knowledge), (2) what we do with our hands (technical skills), and (3) what
we do to use the first 2 skill sets while caring for patients while
working under realistic time pressure (behavioral skills). Content
knowledge is the skill set most familiar to and most frequently
assessed by (through written or online tests) in learners. Technical
skills are more important for some pediatric subspecialties than
others and are most commonly evaluated by subjective assessment of
performance of such skills at practice stations (isolated from the
pressures of the real environment) or while caring for real patients.
Behavioral skills, such as leadership and effective communication,
are critically important to successful patient outcomes.3 Unfortunately, these important skills are rarely specifically addressed during
the training of health care professionals.

S

Do not ask
Whom do we teach?
What do we teach?
How do we teach?

WHAT CAN BE LEARNED?

M

Those of us in academic medicine carry a great responsibility,
that of preparing the next generation of health care professionals to
care for their future patients. Consequently, we take great pride in
our skill as teachers; indeed, our employment is directly tied to this
skill. But is it possible that our focus on teaching is misplaced?
Learn: To acquire knowledge of or skill in by study, instruction, or experience.1
What is the difference between teaching and learning? It is
clear from the foregoing definitions that teaching is something that
is done to trainees (consequently, a passive exercise from their
viewpoint) while learning is something that trainees (actively) do
themselves. Acknowledgement of this difference mandates a reexamination of how we think about education and training. In other
words:

medical student graduating in 2007 was born 12 years after man first
walked on the moon, has never used a manual typewriter or rotary
dial phone, and has never existed in a world without the internet.
These learners are unlike previous generations in many ways.

A

T

each: To impart knowledge of or skill in; give instruction in.1
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long enough. Learning is best facilitated when the training is tailored to meet the needs of trainees as adult learners. This means that
it must be dominated by active rather than passive learning activities;
integrate cognitive, technical, and behavioral skills; be based on
achievement of skills rather than on time; and incorporate aspects of
team performance.
So, what does this mean for those of us who are “teachers”?
We must facilitate rather than dominate the learning process. We
must use technology to optimize rather than overwhelm the educational experience while meeting the expectations of the learners. We
must appreciate that time with learners should be spent in active
rather than passive learning opportunities and provide relevant and
challenging immersive experiences in training environments that
have high fidelity to the real environment.
But how can this be done? Successful examples exist in
numerous other domains where the risk to human life is high.
Simulation-based training is defined as a methodology for realistically recreating the key visual, auditory, and tactile cues of actual
situations to provide training experiences that closely mimic the
conditions encountered when working in the real environment.
Simulation-based training is standard in commercial aviation, aerospace, nuclear power, and the military and is now being used
increasingly in health care as well.
Simulation-based training provides many advantages over
traditional methodologies. Because patient simulators replace humans, there is no risk to patients; invasive procedures can be practiced without fear of patient harm or medical liability. Simulator
experiences can be scheduled at convenient times and structured
so that specific learning objectives are consistently achieved.
Simulation-based training is an ideal methodology for allowing
learners to incorporate and practice all 3 of the skill sets described
earlier, and it easily accommodates multidisciplinary teams. Because
it can be scaled in intensity to meet the needs of learners at all levels
of experience, it can be used to foster both the acquisition and
maintenance of skills. Faculty efforts to facilitate learning are more
easily prioritized and documented in the simulator than in the clinic
or ward, where multiple other responsibilities must be met. Although little supporting data currently exist, it can be hypothesized
that learners who participate in simulation-based exercises likely will
be better prepared and will need less supervision when entering the
real clinical domain, resulting in improved patient safety and faculty
productivity.
Challenges exist in bringing simulation into the mainstream
of pediatric training. Metrics capable of assessing all 3 skill sets must
be developed, validated, and implemented. Although the objective
assessment of content knowledge has long been achieved through
written and oral responses to multiple-choice and open-ended questions, the evaluation of technical and behavioral skills has proven
more elusive. For example, the technical skill of intubation may be
broken down into multiple elements and evaluated as such, yet in
the end what matters the most is whether the patient is intubated
successfully and safely, not the summary of the trainee’s scores on
each individual step of the procedure. Similar problems exist in
assessing behavioral skills: How does one define and score skills such
as leadership and communication? An evidence-based approach to
skill assessment will require collaboration with professionals in other
domains and usher in a field of empirical investigation that is
relatively new to pediatrics.
Analysis of the costs and benefits of simulation-based and
traditional training are needed to determine where simulation offers
the optimal learning experience. Departments and schools must
recognize that the nature of higher-fidelity, hands-on, simulationbased training mandates smaller groups of learners and a higher
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teacher-to-learner ratio (compared with more passive activities, such
as lectures) and reallocate resources accordingly. Faculty must be
reprogrammed to cede more control of and responsibility for the
learning process to the learners. For learners to better appreciate
their strengths and weaknesses, they must be given the key visual,
auditory, and tactile cues so that they can display authentic skills
when working in the simulated environment. These cues come from
the patient simulators, people, and equipment in the training environment. Pediatric patient simulators are becoming more realistic
and cost-effective, but their development needs to be driven and
guided by pediatric professionals, not their adult counterparts. A
successful example of such an effort is exemplified in a document
published online by the American Academy of Pediatrics that spells
out the characteristics of a neonatal patient simulator necessary to
achieve the learning objectives of the Neonatal Resuscitation Program.4 Although standardized patients have been used for both
training and high-stakes examinations in health care, such actors are
not able to realistically portray the anatomic and physiological
changes seen in a critically ill patient, and it is not ethical to practice
invasive and/or risky procedures on them. Therefore, the development of suitable neonatal and pediatric patient simulators is an
important step in achieving sustained success in this area. Finally, if
simulation is ever to be used for high-stakes evaluation, then appropriate assessment tools must be developed and validated.
Although no one wants to “practice” on real patients, we have
even less desire to do so when that patient is someone’s child,
especially in situations in which a wrong move may result in harm or
even death. Higher-fidelity simulation-based training in health care
began in the adult domains of anesthesiology and critical care. One
of the first such efforts in pediatrics began in neonatal-perinatal
medicine a decade ago.5 Simulation-based training is revolutionizing health care; current draft legislation (the SIMULATION Act of
2007), if passed into law, will establish simulation as the standard for
training in health care just as it is in other high-risk domains (see the
Advanced Initiatives in Medical Simulation [AIMS] home page at
http://www.medsim.org).
As pediatricians dedicated to the health and well-being of
children, we not only need to be a part of this revolution, but also
need to lead it by actively incorporating simulation-based methodologies into graduate and continuing medical education activities. In
doing so, we should partner with our colleagues in obstetrics and
maternal-fetal medicine in recognition of the fact that for a certain
period, we share responsibility for the same patient—the fetus to
become newborn—while working together in the delivery room.
Now is the time for action and collaboration.
0022-3476/$ - see front matter
Copyright © 2007 Mosby Inc. All rights reserved.
10.1016/j.jpeds.2007.06.012
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Food for Thought on Prevention and Treatment of Atopic Disease
Through Diet

topic disease appears to be increasing, particularly in
“westernized” regions.1,2 Consequently, the role of
diet in preventing and treating atopic disease is an
increasing focus of research. This is addressed by 3 studies
in this issue of The Journal.3-5 The influence of infant nutrition on atopy has been debated for decades; in 2000, the
American Academy of Pediatrics (AAP) Committee on Nutrition presented suggestions aimed toward high-risk infants
(biparental or parent-sibling with a family history of allergy).6
The AAP Committee determined that conclusive studies
were not available and that they could not make any definite
recommendation, but they did advise exclusive breast-feeding
until age 6 months (otherwise a hypoallergenic or possibly a
partial hydrolysate formula), with continued breast-feeding to
at least age 1 year and avoidance of dairy products to age 1
year, eggs to age 2 years, and peanuts, nuts, and fish to age 3
years. Furthermore, mothers were advised to consider avoiding peanuts during pregnancy and to avoid eggs, cow’s milk,
peanuts, fish, and perhaps other foods while nursing.
European expert panels, also considering atopy prevention directed toward at-risk infants, did not recommend any
particular maternal diet or specific foods to avoid.7,8 In 2004,
a European expert panel7 recommended that all infants be
breast-fed preferably to age 6 months (at least to age 4
months), and in situations where the infant is high risk for
atopy and breast-feeding is not possible, an extensive (or
perhaps partial) hydrolysate with a documented effect on
allergy prevention be given in the first 4 months. The UK
Department of Health recommended that families with allergy risks avoid peanuts during pregnancy and lactation, and
not introduce peanuts until the child is 3 years old.
Virtually every aspect of the aforementioned recommendations is controversial, because of a rather shaky evidence base. Although there is parity among expert opinion
and data from meta-analyses regarding a relative prevention
or delay of atopic dermatitis, cow’s milk allergy, and possibly
asthma by breast-feeding relative to feeding with whole protein-based (milk or soy) infant formula,6-12 some individual
studies implicate breast-feeding as a risk.11 Human breast
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milk is a complex mixture of dietary nutrients, proteins, and
immune factors that can vary based on maternal diet or
genetics and influence atopy outcomes. Maternal factors identified as possible risks for increasing atopic disease for breastfed infants include maternal atopic status13 and asthma.14
In this issue of The Journal, Snijders et al3 report a study
evaluating maternal asthma and allergic status as effect modifiers on the duration of breast-feeding with regard to atopy
outcomes in a Dutch birth cohort. They found that longer
duration of breast-feeding was significantly (P ⫽ .01) associated with a lower risk of eczema (by questionnaire) in mothers
without allergy (without elevated total or allergen-specific
IgE) or asthma, trended so (P ⫽ .14) in mothers with allergy
but without asthma, and was not associated (P ⫽ .87) in
mothers with asthma. In addition, longer duration of breastfeeding was more protective of recurrent wheezing, unrelated
to maternal asthma or atopy status (attributed by the authors
to reduced respiratory infection) and, unlike in a previous
study,13 no effect modification of maternal allergy/asthma on
infant IgE or allergen sensitization was seen. The authors
found a weaker protective effect for atopic families, in contrast
to the stronger protective effect noted in meta-analyses9,10
and reflected in recommendations6,7 aimed toward infants
considered at risk for atopy (although these generally focused
on studies in which the independent variable was breastfeeding of at least 3 months’ duration). Among several caveats
to the study, there was no effect on atopic dermatitis (using a
stricter definition); only several subgroups presented adjusted
odds ratios (ORs) in which 95% confidence intervals (CIs)
did not straddle 1.0; for example, for effect on infant eczema,
only breast-feeding for
more than 9 months was
effective (OR ⫽ 0.51;
95% CI ⫽ 0.29 to 0.89),
and there were potential
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confounders (eg, materp
347,
p 352, and p 359
nal/infant diet) with possible subtle interacting
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troduction of solid foods on atopy, Filipiak et al4 in this issue
of The Journal, present data from the German Infant Nutritional Intervention Program (GINI) supporting the notion
that it is unnecessary to delay solid foods beyond the fourth
month or allergenic solids beyond the sixth month to prevent
eczema. The GINI study was initiated to compare the allergypreventing effects of 3 hydrolyzed formulas with standard
cow’s milk formula as the only substitutes for breast-feeding
in the first 4 months of life in infants at risk for atopic disease.
The study identified an intervention group (n ⫽ 1939) that
was likely (based on family history) to have an atopic child
and a nonintervention group (n ⫽ 2814) without a strong
history of allergy, and included those not interested in participating in the intervention. The results generally showed no
significant effect of timing or diversity of solid foods on
eczema outcomes to age 4 years. The authors observed a few
food-specific associations (eg, higher rate of physician-diagnosed eczema in the nonintervention group when egg was
introduced after age 1 year; OR ⫽ 1.8), but advised caution in
the interpretation of outcomes for specific foods because of
possible disease-modifying interactions (eg, the use of soy
early in children with eczema). In addition, the study could
not control for reverse causation (ie, altering the diet because
of observed disease), because initial data collection was done
at age 1, after eczema likely would have developed. However,
another German study that did adjust for reverse causation
arrived at the same general conclusion.15 Recent reviews generally concur with the notion that early (eg, before age 4
months) introduction of solid foods is a risk factor for
eczema and possibly milk allergy,16,17 although the affect
on other forms of atopy and the role of delaying foods that
are associated with atopy (eg, eggs, milk, peanuts) remains
uncertain.
It should be appreciated that the duration of exclusive
breast-feeding is inexorably tied to the timing of introduction of solid foods; importantly, formula made with whole
protein cow’s milk or soy also represent exposure to a
nonphysiological antigen, similar to solid foods. Indeed,
the GINI study outcomes at age 3 years indicated that
compared with cow’s milk formula, extensively hydrolyzed
casein formula was associated with a significantly lower
incidence of atopic dermatitis in intention-to-treat
(ITT; n ⫽ 1363) and per protocol (PP; n ⫽ 904) analyses
(ITT: population OR ⫽ 0.67, 95% CI ⫽ 0.45 to 0.99; PP:
adjusted OR ⫽ 0.53, 95% CI ⫽ 0.32 to 0.88), as was a
specific partially hydrolyzed whey formula in the PP analysis (ITT: OR ⫽ 0.76, 95% CI ⫽ 0.52 to 1.11; PP:
adjusted OR ⫽ 0.60, 95% CI ⫽ 0.37 to 0.97).18 None of
the formulas reduced the incidence of asthma. These findings indicate that there may be a window of immunologic
immaturity during which whole protein in large amounts,
whether solid or liquid, may induce atopic disease.
What about the diet in infants who already exhibit
atopic dermatitis? In this issue of The Journal, Hill et al5
report that 90% of 51 consecutive infants presenting with
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moderate-severe atopic dermatitis to a dermatology clinic had
test results demonstrating likely clinical allergy to eggs, milk,
and/or peanuts (based on previous studies correlating test
results with oral food challenge outcomes). The rate of food
allergy in these infants was higher than the rate of 37% found
in a similar study of older children.19 Most (94%) had been
breast-fed, and 25 of the 29 who were exclusively breast-fed
for longer than 4 months developed atopic dermatitis while
breast-feeding. Of the 37 children with likely egg allergy, only
8 had been exposed, and all showed evidence of allergy: 2 with
urticaria, 3 with eczema flare, 2 with vomiting, and 1 with
eczema that cleared on an egg-free diet. Although the role of
food allergy in atopic dermatitis remains a matter of debate
despite extensive data demonstrating a relationship20,21 (and
further supported by the present study), the Hill et al study
also raises questions about sensitization to allergens through
breast-feeding or during pregnancy. Reviews of available
studies on atopy prevention generally conclude that there is no
strong evidence indicating that avoidance of major allergens
during pregnancy or lactation has a protective effect,7,22 although reduction of atopic dermatitis cannot be ruled out.
Keep in mind that there are nutritional risks of multiple
allergen avoidance, however. It should be appreciated that
the infants in the Hill et al study already manifested atopic
disease, and strategies that might be considered primary
prevention were no longer applicable; rather, treatment (ie,
medications, testing, and dietary management) was necessary.
The 3 studies reported in this issue of The Journal focus
on diet, but many other variables can influence atopy outcomes as well. Even though US and UK agencies have recommended to avoid peanuts during pregnancy and lactation
and in the atopy-prone child’s diet until age 3, the prevalence
of peanut allergy has apparently doubled in recent decades.2,23
Of course, how well these recommendations have been followed is unclear,24 and this observation does not imply cause
and effect; however, it does indicate that food avoidance may
not be the entire answer. The influence of allergens in the diet
during pregnancy or lactation remains controversial.25-27
Noningestion exposure (ie, skin contact, inhalation) may be
another source of sensitization.25 Numerous genetic, immunologic, and environmental influences aside from allergen
content in the diet conspire to influence atopy outcomes,
including: dietary components (eg, vitamins, fats), food additives, antibiotics, infection, antacids, and endotoxin exposure. There has been an apparent increase in sensitization to
nonfood allergens in westernized countries in recent decades,1
and unless mothers are ingesting more cats, molds, and tree
pollens during pregnancy and lactation, it is hard to blame
their diet for this increase.
The 3 studies provide insight into and raise questions
about atopy prevention and treatment. It may be envisioned
that in the future, a genetic–immunologic profile may be
needed to identify specific sensitizing or tolerizing dietary
factors (ie, timing, dose, and frequency) for an individual
child. Today, it seems reasonable to recommend exclusive
The Journal of Pediatrics • October 2007

breast-feeding for the first months of life to all mothers, with
the knowledge that most studies indicate an atopy-protective
effect compared with a diet of whole proteins. Studies of
substitute infant formulas have focused primarily on families
at risk for atopic disease and have shown a relatively protective
effect compared with whole cow’s milk protein for extensively
or partially hydrolyzed formulas in atopy-prone infants, an
effect modulated in part by specific atopy risk factors.7,18 It is
unclear whether there is a preventive effect of altering the
maternal diet to exclude allergens during breast-feeding or
pregnancy, an approach typically considered for an at-risk
population, but in the face of established significant atopic
disease in infants, it appears prudent to consider the role of
maternal diet for treatment purposes.5,28
Beyond the apparent risk reduction associated with a
period of exclusive breast-feeding or selection of specific infant formulas, the affect of the timing of introduction of
whole proteins or the choice of proteins is an evolving
story.3,7,15,25,29 For example, studies are underway in the UK
to evaluate the role of early rather than delayed introduction
of peanuts to prevent peanut allergy.
Given that we currently lack sufficient evidence-based
advice on atopy prevention with regard to maternal diet
during pregnancy and lactation and timing of whole proteins
or specific allergenic proteins, we should reassure families
with an atopic child that they need not feel guilty that they
caused the allergy by following or not following the advice of
various expert panels. In the meantime, studies such as those
reviewed here continue to increase our appreciation of the
complex relationship of diet and atopy.
Scott H. Sicherer, MD
The Elliot and Roslyn Jaffe Food Allergy Institute
Division of Allergy and Immunology, Department of Pediatrics
Mount Sinai School of Medicine
New York, New York
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First Do No Harm: Why Have Parents and Pediatricians Missed the Boat
on Children and Media?

s a society, we are engaged in a vast and uncontrolled
experiment with our infants and toddlers, plunging
them into home environments that are saturated with
electronic media.1
Media are like the weather. Everyone talks about the
media. Everyone is affected by them. But no one wants to talk
about how they are changing and how they can influence us in
sometimes extraordinary ways. Just as people—and politicians—seem to be ignoring the threat of global warming, they
also seem blithely willing to ignore the impact of media on
children and adolescents.
Make no mistake about it: the media are changing; in a
few short years, your child may be able to click on a pizza
commercial on your TV screen and order a pizza directly or go
to a website for more information about the shampoo that
looks so good. As your teenager passes a McDonald’s restaurant, she may receive a text message on her cell phone with a
$1 off coupon for that particular day and store. Ten years
from now, your wristwatch may actually be a 5-gigabyte
computer that can talk to you. There will be no further need
to memorize Lincoln’s Gettysburg Address or the death scene
from Romeo and Juliet. Your watch will be able to recite them,
probably with an appropriate Midwestern or Royal Shakespearean Company accent, respectively. For interactive toys,
the future is now: as of 2000, 60% of the new toys produced
by Fisher-Price had a computer chip in them, and toys like
Barney Actimate encourage children to play and sing songs
along with the TV program that is signaling it2—not to
mention your child’s or teenager’s exposure to the current
escalation of violent content, sex and sexuality, and smoking
in the media.3
The average American child spends ⬎6 hours a day
with a variety of different media,4 yet parents and pediatricians seem unwilling or unable to deal with the issue.5,6 For
parents, media seem to rank near the bottom of the list of
things to be discussed, negotiated, fought over, and regulated.
For pediatricians, discussing media seems to rank far below
car seats, bicycle helmets, vaccinations, and household safety.
Few residency programs teach about the impact of the media.7 Nor do continuing medical education courses include, or
even mention, the media in discussions of broad child health
issues like violence, bullying, or drugs. Yet the media may play
a significant role in virtually every concern both groups have
about children and teens—sex, drugs, obesity, eating disorders, hyperactivity, school performance, aggressive behavior,
and suicide.6 Research indicates that for aggressive behavior,
for example, the media may contribute 10% to 30%.8 A young
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teen exposed to a heavy diet of sexual media is twice as likely
to begin having sexual intercourse at a young age.9 A child
exposed to R-rated movies is twice as likely to begin smoking
cigarettes.10 Like the weather, the media are certainly not
quiet companions who exert little or no influence.
In this issue of The Journal, Zimmerman and Christakis11 extend our knowledge to young babies and once again
demonstrate the power of the media and the importance of
the basic principle of medicine: “first do no harm.” Baby
videos are now a $100 million business, with a myriad of
unsubstantiated claims being made about how they will improve intelligence and school readiness.12 Yet Zimmerman
and Christakis found highly significant language delays in
babies 8 to 16 months old who were exposed to such videos.
As they soberly assess, this may not be a cause-and-effect
situation, but it is certainly one that demands caution in
exposing babies to videos and much more research to elucidate who may be harmed, how, and why. Despite the lofty
claims of the producers of baby videos, there is very little
evidence that babies ⬍2 years old can learn anything positive
from TV,1 and there is significant evidence from 3 other
studies that harm is possible: two studies of children under 2
years old watching Sesame Street also found delays in language
development,13,14 as did a large study of 1900 Japanese
infants viewing 4 hours or more of TV per day.15 This is not
to say that Sesame Street is not one of the finest prosocial
programs ever produced for children. It is; but “to everything
there is a season,” and the season for Sesame Street appears to
be 2 years and older.1,16 Why? Television is a complex medium and requires brain maturation and cognitive skills to
decipher. Ordinarily, this does not occcur until age 2 or 3
years.16 At birth, the infant brain is “plastic” and develops in
response to genetic and
environmental cues.17,18
Numerous studies indicate that a human
face is far more effecSee related articles,
tive in “teaching” an
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role models in using media. Parental TV viewing correlated
with child TV viewing, and parents who set rules and
“obeyed” the AAP recommendations had children who
viewed less TV.19 Unfortunately, several studies show that
this is hardly the case. There is nearly a complete disconnect
between what the AAP recommends and what parents and
pediatricians do6:
AAP Recommendation: Parents should control the TV set.
Real world: The 2005 Kaiser study found that more than
half 8- to 18-year-old children report no rules about TV.4
However, if you ask only parents, you will probably get a
very different rendition, as several studies have shown.
AAP recommendation: Children ⬍2 years old should not be
watching TV.20 Real world: A 2004 survey of 100 parents
of infants found that infants were watching 2 hours of TV
per day.21 The larger 2003 Kaiser study found that more
than half of 1-year-old children watch TV, for an average
68 minutes per day.22 More recently, that figure has risen
to nearly an hour and a half per day in 2 national studies.23,24
AAP recommendation: Children and teens should not have
TV sets in their own bedrooms. Real world: In the most
recent study, nearly one-fifth of babies had a TV set in their
bedroom, as did ⬎40% of all 3- to 4-year-old children.24
Nearly two-thirds of teenagers have a TV set in their room.25
AAP recommendation: Pediatricians should take a media
history. Real world: Less than one-third of pediatric
residency programs teach about media effects.7 Despite
most pediatricians agreeing with the AAP recommendations, only one-fourth always discuss these recommendations with parents.5
What should we do about this sad state of events? First
and foremost, both pediatricians and parents need to appreciate the power of the media—to educate, to entertain, and to
harm. The research is increasingly compelling. Second, the
federal government and private foundations need to fund
research to fill in the gaps of our knowledge. To date, for such
an important influence on child development, there is precious little money available to researchers. Third, the federal
government needs to take its responsibility seriously. According to the United States’ Communications Act of 1934,
which first established policies for television broadcasting, the
public owns the airwaves, and they are leased back to the
networks to produce programming in the public’s best interests. Is that really what is currently happening? Fourth, pediatricians must understand the role that media currently play
in their young patients’ lives. Asking 2 media questions in a
well-child or well-teen visit would only take a minute: How
much time do you spend watching screen media per day? Is
there a TV set in your bedroom?6 Fifth, the entertainment
community needs to realize that the research has become far
more sophisticated since the 1950s and accept that they have
a public health role to play in producing prosocial programming. Finally, advertisers and manufacturers of toys and baby
videos need to recognize that they, too, have a responsibility—to
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make prosocial products, to avoid making claims that can not
be substantiated, and to limit their advertising aimed at young
children.26
Sadly, few parents and pediatricians observe the AAP
recommendations about children and media. These 2 new
reports and numerous other recent studies27 seem to indicate
that they do so at their own—and babies’ and children’s and
teens’—peril.
The author acknowledges the help of Professor Daniel R. Anderson
with the preparation of this manuscript.

Victor C. Strasburger, MD
Professor of Pediatrics
Professor of Family and Community Medicine
Chief, Division of Adolescent Medicine
University of New Mexico School of Medicine
Albuquerque, New Mexico
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Rethinking Herpes Simplex Virus Infections in Children and Adolescents

“In all affairs, it’s a healthy thing now and then to hang a
question mark on the things you have taken for granted.” —
Bertrand Russell
ost physicians have learned that herpes simplex
virus (HSV) infections involving the genital tract
are caused predominantly by HSV-2 and that infections of the lips and mouth are usually caused by HSV-1.
Recent studies show that HSV-1 is an increasingly frequent
cause of genital infection.1
Even though it is possible for HSV-1 to infect genital
sites, this is not its preferred location for replication and establishment of latency. Animal models suggest that preference of
anatomic sites may be associated with sequence differences in the
latency-associated transcript of HSV-1 and HSV-2.2 As a result,
clinical differences are noted when HSV-1 infects the genital
area or HSV-2 infects the mouth. Symptomatic recurrence and
asymptomatic viral shedding occur less often with HSV-1 genital infection compared with HSV-2 genital infection.3 Similarly,
although shedding of HSV-2 from oral secretions has been
reported, the virus is shed less frequently and in lower amounts
than HSV-1 from oral mucosa.4
Despite anatomic preferences of the virus for establishment of latency and reactivation, epidemiologic studies show
that in some countries and in certain populations in the
United States, HSV-1 is becoming an increasingly important
cause of genital herpes infection.5 Studies from Scandinavia
and the United Kingdom indicate that HSV-1 is responsible
for a substantially higher proportion or even the majority of
first clinical episodes of genital herpes in young women.1 A
retrospective study in the United Kingdom found HSV-1 to
be the cause of primary genital infection in 71% of individuals
presenting to a genitourinary medicine clinic. The high prevalence of HSV-1 infection was most marked in women.6
HSV-1 accounted for 64% of primary genital HSV infections
between 1995 and 1999 at a sexually transmitted infection
clinic in Sweden.7 A study of college students in the mid-
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western United States found that the proportion of genital
herpes infections caused by HSV-1 increased from 31% to
78% between 1993 and 2001.5 Whether this occurred because
there is a larger pool of HSV-1–susceptible adolescents and
adults, because of changing sexual practices, or both remains
to be determined.
The study by Xu et al8 in this issue of The Journal
provides some support for the hypothesis that a decline in oral
HSV-1 infections in children may play a role in the increasing
proportion of cases of genital HSV-1 infection. The study was
designed to explore the epidemiology of HSV-1 infections in
the United States. Sera from 2989 children who participated
in recent National Health and Nutrition Examination Surveys (NHANES) were tested for antibody to HSV-1.
The NHANES project, conducted by the National
Center for Health Statistics, was implemented in the early
1960s to monitor the health and diet of the US population.
Individuals who participate in NHANES are selected in a
manner so as to be representative of the noninstitutionalized
general civilian population. Previous NHANES studies have
addressed the seroepidemiology of HSV infection in adolescents and adults.9,10 The most recent study of HSV-1 and
HSV-2 seroprevalence in this older age group, published in
2006, showed, in contrast to earlier surveys, a downward trend
in HSV-2 seroprevalence in adolescents and young adults in
the United States, as well as an overall decrease in HSV-1
seroprevalence. However, a higher percentage of persons with
serologic evidence of HSV-1 but not HSV-2 infection gave a
history of being diagnosed with genital herpes compared with
previous surveys, suggesting an increase in
See related article, p 374
genital HSV-1 infections compared with
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dition, HSV-1 seroprevalence in 12- to 13-year-old children enrolled in the 1999-2002 NHANES and in a previous NHANES
study (1988-1994) were compared. The authors found that HSV-1
seroprevalence increased with age and varied by race and socioeconomic status. Non-Hispanic white children were significantly less
likely to be HSV-1 seropositive over all age groups (24.7% positive)
compared with non-Hispanic black children (47.8% positive). Children who lived below the poverty level were more likely to be
seropositive than those above the poverty line (51.8 vs 24%). The
point estimate of HSV-1 seroprevalence in children age 12 to 13
years decreased from 40.3% in NHANES 1988-1994 to 36.1% in
NHANES 1999-2002. The decrease in HSV-1 seroprevalence is
nonsignificant; however, the authors conclude that with changes in
living and hygiene conditions, HSV-1 acquisition in young children
is expected to continue to decline. Future studies within the
NHANES framework will be needed to substantiate this conclusion. Nonetheless, this study is important in that it gives an
overview of HSV-1 seroprevalence in a young population in the
United States. Only a few studies in the United States have
specifically addressed HSV-1 seroprevalence in very young children, and these studies have targeted unique patient populations.11
The variability of HSV-1 seroprevalence is not unexpected. Cross-sectional seroprevalence studies in 8 European
countries showed significant variations in HSV-1 and HSV-2
seropositivity among them.12 In countries in which serum
from young children (age 0 to 9 years) was evaluated, seropositivity for HSV-1 varied from approximately 8% (Finland)
to 62% (Bulgaria) in the younger age groups. There was a
steady increase in seroprevalence to HSV-1 with age. The
European studies confirm the relationship between socioeconomic status and seroprevalence, finding an inverse correlation between age-standardized seroprevalence of HSV-1 and
national gross domestic product.12
If the hypothesis that improved hygiene and living
conditions will facilitate a continuing decline in childhood
oral HSV-1 infection is correct, then it is likely that the
proportion of genital infections caused by HSV-1 will increase as adolescents and young adults susceptible to both
HSV-1 and HSV-2 become sexually active. We will need to
evaluate and reframe how we think about (1) the clinical
presentation of genital herpes and how it is acquired (eg,
changing sexual practices, particularly the practice of oralgenital sex), (2) the role of HSV-1 versus HSV-2 as a cofactor in the acquisition of HIV-1 infection, (3) the impact of
increasing HSV-1 genital infection during child-bearing years
on neonatal HSV infection, and (4) the influence of baseline
HSV-1 and HSV-2 seroprevalence on the efficacy of future
HSV vaccines.
Although the clinical presentation of HSV-1 and
HSV-2 genital infections is similar, the natural history of
disease differs between the 2 viruses. Persons with genital
infection caused by HSV-1 are less likely to have symptomatic
or asymptomatic recurrence,3 but persons who develop genital
HSV-2 infection but lack antibody to HSV-1 may have more
prominent symptoms. This is because antibody to HSV-1
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seems to attenuate the severity of HSV-2 disease in some
cases, although it does not prevent infection with HSV-2.
Clinicians need to be familiar with the differences in the
clinical course of genital infection between HSV-1 and
HSV-2 to provide appropriate counseling and treatment. For
example, patients with HSV-1 genital infection may be more
appropriately treated with episodic rather than long-term
suppressive antiviral therapy. HSV-2 genital infection may be
prevented by consistent use of condoms, but oral-genital
sexual practices will possibly increase the incidence of genital
HSV-1 infection.
Factors that put adolescents and young adults at risk for
genital ulcer disease must be clearly defined. Clinically apparent and microscopic genital ulcer disease caused by HSV-2 is
a risk factor for acquisition of HIV.13 An increase in local
CD4 lymphocytes resulting from HSV infection and reactivation offers a greater number of target cells for HIV attachment and entry. All patients with HSV-2 genital infection
appear to be at higher risk for acquiring HIV infection;
however, those with recent HSV-2 seroconversion seem to be
more susceptible.14 Theoretically, HSV-2, by virtue of its
propensity to cause more frequent recurrence, may be more
likely than HSV-1 to enable HIV acquisition; however, the
relative risk of HSV-1 versus HSV-2 in facilitating HIV
infection has not been studied.
The impact of an increasing number of genital HSV-1
infections on transmission of HSV to the neonate remains
unknown. A recent study shows that when HSV-1 is present
in the genital tract at delivery, it appears to be more readily
transmissible to the neonate than HSV-2.15 However, the
possible increased risk of transmissibility of genital HSV-1
may be offset by the relative infrequency of viral shedding
compared with HSV-2. HSV-1 and HSV-2 cause similar
clinical disease in the neonate. Both types of HSV infection
are associated with substantial morbidity and mortality; however, central nervous system infection with HSV-1 appears to
be less severe than that caused by HSV-2.
The study by Xu et al8 provides important information
for determining which populations of children and adolescents can most likely benefit from a future HSV vaccine.
Unfortunately, the development of vaccines against HSV
infection has been complicated by the virus’ unique properties of rapid replication and its ability to evade recognition by the immune system.16 One candidate vaccine appeared to have efficacy against genital herpes, but only in
women who were seronegative for both HSV-1 and 2 at
baseline; it was not effective in women who had previous
infection with HSV-1.17 Because vaccine efficacy may be
affected by baseline seroprevalence, the information provided by Xu et al and future studies like this, will help
target groups in the United States who could benefit most
from the current vaccines in development.
Kathleen M. Gutierrez, MD
Division of Pediatric Infectious Diseases
Stanford University School of Medicine
Stanford, California
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The Role of the Med-Peds Physician in a Changing Medical World

he combined internal medicine-pediatrics (medpeds) residency program celebrates its 40th birthday
in 2007. With the growth in med-peds programs over
the years, almost 1 of every 8 pediatricians currently in training is completing a med-peds residency program.1 The past
several years also have seen increased attention to the evaluation of med-peds training and outcomes.2-5 With the recent
declining interest in primary care, what options do med-peds
graduates have for their careers? What is the nature of their
job search after completing training?
Chamberlain et al try to answer those questions in this
issue of The Journal.6 The authors found that med-peds
graduates had less difficulty than categorical pediatric graduates finding a position and had significantly higher starting
salaries. In addition, although neither group of graduates was
particularly likely to accept a position in a rural area (2%-3%
in each group), med-peds graduates were more likely to select
a position in a small town (population ⬍50,000).
Two findings from this study warrant further reflection.
First, although the number of med-peds graduates who
choose subspecialty careers is less than graduates from categorical pediatric programs (18% versus 31%), there is a significant shift in career plans during residency. As the authors
point out, the number of med-peds graduates who planned a
primary care career was 55%, in contrast to the 70% who
anticipated entering primary care at the start of residency. In
contrast, the number of pediatric graduates who took a pri-
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mary care position was 50%, with 51% anticipating this career
at the start of residency. Why was there such a large shift for
med-peds residents? Is there something about the residency
training that encourages subspecialty careers or discourages
primary care? Certainly the extra year of training allows for
more career exploration. This shift away from primary care
was also occurring at a time when large numbers of categorical
internal medicine and pediatrics trainees were also choosing
subspecialty careers. In addition, med-peds graduates have
more subspecialty options than any other discipline, being
able to select from any internal medicine, pediatric, or combined subspecialty program. What is not clear from this data
is whether med-peds graduates are selecting additional training in a single specialty (and if so, which one?) or a combined
specialty and whether these choices will fluctuate with time.
Assuming that most med-peds graduates who choose subspecialty careers will include the care of children, they may help to
alleviate the shortage in
See related article, p 419
some pediatric subspecialties. In addition,
with 90% of children
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with chronic illnesses
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peds subspecialists can
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To foster the career development of dually trained medpeds subspecialists, academic institutions need to break down
some of the traditional departmental barriers to hire, retain, and
promote med-peds subspecialists. As pointed out by Chamberlain et al, med-peds graduates may be particularly limited in
gaining exposure to research because of the relative lack of
med-peds research mentors. With the growth in the number of
med-peds-trained subspecialists, this barrier should diminish with
time, but the logistical issues of working within 2 departments
remain. However, the existence of med-peds programs has helped
foster interdepartmental linkages for education and can serve as
a bridge to further collaborations in patient care and research.
The second important finding from this study is the large
number of med-peds graduates who are choosing careers as
hospitalists. This is not too surprising when one considers that
the number of hospitalist jobs has been expanding, especially in
internal medicine, but also in pediatrics. This increase in jobs has
likely continued since this data was collected, particularly in light
of the growing role for hospitalists as medical centers look for
ways to help provide clinical care as duty hours for residents were
reduced. Med-peds physicians are also well trained for hospitalist
careers, because a large part of the training occurs in an inpatient
setting. Furthermore, smaller hospitals with minimal inpatient
pediatric volume may find med-peds physicians especially appealing because they can avoid hiring a separate person just for
their pediatric patients.
Med-peds hospitalists can also play important roles in
academic medical centers. Med-peds graduates are well
trained in complicated cases in adult patients, and this experience can be valuable in caring for the increasingly complex
pediatric inpatient. Further, med-peds physicians are used to
working with the whole family in the pediatric setting, and
these skills can be useful in the adult hospital as well. Beyond
the clinical care provided, med-peds physicians can help 1
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department learn from the other, about efficiencies in admissions and discharges, approaches to enhance patient safety,
and methods for improving hospital systems of care. Additional study about the roles and effectiveness of med-peds
hospitalists is needed; a recent review of the literature did not
find any articles that addressed the role of med-peds physicians in this area.8
Med-peds physicians comprise an important and unique
subset of the pediatric workforce. As shown in this study,
med-peds graduates are particularly well positioned to adapt
to a changing medical landscape.
John G. Frohna, MD, MPH
Clinical Associate Professor
Departments of Internal Medicine, Pediatrics, and Medical Education
Med-Peds Program Director
University of Michigan
Ann Arbor, Michigan
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Hematopoietic Cell Therapy for Metabolic Disease
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AND JAKUB TOLAR, MD, PHD

The lysosome, an intracellular organelle responsible for the intracellular sorting, recycling, and digestion of organic molecules,
was first described 50 years ago by Christian de Duve.1 All known lysosomal storage diseases (LSD) are single gene defects and
with few exceptions are autosomal recessive in inheritance. Loss of functional activity of lysosomal enzymes results in
accumulation of substrates, such as glycoproteins or mucopolysaccharides (MPS).2 The clinical manifestations of LSD vary
depending on the specific enzymatic deficiency, level of residual activity, and site of substrate accumulation (Tables I and II).
Variability in disease severity is observed in patients with the same disorder, because small differences in enzyme activity may
result in marked differences in clinical disease.2-5

THERAPY OF METABOLIC DISORDERS
In general terms, a reduction in substrate accumulation may be achieved through enhanced substrate degradation, slowing
the rate of substrate production, or an altered immune response to substrate. The delivery of enzyme may be achieved by
exogenous enzyme administration, via allogeneic hematopoietic stem cell transplantation (HCT) or potentially by autologous
HCT after ex vivo genetic correction. Alternatively, the activity of unstable enzymes may be enhanced with “chaperone”
molecules.6 The second approach, termed “substrate reduction therapy,” includes agents such as miglustat, an inhibitor of
ceramide glucosyltransferase, the primary enzyme responsible for glycosphingolipid biosynthesis. This agent has been shown to
have activity in patients with Gaucher disease.7 Alteration of the immune response to substrate accumulation may be critical in
the amelioration of the cerebral form of adrenoleukodystrophy (ALD). Modulation of central nervous system (CNS) inflammation is thought to be one of the mechanisms responsible for disease stabilization after HCT.8

ENZYME REPLACEMENT THERAPY
Enzymes destined for lysosomal localization acquire a mannose 6-phosphate (M6P)
recognition signal, which facilitates their transportation to the lysosome (Figure 1).9 The
potential of enzyme replacement therapy (ERT) to provide beneficial effects was supported by the discovery of M6P receptors on the plasma membrane of cells, and
documentation that lysosomal enzymes in the environment bind to these receptors,
resulting in internalization into the lysosome.10 After intravenous administration the
serum half-life of lysosomal enzymes is short (10 to 20 minutes). Of importance, poor
penetration of these enzymes into the cerebral spinal fluid and brain has been documented
and is a major limitation of this approach. The initial focus in the development of ERT
has therefore been to target diseases for which there is little CNS involvement.6 Clinical
applications of ERT have been summarized elsewhere.6,11

CELLULAR THERAPY OF LYSOSOMAL DISORDERS
HCT for Mucopolysaccharides
The ability of hematopoietic cells from unaffected individuals to “cross-correct”
deficient fibroblasts was initially documented by Neufeld et al,12 providing proof of
principle for efficacy of cellular therapy. As microglial cells, which are hematopoietically

ALD
CNS
ERT
GLD
HCT
LSD
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Adrenoleukodystrophy
Central nervous system
Enzyme replacement therapy
Globoid cell leukodystrophy
Hematopoietic stem cell transplantation
Lysosomal storage disease

M6P
MAPC
MLD
MPS
MRI
MSC

Mannose 6-phosphate
Multipotent adult progenitor cell
Metachromatic leukodystrophy
Mucopolysaccharidosis, mucopolysaccharide
Magnetic resonance imaging
Mesenchymal stem cell
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Table I. Storage diseases treated with blood and marrow transplantation
Lysosomal SD
MPS I
Syndrome
Incidence*
Deficiency

Phenotype
Visceral

Skeletal
Neurologic
Other
Treatment
ERT
HCT

Problems

Animal models

Hurler
1:100,000
␣-l-iduronidase

Hepatosplenomegaly
Upper airway complications
Respiratory infections
Valvular dysfunction
Hernias
Dysostosis multiplex
Mental retardation
Hydrocephalus
Corneal clouding
In clinical trials
3y OS ⬃70% for HLA
Matched related and
unrelated transplants
Reports of high graft failure
Poor correction of skeletal
and heart disease
Mouse, dog, cat

Sphingolipidoses
MPS VI

GLD

Maroteaux-lamy
1;235,000
Arylsulfatase B

MLD

Krabbe
1:141,000
Galactocerebrosidase
I: infantile form
II: juvenile form
III: adult form

1:92,000
Arylsulfatase a
I: late infantile
II: juvenile
III: adult

Hepatomegaly
Severe vomiting
Valvular dysfunction
Hernias
Dysostosis multiplex
None
Corneal clouding

Seizures, hypertonia,
Ataxia, spasticity
Vision loss

Hypotonia, seizures
Irritability, ataxia
Blindness

In clinical trials
Visceral
Improvement

Neurologic
Improvement

Neurologic
Deterioration or
improvement
Persistence of peripheral
neuropathy

Orthopedic problems
Progress
Cat, rat, dog, mouse

Symptomatic infants are
unlikely to benefit
from HCT
Mouse, sheep, dog,
monkey

Mouse

OS, overall survival; HCT, hematopoietic stem cell transplantation; ERT, enzyme replacement therapy.
*Incidence per number of live births (http://www.lysosomallearning.com).

derived, engraft within the brain, HCT could prove efficacious in continuous delivery of enzyme within the CNS.13

Hurler syndrome (MPS I)
Hurler syndrome, caused by a severe deficiency in ␣-Liduronidase, is the LSD for which the greatest experience
exists in the therapeutic application of HCT. As such, it is
illustrative of the biologic and practical issues encountered in
the use of transplantation for these diseases. The spectrum of
manifestations of Hurler syndrome includes organomegaly,
corneal clouding and airway compromise due to accumulation
of glycosaminoglycans.14 Substrate also accumulates within the
myocardium and causes thickening of the valves.15 Although
neurologic development may be normal in infancy, by the second
year of life progressive developmental delay is typically observed.
Orthopedic complications include valgus deformities of the
knees, hip dysplasia, severe kyphoscoliosis, odontoid hypoplasia,
carpal tunnel syndrome, and trigger digits.16
Transplantation for MPS I was first pioneered by
Hobbs et al,17 who observed resolution of the organomegaly
and improvement in corneal clouding several months after
donor-derived hematopoietic engraftment. Heterozygous to
normal serum levels of ␣-L-iduronidase are routinely achieved
after HCT. Although the anticipated decline in cognitive
function is arrested,18 recipients over 2 years of age at transHematopoietic Cell Therapy for Metabolic Disease

plantation have inferior neurologic outcomes compared with
those undergoing transplantation at an earlier age.19 The
experience at the University of Minnesota with HCT by use
of HLA-matched related donors for Hurler syndrome since
1990 provides a context for what can be achieved by this
therapeutic approach (Figure 2). However, most affected children do not have a suitable HLA-matched related donor.
Therefore we and others have explored the potential of HCT
with alternative donors. The survival rate of patients with
Hurler syndrome who have undergone unrelated HCT appears decreased in comparison to what is observed with related donors (data reported by the National Marrow Donor
Program; Figure 3). The use of umbilical cord blood (UCB)
transplantation has also extended this treatment option.20
Although these results are encouraging, a larger experience
with longer follow-up will prove instructive regarding differences in unrelated marrow and unrelated UCB transplantation outcomes. Dual therapy with ERT before and during
HCT for Hurler syndrome has been explored at the University of Minnesota with the intention of improving regimenrelated toxicity by reducing the glycosaminoglycan burden.21,22 However, not all manifestations of Hurler syndrome
are corrected by HCT. Although storage material diminishes
in the myocardium and the coronary arteries, valvular thickening does not resolve.15 Furthermore, the capacity of HCT
341

Table II. Storage diseases treated with blood and marrow transplantation
Oligosaccharidosis
Mannosidosis
Syndrome
Incidence*
Deficiency

Phenotype
Visceral

Skeletal
Neurologic
Other
Treatment
ERT
HCT

1:500,000

␣-Mannosidase
I: early, severe
II: late, mild
Hepatosplenomegaly
Vomiting
Immune deficiency
Tall stature
Dysostosis multiplex
Mental retardation

Enzyme localization deficit
Mucolipidosis II
I cell disease
1:325,000
Phosphotransferase

Hepatosplenomegaly
Gingival hypertrophy
Respiratory infections
Valvular dysfunction
Dysostosis multiplex
Rapid psychomotor
Deterioration

1:42,000
ABCD1 gene product

Adrenocortical
Deficiency may occur

Deficits in cognition, gait
Vision, hearing, swallowing

Ocular clouding

Improvement in CNS and skeletal problems

Limited neurologic stabilization
Limited visceral improvement

Problems
Animal models

Peroxisomal SD
adrenoleukodystrophy

Improvement in early disease
Peripheral nerve demyelinization
Not known to be effective for AMN

Mouse, cat, cattle, guinea pig

Cat

SD, Storage disease; VLCacylCoA, very long chain acyl coenzyme A; OS, overall survival; MR; matched related; UCB, umbilical cord transplant; D, disorder; ERT, enzyme replacement
therapy; AMN, adrenomyeloneuropathy; HCT, hematopoietic stem cell transplantation.

Figure 2. Overall survival; allogeneic HCT for Hurler syndrome:
University of Minnesota experience in transplantation with matched,
related donors.

Figure 1. Trafficking of lysosomal enzymes: Enzymes are initially
generated in endoplasmic reticulum. After transportation to Golgi, they
acquire mannose-6-phosphate (M6P) signal that is critical for localization
to lysosome. If M6P modification does not occur, as in mucolipidosis II
(I-cell disease), enzymes are secreted. Mannose-6-phosphate receptors are
also present on cell membrane, where they are available to bind enzyme
with M6P, resulting in internalization and localization to lysosome.

to prevent the orthopedic complications associated with
Hurler syndrome is unclear.23 Chondrocytes and osteoblasts,
important in bone growth and remodeling, likely remain of
host origin24 and are relatively isolated from contact with cells
of hematopoietic origin. These factors likely reduce the impact of this treatment strategy on bony manifestations of these
diseases.
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HCT for other mucopolysaccharidoses (MPS II, III,
IV, VI and VII)
In contrast to Hurler syndrome, it is generally accepted
that HCT does not significantly alter the natural history of
severe Hunter syndrome (MPS II).25 Similarly, early results
with HCT using allogeneic bone marrow were not encouraging for Sanfilippo syndrome (MPS III).26 Although newer
trials with UCB are being explored for Sanfilippo syndrome
type III, no data have been reported documenting its success
as yet.27 Morquio syndrome (MPS IV) is characterized by
significant musculoskeletal disease, whereas neurologic changes
are much less prominent. Two distinct enzyme deficiencies
have been documented in MPS IV. To date, there is no
convincing evidence of efficacy of HCT for either form. In
contrast, the visceral findings of Maroteaux-Lamy (MPS VI)
have been shown to improve with HCT, as with MPS I.27
The Journal of Pediatrics • October 2007

Figure 3. Overall survival; allogeneic HCT for Hurler syndrome: Overall
survival in recipients of an unrelated transplant based on data from the
National Marrow Donor Program.

However, because of the availability of ERT, the role of HCT
is unclear in the treatment of MPS VI. Finally, Sly syndrome
(MPS VII), a rare disorder characterized by ␤-glucuronidase
deficiency, results in orthopedic changes, organomegaly, and
developmental delay. Little published experience exists on the
efficacy of HCT, but responses have been described.27

HCT for leukodystrophy
The primary disorders in this group treated with HCT
include cerebral ALD, globoid cell leukodystrophy (GLD),
and metachromatic leukodystrophy (MLD). All of these disorders result in white matter changes by magnetic resonance
imaging (MRI), but, although GLD and MLD are recessive
lysosomal storage diseases, ALD has X-linked inheritance
and is a disorder of the peroxisome. The molecular basis of
ALD relates to defects in the ABCD1 gene,8 resulting in
accumulation of very long chain fatty acids within the brain,
testes and adrenal cortex. For reasons that are not clear, a
minority of boys (30% to 40%) with ALD have development
of the cerebral form of the disease, with rapid neurologic
deterioration over a period of several years.28 This deterioration is associated with an inflammatory process.29 Transplantation early in the course of cerebral ALD has been shown to
stabilize the disease, but in more advanced patients the outcome is poor.28 An MRI scoring system that quantitates
extent of disease30 has proven predictive of outcome after
HCT (Figure 4). It is unknown whether HCT prevents
cerebral ALD, or the spinal cord and peripheral nerve damage
seen in adults with ALD, termed adrenomyeloneuropathy.
The standard of care now is not to perform HCT in patients
without evidence of cerebral ALD.
In GLD, deficiency in the lysosomal enzyme galactocerebrosidase results in accumulation of the sphingolipid psychosine, causing dysmyelination and apoptosis in oligodendrocytes.4 GLD is clinically observed in 2 forms: (1) in
infants, severe irritability and rapid loss of developmental
milestones are seen within the first year of life. In symptomatic infants the results of HCT have been poor while very
early intervention may improve outcomes.31 (2) Patients with
later-onset disease have a more gradual rate of deterioration,
and in these individuals allogeneic HCT has proven capable
of arresting disease progression.32
Hematopoietic Cell Therapy for Metabolic Disease

Figure 4. Overall survival; allogeneic HCT for adrenoleukodystrophy: To
illustrate survival differences between early and advanced disease, patients
with ALD transplanted at University of Minnesota with matched, related
donors are shown.

Metachromatic leukodystrophy is associated with low
arylsulfatase A activity, resulting in accumulation of sulphatides which are toxic to the myelin sheath in both the central
and peripheral nervous system.33 White matter abnormalities
on MRI and increased urine sulphatides are characteristic.
However, significant heterogeneity is observed, with patients
characterized as having late-infantile (onset before age 4),
juvenile and adult forms of the disease. Children with lateinfantile disease progress rapidly, whereas the juvenile and
adult forms are more attenuated. After HCT, arylsulfatase A
levels rapidly normalize, and disease stabilization may be
achieved in many patients with the adult and juvenile forms of
MLD. However, in younger patients with late infantile
MLD, progressive deterioration with spasticity and ataxia is
often observed in spite of HCT, at least in part because of
severe peripheral nervous system disease.33 Although it is
critical to recognize that any discussion of outcomes must be
taken in the context of the clinical situation at the time of
HCT, such data have been difficult to obtain. It is unclear
why there is a great variation in the responsiveness of various
lysosomal storage diseases to HCT. Although the presence of
the M6P receptors on the cell surface would be anticipated to
be similar from disorder to disorder, the concentration of
enzyme available may not. In addition, the persistence of
enzyme following internalization, the enzyme pharmacokinetics, and the enzyme concentration necessary to achieve
phenotypic correction may vary widely.

Other lysosomal enzyme deficiencies
Outcome reports evaluating allogeneic HCT as treatment of other inherited metabolic disorders are few.27 Wolman disease, for example, a disorder resulting from a deficiency of acid lipase, is associated with adrenal calcification,
accumulation of cholesterol esters, organomegaly, severe diarrhea, and malabsorption.27 Early HCT restores normal
plasma levels of acid lipase, with resolution of organomegaly
and correction of malabsorption.34 I-cell disease (mucolipidosis II) is due to a deficiency in GlcNAc-1-phosphotransferase, an enzyme essential in generating the M6P moiety of
lysosomal enzymes, resulting in an inability of enzymes to
localize to the lysosome. Although HCT has been reported to
improve this condition,35 the mechanism of the effect is
unknown. The presentation of alpha-mannosidosis is variable
343

with regard to disease severity and age of onset, but neurologic deterioration, motor abnormalities and dysostosis multiplex are characteristic. In clinical studies, stabilization of
neurocognitive variables and possibly musculoskeletal complications has been observed.36 To date there is no convincing
evidence HCT provides benefit in the group of disorders
termed gangliosidoses (Tay-Sachs, Sandhoff, GM1 gangliosidosis), Niemann-Pick and Batten diseases.37-39

tion, systemic intravenous administration simultaneously
with HCT or after blood-brain barrier disruption. In the
context of HCT, nonhematopoietic progenitor cells may
enhance engraftment, alter immunologic responses and
prevent or control GVHD.51 In addition, MSC or MAPC
offer the potential for correction of other complications
poorly treated by HCT, such as orthopedic and valvular
disease in MPS disorders.

Alternative cell sources
The ability of HCT to stabilize CNS disease in inborn
errors of metabolism is assumed to result from the migration
of donor derived monocytes and their precursors into the
brain to become microglia, leading to enzymatic cross-correction of the host neural cells. However, administration of
these hematopoietic cell populations has failed to achieve
metabolic correction in many tissues, such as cardiac valves,
peripheral nerve and cartilage. In addition, it appears there is
limited delivery across the blood-brain barrier, based on the
observation that patients may continue to deteriorate despite
full engraftment. Other allogeneic cell– based approaches targeting these tissues have the potential to greatly improve
therapy. Ideally, a multilineage stem cell would home to the
site of injury after infusion and differentiate into the appropriate cell type. Bone marrow, peripheral blood stem cells,
and unrelated cord blood grafts contain such multipotential
cells. Mesenchymal stem cells (MSC)40 and related multipotent adult progenitor cells (MAPC)41 can be isolated from
bone marrow. Because of their multilineage potential, including the capacity to differentiate into non-hematopoietic mesenchymal cells (hepatocytes, adipocytes, myocytes),42,43 as
well as the ability to inhibit host immunologic responses,44
both MSC and MAPC may prove important candidates for
nonhematopoietic, allogeneic cell therapy.
In murine studies, MSC and MAPC can home to sites
of tissue injury, differentiate into organ specific tissues, and
persist long-term in the treated animal.40,45 Although several
small clinical trials have already demonstrated that infusions
of allogeneic bone marrow– derived and culture-expanded
MSC appear to be safe,46-48 human data regarding stable
engraftment of these cells is lacking. In patients with MLD,
infused allogeneic MSC was associated with improvement in
nerve conduction velocities, but a sural nerve biopsy of a
female recipient of sex-mismatched MSC could not document the presence of male cells (W.K.; unpublished data).
Possible mechanisms by which cellular therapy modifies
tissue damage in LSD are diverse. In addition to in situ
delivery of enzyme by cross-correction, direct replacement of
damaged tissues with healthy, unaffected donor cells may
occur. The neurologic aspects of LSD could be treated by
infusion of neural or glial progenitor cells, derived either from
neuronal stem cells or from MAPC.49,50 The blood-brain
barrier limits penetration of intravenously administered enzyme, and likely alters cell localization as well. Alternative
strategies for delivery of MSC, MAPC, or other cell types
into the brain include intrathecal or intraventricular injec-

GENE THERAPY
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In last decade, great progress has been made in gene
therapy approaches with animal models. Strategies using retroviral, lentiviral and adenoviral vectors are effective for therapeutic gene transfer into many cell types, including nondividing neural cells and stem cells, and have been shown to
be capable of correcting metabolic defects in many animal
models of LSD.52 Paralleling the human experience with
HCT, gene therapy in neonatal animals with LSD was more
effective than in older animals,53,54 underscoring the need for
metabolic correction before profound, irreversible tissue damage occurs.
Clinically, in spite of emerging evidence of efficacy
much of the initial optimism with gene therapy has been
qualified after the development of leukemia associated with
retroviral integration events in 3 children treated for X-linked
severe combined immune deficiency secondary to a common
gamma-chain gene defect.55 These events have initiated efforts to develop safer gene delivery methods.56 With new
safeguards in place, it seems likely there will be a resurgence
of gene therapy strategies for these and other disorders because of encouraging animal studies and recognition of the
limitations and complications inherent with HCT.

FUTURE CONSIDERATIONS
The experience with transplantation as therapy for metabolic diseases has demonstrated unquestionable successes as
well as limitations. Biologically HCT does not cure an underlying metabolic disorder, nor does it significantly correct
preexistent neurologic injury. Assessment of outcome data is
limited by the rarity of these disorders, phenotypic heterogeneity and the lack of unified measures of monitoring the
neurologic manifestations of these disorders. Previously HCT
has been used with standardized regimens designed for other
conditions, such as acute leukemia. For disorders such as
MPS I and early cerebral ALD, success has been documented
with this approach. However, for other disorders satisfactory
outcomes with standard transplant regimens are not yet conclusive. In the decades to come we are challenged to incorporate emerging understanding of the physiology of these
disorders to design novel applications tailored to achieve
greater success in the areas of CNS, cardiac and skeletal
complications. Carefully designed clinical trials will benefit
from collaborations with biochemical geneticists, neuroscientists, developmental specialists, pharmacologists and others to
maximize efficacy. As lysosomal storage disorders are progressive in nature, the possibility of achieving a very early diagThe Journal of Pediatrics • October 2007

nosis of many lysosomal disorders by neonatal screening may
positively affect outcomes for diseases amendable to transplantation or other interventions.57-59 For metabolic disorders
treated with HCT (Tables I and II) early referral for consideration of HCT is of paramount importance, as early HCT is
required for the best outcome.31,60 Similarly, reduced intensity transplantation strategies or new stem cell sources may be
used alone or in combination with substrate inhibition, chaperone therapy, enzyme replacement or modification of antiinflammatory therapy to achieve optimal outcomes, improving survival and quality of life.
This review was initiated with input from Dr. William Krivit,
a pioneer in the field of the diagnosis and treatment of metabolic
disorders. Dr. Krivit died in December 2005, and this article is
dedicated to his memory. He will be missed by his patients, their
families, and his colleagues at the University of Minnesota and
elsewhere who recognize his invaluable contributions to the field
and his irreplaceable knowledge and experience.
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Breast-Feeding Duration and Infant Atopic Manifestations, by Maternal
Allergic Status, in the First 2 Years of Life (KOALA Study)
BIANCA E. P. SNIJDERS, MSC, CAREL THIJS, MD, PHD, PIETER C. DAGNELIE, PHD, FOEKJE F. STELMA, MD, PHD,
MONIQUE MOMMERS, PHD, ISCHA KUMMELING, PHD, JOHN PENDERS, PHD, RONALD VAN REE, PHD, AND
PIET A. VAN DEN BRANDT, PHD

Objective To investigate the potential effect of modification by maternal allergic status on the relationship between
breast-feeding duration and infant atopic manifestations in the first 2 years of life.
Study design Data from 2705 infants of the KOALA Birth Cohort Study (The Netherlands) were analyzed. The data were
collected by repeated questionnaires at 34 weeks of gestation and 3, 7, 12, and 24 months postpartum. Total and specific
immunoglobulin E measurements were performed on venous blood samples collected during home visits at age 2 years.
Relationships were analyzed using logistic regression analyses.
Results Longer duration of breast-feeding was associated with a lower risk for eczema
in infants of mothers without allergy or asthma (Ptrend ⴝ .01) and slightly lower risk in
those of mothers with allergy but no asthma (Ptrend ⴝ .14). There was no such association for asthmatic mothers (Ptrend ⴝ .87). Longer breast-feeding duration decreased the
See editorial, p 331 and
risk of recurrent wheeze independent of maternal allergy (Ptrend ⴝ .02) or asthma status
(Ptrend ⴝ .06).
related articles, p 352
Conclusions Our findings show that the relationship between breast-feeding and
and p 359
infant eczema in the first 2 years of life is modified by maternal allergic status. The
protective effect of breast-feeding on recurrent wheeze may be associated with protecFrom the Care and Public Health Research
tion against respiratory infections. (J Pediatr 2007;151:347-51)
Institute (CAPHRI) (B.S., C.T., M.M., I.K.,
he role of breast-feeding in allergic disease remains a matter of debate. The
postulated protective effect of breast-feeding may act through several mechanisms. One possible mechanism is through the exclusion of potentially allergic
components, like cow’s milk or food products introduced in the infant’s diet. Alternatively,
breast-feeding provides the infant with immunomodulatory, anti-inflammatory, nutritional, and other components present in human breast milk.
Wright et al1 reported higher immunoglobulin E (IgE) levels in breast-fed children
compared with never breast-fed children of mothers with high IgE levels. A study of
Bavarian farmers study found an increased risk for doctor-diagnosed asthma related to
breast-feeding in children whose mothers had asthma themselves.2 In children of asthmatic mothers, longer exclusive breast-feeding was found to be associated with a greater
risk of asthma, but asthma was unrelated to feeding status in children without maternal
asthma.3 In contrast, an Australian study found an association between exclusive breastfeeding and a statistically significant lower risk of asthma that was independent of
maternal asthma and the child’s atopic status.4
In the present study, we examined whether maternal allergy or asthma status is an
effect modifier in the relationship between breast-feeding duration and the development
of infant atopic manifestations (eczema, recurrent wheeze) in the first 2 years of life. We
also studied the relationships between breast-feeding duration and increased total IgE
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levels and allergic sensitization at age 2 in children of mothers
with and without increased total IgE levels or sensitization.

METHODS
Study Population
The study subjects were mother–infant pairs previously
enrolled in the KOALA Birth Cohort Study between 2000
and 2002.5 We recruited participants with diverse lifestyles
(“conventional” and “alternative”) who were at 34 weeks of
gestation. The women with a conventional lifestyle (n ⫽
2343) were recruited from an ongoing prospective cohort
study on pregnancy-related pelvic girdle pain in The Netherlands. The women with an alternative lifestyle (n ⫽ 491)
were recruited through various channels, including organic
food shops, anthroposophic doctors and midwives, Steiner
schools, and magazines. The study design was approved by
the Ethics Committee of Maastricht University, and all parents signed written informed consent.
Data Collection
During pregnancy and throughout the first 2 years of
the child’s life, information on breast-feeding, other determinants, and atopic manifestations was collected for all members
of the cohort by repeated questionnaires at 34 weeks of
gestation and at 3, 7, 12, and 24 months after birth. Home
visits to children age 2 years by trained nurses to collect blood
samples and perform clinical examination by trained nurses,
using UK Working Party (UK-WP) criteria were started in
September 2004.
All infants of participants (n ⫽ 2834) with a completed
informed consent and the presence of the first questionnaire
(34 weeks of gestation) were included in the study. We
excluded infants with congenital diseases known to affect
immunity, such as Down syndrome, and those with missing
information on the main determinant, breast-feeding.
Breast-Feeding Exposure
Breast-feeding was categorized as follows, according to
the age at which breast-feeding was stopped: never breast-fed
(reference category), 0 to 3 months, 4 to 6 months, 7 to 9
months, and ⬎9 months.
Maternal Allergic History
To study effect modification by maternal allergy or
asthma on the relationship between breast-feeding duration
and infant eczema and recurrent wheeze, we defined 3 strata:
(1) no maternal allergy or asthma; (2) maternal allergy, no
asthma, defined as self reported doctor’s diagnosed eczema,
allergy for house dust mite/pets, or allergic rhinoconjunctivitis
(eg, hay fever); and (3) maternal asthma, defined as selfreported or physician-diagnosed asthma, irrespective of other
allergic diseases. Maternal increased total IgE levels and sensitization were both defined as present (yes/no).
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Infant Atopic Manifestations
Eczema (by Questionnaire, Adapted from International
Study of Asthma and Allergies in Childhood).
In the 7-, 12-, and 24-month postpartum questionnaires, parents were asked: “Has your child ever had an itchy
rash that came and went in the past months?” If the parent
answered “yes” at least once, the infant was defined as having
developed eczema in the first 2 years of life. Cases of diaper
rash, rash around the eyes, or scalp scaling were excluded.
Atopic Dermatitis (According to UK-WP Criteria)
To specify eczema reported by parents as described
earlier, we defined atopic dermatitis according to UK-WP
criteria6 for all infants who were visited at home at age 2 years.
In this study, infants with a UK-WP atopic dermatitis probability score ⬎0.9 were considered as having probable presence of atopic dermatitis.
Recurrent wheezing in the first 2 years of life was
defined as reported presence of wheezing with at least 4
attacks between age 0 and 7 months and mentioned in the
7-month postpartum questionnaire, between age 7 and 12
months and mentioned in the 12-month postpartum questionnaire, or between age 13 and 24 months and mentioned in
the 24-month postpartum questionnaire.
Measurements and Definitions of Allergic Sensitization
(Mother and Infant)
Maternal venous blood samples were obtained during
home visits at 34 to 36 weeks of gestation. Infants’ venous
blood samples were obtained during home visits at 2 years
postpartum. Total IgE levels were analyzed as described earlier.7,8 For values ⬍150 IU/mL, a sandwich radioimmunoassay (RIA) was used;7 for values ⬎150 IU/mL, a competitive
RIA was used.8 All blood samples were analyzed for specific
IgE against hen’s eggs, cow’s milk, peanuts, birch, grass
pollen, cat, dog, and house dust mite using a radioallergosorbent test as described previously.8 Calculation was performed
by means of a standard curve obtained by radioallergosorbent
testing with a dilution series of a chimeric monoclonal IgE
antibody against the major allergen Der p 2 and Sepharosecoupled recombinant Der p 2.9 The detection limits for total
and specific IgE were 0.50 IU/mL and 0.10 IU/mL, respectively. High maternal total IgE was arbitrarily defined as total
IgE level ⬎100 IU/mL; high total IgE for infants was arbitrarily defined as total IgE level ⬎10 IU/mL. Mother and
infant were considered sensitized if specific serum IgE levels
were ⬎0.3 IU/mL against at least 1 of the food or inhalant
allergens tested.
Statistical Analysis
Relationships were analyzed using logistic regression.
Results are presented as unadjusted odds ratios (OR) and
adjusted ORs with corresponding 95% confidence intervals
(CIs). All potential confounders were simultaneously included in the logistic regression model to adjust the analyses.
The Journal of Pediatrics • October 2007

Potential confounders were (1) age at introduction of cow’s
milk products, defined as artificial formulas (including hypoallergenic formulas), (raw) milk, porridge, yogurt, and
other dairy products, categorized according to age at first
introduction as 0 to 3 months, 4 to 6 months, 7 to 9 months,
and after 9 months, and (2) age at introduction of other food
products (eg, fruit mash), categorized according to the age at
first introduction as 0 to 3 months, 4 to 6 months, and after
7 months. Other potential confounders were infant’s sex,
recruitment group (conventional/alternative lifestyle), antibiotic medication (yes/no), maternal smoking during pregnancy
(yes/no), infant’s exposure to environmental tobacco smoke
(yes/no), maternal age at delivery, maternal education (primary school, preparatory vocational or lower general secondary education [low], vocational education, higher general secondary or pre-university education [middle], or higher
vocational or academic education [high]), presence of paternal
allergic disease (yes/no), number of siblings (no siblings, 1
sibling, or 2 or more siblings), and presence of older allergic
siblings (no siblings, older allergic sibling[s], or older nonallergic sibling[s]).
To assess whether our results were prone to reverse
causation (by introducing hypoallergenic formulas after the
development of eczema), we explored the use of hypoallergenic formulas associated with atopic manifestations. For the
test for trend, we repeated the logistic regression analyses with
the categories of breast-feeding duration (coded as 1 to 5) as
a continuous variable in the logistic regression analyses, again
adjusting for all potential confounders. Effect modification by
recruitment group was assessed using the likelihood ratio test,
comparing models with and without interaction terms.

RESULTS
Of the 2834 infants enrolled at birth, 3 were excluded
because of Down syndrome and 126 because of missing
information on breast-feeding, leaving 2705 infants for the
study. The response rate for the questionnaire at age 2 years
was 93% (n ⫽ 2516). Home visits at age 2 years were made in
818 infants. Most infants were breast-fed (85%; n ⫽ 2287).
Mothers in the alternative recruitment group had a higher
rate and a longer duration of breast-feeding compared with
those in the conventional recruitment group (Table I; available at www.jpeds.com). Also, they showed greater delay in
the age of introduction of cow’s milk products (Table I).
Other characteristics that differed between both groups were
maternal age, maternal smoking during pregnancy, environmental tobacco smoking, maternal education, number of siblings, and antibiotic medication use (Table I).
Infants receiving hypoallergenic formulas at any time
between birth and age 3 months (n ⫽ 185) showed a higher
risk of eczema in the first 2 years of life compared with infants
given nonhypoallergenic formula feeding (unadjusted OR ⫽
1.81; 95% CI ⫽ 1.31 to 2.49) even when adjusting for all
potential confounders (adjusted OR ⫽ 1.97; 95% CI ⫽ 1.30
to 3.00). Because these results may be explained by reverse
causation (ie, hypoallergenic formulas were introduced after

the development of eczema), we excluded the participants
who introduced hypoallergenic formulas (0 to 3 months) from
all subsequent analyses.
Overall, longer breast-feeding duration showed a statistically significant trend toward a lower risk of eczema
(Ptrend ⫽ .03, adjusted for confounders). Longer duration
of breast-feeding was associated with a statistically significant lower risk for eczema in infants of mothers without
allergy or asthma (Ptrend ⫽ .01; Table II). In mothers with
allergy but no asthma, the results trended in the same
direction but were not statistically significant (Ptrend ⫽ .14;
Table II). For asthmatic mothers, there was no (inverse)
association between breast-feeding duration and infant eczema (Ptrend ⫽ .87; Table II). There was no association
between breast-feeding duration and atopic dermatitis according to UK-WP criteria (n ⫽ 866; number of cases ⫽
117) in either the overall analysis or the 3 different maternal strata (results not shown; Ptrend ⬎ .05).
Longer breast-feeding duration was associated with a
lower risk of recurrent wheeze in infants of mothers with no
allergy or asthma (Ptrend ⫽ .02), with allergy but no asthma
(Ptrend ⫽ .02), and with asthma (Ptrend ⫽ .06). The breastfeeding category 7 to 9 months showed the lowest risk of
infant recurrent wheeze in all groups (OR ⫽ 0.11; 95% CI ⫽
0.02 to 0.70) (Table II).
Duration of breast-feeding did not influence the risk of
high total IgE levels in infants of mothers who themselves
had increased total IgE levels or in mothers with normal IgE
levels (Table III; available at www.jpeds.com). Also, we found
no association between breast-feeding duration and infant
sensitization in infants of mothers with or without sensitization (Table III).
The differences in the ORs of unadjusted and adjusted
analyses (Table II) were the result of strong confounding
effects of a positive paternal history of allergic disease, age at
introduction of cow’s milk and other food products, and
infant’s use of antibiotics.

DISCUSSION
We found that longer duration of breast-feeding was
associated with a decreased risk for recurrent wheeze in the
first 2 years of life, regardless of the mother’s allergy history.
Moreover, longer duration of breast-feeding was associated
with a decreased risk of eczema (by questionnaire) in infants
of mothers without allergy or asthma. When atopic dermatitis
(according to UK-WP criteria), increased total IgE levels, or
sensitization were taken as the outcome, no associations with
breast-feeding duration were found.
Overall, our results for eczema provide evidence of a
protective effect of breast-feeding. We found a protective
effect of breast-feeding duration on eczema in the first 2 years
of life in mothers without allergy or asthma; this effect was
less clear in mothers with allergy but no asthma and absent in
mothers with maternal asthma. These findings imply effect
modification by maternal allergic status for the relationship
between breast-feeding and infant eczema. Nevertheless,
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Table II. Associations between breast-feeding duration and the development of infant eczema and
recurrent wheeze during the first 2 years of life according to presence of allergy and/or asthma in the
mother
Infant eczema
Maternal status
No allergy, no
asthma
BF
Never
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Ptrend
Maternal allergy,
no asthma
BF
Never
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Ptrend
Maternal asthma
BF
Never
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Ptrend

Infant recurrent wheeze

N

n (%)

OR (95% CI)

ORadj (95% CI)*

N

n (%)

OR (95% CI)

ORadj (95% CI)*

231
494
259
245
309

61 (26%)
132 (27%)
70 (27%)
74 (30%)
75 (24%)

1.00
1.02 (0.71 to 1.45)
1.03 (0.69 to 1.54)
1.21 (0.81 to 1.80)
0.89 (0.60 to 1.32)
.83

1.00
0.90 (0.61 to 1.31)
0.71 (0.42 to 1.20)
0.69 (0.40 to 1.19)
0.51 (0.29 to 0.89)
.01

167
353
198
194
247

25 (15%)
55 (16%)
24 (12%)
11 (6%)
17 (7%)

1.00
1.05 (0.63 to 1.75)
0.78 (0.43 to 1.43)
0.34 (0.16 to 0.72)
0.42 (0.22 to 0.80)
.00

1.00
1.11 (0.62 to 2.00)
0.84 (0.36 to 1.95)
0.37 (0.14 to 1.00)
0.43 (0.16 to 1.11)
.02

87
215
111
114
125

27 (31%)
71 (33%)
43 (39%)
42 (37%)
46 (37%)

1.00
1.10 (0.64 to 1.87)
1.41 (0.78 to 2.54)
1.30 (0.72 to 2.34)
1.29 (0.72 to 2.32)
.28

1.00
0.90 (0.52 to 1.57)
0.86 (0.43 to 1.71)
0.68 (0.34 to 1.38)
0.63 (0.31 to 1.29)
.14

67
139
84
89
101

15 (22%)
22 (16%)
13 (16%)
6 (7%)
10 (10%)

1.00
0.65 (0.31 to 1.36)
0.63 (0.28 to 1.45)
0.25 (0.09 to 0.69)
0.38 (0.16 to 0.91)
.01

1.00
0.56 (0.25 to 1.23)
0.44 (0.16 to 1.26)
0.18 (0.05 to 0.61)
0.32 (0.10 to 1.00)
.02

27
75
36
37
42

7 (26%)
28 (37%)
15 (42%)
12 (32%)
22 (52%)

1.00
1.70 (0.64 to 4.53)
2.04 (0.69 to 6.05)
1.37 (0.46 to 4.13)
3.14 (1.10 to 9.00)
.08

1.00
1.39 (0.51 to 3.78)
1.40 (0.44 to 4.42)
0.70 (0.22 to 2.27)
1.67 (0.53 to 5.21)
.87

16
47
24
24
35

5 (31%)
13 (28%)
7 (29%)
3 (13%)
6 (17%)

1.00
0.84 (0.24 to 2.89)
0.91 (0.23 to 3.58)
0.31 (0.06 to 1.57)
0.46 (0.12 to 1.80)
.01

1.00
0.40 (0.10 to 1.51)
0.48 (0.10 to 2.32)
0.11 (0.02 to 0.70)
0.22 (0.04 to 1.09)
.06

May not add up to total numbers because of missing values.
BF, breast-feeding; ORadj , adjusted odds ratio.
*Based on logistic regression analysis adjusted for: the age at introduction of cow’s milk products, the age at introduction other food products, infant sex, recruitment group, infant’s
use of antibiotics, maternal smoking during pregnancy, infant’s exposure to environmental tobacco smoke, maternal age at delivery, maternal education, presence of paternal allergic
disease, number of siblings and presence of older allergic siblings.

these results need to be interpreted with caution because only
mothers without allergy or asthma who breast-fed for ⬎9
months showed a statistically significantly lower risk for eczema in the first 2 years of life. In addition, the different
results in the 3 maternal strata may be explained by differing
reporting behaviors on symptoms of infant eczema between
mothers with or without allergy and/or asthma.
Infants’ eczema and sensitization were considered as
separate outcomes instead of combining them as atopic eczema, because sensitized infants do not necessarily exhibit
symptoms of eczema and vice versa.10 Consequently, we use
the term “eczema” instead of “atopic eczema.” On the other
hand, we use the term “atopic dermatitis” for infants fulfilling
the UK-WP criteria according to Williams et al.6 The associations between breast-feeding and eczema could not be
confirmed by our results on atopic dermatitis according to the
UK-WP criteria. We speculate that breast-feeding is associated only with a milder eczematous condition that has already
disappeared at the time of the home visit. Another explanation for these discrepant findings is that the UK-WP criteria
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included specific predilection sites of atopic dermatitis (flexural involvement),6 whereas the questionnaire data were based
on the presence of an itchy rash anywhere (except diaper rash,
rash around the eyes, and scalp scaling), and thus may include
nonatopic eczema.
Wright et al3 found an increased risk for asthma and
wheeze in breast-fed children compared with never– breastfed children whose mothers had asthma themselves. Interestingly, the same authors also reported higher IgE levels in
breast-fed versus never– breast-fed children of mothers with
high IgE levels.1 In the present study, we found no effect of
breast-feeding on total IgE levels in infants of mothers with
or without high total IgE levels. We also found no effect of
breast-feeding on sensitization in the infants of mothers with
and without sensitization, suggesting no effect modification
by maternal sensitization. We conclude that maternal atopic
status is not a major effect modifier of the effect of breastfeeding on infants’ atopic manifestations. However, it should
be noted that total and specific IgE levels are only weakly
associated with atopic eczema and wheeze.10 Allergic sensiThe Journal of Pediatrics • October 2007

tization may not be a prerequisite for childhood eczema.11 An
Australian study also showed no statistical interaction between breast-feeding and maternal asthma status for the risk
of asthma in childhood.4
Our results indicate that longer breast-feeding duration protects against recurrent wheeze irrespective of maternal allergic status. Wright et al12 followed infants during
regular visits to a health maintenance organization and
found that in the first 4 months of life, any breast-feeding
was associated with a decreased incidence of wheezing
illnesses. Another study showed that breast-feeding for ⱖ6
months was slightly protective against transient wheezing,
whereas it was a moderate risk factor for late-onset wheezing.13 Wheezing in young children may represent a heterogeneous group of conditions.14 It is a relatively common
symptom in infancy, and not all wheezing will necessarily
become asthma in later life. We propose that our findings
on recurrent wheeze actually reflect that breast-feeding
protects against respiratory infections in early childhood.
Indeed, infections have been found to be related to wheezing symptoms. For instance, Lemanske et al15 reported
that in the first year of life, a virus could be found during
a wheezing episode in 78% of severe wheezers and in 63%
of mild wheezers. Earlier, Chantry et al16 found that full
breast-feeding for ⱖ6 months provided more protection
against respiratory tract infection than full breast-feeding
for ⬎4 but ⬍6 months.
There are several reasons why effect modification by
maternal allergic status is important. First, it has been stated
that a lack of stratification by maternal asthma and allergic
predisposition in the child may have obscured how the relationship between breast-feeding and atopic manifestations
changes with the child’s age and atopic status.17 Second, the
milk composition may differ in allergic and nonallergic mothers in such a way so as to affect atopic manifestations in the
child.3 Not only cytokines, but also long-chain polyunsaturated fatty acid levels, may differ between atopic and nonatopic mothers.18-20
Taken together, we demonstrated that only the relationship between breast-feeding and infant eczema in the first
2 years of life may be modified by maternal allergic status,
because a protective effect of breast-feeding duration on eczema seemed to be present mainly for mothers without allergy
or asthma, after adjustment for confounders including age at
introduction of cow’s milk or other food products. The protective effect of breast-feeding against recurrent wheeze was

observed irrespective of maternal allergic status, and we speculate that these results may reflect protection against respiratory illness.
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Table 1. Baseline characteristics in both recruitment groups
Conventional
(n ⴝ 2229)
Breast-feeding, n (%)
Never
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Age at introduction of cow’s milk products, n (%)
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Unknown
Use of hypoallergenic formulas, n (%)
Yes
Age at introduction of other foods products, n (%)
3 months
4 to 6 months
ⱖ7 months
Unknown
Sex of infants, no of boys (%)
Maternal age in years, mean (SD)
Maternal smoking during pregnancy, n (%)
Environmental tobacco smoking, n (%)
Maternal education, n (%)
Low
Middle
High
Unknown
Parental allergic disease, n (%)
Both parents nonallergic
Only father allergic
Only mother allergic
Both parents allergic
Unknown
Number of siblings, n (%)
0 siblings
1 sibling
2 or more siblings
Unknown
Presence of older allergic siblings, n (%)
No siblings
Older nonallergic sibling(s)
Older allergic sibling(s)
Unknown
Infant’s use of antibiotics, n (%)
Yes
Unknown

Alternative
(n ⴝ 476)

Total
(n ⴝ 2705)

407
913
357
285
267

(18%)
(41%)
(16%)
(13%)
(12%)

11
64
71
115
215

(2%)
(13%)
(15%)
(24%)
(45%)

418
977
428
400
482

(16%)
(36%)
(16%)
(15%)
(18%)

1016
615
459
46
57

(46%)
(29%)
(21%)
(2%)
(3%)

51
137
242
28
18

(11%)
(29%)
(51%)
(6%)
(4%)

1067
788
701
74
75

(39%)
(29%)
(26%)
(3%)
(3%)

163

(7%)

22

(5%)

185

(7%)

178
1846
48
157
1133
31
189
110

(8%)
(83%)
(2%)
(7%)
(51%)
(4)
(9%)
(5%)

20
411
27
18
240
34
3
2

(4%)
(86%)
(6%)
(4%)
(50%)
(4)
(1%)
(⬍1%)

198
2257
75
175
1373
32
192
112

(7%)
(83%)
(3%)
(7%)
(51%)
(4)
(7%)
(4%)

256
857
993
123

(12%)
(39%)
(45%)
(6%)

18
83
362
13

(4%)
(17%)
(76%)
(3%)

274
940
1355
136

(10%)
(35%)
(50%)
(5%)

878
460
496
288
107

(40%)
(21%)
(22%)
(13%)
(5%)

186
110
105
69
6

(40%)
(23%)
(22%)
(15%)
(1%)

1064
570
601
357
113

(39%)
(21%)
(22%)
(13%)
(4%)

1804
286
42
97

(81%)
(13%)
(2%)
(4%)

369
81
22
4

(78%)
(17%)
(5%)
(1%)

2173
367
64
101

(80%)
(14%)
(2%)
(4%)

1804
249
85
91

(81%)
(13%)
(2%)
(4%)

369
71
35
1

(78%)
(15%)
(7%)
(⬍1%)

2173
320
120
92

(80%)
(12%)
(4%)
(3%)

430
187

(19%)
(8%)

56
15

(12%)
(3%)

486
202

(18%)
(8%)

SD, standard deviation.
ⴱNumbers may not add up to the total because of missing values.
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Table III. Associations between breast-feeding duration and infant increased total IgE and sensitization at age 2 years, according to presence
of increased total IgE/sensitization in the mother
Infant increased total IgE
Maternal status
Maternal total IgE ⱕ100
IU/mL
BF
Never
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Ptrend
Maternal total IgE ⬎100
IU/mL
BF
Never
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Ptrend

N

n (%)

OR (95% CI)

Infant sensitization

ORadj (95% CI)

N

n (%)

OR (95% CI)

ORadj (95% CI)

52
97
81
74
91

11 (21%)
23 (24%)
26 (32%)
17 (23%)
22 (24%)

1.00
1.35 (0.56 to 3.25)
1.52 (0.60 to 3.82)
1.80 (0.74 to 4.39)
0.98 (0.39 to 2.48)
1.00

1.00
1.35 (0.53 to 3.43)
2.03 (0.60 to 6.88)
2.72 (0.80 to 9.25)
1.59 (0.45 to 5.66)
.80

35
88
61
73
71

9 (26%)
28 (32%)
21 (34%)
28 (38%)
18 (25%)

1.00
1.16 (0.51 to 2.61)
1.76 (0.78 to 3.97)
1.11 (0.47 to 2.62)
1.19 (0.52 to 2.70)
.85

1.00
1.35 (0.57 to 3.18)
2.86 (0.91 to 8.92)
1.91 (0.58 to 6.25)
2.39 (0.72 to 7.96)
.50

No maternal
sensitization
68
150
124
117
142

21
37
18
29
23

24 (35%)
70 (47%)
75 (61%)
63 (54%)
85 (60%)

10 (48%)
20 (54%)
11 (61%)
15 (52%)
19 (83%)

1.00
1.60 (0.89 to 2.90)
2.81 (1.52 to 5.19)
2.14 (1.16 to 3.96)
2.73 (1.50 to 4.98)
.00

1.00
1.81 (0.95 to 3.46)
2.34 (0.93 to 5.93)
1.71 (0.65 to 4.45)
1.80 (0.67 to 4.82)
.65

1.00
1.29 (0.44 to 3.78)
1.75 (0.49 to 6.30)
1.19 (0.39 to 3.68)
5.21 (1.32 to 20.67)
.05

1.00
1.34 (0.43 to 4.19)
1.49 (0.34 to 6.64)
0.88 (0.22 to 3.45)
4.66 (0.94 to 23.18)
.31

Never
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Ptrend
Maternal
sensitization
Never
0 to 3 months
4 to 6 months
7 to 9 months
⬎9 months
Ptrend

May not add up to total numbers because of missing values.
BF, breastfeeding.
*Based on logistic regression analysis adjusted for age at introduction of cow’s milk products, age at introduction other food products, sex of infant, recruitment group, infant’s use of antibiotics, maternal smoking during pregnancy, infant’s
exposure to environmental tobacco smoke, maternal age at delivery, maternal education, presence of paternal allergic disease, number of siblings, and presence of older allergic siblings.

Solid Food Introduction in Relation to Eczema: Results from a Four-Year
Prospective Birth Cohort Study
BIRGIT FILIPIAK, MSC, ANNE ZUTAVERN, MD, MPH, SIBYLLE KOLETZKO, MD, ANDREA VON BERG, MD, INKEN BROCKOW, MD, MPH,
ARMIN GRÜBL, MD, DIETRICH BERDEL, MD, DIETRICH REINHARDT, MD, CARL PETER BAUER, MD, H.-ERICH WICHMANN, MD, PHD,
JOACHIM HEINRICH, PHD, AND THE GINI-GROUP*

Objective To assess the association between the introduction of solid foods in the first 12 months and the occurrence of
eczema during the first 4 years of life in a prospective study of newborns.
Study design Data were taken from annually administered questionnaires from a large birth cohort (recruited 1995–1998)
comprised of an intervention and a nonintervention group. Outcomes were doctor-diagnosed and symptomatic eczema.
Multiple generalized estimation equation models were performed for the 2 study groups.
Results From the 5991 recruited infants, 4753 (79%) were followed up. The 2 study groups were different in their family
risk of allergies and feeding practices. No association was found between the time of introduction of solids or the diversity of
solids and eczema. In the nonintervention group, a decreased risk was observed for
avoidance of soybean/nuts, but an increased risk was seen in doctor-diagnosed eczema
for the avoidance of egg in the first year.
Conclusion The evidence from this study supports neither a delayed introduction of
See editorial, p 331 and
solids beyond the fourth month nor a delayed introduction of the most potentially
allergenic solids beyond the sixth month of life for the prevention of eczema. However,
related articles, p 347
effects under more extreme conditions cannot be ruled out. (J Pediatr 2007;151:352-8)
and p 359
nfant feeding guidelines recommend a delayed introduction of solids to beyond 4 to
6 months of age to prevent atopic diseases.1-4 In 2001, the World Health Organization tightened their recommendations and proposed exclusive breastfeeding for the
first 6 months of life and the introduction of solids only thereafter.3 However, scientific
evidence supporting a delayed solid food introduction for the prevention of atopic diseases
is scarce and inconsistent.5,6 The discussion was revived, and new studies were demanded
taking into account reverse causality and confounding factors for population subgroups.7
Recently, we published results from the German LISA cohort (Influences of
Lifestyle-Related Factors on the Immune System and the Development of Allergies in
Childhood), which considered reverse causality in the relationship between the introduction of solids and eczema at 2 years of life.8 In the GINI (German Infant Nutritional
Intervention Program) cohort study, we used the same questions as in the LISA cohort
to investigate eczema outcomes and feeding exposure. New to this analysis is the extended
length of observation period (from 2 years8 to 4 years of age) and the presence of 2
comparison groups for different family risks of allergy and feeding recommendations. The
aims of our analyses were to compare feeding practices in 2 study groups with different
family risks of allergy and to investigate whether a delayed introduction of solids (past 4
months or past 6 months) is protective against the development of eczema.
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I
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METHODS
Study Population
Between September 1995 and July 1998, a total of 5991
term newborn infants were recruited from 2 regions of Germany (urban Munich, Bavaria, and rural Wesel, NorthRhine-Westfalia). Family risk of atopy was assessed by questionnaire, and parents of infants at high risk for allergic
diseases were asked to participate in the intervention study.
The cohort is composed of an intervention (n ⫽ 2252) and
nonintervention group (n ⫽ 3739). Self-administered questionnaires were sent annually to all parents around the children’s birthdays.
The intervention subgroup (I group) was infants with a
family history of allergy described in detail elsewhere.9 Briefly,
this study was a prospective, randomized, double-blind trial
that investigated the effect of hydrolyzed formulas compared
with conventional cow’s milk formula in preventing allergies.
Mothers were encouraged to breast feed for at least 4 months
and were advised to feed a randomized formula in case of
insufficient breast feeding. Furthermore, it was recommended
not to introduce solid foods during the first 4 months of life
and thereafter to introduce only 1 new food item per week.
Potentially allergenic food such as cow’s milk and dairy products, eggs, fish, tomatoes, nuts, soy products, and citrus fruits
were to be avoided entirely during the first year.
The nonintervention subgroup (NI group) was infants
who did not have a family history of allergy or whose parents
did not wish to participate in the intervention trial. This
group did not receive any dietary recommendations. Written
informed consent was obtained from all participating families,
and the study protocol was approved by local ethics committees.
Questionnaires
Basic information on family history of allergy, siblings,
parental education, maternal smoking, and age was included
in the initial questionnaire at recruitment. The subsequent
annual questionnaires (at infants’ age 1, 2, 3, and 4 years)
included questions on doctor diagnoses and symptoms of
eczema, other medical conditions, some lifestyle and environmental factors, such as exposure to tobacco smoke, keeping of
and contact with pets, and early contact with other children.
At the end of the first year, questions about feeding practices
during the first year were also included.
Outcomes
Doctor-diagnosed eczema was defined by parents reporting a physician’s diagnosis of eczema from the preceding 12
months. (The question was: “Did a physician diagnose any of
the following diseases during the 1st/2nd/3rd/4th year of life:
. . . allergic or atopic eczema/dermatitis?”).
Symptomatic eczema was defined by parents reporting an
itching eczema within the preceding 12 months that was
either recurrent or lasted for more than 6 months (first year)/2

weeks (second to fourth year) and that affected the skin
creases, face, neck, extremities, hands, feet, or trunk (not
underneath the diaper).

Exposure
When the infants were 12 months old, parents were
asked about breast feeding practices and about the timing of
solid food introduction into the child’s diet. Possible answer
choices included “1st until 4th month,” “5th/6th month,” “7th
to 12th month,” and “solid food item not yet introduced.”
Forty-eight single food items were classified into the following 8 solid food groups: vegetables, cereal, fruit, meat, dairy
products, egg, fish, and other (soybean, nuts, cocoa, chocolate). Summary exposure variables included any solids, defined
by the timing of first introduction of any of the above mentioned solid food items, and solids diversity, defined at 4
months and at 6 months by summing up the number of
different food groups that were included in the child’s diet at
that time. The classification of food groups and the definition
of summary exposure variables followed the definitions of
Fergusson et al10 and LISA.8
Risk Factors or Confounder
For sociodemographic factors we considered sex, study
region (Munich, Wesel), number of older siblings, and parental education (categorized by the highest number of years
of school attendance by either parent). Family history of
allergy was classified in “no,” “single,” and “double.” A single
family history was defined by at least 1 parent or sibling ever
having allergic eczema, asthma, allergic rhinitis, urticaria, or
food allergy. A double history of allergy was present if both
parents had at least 1 of the above allergic diseases. Family
history of allergic eczema was considered positive if either 1
parent or sibling ever had allergic eczema.
Passive tobacco smoke exposure was asked about in the
annual questionnaires in and after the second year. Mothers
who smoked before pregnancy were identified from the questions at recruitment.
The type of milk feeding during the first 6 months was
defined separately from solid food introduction. The question
at year 1 was “What kind of milk did your child drink during
the 1st/2nd/3rd/4th/5th and 6th month of life?” The infant
was defined as “breast fed only” if parents selected “human
milk only” for the first 4 months. The other categories were
“formula only” or “mixed feeding” during the first 4 months of
life. The type of formula (cow’s milk– based, partial or extensive hydrolysate) was known for the compliant infants in the
I group for the first 4 months and, for all others, the type was
defined by the given brand names.
Statistical Analysis
Stratified analyses were performed to account for possible effect modification by study group. For the descriptive
analyses, proportions were given and tested by 2 testing.
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Multiple repeated measures models were performed to
investigate the association between different solid food measures and eczema outcomes. To model longitudinal data with
missing outcome because of loss to follow-up, generalized
estimation equations were used, and results were presented as
adjusted odds ratio with 95% confidence intervals.
Solid food measures examined comprised single food
groups and the summary exposure variables. The exposure
groups of solids were combined if a cell size covered less than
40 observations in the analyzed strata.
All models were controlled for the fixed set of risk and
confounding factors, family history of allergic eczema, and
type of milk feeding (different dummy variables). The factors—sex, study area, siblings, parental education, maternal
smoking before pregnancy, exposure to passive smoking, and
birth weight—were considered but not included in the models
because no confounding effects were seen. After performing
sensitivity analyses, missing information in the confounder or
in the exposure variables was assigned to the most frequent
category, or in case of more than 50 observations, as a new
category. Statistical analyses were done with the statistical software SAS for Windows, version 9.1 (SAS Institute, Cary, NC).

RESULTS
Study Population and Follow-up
From the 5991 recruited newborns (2252 in the I group
and 3739 in the NI group), total loss to follow-up was 25% in
the NI group and 14% in the I group. First-year questionnaires were filled out by 75% of participants in the NI group
and 83% of participants in the I group; every annual questionnaire was available only in 64% of participants and 66% of
participants in each group, respectively (Table I).
Baseline Characteristics
The I group comprised only infants with single or
double heredity of allergy, whereas, in the NI group, 67% of
infants with follow-up had no positive family history of allergy. Allergic eczema in the family history was present in
only 10% in the NI group compared with 40% in the I group.
The 2 groups differed in parental education and number of
siblings, but not in sex, birth weight, or tobacco exposure
(Table II). Significantly (P ⬍ .001) more eczema (doctor
diagnosed as symptomatic) was reported in the I group than
in the NI group at all stages of follow-up (Table I).
Feeding Practices
The I and NI groups differed strongly (statistically
significant with P ⬍ .001) in their feeding practices
(Table III). In the I group, solid foods were introduced later
(14% in the first 4 months vs 34% in the NI group) and with
less diversity (5% “more than 5 solid groups” at 6 months vs
24% in the NI group). The potentially allergenic foods such as
dairy products and egg were often avoided in the first half
year: dairy products were given in the first 6 months by only
6% in the I group compared with 26% in the NI group, and
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Table I. Number of infants and observed eczema in
the course of follow-up

Recruitment
Total loss
Total followed infants
Participants at 1st year of follow-up
Participants at 2nd year of follow-up
Participants at 3rd year of follow-up
Participants at 4th year of follow-up
Answered every annual questionnaire
in the 1st to 4th year
Doctor-diagnosed eczema *
At 1st year of follow-up
At 2nd year of follow-up
Ever in completely followed-up
infants
Symptomatic eczema†
At 1st year of follow-up
At 2nd year of follow-up
Ever in completely followed-up
infants

NI group

I group

3739
925 (25%)
2814 (75%)
2812 (75%)
2556 (68%)
2456 (66%)
2401 (64%)
2395 (64%)

2252
313 (14%)
1939 (86%)
1859 (83%)
1798 (80%)
1738 (77%)
1610 (72%)
1480 (66%)

7.9%
9.5%
19.8%

13.0%
12.9%
28.9%

6.3%
10.3%
21.0%

8.9%
14.8%
29.2%

*Missing outcomes per year in 16 to 40 infants in the NI group and in 7 to 24 in the
I group.
†Missing outcomes per year in 39 to 65 infants in the NI group and in 12 to 34 in the
I group.

eggs 2% versus 13%, respectively. The proportion of breast
feeding was higher in the I group (55%) than in the NI group
(47%) (Table II).

Association of Feeding Practices and Eczema
For neither the I group nor the NI group was any
association between doctor-diagnosed or symptomatic eczema and time of introduction and diversity seen (Table III).
Looking at the single food groups of early introduced solids
such as vegetables, fruits, and cereals, no evidence for a
protective effect on eczema was seen for delayed introduction
beyond 4 months. In the I group, no effect for a delayed
introduction of potentially allergenic foods beyond the sixth
month was observed. The introduction of meat in the second
half of the first year is associated with higher doctor-diagnosed eczema. In the NI group, we observed a protective
effect on both eczema outcomes if soybean, nuts, and cocoa
were introduced in the second half of the first year. In those
of the NI group who avoided eggs in the first year of life, we
observed a significantly increased risk in doctor-diagnosed
eczema, but not in symptomatic eczema. A tendency of a
higher increased risk of doctor-diagnosed eczema than symptomatic eczema was also seen in those who avoided meat,
dairy products, and fish.

DISCUSSION
In this large population-based prospective birth cohort
study, there was no evidence for a protective effect in relation
to eczema from delayed introduction of solids beyond the
The Journal of Pediatrics • October 2007

Table II. Study population: Characteristics of
followed-up infants, by study group

Family history of
allergy
No
Single
Double
Family history of
eczema*
Sex
Male
Study region
Munich
Siblings*
0
1
⬎1
Parental education*
Low (⬍10 years)
Middle (10-12 years)
High (⬎12 years)
Birth weight*
⬍3000 g
3000-3699 g
ⱖ3700 g
Exposure to tobacco
smoke†
Yes
Missing
Exclusive breast
feeding for 4
months

NI group
(n ⴝ 2814)

I group
(n ⴝ 1939)

P
value

1895 (67.3%)
753 (26.8%)
166 (5.9%)
276 (9.8%)

0
1335 (68.9%)
604 (31.1%)
774 (39.9%)

⬍.001
⬍.001

1441 (51.2%)

1006 (51.9%)

.648

1260 (44.8%)

1010 (52.1%)

⬍.001

1411 (50.1%)
1058 (37.6%)
3145 (12.3%)

1117 (57.6%)
606 (31.3%)
216 (11.1%)

⬍.001

366 (13.0%)
893 (31.7%)
1555 (55.3%)

140 (7.2%)
534 (27.5%)
1265 (65.2%)

⬍.001

453 (16.3%)
1478 (53.1%)
855 (30.7%)

268 (14.5%)
1004 (54.3%)
578 (31.2%)

.264

1457 (51.8%)
294 (10.5%)
1322 (47.0%)

959 (49.5%)
238 (12.3%)
1070 (55.2%)

⬍.095
⬍.001

*A few missing values in the variables.
†Maternal smoking before pregnancy or overexposure to passive smoking in the 2nd to
4th year.

fourth month and of most potentially allergenic solids beyond
the sixth month of life. Only the avoidance of soybeans, nuts,
and cocoa in the first 6 months seemed to have advantage in
those infants of the NI group.
The results of this study are consistent with the findings
of LISA, another large German birth cohort,8 where reverse
causation was considered. This analysis strategy was based on
the assumption that most parents were aware of current
prophylactic feeding recommendations and would delay the
introduction of solids when they noticed symptoms of eczema
in their infant. In symptomatic infants, a late introduction of
solids could be associated with increased frequency of eczema
(reverse causality), or a true protective effect could be masked.
The infants were therefore stratified by the presence of allergic symptoms within the first 6 months of life, and occurrence
of eczema in months 6 to 24 was examined. The strata of
infants without early allergic symptoms were interpreted as
unaffected from reverse causality. Exclusion of children with
eczema during the period of breast-feeding was 1 of 3 modes
that were described to avoid disease-related modification of

exposure in the analyses of the relationship between breastfeeding and asthma and eczema.11,12 The 2 other modes were
analysis of the whole cohort and take into account only the
exposure before the onset. These methods seemed open to
criticism.6 In GINI, the information used to control for
reverse causation was not available. Early skin or allergic
symptoms were first assessed at age 1 year, and no further
information was available to decide whether early symptoms
occur before or after introduction of a single solid. Later
introduction of allergenic solids may be a result of early skin
or allergic symptoms and may lead to reverse causation. However, family risk and awareness of allergies may influence the
delayed introduction of allergic solids as well.
The analyses showed that feeding recommendations of
a delayed introduction of solids2,3 were well accepted in
families with high allergy risk. Adherence to the general
feeding guidelines was better in the I group that had received
special feeding recommendations. Feeding practice in the NI
group was very similar to the LISA study in which no special
feeding recommendations were given.8 This was not expected
because family risk of allergy and education was higher in
LISA, and we expected more awareness of solid food avoidance in LISA, which was only present for egg introduction. In
considering the study results on the association between allergies and solids, it should be noted that feeding practice of
single solids differs between countries and has changed in the
last 30 years10,13-19 and that the introduction of solids is
associated with milk feeding practice.20,21
No consistent evidence for an association between early
solid feeding and eczema was found by studies in the last 25
years.8,10,13,18,22-27 A recently published review28 included 4
studies with no association and 5 studies with a positive
association; of these 5, 3 studies were based on an identical
birth cohort with different follow-up times. Early introduction of solids was found to be a risk factor for eczema in a
study conducted in New Zealand in the 1970s with different
follow-up times,10,13,22 studies with a short follow-up
period,23,24 and in a study based on preterm infants with a
history of allergy.26 The study in New Zealand10,13,22 followed a population-based cohort for 10 years. At 2 years of
age, eczema was significantly more frequent in infants fed
solids before 4 months of age than in those fed no solids (18%
vs 13%). Furthermore, the association was found to be dose
dependent; the prevalence of eczema increased with the number of different food types from 13% for no foods, 16% for 1
to 3, and up to 20% for 4 and more food types. However,
feeding practices substantially differed at that time (1970s and
1980s), with a much lower breast feeding rate (on average,
only exclusively 18% were breast fed in comparison to more
than 49% in GINI and LISA) and a much earlier introduction of solids with higher diversity compared with the GINI
and LISA studies. For example, 34% of solids were introduced in the first 4 months in the German cohort, whereas
the proportion in the New Zealand cohort was 72% (where
cereals were introduced in 56%, vegetables in 43%, fruits in
44%, and egg in 13% of participants). In the New Zealand
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Table III. Association modeled by generalized estimation equations between feeding practices and doctordiagnosed eczema and symptomatic eczema, by study group
NI group
N ⴝ 2814*

Introduction of any solids
0-4 months
5-6 months
⬎ 6 months
Diversity at 4 months
No solid
1 to 2 groups
3 to 8 groups
Diversity at 6 months
No solid
1 to 2 groups
3 to 4 groups
5 to 8 groups
Vegetables
0-4 months
5-6 months
⬎6 months
Fruit
0-4 months
5-6 months
⬎6 months
Cereal
0-4 months
5-6 months
⬎6 months
Meat products
0-4 months
5-6 months
⬎ 6 months
Dairy products
0-4 months
5-6 months
6-12 months
⬎12 months
Other‡
⬍ 6 months
6-12 months
⬎ 12 months
Egg
⬍ 6 months
6-12 months
⬎ 12 months
Fish
⬍ 6 months
6-12 months
⬎ 12 months

Doctor-diagnosed
eczema

I group
Symptomatic
eczema

aOR†

[95%CI]

aOR†

[95%CI]

969 (34%)
1348 (48%)
489 (17%)

1
0.86
1.00

[0.66-1.12]
[0.72-1.40]

1
0.95
1.07

[0.73-1.23]
[0.77-1.50]

1837 (65%)
620 (22%)
279 (10%)

1
1.18
1.04

[0.89-1.56]
[0.70-1.56]

1
1.03
1.01

489 (17%)
446 (16%)
1042 (37%)
680 (24%)

1
1.01
0.83
0.81

[0.73-1.41]
[0.62-1.11]
[0.58-1.15]

813 (29%)
1363 (48%)
628 (22%)

1
0.90
1.26

547 (19%)
1485 (53%)
772 (27%)

N ⴝ 1939*

Doctor-diagnosed
eczema

Symptomatic
eczema

aOR†

[95%CI]

aOR†

275 (14%)
878 (45%)
681 (35%)

1
0.95
1.00

[0.69-1.31]
[0.72-1.39]

1
1.14
1.28

[0.81-1.59]
[0.91-1.81]

[0.78-1.36]
[0.67-1.51]

1559 (80%)
215 (11%)
44 (2%)

1
1.05
1.26

[0.76-1.47]
[0.63-2.54]

1
0.88
0.97

[0.63-1.23]
[0.42-2.24]

1
0.87
0.87
0.95

[0.62-1.21]
[0.66-1.17]
[0.67-1.34]

681 (35%)
409 (21%)
585 (30%)
95 (5%)

1
1.00
0.96
0.90

[0.76-1.32]
[0.75-1.23]
[0.53-1.50]

1
0.87
0.88
1.02

[0.66-1.15]
[0.68-1.13]
[0.61-1.70]

[0.68-1.18]
[0.84-1.75]

1
1.02
1.22

[0.77-1.35]
[0.88-1.71]

207 (11%)
823 (42%)
801 (41%)

1
1.06
1.13

[0.73-1.54]
[0.78-1.65]

1
1.06
1.13

[0.73-1.54]
[0.78-1.65]

1
0.91
1.11

[0.68-1.21]
[0.80-1.54]

1
0.87
0.89

[0.65-1.16]
[0.63-1.26]

111 (6%)
716 (37%)
1004 (52%)

1
1.20
1.28

[0.69-2.06]
[0.75-2.19]

1
1.25
1.33

[0.71-2.23]
[0.75-2.34]

379 (13%)
1436 (51%)
984 (35%)

1
0.97
1.08

[0.70-1.37]
[0.74-1.56]

1
1.09
1.01

[0.79-1.52]
[0.71-1.45]

122 (6%)
708 (37%)
996 (51%)

1
0.72
0.72

[0.48-1.10]
[0.48-1.09]

1
0.89
0.92

[0.57-1.39]
[0.59-1.43]

123 (4%)
1168 (42%)
1500 (53%)

1
1.35
1.57

[0.72-2.54]
[0.82-2.95]

1
0.97
1.03

[0.56-1.66]
[0.59-1.79]

25 (1%)
495 (26%)
1301 (67%)

1
1
1.42

ref
ref
[1.11-1.81]

1
1
1.

Ref
Ref
[0.93-1.54]

126 (4%)
637 (23%)
1862 (66%)
154 (5%)

1
0.78
0.96
1.59

[0.42-1.45]
[0.54-1.71]
[0.81-3.13]

1
0.70
0.76
1.37

[0.40-1.23]
[0.44-1.30]
[0.71-2.65]

9 (0%)
111 (6%)
1183 (61%)
512 (26%)

1
1
1.12
1.16

ref
ref
[0.72-1.76]
[0.72-1.87]

1
1
0.95
1.06

Ref
Ref
[0.61-1.47]
[0.67-1.69]

291 (10%)
1718 (61%)
730 (26%)

1
0.71
0.92

[0.50-1.00]
[0.63-1.34]

1
0.70
0.85

[0.50-0.99]
[0.59-1.24]

54 (3%)
849 (44%)
902 (47%)

1
0.73
0.80

[0.39-1.37]
[0.43-1.50]

1
0.66
0.69

[0.35-1.27]
[0.36-1.31]

375 (13%)
1794 (64%)
555 (20%)

1
1.07
1.80

[0.75-1.52]
[1.23-2.64]

1
0.85
1.32

[0.62-1.17]
[0.93-1.88]

41 (2%)
742 (38%)
1012 (52%)

1
0.92
1.06

[0.45-1.90]
[0.52-2.16]

1
1.02
1.15

[0.48-2.16]
[0.54-2.44]

132 (5%)
1221 (43%)
1318 (47%)

1
1.03
1.43

[0.57-1.88]
[0.73-2.61]

1
0.96
1.34

[0.55-1.68]
[0.77-2.32]

11 (0%)
407 (21%)
1358 (70)%

1
1
1.10

Ref
Ref
[0.85-1.41]

1
1
1.12

Ref
Ref
[0.88-1.43]

20

[95%CI]

aOR, Adjusted odds ratio; 95%CI, 95% confidence interval.
*Difference of sum to total group size is due to missing information to exposure.
†Adjusted for family history of eczema and atopy, type of milk feeding such as breast feeding or formula (in the I group the 4 types: cow’s milk– based, partial whey hydrolysate,
extensive whey hydrolysate, or extensive casein hydrolysate; in the NI group the 2 types: cow’s milk– based or unknown milk feeding and hydrolysates).
‡Soybean, nuts, cocoa, chocolate.

cohort, the very early introduction of solids within the first 4
months in the absence of human milk may produce a different
immunologic response than solid introduction after 3 or even
4 months of age in the presence of breast feeding. The
differences in feeding behavior are most likely due to in356
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creased awareness of allergy and the increasing awareness of
feeding recommendations from 1977 to 1996. This should be
considered in the comparison of different results.
Few studies considered specific food types.8,17,22 In a
10-year follow-up study,22 no particular food type was signifThe Journal of Pediatrics • October 2007

icantly associated with eczema. A statistically significant increased risk of eczema in relation to late introduction of egg
and milk has been observed in 1 study.17 This is in line with
our result of an increased risk in doctor-diagnosed eczema
when egg was introduced in the second year. In those infants
where soybean, nuts, and cocoa were avoided in the first 6
months, we observed a decreased risk. The findings concerning single solids should be interpreted with caution. The
introduction of a single food may interact with other single
foods. If cow’s milk was not tolerated by an infant, or if it was
recommended to avoid cow’s milk protein– based formulas
during infancy, the soy protein– based formula could be an
alternative. If we suppose that these infants have an increased
risk for eczema and were introduced to soybean products in
the first 4 months, then we would expect an increased risk for
early introduction and, therefore a decreased risk for a delayed
introduction. Similar cases may be responsible for our findings with eggs; the introduction of any other solid may
result in the onset of eczema with the possible consequence
that potentially allergenic foods, especially eggs, may be
avoided in the first year. This would be characterized as
reverse causation. The more pronounced weaker association
in symptomatic eczema may support reverse causation because
prevalence of this outcome was lower than a doctor’s diagnosis
in the first year because of strict definition (itching for more
than 6 months), and therefore the risk of those avoiding eggs
should be less increased than in those with doctor-diagnosed
eczema.
The current recommendations on the introduction of
specific allergenic foods are not evidence based, and the
recently published consensus document on food allergy6 confirmed the need for practice guidelines based on special epidemiologic and clinical studies.
Selection bias because of loss to follow-up (11% in the
second to fourth year) has to be considered in the interpretation of the results. No difference was found between infants
lost to follow-up after first year and those not lost to follow-up in relation to family risk of allergy or eczema, nor
doctor-diagnosed and symptomatic eczema in the first year.
Those who dropped out introduced solids more frequently in
the first 4 months and with more diversity at 4 months.
Therefore no bias may be expected because of “family risk” (an
important factor) or because of an eczema outcome, but the
association between early food introduction or high food
diversity and eczema may be underestimated. However, it has
to be considered that our population is restricted to families
with a high level of parental education and homogenous
feeding practices.
Exposure was assessed retrospectively at age 1 year, and
misclassification because of recall bias cannot be excluded. In
the second half of the first year, the incidence of eczema is
relatively high, and symptoms or diagnoses may influence the
recall of exposure. Fruit or vegetable juices were not explicitly
named in the questionnaire, and these solids may be underreported. The time of first introduction was asked with the
implication that even if the solid was given only once, it was

of interest. The recall of egg in a self-administered questionnaire may be problematic, because perhaps not all parents
knew that egg may be included in noodles, sauces, or biscuits.
Because we found a similar pattern of solid feeding in the
LISA study, for which data were gathered at 6 months, we
believe that the parents’ recall should be sufficiently precise to
avoid substantial misclassification.
This study does not find evidence supporting a delayed
introduction of solids beyond the fourth month or a delayed
introduction of most potentially allergenic solids beyond the
sixth month of life for the prevention of eczema. Our results
question the strict recommendations given by the World
Health Organization and the American Academy of Pediatrics for delayed solid food introduction for allergy prevention.
We would like to thank the families for participation in the study,
the obstetric units for allowing the recruitment procedure, and the
GINI team for excellent work.
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50 Years Ago in The Journal of Pediatrics
ANOMALY

OF THE INFERIOR VENA CAVA: REPORT OF CASE DIAGNOSED IN NEONATAL PERIOD

Edwards WM, Bennett CE. J Pediatr 1957;50:453-6

Edwards and Bennett report a newborn who was noted at birth to have superficial veins of the abdomen and anterior
chest wall that were quite distended. When the patient was 16 days of age, this finding caused quite a stir. The patient
underwent multiple laboratory evaluations, including a barium swallow, a chest radiography, and a venogram. The
diagnosis was complete atresia of the inferior vena cava with superficial collateral circulation. No treatment was rendered,
and the child did well.
A review of the known literature at the time revealed several isolated case reports, and all reported patients also did
well.
What this article truly illustrates is how far noninvasive imaging has progressed in 50 years. If this child were seen
today, he or she would have undergone magnetic resonance imaging (MRI) with or without contrast to confirm the
diagnosis. This diagnosis is also, incidentally, found in adults and evaluated non-invasively by using MRI techniques.
The only issue these patients generally present is the possibility of obstruction during pregnancy of the circulatory
return to the heart; otherwise, the obstruction remains benign.
Reginald L. Washington, MD
Medical Director, Pediatrix Medical Group
Clinical Professor of Pediatric Cardiology
University of Colorado School of Medicine
Denver, Colorado
10.1016/j.jpeds.2007.04.026
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IgE Food Sensitization in Infants with Eczema Attending a
Dermatology Department
DAVID J. HILL, FRACP, RALF G. HEINE, MD, FRACP, CLIFF S. HOSKING, FRACP, JENNIFER BROWN, SRN, LEONE THIELE, SRN,
KATRINA J. ALLEN, PHD, FRACP, JOHN SU, FRACP, GEORGE VARIGOS, FRACP, AND JOHN B. CARLIN, PHD

Objectives

Because community-based studies, which report IgE food sensitization (IgE-FS) in more than 80% of infants
with moderate atopic eczema, may be influenced by referral bias, we assessed the prevalence of IgE-FS in a cohort of infants
with moderate atopic eczema attending a dermatology department clinic.
Study design Consecutive infants (n ⴝ 51, 39 males; median age, 34 weeks; range, 20 to 51 weeks) with moderate atopic
eczema referred to a university-affiliated dermatology department were studied prospectively. Clinical history and eczema
severity were documented. IgE-FS was assessed by the skin prick test (SPT; n ⴝ 51) and food-specific serum IgE antibodies
(CAP-FEIA test; n ⴝ 41). IgE-FS was diagnosed if the SPT or CAP-FEIA level exceeded the >95% predictive reference cutoff
for positive food challenges.
Results Based on SPT, 44 of 51 infants (86%; 95% confidence interval [CI] ⴝ 74% to 94%) had IgE-FS (cow’s milk, 16%; egg,
73%; peanut, 51%). Using age-specific 95%-predictive cutoff values, CAP-FEIA identified 34 of 41 infants (83%; 95% CI ⴝ 68%
to 93%) with IgE-FS (cow’s milk, 23%; egg, 80%). Forty-six (90%) infants had IgE-FS to at least 1 food item by either SPT or
CAP-FEIA.
Conclusions Atopic eczema was found to be closely associated with IgE-FS in infants attending a dermatology department.
(J Pediatr 2007;151:359-63)

nfantile atopic eczema is a chronic, relapsing, and pruritic inflammatory disease of the skin frequently associated with allergic
sensitization, elevated serum IgE levels, and a family history of atopic disease.1 Atopic eczema affects 28% of Australian
infants.2 In the general community, 9.4% of Australian infants have atopic eczema of
moderate severity, requiring at least 6 weeks of topical steroid treatment during the first 12
months of life.2 This prevalence is similar to that found in European and British studies.3-6
The impact of atopic eczema on families and the cost of treatment are greater than for juvenile
See editorial, p 331 and
diabetes mellitus.7
related articles, p 347
In infants with atopic eczema, the risk of developing high levels of IgE food
sensitization (IgE-FS) associated with IgE-mediated food allergy (IgE-FA) is increased
and p 352
5.9-fold compared with control subjects.8 More than 80% of infants age 3 to 9 months
with moderate to severe atopic eczema referred to our Allergy Department had evidence
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diagnostic agreement of in vivo and in vitro methods in
identifying IgE-FS in eczematous infants.

METHODS
Consecutive infants age 6 to 12 months with moderately severe atopic eczema who were referred to the dermatology clinic from community-based family physicians and
pediatricians were studied prospectively. The infants were
assessed by a consultant dermatologist in the dermatology
department at a university-affiliated pediatric teaching hospital, and a topical treatment program was initiated. All of the
infants were investigated in our Allergy Department for features of IgE-FS to cow’s milk, egg, and peanut within 2 weeks
of the clinical assessment by the dermatologist. Demographic
data, a detailed history, and clinical findings were entered into
a database. Eczema severity was scored by trained senior
allergy research nurses, who also performed skin prick tests
(SPTs) with extracts of cow’s milk, egg, and peanut (DomeHollister-Stier, Spokane, WA), histamine 1%, and a diluent
solution (negative control).12 New batches of extract were
validated for comparable biological potency for SPT reactivity
against previous batches. SPTs were performed on the infant’s
back and scored 15 minutes after application.12 Serum IgE
antibodies to cow’s milk, egg, and peanut were measured by
the CAP System FEIA test (CAP-FEIA; Pharmacia, Uppsala, Sweden) on the day of the SPTs.
Our previous community-based study found a strong
association between atopic eczema and IgE-FS.2 Therefore,
this study was conducted in the dermatology department as a
prospective audit of current clinical practice, and Human
Ethics Research Committee approval was not required.

Assessment of Eczema Severity
The Eczema Severity Score (ESS) was developed in our
Allergy Department for the rapid assessment of atopic eczema
severity in infants. The ESS is similar to the Six-Area, SixSign Atopic Dermatitis scoring system of Berth-Jones13 and
is based on modifications of the SCORAD Index14 and the
Three-Item Severity Score.15 The ESS scores skin findings
for dryness, erythema, and excoriation (absent ⫽ 0, mild ⫽ 1,
moderate ⫽ 2, and severe ⫽ 3). Six skin areas are assessed:
face, arms, hands, legs, feet, and trunk. The maximum ESS
score is 54 (0 to 18 ⫽ mild, 19 to 36 ⫽ moderate, 37 to 54 ⫽
severe).
Diagnosis of IgE-FS
IgE-FS was diagnosed if the SPT wheal diameter exceeded the 95% positive predictive value (PPV) for a positive
food challenge defined by our previous studies.12,16 These
cutoff values in children under age 2 years were ⱖ6 mm for
cow’s milk, ⱖ5 mm for egg, and ⱖ4 mm for peanut.16
Two additional predictive reference decision points for
the diagnosis of IgE-FS by CAP-FEIA were available based
on levels associated with challenge-proven food allergy in 2
other international centers experienced in the investigation of
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Figure 1. SPT wheal diameters in 51 infants with atopic eczema. The
horizontal bars indicate the age-specific 95% PPV reference cutoff levels
for IgE-FS to cow’s milk (A; ⱖ 6 mm), egg (B; ⱖ 5 mm), and peanut
(C; ⱖ 4 mm) for children under age 2 years.16

young children with food allergies. The first of these was
based on the 95% PPV for IgE-FA in children under age 2
years; IgE-FS was diagnosed if the CAP-FEIA antibody level
exceeded 5 kUA/L (95% PPV) for cow’s milk17 and 0.35
kUA/L (94% PPV) for egg.18 No published age-specific data
for peanut allergy in this age group are available. Thus, the
second decision point for diagnosing IgE-FS was based on
the reference 95% PPV for IgE-FA for older children (mean
age, 3.8 years); 95% PPV cutoff levels in that population were
15 kUA/L for cow’s milk, 7 kUA/L for egg, and 14 kUA/L for
peanut.19

Statistical Analysis
Based on the estimate that 30% of infants with atopic
eczema attending the dermatology department would have
IgE-FS, a sample size of 81 was required to test the null
hypothesis.9 A 2-sided 95% confidence interval (CI) for this
estimated prevalence would extend ⫾ 0.1 (10%) from the
observed value. However, the prevalence observed in the first
51 patients greatly exceeded 30%, and after an interim analysis, it was deemed unnecessary to recruit additional patients
into the study. Group data are presented as median and range.
Agreement between diagnostic tests for IgE-FS (SPT and
CAP-FEIA) was assessed by the paired McNemar test. Statistical significance was accepted for P ⬍ .05.

RESULTS
Consecutively referred infants (n ⫽ 51, 39 [76%] males;
median age, 34 weeks; range, 20 to 51 weeks) with moderately
severe atopic eczema as assessed by a dermatologist were
studied. The mean age of onset was 12 weeks (range, 2 to 40
weeks). All infants underwent SPT to cow’s milk, egg, and
peanut. Using the SPT criteria for IgE-FS in children under
age 2 years,16 44 infants (86%; 95% CI ⫽ 74% to 94%) had
IgE-FS to at least 1 food: 8 (16%) to cow’s milk, 37 (73%) to
egg, and 26 (51%) to peanut (Figure 1). Of the 44 infants
The Journal of Pediatrics • October 2007

Figure 2. Food-specific serum IgE antibody levels in 41 children with
atopic eczema. The horizontal bars indicate the age-specific (under 2
years) predictive reference cutoff CAP-FEIA levels for IgE-FS to cow’s
milk (A; ⱖ 5 kUA/L) 17 and egg (B; ⱖ 0.35 kUA/L) 18 and non–agespecific cutoff level to peanut (C; ⱖ 14 kUA/L).19

with IgE-FS identified by SPT, 22 were sensitized to more
than 1 food item.
Food-specific serum IgE levels were available for 41
infants. Based on age-specific reference cutoff levels for children under age 2 years, 34 infants (83%) exhibited evidence of
IgE-FS to cow’s milk and/or egg; 9 of 39 (23%) were allergic
to cow’s milk, and 33 of 41 (80%) were allergic to egg (Figure
2). Applying the cutoff levels for older children to our cohort
of infants, only 19 of 41 infants (46%) were identified as
having IgE-FS; these included 6 of 39 infants (15%) with
IgE-FS to cow’s milk, 15 of 41 (37%) with IgE-FS to egg,
and 10 of 41 (24%) with IgE-FS to peanut.
A total of 46 infants (90%) had IgE-FS to at least 1
food item by either SPT or CAP-FEIA. Agreement in identifying patients with or without IgE-FS between age-specific
SPT and CAP-FEIA cutoff levels was assessed by the paired
McNemar test (Table). Close diagnostic agreement was
found for IgE-FS to cow’s milk (P ⫽ .625) and egg (P ⫽
.375) when using the age-specific decision points for infants
and young children under age 2 years.17,18 However, when
using the predictive cutoff levels for cow’s milk, egg, and
peanut for older children,19 there was significant discordance
between the tests for egg and peanut (paired McNemar test;
egg, P ⫽ .0003; peanut, P ⫽ .002; Table).
Breast-feeding was initiated in 48 (94%) of infants, of
whom 31 (61%) were breast-fed exclusively (with no intake of
solids or supplemental formula) at the onset of atopic eczema.
The mothers of these infants were on unrestricted diets. Of
these 48 infants, 29 (57%) were breast-fed exclusively for
more than 4 months; 25 of these 29 infants developed atopic
eczema before age 4 months. Three infants were formula-fed
from birth.
Based on SPT, 71 instances of IgE-FS to individual
foods were demonstrated in the 51 patients. In 60 of these
instances, although the infants exhibited evidence of IgE-FS
by SPT, they had never knowingly been fed the particular

food item. Of the 37 infants with IgE-FS to egg, only 8 had
previously ingested egg; 7 of these infants reportedly had
clinical allergic reactions on first known exposure (urticaria in
2, eczema flare in 3, and vomiting in 2). In the remaining
infant with severe atopic eczema and IgE-FS to egg by SPT,
the parents observed no immediate adverse effect after the
infant ingested cooked egg in custard; the eczema cleared on
an egg-free diet. None of the remaining 29 infants with an
IgE-FS to egg by SPT had previously ingested egg. Twentyfive of the 26 patients with IgE-FS by SPT to peanut were
breast-fed and had not previously ingested peanut-containing
products. The remaining child developed urticaria after his
first known ingestion of peanut butter before undergoing
SPT. One child with IgE-FS to cow’s milk on SPT had
developed urticaria on the first ingestion of cow’s milk formula before SPT.
The median ESS at the time of initial assessment in our
Allergy Department, within 2 weeks of initial diagnosis and
management, was 16 (range, 0 to 48). ESS scores did not
correlate with the total serum IgE (r ⫽ .282; P ⫽ .112) or the
CAP-FEIA levels (cow’s milk: r ⫽ .259, P ⫽ 0.121; egg: r ⫽
.074, P ⫽ .656; peanut: r ⫽ .119, P ⫽ .470). In addition,
there was no association between the severity of atopic eczema
(by ESS) and the number of foods with an SPT above the
predictive cutoff for IgE-FA (analysis of variance; F ⫽ 1.41,
P ⫽ .252).

DISCUSSION
More than 80% of our cohort of infants with moderately severe atopic eczema referred to the dermatology department exhibited evidence of IgE-FS. Previous investigations
by ourselves and others associated these levels of IgE-FS with
positive food challenges, that is, IgE-FA based on the agespecific 95%-predictive cutoff levels for SPT wheal diameter16
and/or CAP-FEIA antibody levels.17,18 However, because
our protocol did not require formal food challenges, and
because the level of IgE-FS associated with IgE-FA may vary
according to the food challenge protocol,20 we have designated these infants as having IgE-FS rather than IgE-FA.
These findings are in keeping with our previous observations
of a high incidence of IgE-FS in infants with atopic eczema
referred to our Allergy Department8 and in our communitybased studies.2 A study of dermatology department–referred
older children with atopic eczema (mean age, 3.8 years) found
evidence of IgE-FA in 37% of the patients using both 95%
PPV CAP-FEIA and double-blind, placebo-controlled food
challenge methods.9 The age difference between children in
that study and our studies could explain the lower rate of food
allergy in the study of older children, because IgE-FA frequently remits as the level of IgE-FS declines in the first years
of life.21 Differences in eczema severity are another possible
reason for the differing findings.2
The use of the 95% predictive SPT wheal diameter or
CAP-FEIA decision points to diagnose IgE-FA has significantly reduced the need for diagnostic food challenges9,16,19-24 in
centers where these levels have been validated. All of the
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Table. Frequency of IgE-FS as diagnosed by age-specific and -nonspecific diagnostic decision points for SPT
and CAP-FEIA

Cow’s milk

SPT

CAP-FEIA

95% PPV CAP-FEIA cutoff

8/51 (16%)

9/39 (23%)
7/39 (17%)
33/41 (80%)
15/41 (37%)
10/41 (24%)**

5 kUA/L*
15 kUA/L†
0.35 kUA/L*
7 kUA/L†
14 kUA/L†

Egg

37/51 (73%)

Peanut

26/51 (51%)

Diagnostic agreement
(paired McNemar test)
P
P
P
P
P

⫽
⫽
⫽
⫽
⫽

.625
.99
.375
.0003
.002

*Age-specific 94% to 95% PPV in infants and young children under age 2 years.17,18
†ⱖ95% PPV in children and adolescents (mean age, 3.8 years).19

infants in this study whose parents reported unequivocal clinical reactions had SPT levels above the 95% PPV for IgE-FA.
One 8-month-old patient with severe atopic eczema who had
IgE-FS by SPT ingested egg cooked in custard without
obvious adverse effects. His apparent tolerance to cooked egg
may have reflected sensitization to a heat-labile fraction of
egg,25 suppression of an urticarial reaction to egg seen in
severe atopic eczema,23 or the statistical reality that 5% of
cases with SPT ⬎95% PPV for food allergy do not react on
food challenge. This infant’s eczema cleared and remained in
remission at age 2 years on an egg-free low–allergen diet. (He
was hospitalized at that age with anaphylaxis after accidental
ingestion of a cashew).
In this investigation, we may have underestimated the
frequency of IgE-FS in atopic eczema, because we studied
only 3 major food allergens, and thus IgE-FS to other foods
would have been missed.23 In addition, about 10% of infants
and children with atopic eczema have a food allergy mediated
by non–IgE-mediated mechanisms.26
More than 60% of the infants in this study had IgE-FS,
confirmed by invitro and/or in vivo methods, without having
ingested the foods directly. In another 18%, acute allergic
reactions on their first overt exposure to milk, egg, and peanut
were reported. These findings suggest that IgE-FS may have
been acquired either transplacentally or through breast milk.27
Dietary antigens from cow’s milk, egg, wheat, and peanut
have been detected in breast milk within 2 to 6 hours of
maternal ingestion.28,29 Infants with atopic eczema and cow’s
milk allergy who breast-feed within several hours of maternal
ingestion of cow’s milk may develop eczematous flares.30
Although epidemiologic studies suggest that breastfeeding of more than 4 months’ duration may be protective of
atopic eczema,31,32 half of our patients were breast-fed exclusively for more than 4 months but nonetheless developed
eczema during this period, when their mothers had an unrestricted diet. Breast-feeding may predispose to IgE sensitization to cow’s milk and other food proteins through prolonged
low-dose antigen exposure in susceptible individuals, particularly in mothers with low breast milk concentrations of IgA
and transforming growth factor–␤.33 This susceptibility to
atopic eczema in childhood also may be linked to several
genetic polymorphisms, including those within the PHF11
gene at chromosome 13q14.34
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Previous immunopathological models have defined a
range of immune mechanisms in atopic eczema.35 In children
with atopic eczema, positive food challenges cause rapid increases in mast cell– derived plasma histamine concentrations,
activation of eosinophils, and release of eosinophil-derived
factors.36 Activation of circulating T lymphocytes expressing
cutaneous lymphocyte antigen has been demonstrated in children with atopic eczema and IgE-FA to cow’s milk,37 and
peanut-derived epitopes have been found on T lymphocytes
from skin biopsy specimens of an infant with atopic eczema.38
These findings are in keeping with a murine model that
induces eczema-like lesions in 1/3 of sensitized mice after
low-dose ingestion of small amounts of cow’s milk and peanut
allergens.39 In addition, clinical studies have demonstrated
exacerbation of eczema during double-blind, placebo-controlled food challenges40 with the allergen and remission after
exclusion of the allergen. Although a benefit of a maternal
low-allergen diet by breast-feeding mothers in reducing the
prevalence of eczema in their infants has been described,41,42
the role of food allergy in eczema remains controversial.10,11
Our findings suggest that infants with atopic eczema of
moderate severity referred to a dermatology department are
likely to be IgE-sensitized to common foods. Based on the
results of this study, we suggest that routine screening for
IgE-FS and food allergies be included in the investigation of
infants with moderate atopic eczema presenting at age 6 to 12
months. In view of the community prevalence of moderate
atopic eczema of about 10%,2,4-6 adequate allergy resources
are required to optimally manage these infants. Further largescale food challenge studies are now required to validate our
previous findings linking these high levels of IgE antibodies
to common foods with clinically significant positive food
challenges. Future studies need to assess the role of dietary
modification on clinical outcome in infants with eczema.

REFERENCES
1.
Leung DY, Boguniewicz M, Howell MD, Nomura I, Hamid QA. New insights
into atopic dermatitis. J Clin Invest 2004;113:651-7.
2.
Hill DJ, Hosking CS. Food allergy and atopic dermatitis in infancy: an epidemiologic study. Pediatr Allergy Immunol 2004;15:421-7.
3.
Illi S, von ME, Lau S, Nickel R, Gruber C, Niggemann B, Wahn U. The natural
course of atopic dermatitis from birth to age 7 years and the association with asthma. J
Allergy Clin Immunol 2004;113:925–31.
4.
Wadonda-Kabondo N, Sterne JA, Golding J, Kennedy CT, Archer CB, Dunnill

The Journal of Pediatrics • October 2007

MG. A prospective study of the prevalence and incidence of atopic dermatitis in children
aged 0-42 months. Br J Dermatol 2003;149:1023-8.
5.
Arshad SH, Stevens M, Hide DW. The effect of genetic and environmental
factors on the prevalence of allergic disorders at the age of two years. Clin Exp Allergy
1993;23:504-11.
6.
Herd RM, Tidman MJ, Prescott RJ, Hunter JA. Prevalence of atopic eczema in
the community: the Lothian Atopic Dermatitis Study. Br J Dermatol 1996;135:18-9.
7.
Su JC, Kemp AS, Varigos GA, Nolan TM. Atopic eczema: its impact on the
family and financial cost. Arch Dis Child 1997;76:159-62.
8.
Hill DJ, Sporik R, Thorburn J, Hosking CS. The association of atopic dermatitis
in infancy with immunoglobulin E food sensitization. J Pediatr 2000;137:475-9.
9.
Eigenmann PA, Sicherer SH, Borkowski TA, Cohen BA, Sampson HA. Prevalence of IgE-mediated food allergy among children with atopic dermatitis. Pediatrics
1998;101:E8.
10. Thompson MM, Hanifin JM. Effective therapy of childhood atopic dermatitis
allays food allergy concerns. J Am Acad Dermatol 2005;53:S214-9.
11. Fennessy M, Coupland S, Popay J, Naysmith K. The epidemiology and experience
of atopic eczema during childhood: a discussion paper on the implications of current
knowledge for health care, public health policy and research. J Epidemiol Community
Health 2000;54:581-9.
12. Hill DJ, Heine RG, Hosking CS. The diagnostic value of skin prick testing in
children with food allergy. Pediatr Allergy Immunol 2004;15:435-41.
13. Berth-Jones J. Six-Area, Six-Sign Atopic Dermatitis (SASSAD) severity score: a
simple system for monitoring disease activity in atopic dermatitis. Br J Dermatol
1996;135(Suppl 48):25-30.
14. Kunz B, Oranje AP, Labreze L, Stalder JF, Ring J, Taieb A. Clinical validation
and guidelines for the SCORAD index: consensus report of the European Task Force
on Atopic Dermatitis. Dermatology 1997;195:10-9.
15. Wolkerstorfer A, de Waard van der Spek FB, Glazenburg EJ, Mulder PG, Oranje
AP. Scoring the severity of atopic dermatitis: the Three-Item Severity Score as a rough
system for daily practice and as a pre-screening tool for studies. Acta Derm Venereol
1999;79:356-9.
16. Sporik R, Hill DJ, Hosking CS. Specificity of allergen skin testing in predicting
positive open food challenges to milk, egg and peanut in children. Clin Exp Allergy
2000;30:1540-6.
17. García-Ara C, Boyano-Martínez T, Díaz-Peña JM, Martín-Muñoz F, RecheFrutos M, Martín-Esteban M. Specific IgE levels in the diagnosis of immediate
hypersensitivity to cow’s milk protein in the infant. J Allergy Clin Immunol
2001;107:185-90.
18. Boyano MT, García-Ara C, Díaz-Peña JM, Muñoz FM, García SG, Esteban
MM. Validity of specific IgE antibodies in children with egg allergy. Clin Exp Allergy
2001;31:1464-9.
19. Sampson HA. Utility of food-specific IgE concentrations in predicting symptomatic food allergy. J Allergy Clin Immunol 2001;107:891-6.
20. Celik-Bilgili S, Mehl A, Verstege A, Staden U, Nocon M, Beyer K, Niggemann
B. The predictive value of specific immunoglobulin E levels in serum for the outcome
of oral food challenges. Clin Exp Allergy 2005;35:268-73.
21. Wood RA. The natural history of food allergy. Pediatrics 2003;111:1631-7.
22. Hill DJ, Hosking CS, Reyes-Benito LV. Reducing the need for food allergen
challenges in young children: a comparison of in vitro with in vivo tests. Clin Exp
Allergy 2001;31:1031-5.
23. Sampson HA. Update on food allergy. J Allergy Clin Immunol 2004;113:805-19.

24. Knight AK, Shreffler WG, Sampson HA, Sicherer SH, Noone S, Mofidi S, et al.
Skin prick test to egg white provides additional diagnostic utility to serum egg white–
specific IgE antibody concentration in children. J Allergy Clin Immunol 2006;
117:842-7.
25. Cooke SK, Sampson HA. Allergenic properties of ovomucoid in man. J Immunol
1997;159:2026-32.
26. Niggemann B, Reibel S, Roehr CC, Felger D, Ziegert M, Sommerfeld C, et al.
Predictors of positive food challenge outcome in non–IgE-mediated reactions to food in
children with atopic dermatitis. J Allergy Clin Immunol 2001;108:1053-8.
27. Vance GH, Lewis SA, Grimshaw KE, Wood PJ, Briggs RA, Thornton CA, et al.
Exposure of the fetus and infant to hen’s egg ovalbumin via the placenta and breast milk
in relation to maternal intake of dietary egg. Clin Exp Allergy 2005;35:1318-26.
28. Heine RG, Hill DJ, Hosking CS. Primary prevention of atopic dermatitis in
breast-fed infants: what is the evidence? J Pediatr 2004;144:564-7.
29. Palmer DJ, Gold MS, Makrides M. Effect of cooked and raw egg consumption on
ovalbumin content of human milk: a randomized, double-blind, cross-over trial. Clin
Exp Allergy 2005;35:173-8.
30. Järvinen KM, Mäkinen-Kiljunen S, Suomalainen H. Cow’s milk challenge
through human milk evokes immune responses in infants with cow’s milk allergy.
J Pediatr 1999;135:506-12.
31. American Academy of Pediatrics, Committee on Nutrition. Hypoallergenic infant
formulas. Pediatrics 2000;106:346-9.
32. Friedman NJ, Zeiger RS. The role of breast-feeding in the development of
allergies and asthma. J Allergy Clin Immunol 2005;115:1238-48.
33. Saarinen KM, Juntunen-Backman K, Järvenpää AL, Klemetti P, Kuitunen P,
Lope L, et al. Breast-feeding and the development of cow’s milk protein allergy. Adv
Exp Med Biol 2000;478:121-30.
34. Jang N, Stewart G, Jones G. Polymorphisms within the PHF11 gene at chromosome 13q14 are associated with childhood atopic dermatitis. Genes Immunol
2005;6:262-4.
35. Novak N, Bieber T, Leung DY. Immune mechanisms leading to atopic dermatitis.
J Allergy Clin Immunol 2003;112:S128-39.
36. Sicherer SH, Sampson HA. Food hypersensitivity and atopic dermatitis: pathophysiology, epidemiology, diagnosis, and management. J Allergy Clin Immunol
1999;104:S114-22.
37. Abernathy-Carver KJ, Sampson HA, Picker LJ, Leung DY. Milk-induced eczema
is associated with the expansion of T cells expressing cutaneous lymphocyte antigen.
J Clin Invest 1995;95:913-8.
38. van Reijsen FC, Felius A, Wauters EA, Bruijnzeel-Koomen CA, Koppelman SJ.
T-cell reactivity for a peanut-derived epitope in the skin of a young infant with atopic
dermatitis. J Allergy Clin Immunol 1998;101:207-9.
39. Li XM, Kleiner G, Huang CK, Lee SY, Schofield B, Soter NA, et al. Murine
model of atopic dermatitis associated with food hypersensitivity. J Allergy Clin Immunol
2001;107:693-702.
40. Sampson HA. Food sensitivity and the pathogenesis of atopic dermatitis. J R Soc
Med 1997;90(Suppl 30):2-8.
41. Zeiger RS, Heller S, Mellon MH, Forsythe AB, O’Connor RD, Hamburger RN,
et al. Effect of combined maternal and infant food-allergen avoidance on development
of atopy in early infancy: a randomized study. J Allergy Clin Immunol 1989;84:72-89.
42. Arshad SH, Matthews S, Gant C, Hide DW. Effect of allergen avoidance on
development of allergic disorders in infancy. Lancet 1992;339:1493-7.

IgE Food Sensitization in Infants with Eczema Attending a Dermatology Department

363

Associations between Media Viewing and Language Development in
Children Under Age 2 Years
FREDERICK J. ZIMMERMAN, PHD, DIMITRI A. CHRISTAKIS, MD, MPH,

AND

ANDREW N. MELTZOFF, PHD

Objective To test the association of media exposure with language development in children under age 2 years.
Study design A total of 1008 parents of children age 2 to 24 months, identified by birth certificates, were surveyed by telephone
in February 2006. Questions were asked about child and parent demographics, child-parent interactions, and child’s viewing of
several content types of television and DVDs/videos. Parents were also asked to complete the short form of the MacArthur-Bates
Communicative Development Inventory (CDI). The associations between normed CDI scores and media exposure were evaluated
using multivariate regression, controlling for parent and child demographics and parent– child interactions.
Results Among infants (age 8 to 16 months), each hour per day of viewing baby DVDs/videos was associated with a
16.99-point decrement in CDI score in a fully adjusted model (95% confidence interval ⴝ ⴚ26.20 to ⴚ7.77). Among toddlers
(age 17 to 24 months), there were no significant associations between any type of media exposure and CDI scores. Amount of
parental viewing with the child was not significantly associated with CDI scores in either infants or toddlers.
Conclusions Further research is required to determine the reasons for an association between early viewing of baby
DVDs/videos and poor language development. (J Pediatr 2007;151:364-8)

everal high-quality educational television shows, including Blue’s Clues, Sesame Street, Barney, and others, have proven
educational value when viewed appropriately by children age 2-1/2 to 5 years.1 In
contrast, no commercial television programs or videos have demonstrated a benefit
for children under age 2 years,2 and heavy television viewing between age 0 and 3 years
has been associated with subsequent development of problems with attention3 and
See editorial, p 334 and
impaired reading and mathematical proficiency.4 The American Academy of Pediatrics
5,6
related article, p 369
has recommended no screen time for children under age 2.
Notwithstanding the paucity of evidence for cognitive development benefits of early
viewing of DVDs or videos, claims have been made for such benefits.2 Approximately 3/4
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Department of Health Services (F.Z., D.C.),
of the 100 top-selling infant videos on Amazon.com in 2005 made educational claims,
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This study reports the association of early viewing with language development in a
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METHODS
Data
The data were collected through a telephone survey conducted in February 2006.
Households were identified by retrospective extraction from birth certificates in the states
of Washington and Minnesota. These states were chosen because they are representative
of their respective regions, and because birth certificates are public data in these states.
Phone numbers are recorded on birth certificates in Washington and were obtained from
a commercial phone number-matching firm for Minnesota.
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Parents gave their oral consent to participate in the
survey. All study procedures were approved by the University
of Washington’s Institutional Review Board.
To be eligible for the study, parents had to speak
English fluently and have a working phone number. Only 1
child per household was eligible for the study. Children with
significant disabilities (eg, deafness, blindness, severe mental
retardation) were excluded. Up to 8 callbacks were made per
phone number at various times of the day and the week. As
described elsewhere, the sample had relatively higher incomes
and higher education than the population from which it was
recruited.7

Survey Instrument
Parents who consented to participate were asked detailed questions of their children’s time use. Included were
questions about time spent interacting with adults in several
capacities (eg, being read to, listening to stories, listening to
music). The parents were asked whether their child ever
watched television or DVDs/videos. Those who answered yes
to these questions were asked to report the typical amount of
viewing in each of 6 content types. These content types were
identified a priori, based on previous work8,9 and included
children’s educational programs on television (eg, Sesame
Street, Blue’s Clues, Arthur), children’s educational programs
on DVD/video (eg, Sesame Street on DVD), children’s noneducational television shows (eg, Sponge Bob Squarepants, Bob
the Builder, shows on the Cartoon Network), children’s movies (eg, The Little Mermaid, Toy Story) on DVD/video, baby
DVDs/videos (eg, Baby Einstein, Brainy Baby), and adult
television (eg, The Simpsons, Oprah, sports programming).
Parents were provided with these categories and examples and
were asked to report their child’s viewing by category for a
typical weekday and a typical weekend day. The questions
were worded to specifically include only foreground viewing
(ie, time when the child’s main activity was watching television) and to exclude background viewing (ie, times when the
television was on but the child was not watching it as a
primary activity).
The parents also were asked a series of demographic
questions, including how many other children lived in the
household, whether both parents lived in the household, and
questions about maternal and paternal education and about
household income. The parents were asked to report the
child’s ethnicity (Hispanic or non-Hispanic) and race (in
several categories, including mixed race). Parents were asked
to report whether the child was in a nonparental care arrangement (ie, daycare) and, if so, for how many hours per week.
The child’s age was available from the birth certificate.
Variables
OUTCOME. The outcome in these analyses is the child’s
normed score on the short-form Communicative Development Inventory (CDI), a standard instrument for measuring
children’s language development.10 This instrument was de-

veloped by psycholinguists to measure the relationship between children’s language and experimental tests of neural,
cognitive, and social development.11 The CDI provides a
reliable, valid, and broadly-adopted measure of linguistic and
communicative development, with excellent internal and test–
retest reliability.10 The short form has been shown to have
good psychometric properties.10 The scores adequately separate children’s abilities at age 8 to 24 months.10 Cronbach’s
alpha is 0.97 for level 1 (age 8 to 16 months) and 0.99 for level
2 (age 17 to 23 months). Correlation between the short forms
and the long forms of the CDI varies between 0.74 and
0.93.10 We transformed raw scores into percentile norms
using previously published age–sex national norms.12
PREDICTORS. The primary predictors for this analysis are the
amounts of media viewing by content type. The original 6
content categories were reduced to 4 by consolidating educational content on TV and on DVD/video and consolidating
children’s movies on DVD/video with children’s noneducational TV. The 4 resulting content categories were children’s
educational, children’s noneducational, baby DVDs/videos,
and grownup TV. Average daily viewing was used in all
analyses, calculated as twice the reported weekend viewing
plus 5 times the reported weekday viewing, divided by 7.
A dummy variable was included indicating whether the
parent watched with the child “usually” or “always” versus less
often. To control for possible selection effects for those who
never watched either television or DVDs/videos, a dummy
variable was included indicating whether the child watched
any media.
COVARIATES. In addition to race/ethnicity and age as described earlier, the parents provided information about household income and maternal and paternal education in categories. Where paternal education was missing, it was imputed
with the modal value. The parents were asked to report
whether the child was in a nonparental care arrangement (ie,
daycare) and, if so, for how many hours per week.
Parental interaction with their children was tracked in 3
areas: reading, storytelling, and music. For each of these areas,
the parents were asked how often they did the activity with
their child: never, once a month, a few times a month, once
a week, a few times a week, once a day, or more than once a
day. For the purposes of analysis, these answers were dichotomized as once a day or more frequently versus a few times a
week or less frequently. This dichotomization preserved most
of the information from the full responses in a parsimonious
manner that simplified the interpretation of results. Because
parents engaged their children in music less often than in the
other activities, the music variable was dichotomized at several times a week or more versus less frequently.
The demographic control variables were chosen because
they are known to be associated with both television viewing
and with language acquisition. The parental interaction variables were included to control for the possibility of confounding by this important environmental influence.
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Table I. Sample descriptive statistics
Age 8 to16
months
Variable
Normed score on the
short-form CDI*
Parental Interactions
Reading at least once daily
Storytelling at least once
daily
Music listening at least
several times weekly
Children’s media watching
time (hours/day)
Baby DVDs/videos
Children’s educational
shows
Movies and children’s
noneducational TV
Grownup TV
Parental viewing with child
Rarely or about half the
time (referent)
Usually or always
N/A: no media viewing
n

Age 17 to 24
months

Mean
or %

SD

Mean
or %

SD

61.17

27.19

49.28

29.92

74%
71%

85%
72%

82%

87%

0.15
0.31

0.35
0.70

0.16
0.70

0.43
0.96

0.16

0.49

0.39

0.75

0.10

0.31

0.15

0.41

21%

37%

DISCUSSION

34%
44%

44%
19%

This analysis reveals a large negative association between viewing of baby DVDs/videos and vocabulary acquisition in children age 8 to 16 months. The 17-point
difference associated in the analysis with each hour of baby
DVD/video watching corresponds to a difference of about
6 to 8 words for a typical child out of the 90 included on
the CDI. There are 3 possible reasons for this association.
First, because many baby DVDs/videos are heavily advertised as promoting cognitive, language, and brain development,2 it is possible that parents who are concerned about
their child’s language development turn to baby videos for
help. If this is indeed the case, then it would be fair to say
that the poor language development causes greater viewing
of baby DVDs/videos.
A second possible explanation for the association between baby DVD/video viewing and vocabulary is that of
residual confounding; that is, other variables (not measured in
our data) could lead to both high baby DVD/video watching
and slow language development. One possible example to
illustrate this would arise if those parents who have their
children watch a heavy dose of baby DVDs/videos are those
who are less motivated to actively promote their children’s
language development. We partially controlled for this possibility with the parent-interaction variables, but we cannot
capture the quality of these interactions, which surely varies.
A second possible source of residual confounding would exist
if parents who are inattentive, distracted, or simply pressed for
time are more likely to rely on baby DVDs/videos as a
babysitter. Such parents also might be less likely to know how
many words their children know. Although we attempted to
adjust for many social and demographic factors that might
confound the observed association, it is possible that this
adjustment was incomplete.

384

345

SD, standard deviation.
*The 8- to 16-month-olds were assessed with the level 1 (infant) instrument; the 17- to
24-month-olds, with the level 2 (toddler) instrument (Form B).

Analyses
Linear regression was performed to test the association
between media time and language development. Separate
regressions were performed for those children age 8 to 16
months who completed the level 1 (infant) short CDI and
those age 17 to 24 months who completed the level 2 (toddler) short CDI. For infants (level 1), we used the normed
receptive language scores, a measure of how many words that
the child understands. For toddlers (level 2), we used the
normed expressive language scores, a measure of how many
words the child says. All variables were entered simultaneously into the regression.

RESULTS
Table I reports the parental interactions and the television and video/DVD viewing values for the sample, along
with the mean and standard deviation of the normed CDI
scores for each group. As the table shows, the mean was close
to that of the national sample among the 17- to 24-montholds. For the 8- to 16-month-olds, the mean CDI score of 61
in this sample was higher than expected compared with
national norms.
Table II reports results of the regression of the normed
CDI scores on parental interaction variables and media exposure. These estimates were also adjusted for sex, age, num366

ber of siblings, premature birth, hours per week in daycare,
whether both parents are present, maternal and paternal education, parental income, child race/ethnicity, and state of
birth (Minnesota or Washington).
Reading once a day as opposed to less frequently was
associated with percentile increases in the normed CDI score
of 7.07 in the 8- to 16-month-olds and 11.72 in the 17- to
24-month-olds (95% confidence interval [CI] ⫽ 0.53 to
13.60 and 1.86 to 21.59, respectively). Telling stories at least
once a day as opposed to less frequently was associated with
increases in normed CDI scores of 6.47 points (95% CI ⫽
0.23 to 12.71) in the younger children and 7.13 points (95%
CI ⫽ ⫺0.11 to 14.37) in the older children, albeit with a
trend toward significance only in the older children. The
effect of listening to music with children was not significant.
Each hour per day of viewing baby DVDs/videos was
associated with a 16.99-point lower CDI normed score in the
children age 8 to 16 months (95% CI ⫽ ⫺26.20 to ⫺7.77).
There were no other significant associations of media exposure with CDI scores. The amount of parental viewing with
children was not associated with higher CDI scores.
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Table II. Regressions of CDI language scores (normed) on parental interaction and media variables
Age 8 to 16 months
Variable
Parental interactions
Reading at least once daily
Storytelling at least once daily
Music listening at least several times weekly
Children’s media watching time (hours/day)
Baby DVDs/videos
Children’s educational shows
Movies and children’s noneducational TV
Grownup TV
Parental viewing with child
Rarely or about half the time (referent)
Usually or always
N/A: no media viewing
r2
n

Coefficient

[95% CI]

7.07*
6.47*
5.36

[95% CI]

11.72*
7.13†
7.2

[1.86,21.59]
[⫺0.11,14.37]
[⫺2.10,16.50]

[⫺26.20,⫺7.77]
[⫺4.42,7.87]
[⫺1.81,15.02]
[⫺11.57,8.73]

3.66
2.21
2.03
2.38

[⫺4.45,11.77]
[⫺1.74,6.15]
[⫺2.78,6.83]
[⫺5.68,10.45]

[⫺2.10,13.23]
[⫺15.49,0.08]

0.39
2.65

[⫺6.74,7.52]
[⫺7.29,12.60]

[0.53,13.60]
[0.23,12.71]
[⫺1.92,12.64]

⫺16.99**
1.72
6.6
⫺1.42

5.57
⫺7.70†

Age 17 to 24 months
Coefficient

0.17
384

0.18
345

Results also adjusted for sex, age, number of siblings, premature birth, premature birth by age interaction, hours per week in daycare, whether both parents are present, maternal and
paternal education, parental income, child race/ethnicity, and the state of birth (Minnesota or Washington).
**P ⬍ .01; *P ⬍ .05; †P ⬍ .1.

Finally, it is possible that heavy viewing of baby DVDs/
videos has a deleterious effect on early language development.
The first 3 years of life are characterized by rapid brain
development, and environmental factors are known to influence how the brain develops.13-15 It is plausible that extensive
exposure to an absorbing but not developmentally constructive stimulus could affect brain development and language
acquisition. Heavy viewing of baby DVDs/videos may constitute such an environmental influence. If so, there are several
potential causal mechanisms through which such an effect
might occur. The viewing of baby DVDs/videos might crowd
out interaction time with adult caregivers in ways not measured here. For example, we did not measure the time parents
spend directly talking to their infants, or the nature and
quality of this verbal input, which are known to be important
factors in early language development.16-19 Baby DVDs/videos contain limited language and display a certain combination of formal features (short scenes and flashy screen images),
which might not promote vocabulary learning or might lead
to habits of mind that actually impede it.20 Whether these
formal features are systematically different than those of the
other content types represented here has not been formally
studied.
Whatever the reason for the association between baby
video viewing and slower early vocabulary growth, 3 points are
worth bearing in mind. First, the effect size is large. Although
reading every day as opposed to less often is associated with
about a 7-point increase in the normed CDI score, watching
1 hour per day of baby DVDs/videos as opposed to none is
associated with about a 17-point decrease. Although most
children watch considerably less than 1 hour per day, in our
sample, 17% of children age 8 to 16 months who watched any
baby DVDs/videos watched 1 hour or more per day. Second,
there is a dose-response relationship; increased viewing of

baby DVDs/videos is associated with slower vocabulary in a
linear way. We separately tested a model in which we included a dummy variable indicating whether the child
watched any baby DVDs/videos to control for this potential
content-specific selection. That analysis revealed no effect of
the indicator of watching any baby DVDs/videos, although
the coefficient on the number of hours remained large and
significant.
Third, the effect is specific to baby DVDs/videos and
specific to children age 8 to 16 months. No other form of
media exposure that we measured, and none for children age
17 to 24 months, is associated with either better or worse
language outcomes. This fact must be carefully considered
when drawing inferences about the associations. Baby DVDs/
videos may be different than the other types of content
explored. Our casual observation suggests that they typically
have little dialogue, short scenes, disconnected images, and a
variety of visually salient but linguistically indescribable events
(eg, lava lamp images and oddly twirling images). In contrast,
children’s educational shows (the largest category of viewing
at this age) are carefully crafted, and many are exhaustively
tested to make sure that they meet the developmental needs of
preschoolers. Although the content and formal features are
not optimized for children under age 2 years, those children
still may be able to understand large portions of the shows’
cognitive and linguistic content. In contrast, baby DVDs/
videos are designed with only an approximate sense of developmental needs, based on no formal research.2
Vocabulary growth is a good measure of cognitive development in this age range, because it is easily observed and
is one of the major developmental tasks of the age. However,
it is only partially predictive of future cognitive outcomes. The
fact that in these data an association is observed only for the
younger children suggests that the association may disappear
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by the time the children become toddlers. As such, the impact
of baby DVDs/videos on development may be transient.
The analysis presented here is not a direct test of the
developmental impact of viewing baby DVDs/videos. We did
not test through experimental manipulation whether viewing
baby DVDs/videos has a positive or negative impact on vocabulary acquisition. Given the paucity of any evidence
around this issue, however, this was a compelling place to
start. Nonetheless, our study has several major limitations.
First, the study’s correlational nature precludes drawing causal
inferences. Second, we used only 1 developmental measure—
language development, as defined by vocabulary. Finally, the
sample is not representative of the general population. Although the variables on which the sample is not representative
(income and education) are controlled in this analysis, there
may be other family or child attributes that were unobserved
and that affected selection into the sample, the exposure, and
the outcome.
Despite these limitations, however, our study has several strengths. It is the first formal analysis to test associations
between types of media exposure and any developmental
outcome in children this young and to test associations between viewing baby DVDs/videos specifically and any developmental measure. This contribution is important, given
widespread marketing claims of developmental benefits for
such DVDs/videos.2 Parents rank potential “educational” and
“brain development” benefits as among their top reasons for
allowing their babies to watch television and DVDs/videos.7
The analysis also controls for a number of variables known to
potentially confound the relationship between media exposure
and development. Although no study can do so exhaustively,
this study’s inclusion of time spent in several forms of parent–
child interaction is a strength.
The study’s results, together with its strengths and
weaknesses, suggest some important directions for future research. One of these would be to follow up the children to see
whether the associations identified here have lasting significance. A second line of research could attempt to more
precisely identify the particular features of baby DVD/videos
that are responsible for these associations. Finally, a randomized trial will ultimately be necessary to permit causal inferences about these associations.
Given the number of children who watch baby DVDs/
videos, and the sizable minority who are heavy viewers, we
believe that it is feasible, ethical, and important to society to
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conduct a large-scale randomized trial in which some families
are actively discouraged from allowing their children to watch
any baby DVDs/videos. Such a trial would enable us to make
firmer statements about the risks and benefits of baby DVDs/
videos, and would provide crucial information for parents to
help them make their own informed parental choices and
decisions based on scientific information.
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Parental Influences on Youth Television Viewing
DANIELLE T. BARRADAS, BS, JANET E. FULTON, PHD, HEIDI M. BLANCK, PHD,

AND

MARIAN HUHMAN, PHD

Objective To assess associations among youth television (TV) viewing and parental TV viewing, parental knowledge of the
American Academy of Pediatrics (AAP) recommendations to limit children’s TV viewing time to <2 hours per day (knowledge),
and parental limits on the frequency of children’s TV viewing (rules).
Study design Adult participants in the 2002 Styles surveys answered questions about their weekly TV viewing, knowledge,
and rules. TV viewing time of children of the adult participants (520 boys and 525 girls) age 10 to 18 years was also collected.
Associations between hours of child TV viewing and parental TV viewing, parental knowledge, and parental rules were
quantified using linear regression techniques.
Results Variables included in multivariate regression models accounted for 8% to 18% of the variance in TV viewing among
boys and girls. Parent TV viewing was significantly associated with TV viewing in 10- to 12-year-old and 16- to 18-year-old boys
and girls. Knowledge was not associated with TV viewing in boys and girls in this sample. Rules were associated with TV viewing
in boys and girls of all ages.
Conclusions Our findings suggest that parental TV viewing and rules limiting their child’s TV time may play an important
role in children’s weekly TV viewing time. (J Pediatr 2007;151:369-73)
elevision (TV) viewing has been associated with overweight in children and adolescents in several studies.1-6 As the
prevalence of overweight rises in children, the risk of developing comorbidities also rises; therefore, it is important to
address the prevention of childhood overweight.7 Mechanisms by which TV viewing contributes to overweight may
include (1) decreased time spent in active pursuits8 (which may reduce overall energy expenditure), (2) increased snacking while
viewing,9 and (3) overall increased energy intake.10 Investigators have also shown that TV
viewing among youth is associated with violent or aggressive behaviors,11,12 more promiscuous sexual attitudes and behaviors,13,14 lower performance on standardized tests,15
and deleterious weight-change strategies.16-18 For these reasons, the American Academy
of Pediatrics (AAP) recommends that parents limit children’s TV and video time to no
See editorial, p 334 and
more than 2 hours per day.19
related article, p 364
Although the factors affecting TV viewing are attracting the interest of researchers,
much remains unknown about the specific influences. In the present study, we examined
characteristics thought to influence TV viewing in youth. Specifically, the associations of
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youth TV viewing with parental TV viewing, parental knowledge of AAP recommendaand Biomedical Sciences, Emory University,
tions, and parental rules limiting child’s TV time were assessed in a sample of boys and
Atlanta, GA (D.B) and the Division of Nutrition and Physical Activity (D.B., J.F., H.B.)
girls age 10 to 18 years.

T

METHODS
Survey Design
Data for this analysis are based on responses to items from the 2002 Styles surveys.
These surveys included questions relevant to health behavior and health communication
with general lifestyle and media usage questions. Reports from these data have described
attitudes about breast-feeding,20-22 immunizations,23,24 and sources of consumer health
information.25 Styles consists of 3 mail panel surveys—ConsumerStyles, HealthStyles,
and YouthStyles—administered by Synovate Inc, a public relations firm. ConsumerStyles
includes items about media usage, shopping habits, and general health attitudes; HealthAAP
BMI
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Styles asks about specific health issues and behaviors; and
YouthStyles asks about media usage and general health attitudes, behaviors, and influences in 9- to 18-year-old boys and
girls. The mail panel was obtained through quota sampling of
volunteer households, and stratified random sampling of the
volunteer households was used to generate a list of 10,000
potential adult respondents who received the ConsumerStyles
survey. Data were weighted to the US Census population
projections for 2002 on age, race/ethnicity, sex, household
size, and household income. The initial ConsumerStyles sample (n ⫽ 5500) was supplemented to ensure adequate representation of low-income and minority groups (n ⫽ 1500) and
households with children (n ⫽ 3000). ConsumerStyles was
completed by 6065 of the households who received the survey.
HealthStyles was distributed to the same households that
completed ConsumerStyles. Thirty-eight respondents were
lost to follow-up, leaving 6027 households who completed
both the ConsumerStyles and HealthStyles surveys. YouthStyles also was sent to households that had completed ConsumerStyles and had at least 1 child age 9 to 18 years (n ⫽
2444).

Sample
Parent– child dyads that completed both the HealthStyles and YouthStyles surveys were included in this analysis
(n ⫽ 1510). Children who were 9 years old (n ⫽ 91) were
excluded because of low item response, as were participants
missing values for child body mass index (BMI) (n ⫽ 205),
parent BMI (n ⫽ 41), parent sex (n ⫽ 41), parent age (n ⫽
41), parent race (n ⫽ 41), and parent marital status (n ⫽ 6).
Participants missing responses for time spent viewing TV,
expert guidelines to limit TV viewing, and parental rules
limiting TV viewing (n ⫽ 176) also were excluded from
analysis. The final sample comprised 520 boys, 525 girls (n ⫽
1045), and their parents (n ⫽ 1045). There were no differences in mean parent BMI (28.2 kg/m2 before exclusions vs
27.6 kg/m2 after exclusions; P ⫽ .44), mean age (42.9 years vs
42.7 years; P ⫽ .48), mean household size (4.2 people vs 4.1
people; P ⫽ .50), or the distributions of household income
(P ⫽ .08 to .80), parent race (P ⫽ .17 to .60), and parent
marital status (P ⫽ .30).
Variable Selection and Specification
The outcome measure—total weekly TV viewing
time—was calculated based on the responses to 2 questions
describing the child participant’s weekday and weekend TV
viewing time (total TV hours ⫽ [weekday TV hours ⫻ 5] ⫹
weekend TV hours). Exposure variables included parental TV
viewing (hours/week), parental knowledge (correct vs incorrect), and parental rules (1 ⫽ always, 2 ⫽ usually, 3 ⫽
sometimes, 4 ⫽ rarely) (Table I; available at www.jpeds.com).
Covariates included demographic characteristics (parent age
[continuous], sex, race [white, nonwhite], and marital status
[married, unmarried] and household income [⬍$25,000,
$25,000 to $49,999, ⱖ$50,000] and size [continuous]), along
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Barradas et al

with parent BMI and child BMI (both continuous). Child
and parental self-reported height and weight were used for
these analyses. For descriptive and post hoc analyses, parent
BMI was categorized as follows: normal weight (BMI ⬍ 25),
overweight (BMI ⫽ 25 to 29.9), and obese (BMI ⱖ 30).
Child BMI was categorized as follows based on the 2000
CDC growth charts26: underweight (BMI ⬍ 5th percentile),
normal weight (BMI ⫽ 5th to 84.9th percentile), at risk for
overweight (BMI ⫽ 85th to 94.9th percentile), and overweight (BMI ⱖ 95th percentile).

Statistical Methods
All analyses were conducted using SAS version 9.1
(SAS Institute, Cary, NC) and SPSS version 13 (SPSS Inc,
Chicago, IL). Bivariate (simple linear regression) analyses
were done to determine the association of each independent
variable with child TV viewing. Next, multiple linear regression models were used to determine the association among
child TV viewing and parental TV viewing, parental knowledge, and parental rules. Because parental correlates of TV
viewing may differ by age among youth, all analyses were
stratified into the following age categories: 10 to 12 years, 13
to 15 years, and 16 to 18 years. Regression models were then
adjusted for demographic characteristics, parent BMI, and
child BMI to determine the independent effects of parental
TV viewing, parental knowledge, and parental rules on child
TV viewing.
Post hoc analyses were completed to determine whether
parental TV viewing, knowledge, and rules differed by parent
or child characteristics. Analysis of variance was used to test
whether parental TV viewing differed by parent age group,
race, household income, or BMI and child sex, age group, or
BMI classification. If statistically significant differences were
noted, Tukey’s test was used to determine the specific groups
in which the differences occurred. A parallel analysis was done
using 2 analyses to test differences in parent knowledge and
parent rules (rarely vs sometimes, usually, or always). P values
⬍ .05 were chosen to indicate statistical significance for all
analyses.

RESULTS
Overall, nearly 1/3 of boys and girls were classified as
overweight or at risk for overweight. About 63% of the
parental respondents were female, and ⬎2/3 were age 30 to
44 years. Nearly 72% of the parents in the sample were white,
and ⬎80% were married. Reported annual household incomes of the majority of the sample were ⬎$50,000. Household size ranged from 2 to 7 people, with a median household
size of 4 people. More than 1/3 of the parental participants
were overweight, and an additional 31% were obese. Agespecific distributions of parent and child demographic characteristics and BMI are presented in Table II (available at
www.jpeds.com).
Mean TV viewing times of children and their parents
are also presented in Table II. There were no significant
differences in weekly (P for age trend ⫽ .43), weekday (P for
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age trend ⫽ .21), or weekend (P for age trend ⫽ .18) TV
viewing in participants of different age groups. However,
parents of older children reported watching more hours of
TV per week than parents of younger children (P for age
trend ⫽ .02).
Among the 3 main exposures, bivariate analyses revealed a significant association between child TV viewing and
parent TV viewing (P ⬍ .0001) and parent rules (P ⬍ .0001)
among 10- to 12-year-old boys and girls (Table III; available
at www.jpeds.com). After adjustment for the other parental
variables (parent TV viewing, parent knowledge, and parent
rules), both parent TV viewing (P ⬍ .0001) and parental rules
(P ⬍ .0001) remained significant. After adjustment for demographic characteristics (parent age, sex, race, and marital
status; annual household income; and household size), parent
TV viewing (P ⫽ .0004) and parent rules (P ⬍ .0001)
remained significant. Child BMI (P ⫽ .001), nonwhite parent
race (P ⫽ .03), and the highest household income level (P ⫽
.02) were also associated with child TV viewing among 10- to
12-year-olds. This model, containing all variables under consideration, accounted for 18% of the variance in child TV
viewing.
As in 10- to 12-year old boys and girls, parent TV
viewing (P ⫽ .008) and parent rules (P ⫽ .002) were significantly associated with child TV viewing in bivariate analyses
among 13- to 15-year-olds. The associations between child
TV viewing and parent TV viewing (P ⫽ .03) and parent
rules (P ⫽ .005) remained significant after controlling for
other parental variables. But only parent rules remained significant after controlling for parent TV viewing, parent
knowledge, demographics, and parent and child BMI (P ⫽
.001). Male sex (P ⫽ .01) and parent BMI (P ⫽ .02) also were
associated with child TV viewing. This fully adjusted model
accounted for about 8% of the variance in child TV viewing
among 13- to 15-year-olds.
In the 16- to 18-year-olds, parental TV viewing and
knowledge were significantly associated with child TV viewing in both bivariate and multivariate analyses that included
only the other parental variables. After adjustment for demographics and parent and child BMI, parental knowledge was no
longer significantly associated with child TV viewing (P ⫽ .08),
but parent TV viewing (P ⫽ .008) and parent rules (P ⫽ .04)
were. Child BMI (P ⫽ .02), nonwhite parent race (P ⫽
.0002), and having an unmarried parental respondent (P ⫽
.002) were associated with TV viewing among 16- to 18-yearolds. This model accounted for 13% of the variance in child
TV viewing.
We observed differences in parental TV viewing by
parental age, race, marital status, and BMI; annual household
income; and child age and BMI (Table IV; available at
www.jpeds.com). Specifically, parents age 20 to 29 years reported viewing more hours of TV than those age 30 to 44
years (P ⫽ .04), white parents watched fewer hours of TV
than nonwhite parents (P ⫽ .001), and married parents
watched fewer hours than unmarried parents (P ⬍ .001).
Obese parents reported watching more hours of TV than
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parents with normal BMI (P ⬍ .001) and overweight parental
participants (P ⫽ .02). A negative trend was observed in
parental modeling by annual household income, with fewer
hours spent watching TV in parents reporting higher household incomes (P ⬍ .001). Parents of children age 16 to 18
years also watched more TV than those of children age 12 to
15 years (P ⫽ .03). Finally, parents of overweight children
reported watching more hours of TV than parents of underweight (P ⫽ .008) and normal-weight (P ⬍ .001) children.
Only 36% of the parents correctly identified the AAP
guidelines. Parental knowledge of these guidelines varied only
by parent marital status and household income. Compared
with the unmarried parental participants, fewer married parents were aware of the guidelines (P ⫽ .02). A higher percentage of parents in the highest annual household income
category (ⱖ$50,000) correctly identified the guidelines compared with those in the lowest category (⬍$25,000) (P ⫽
.003).
Parental rule setting differed by parental age and race,
household size, and child age. Fewer parents age 20 to 29
years had rules regarding TV viewing compared with parents
age 30 to 44 years (P ⫽ .01). Nonwhite parents reported the
existence of rules more often than white parents (P ⫽ .01).
Parents in households with fewer than 5 members tended to
set rules about TV viewing less often then those in larger
households (P ⬍ .001). A negative trend in parental rulesetting by child age group (P ⬍ .001) was observed.

DISCUSSION
An association between childhood overweight and TV
viewing has been widely reported. Evidence supports an association between parental and child behaviors, such as physical activity27,28 and eating and dietary patterns,29-31 and TV
viewing.32,33 Knowledge of parental characteristics and behaviors associated with youth TV viewing can aid the development of interventions designed to decrease the time that
children and adolescents spend watching TV. In this study,
parental TV viewing was significantly and positively associated with child TV viewing across all age subgroups in bivariate analyses, although parental knowledge of the AAP recommendations to limit TV viewing to no more than 2 hours
per day was less consistently associated with child TV viewing. Parental rule-setting was significantly associated with less
child TV viewing time across all age subgroups in analyses
adjusted for other parental variables, demographics, and child
and parent BMI.
Other studies have reported results consistent with
ours,32,33 although those studies used small samples and did
not report on the association of parent knowledge and child
TV viewing. A report from the Kaiser Family Foundation
indicated that 53% of boys and girls age 8 to 18 years have no
rules about TV watching;34 however, few studies have examined how the existence of parental rules is associated with
child TV viewing. Examination of this association has revealed evidence of an inverse association between the existence of parental rules and time spent watching TV by chil371

dren and adolescents.32,35-37 In the present analysis, the
existence of parental rules was significantly associated with
lower reported amounts of TV viewing across all age subgroups, even after adjustment for demographics and child and
parent BMI.
The existence of parental rules is just one component of
the youth TV viewing environment; other important factors
may include the number of TVs in the household,37,38 the
existence of a TV in the child’s bedroom,37,38 frequency of the
family viewing shows together,35 parental TV viewing,35 and
eating meals in front of the TV.35,38
Parent and child sex were not related to parental TV
viewing, knowledge, or rules. Parental race was correlated
with parental TV viewing and rule-setting, however. Nonwhite parents reported more hours of weekly TV viewing but
a greater likelihood of setting rules to limit child TV viewing
time than white parents. It is of interest that child TV viewing
was positively associated with nonwhite parental race, which
is consistent with previous reports.10,39
Our findings suggest that parental behaviors surrounding child TV viewing (TV viewing and rule-setting) differ not
only by the age of the children, but also by parental age. The
observation that older children are less often subjected to rules
limiting TV viewing time than younger children is consistent
with at least 1 other report34 and is a factor that should be
taken into account when designing interventions and public
health messages aimed at reducing child TV viewing.
Perhaps it is also necessary to target lower-income
households in future interventions, because parents in the
lowest income group reported more hours of TV viewing and
were less likely to be aware of the AAP guidelines on limiting
children’s TV viewing time. It is also interesting that unmarried parents, although reporting higher amounts of TV viewing, were more likely to know the AAP guidelines. Among
16- to 18-year-olds, unmarried parental marital status was
strongly associated with increased child TV viewing. Thus,
we speculate that in this age group, parental modeling of TV
viewing behavior may be more relevant to child TV viewing
than knowledge of the AAP guidelines.
Finally, parental TV viewing also varied by child and
parental BMI. Obese parents and parents of overweight children reported higher amounts of weekly TV viewing than
normal-weight and overweight parents and parents of underweight and normal-weight children. Ultimately, child BMI,
but not parental BMI, was positively associated with child TV
viewing in 10- to 12-year-old and 16- to 18-year-old boys
and girls. The converse was true in 13- to 15-year-old boys
and girls. Our findings suggest that the association between
parental TV viewing and child TV viewing may be influenced
by parental BMI in this age group. Due to the cross-sectional
nature of this study, we are unable to examine the directionality of these relationships, but this finding may warrant
further study.
Our study has some other inherent limitations. The
participants were part of a mailed panel survey, and our
analytic sample, after exclusions for missing data, was small
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compared with the initial study sample, possibly limiting the
generalizability of our results. The questionnaires used in this
study have unknown reliability and validity; however, comparisons of 9 item responses from HealthStyles and the Behavioral Risk Factor Surveillance System have yielded satisfactory correlations.40 Although we used self-reported height
and weight to obtain BMI, which are less accurate than
measured height and weight, our findings are consistent with
longitudinal studies showing an association between child TV
viewing and BMI.1-5 Another potential limitation is the assumption that TV viewing habits in the week before the
survey were representative of normal habits, during both the
school year and the summer. It is also possible that some
respondents may have misinterpreted the question regarding
weekend TV viewing, which asks about the number of hours
spent watching TV on Saturday and Sunday together. However, we reported mean weekend time in hours per day (weekend TV time divided by 2) and observed that weekend viewing time is higher than weekday viewing time, which is
consistent with previous studies. In general, after adjustment
for parental demographic characteristics and parental and
child BMI, the unique variance attributable to parental modeling, knowledge, and rules was diminished, though the total
variance explained by the models was greater. This suggests
that there may be some overlap in the predictive nature of the
exposure variables. Finally, here we have examined only domain of influence on youth TV viewing, that of the parents.
More information is needed about the relative importance of
other environmental, social, and personal influences on youth
TV viewing, such as access to a TV in the child’s bedroom,
the child’s beliefs or attitudes toward TV viewing, and social
norms regarding TV viewing.
Our findings indicate that children’s and adolescents’
TV viewing time is influenced by parental rules limiting the
time spent watching TV and by parental TV viewing, suggesting not only the importance of what parents require their
children to do, but also the importance of what parents
themselves do. Thus reducing TV viewing time among youth
may require actions to change both parental TV viewing and
rule-setting behaviors. Future studies are needed to test the
consistency of these findings. Studies are also needed to
determine the effect of other factors associated with the home
TV viewing environment, such as parental co-viewing of TV
programming with children, and intervention studies should
evaluate whether changing the home environment affects
child TV viewing.
We thank Kristen Riehman and William Pollard (Centers for
Disease Control and Prevention) and Deanne Weber (Porter
Novelli) for assistance with data management.
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Table I. Description of outcome and exposure variables from the 2002 Styles surveys
Variable
Weekday TV
viewing

Question

After school, on a typical weekday (Monday to Friday)
during the school year, how many hours a day do
you spend watching TV?
Weekend TV
On an average weekend (both Saturday and Sunday)
viewing
during the school year, how many hours a weekend
do you spend watching TV?
Parent TV viewing In the past week, how many hours total did you
spend watching television?
Parent knowledge* Experts recommend that children watch no more
than __ hours of television per day.
Parent rules
How often do you set limits on the amount of time
your child watches television?

Response options

Questionnaire Respondent

0, ⬍1, 1, 2, 3, 4, 5, 6, 7 or
more (hours)

YouthStyles

Child

0, ⬍1, 1, 2, 3, 4, 5, 6, 7 or
more (hours)

YouthStyles

Child

Open-ended

ConsumerStyles

Parent

1, 2, 3, 4, 5, 6, don’t know

HealthStyles

Parent

Always, usually, sometimes, HealthStyles
rarely (1 to 4)

Parent

*Correct response: 2.
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Table II. Demographic characteristics and television viewing of eligible parents and children, Styles
2002 (nⴝ1045)

Characteristic
Child age, years (mean, SD)
Child sex
Female
Male
Child body mass index, kg/m2 (mean, SD)*
Underweight
Normal weight
At risk for overweight
Overweight
Parent sex
Female
Male
Parent age, years (mean, SD)
20 to 29
30 to 44
ⱖ45
Parent race
White
Nonwhite
Parent marital status
Married
Unmarried
Annual household income
⬍$25,000
$25,000 to $49,999
ⱖ$50,000
Household size, persons (mean, SD)
2 to 4
5 or more
Parent BMI, kg/m2 (mean, SD)
⬍25
25 to 29.9
ⱖ30
TV viewing
Child weekly (hours/week)†
Child weekday (hours/day)‡
Child weekend (hours/day)§
Parent (hours/week)¶

10 to 12 years
(n ⴝ 344)

13 to 15 years
(n ⴝ 355)

16 to 18 years
(n ⴝ 346)

n

N

n

%
11.0, 0.8

178
166

%
14.1, 0.8

52
48

171
184

25
201
58
60

7
58
17
17

224
120

%
16.9, 0.8

52
48

176
170

10
230
64
51

3
65
18
14

16
239
44
47

5
69
13
14

65
35

215
140

61
39

222
124

64
36

13
285
46

4
83
13

10
227
118

3
64
33

2
185
159

⬍1
53
46

246
98

72
28

253
102

71
29

253
93

73
27

283
61

82
18

299
56

84
16

293
53

85
15

66
87
191

19
25
56

46
105
204

13
30
57

47
71
228

14
21
66

65
35

244
111

69
31

257
89

35
34
31
SD
7.75
1.35
1.96
14.28

127
114
114
Mean
15.57
2.31
4.00
16.58

36
32
32
SD
9.15
1.59
1.98
13.76

122
122
102
Mean
14.67
2.18
3.77
19.03

19.8, 4.7

22.0, 5.1

39.1, 6.5

45.7, 4.9

4.2, 1.2

28.2, 7.1
119
117
108
Mean
14.15
2.03
3.97
16.31

23.1, 4.9

43.2, 7.1

4.3, 1.2
223
121

49
51

4.0, 1.1

27.9, 6.2

74
26
28.0, 6.7
35
35
29
SD
9.07
1.58
2.09
16.84

SD, Standard Deviaton
*Based on published growth charts, CDC (2000): underweight, ⬍5th percentile; normal weight, 5th to ⬍85th percentile; at risk for overweight, 85th to ⬍95th percentile; overweight,
ⱖ95th percentile.
†Weekly TV viewing time ⫽ (weekday TV hours ⫻ 5) ⫹ weekend TV hours; P for age trend ⫽ .431.
‡Monday through Friday; P for age trend ⫽ .208.
§Saturday and Sunday; P for age trend ⫽ .180.
¶Parental respondents were asked to report the number of hours of TV watched in the past week; P for age trend ⫽ .018.
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Table III. Results of linear regression analyses explaining TV viewing of boys and girls by age group, Styles
2002 (n ⴝ 1045)
10 to 12 years (n ⴝ 344)

␤
Parent TV viewing
(hours/week)
Parent knowledge (ref
⫽ correct
response)
Parent rules (ref ⫽
always)
Child sex (ref ⫽ male)
Child BMI (kg/m2)
Parent age (years)
Parent sex (ref ⫽ male)
Parent race (ref ⫽
white)
Parent marital status
(ref ⫽ married)
Annual household
income (ref ⫽
ⱖ$50,000)
⬍$25,000
$25,000 to 49,999
Household size,
persons
Parent BMI (kg/m2)
Variance explained by
parent TV viewing,
knowledge, and
rules
Total variance
explained

.15‡
⫺.77

2.43‡
⫺1.45
.36‡
⫺.05
.39
⫺2.03¶

Adjusted
␤*
.13‡
⫺1.05

2.15‡

Adjusted
␤†
.10‡
⫺1.30

13 to 15 years (n ⴝ 355)

␤
.09§
⫺.63

2.15‡

1.64§

⫺.73
.28§
⫺.00
.23
⫺1.93¶

⫺2.35¶
.17
.02
1.22
⫺2.69¶

Adjusted
␤*
.08¶
⫺.39

1.46§

16 to 18 years (n ⴝ 346)

Adjusted
␤†

␤

Adjusted
␤†

.03

.10§

.09§

⫺.85

2.69§

2.66§

1.71

.98

.82

1.11¶

1.73§
⫺2.34¶
⫺.01
.09
1.63
⫺2.00

⫺.33
.23¶
⫺.04
.93
⫺4.33‡
4.83§

.16

3.31¶

.52

6.34‡

2.09¶
2.25¶
⫺.60

1.65
2.22¶
⫺.50

2.49
1.34
⫺.80¶

1.45
1.62
⫺.34

4.58§
⫺.82
⫺.60

.09

⫺.07
.106

.27§

.19¶
.030

.082‡

.08§

⫺.42
.27§
⫺.10
2.35
⫺4.32‡

2.09

.179‡

Adjusted
␤*

.01

⫺1.15
⫺1.63
⫺.35
⫺.14
.033

.134‡

*Model: Child TV viewing ⫽ parent TV viewing ⫹ parent knowledge ⫹ rules.
†Model: Child TV viewing ⫽ parent TV viewing ⫹ parent knowledge ⫹ rules ⫹ child sex ⫹ child BMI ⫹ parent age ⫹ parent sex ⫹ parent race ⫹ parent marital status ⫹ annual
household income ⫹ household size ⫹ parent BMI.
‡P ⬍ .001.
§P ⬍ .01.
¶P ⬍ .05.
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Table IV. Results of post hoc analyses assessing associations among parent TV viewing, knowledge, and
rules and parental and child characteristics, Styles 2002 (n ⴝ 1045)
Parent TV viewing
Mean (SD)
Child age group
10 to 12 years
13 to 15 years
16 to 18 years
Child sex
Male
Female
Child BMI
Underweight
Normal
At risk for overweight
Overweight
Parent sex
Female
Male
Parent age
20 to 29 years
30 to 44 years
ⱖ45 years
Parent race
White
Nonwhite
Parent marital status
Married
Unmarried
Annual household income
⬍$25,000
$25,000 to 49,999
ⱖ$50,000
Household size
2 to 4
ⱖ5
Parent BMI, kg/m2
⬍25
25 to 29.9
ⱖ30

Parent knowledge

P*

Percent†

.03
16.3 (14.3)
16.6 (13.8)
19.0 (16.8)

P‡

.79

10.5
23.4
42.8
.17

34.4
38.5
⬍.001

16.8 (18.0)
16.1 (13.4)
18.3 (15.2)
21.7 (19.0)

.40

.55

.69

.045

.91

.01

.12

⬍.001

.02

⬍.001

.002

.28

.08
20.1
23.2
27.9
⬍.001

.21
37.7
33.6

⬍.001
14.8 (12.8)
17.1 (14.7)
20.3 (17.1)

.76
26.5
25.4

26.4
33.1
40.5

17.6 (15.2)
16.5 (14.6)

.01
27.8
19.8

28.8
37.9

25.5 (21.7)
18.0 (13.9)
14.9 (12.5)

.01
32.0
22.5
31.6

37.9
32.8

16.3 (14.2)
22.7 (18.0)

.90
25.4
25.8

40.0
36.2
36.8

16.2 (14.4)
20.0 (16.4)

.66
27.5
26.3
21.7
26.0

36.0
37.2

24.4 (25.7)
16.9 (14.6)
17.6 (14.8)

.66
26.2
25.0

33.3
37.3
39.2
31.1

17.1 (15.5)
17.7 (14.2)

29.0
17.8
.46

36.1
38.8
34.3

P‡
⬍.001

.10
41.0
34.1
34.4

17.4 (15.5)
17.2 (14.6)

Parent rules
%§

.91
26.1
25.8
24.7

*Based on the F test.
†Percent responding correctly.
‡Based on likelihood ratio 2 test.
§Percent reporting that they rarely set limits on time spent watching television.
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Seroprevalence of Herpes Simplex Virus Type 1 in Children in the
United States
FUJIE XU, MD, PHD, FRANCIS K. LEE, PHD, RHODA A. MORROW, PHD, MAYA R. STERNBERG, PHD, KRISTINA E. LUTHER, MPH,
GARY DUBIN, MD, AND LAURI E. MARKOWITZ, MD

Objectives

To describe HSV-1 seroprevalence in children in the United States and to examine factors associated with herpes
simplex virus type 1 (HSV-1) infection in children.
Study design Sera samples available from 2989 children age 6 to 13 years who participated in the National Health and Nutrition
Examination Surveys (NHANES) 1999-2002 were tested for HSV-1 antibodies using a type-specific immunodot assay. HSV-1
seroprevalence in children age 12 to 13 years was compared with that reported in an earlier survey (NHANES 1988-1994).
Results Overall, HSV-1 seroprevalence in children age 6 to 13 years was 31.1% (95% confidence interval [CI], 28.6% to
33.9%). Seroprevalence increased with age, from 26.3% in 6- to 7-year-olds to 36.1% in 12-to 13-year-olds, and varied by
race/ethnicity, birthplace, and poverty level. Among US-born children age 12 to 13 years, the point estimate of HSV-1
seroprevalence was lower in NHANES 1999-2002 than in NHANES 1988-1994 (34.3% vs 38.1%), but the differences were not
statistically significant.
Conclusions HSV-1 is a common infection in US children, with more than 25% infected by age 7. Race/ethnicity, birthplace,
and poverty level are predictors for HSV-1 infection in children. (J Pediatr 2007;151:374-7)

erpes simplex virus type 1 (HSV-1) is typically transmitted during childhood through nonsexual contact.1,2 HSV-1
infection is common worldwide. Most infections are asymptomatic; if symptomatic, herpetic gingivostomatitis represents the most common clinical manifestation in children. The infection is life-long, and the virus becomes latent in nerve and
See editorial, p 336
ganglial cells. Reactivation and reinitiation of the productive cycle can cause recurrent
herpes labialis and recurrent intraoral herpes.3 HSV-1 also is a leading cause of viral
encephalitis and corneal blindness in developed countries.4-7 HSV-1 infection in neonates
From the Centers for Disease Control and
Prevention, Atlanta, GA (F.X., M.S., K.L.,
is a potentially devastating disease, with high rates of morbidity and mortality.8 HSV-1
L.M.); Department of Pediatrics, Infectious
has emerged as an important causative agent of first-episode genital herpes in teens and
Disease, and Immunology, Emory Univer9-11
sity School of Medicine, Atlanta, GA (F.L.);
very young adults in some developed countries.
In the United States, the proportion
Department of Laboratory Medicine, Uniof genital herpes caused by HSV-1 may be increasing.12-14
versity of Washington School of Medicine,
Serosurveys have been one of the best means of studying the epidemiology of
Seattle, WA (R.M.); and GlaxoSmithKline,
Prophylactic Vaccines, King of Prussia, PA
HSV-1 infection, because many infections are asymptomatic or subclinical. In the United
(G.D.).
States, the National Health and Nutrition Examination Surveys (NHANES) have been
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used to track the burden of HSV-1 infection in the general population, but previous
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surveys included only persons age 12 years or older.14,15 Recent data show that HSV-1
for serologic testing.
seroprevalence has been declining in the United States; in persons age 14 to 49 years, the
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14
overall HSV-1 seroprevalence decreased by 7% over the past decade. With continuing
The findings and conclusions in this report
are those of the authors and do not neclmprovements in living and hygiene conditions, a continued decline in HSV-1 acquisition
essarily represent the views of the Centers
in childhood is expected, leaving more people susceptible to genitally acquired HSV-1
for Disease Control and Prevention.
infection when they become sexually active. This, combined with possible changes in
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sexual practices, could result in increasing genital herpes caused by HSV-1.14 HSV-1
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infection in childhood also affects the epidemiology of genital herpes caused by herpes
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simplex virus type 2 (HSV-2), the most common etiology of genital herpes worldwide,
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because previous HSV-1 infection can alleviate symptoms of
HSV-2 infection. Compared with HSV-1-seropositive persons, persons lacking HSV-1 antibodies are almost 3 times
more likely to be symptomatic if they acquire an HSV-2
infection.14,16,17
An HSV-2 vaccine under clinical testing may be efficacious only in those lacking HSV-1 antibodies.18 Because HSV-2
is transmitted primarily through sexual contact, the target population for vaccination would be children/adolescents who are
not yet sexually active. HSV-1 seroprevalence in a representative
sample of US children will provide essential information for the
development of HSV-2 vaccination policies in the future.

METHODS
The NHANES are a series of cross-sectional national
surveys of health and nutritional status conducted periodically by
the National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC). Details of the
survey methodology and data collection have been published
previously.19 Briefly, a random sample of the US civilian, noninstitutionalized population was selected from households using
a complex, stratified, multistage probability sample design. The
persons selected for the surveys were interviewed and underwent
a health examination in the mobile examination centers. In 1999,
the NHANES was redesigned to become a continuous survey,
using otherwise similar procedures to select the sample and
conduct the interviews and examinations.20
Leftover sera from children age 6 to 13 years from 4
years of NHANES surveys (1999 to 2002) were obtained for
testing of HSV-1 antibodies. Only participants who had more
than 1 aliquoted vial of stored serum were included in this
study (to avoid the depletion of stored specimens for that
participant). Participants were excluded if there was no previous informed consent by their parent or guardian permitting
further testing of their stored specimens. The study protocol
was approved by a CDC institutional review board.
We analyzed HSV-1 seroprevalence by age, sex, race/
ethnicity, and other demographic factors. In children age 12
to 13 years, we compared HSV-1 seroprevalence from
NHANES 1999-2002 with that from an earlier survey,
NHANES 1988-1994 (NHANES III). The interval between
the midpoints of the 2 surveys is 9.5 years.

Laboratory Methods
Serum samples were tested for antibodies to HSV-1
using the immunodot assay.21 Purified glycoprotein gG-1 of
HSV-1, which is type-specific, was used as the antigen. This
assay was the same assay as used for HSV-1 serology in all
previous NHANES.14,15 The test was performed by the same
laboratory personnel at Emory University, following an established laboratory protocol.
The performance of the immunodot assay is good with
respect to sensitivity and ability to discriminate between
HSV-1 and HSV-2.22 However, some data suggest that gGbased serologic tests may perform less well in pediatric sera
than in adult sera.23 To address this concern, we selected an

age-stratified random sample of about 200 serum specimens.
These specimens were blind-tested using the western blot
assay (WBA) at the University of Washington. The WBA is
based on the pattern of antibody reactivity to multiple viral
proteins, including glycoprotein gG-1.24

Statistical Analyses
SUDAAN software, release 9.0 (Research Triangle Institute, Cary, NC) was used for statistical analyses to account
for the complex survey design. Estimated HSV-1 seroprevalence was estimated based on key demographic factors. Confidence intervals (CIs) for the seroprevalence estimates were
calculated based on a log transformation, with the standard
error calculated using the delta method.25 Differences in
distribution by HSV-1 infection status were compared using
2 tests. When examining the trend in HSV-1 seroprevalence,
differences between the 2 surveys were considered to be statistically significant if the 2-sample t test had a P value ⬍ .05.26
Race/ethnicity categories were defined through self-reports by participants’ parents or guardians as “non-Hispanic
blacks,” “non-Hispanic whites,” and “Mexican Americans.” Persons not fitting into 1 of these 3 categories were classified as
“other” and were included in the total population. Of note,
Mexican Americans include those born in Mexico and those
born in the United States with Mexican heritage. By survey
design, non-Mexican Hispanics were designated as “other Hispanics.” The sample size of this group was too small to allow
meaningful analyses; thus, these persons were included in the
“others” group.
All seroprevalence estimates were weighted to represent
the civilian, noninstitutionalized US population and to account for oversampling and nonresponse to the interview and
the examination.27 Among participants age 6 to 13 years who
were interviewed and examined for NHANES 1999-2002,
15.2% had no leftover serum specimen for HSV-1 serology
for this analysis. The percentage of missing specimens was
slightly higher in younger age groups. We investigated
whether further adjustment of the original weights was warranted by identifying significant demographic predictors of
missingness through a weighted logistic regression model and
used this model to further adjust the weights. We found that
using weights with an additional nonresponse and poststratification adjustment always provided prevalence estimates
within the 95% CI based on the original NHANES weights.
Therefore, no additional adjustments were made, and the
original NCHS weights were used.28

RESULTS
Evaluation of Laboratory Tests
A randomly selected sample of 200 serum specimens, 79
(39.5%) positive and 121 (60.5%) negative by the immunodot
assay, underwent blind testing by WBA. The overall agreement
between the two tests was 96%. Among the 79 samples deemed
positive by the immunodot assay, 78 (98.7%) were also positive
by WBA, with the 1 remaining specimen negative by WBA.
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Table. HSV-1 seroprevalence in children age 6 to
13 years by selected demographic factors, NHANES
1999-2002

Variables
Overall
Age (years)
6 to 7
8 to 9
10 to 11
12 to13
Sex
Boys
Girls
Race/ethnicity
Non-Hispanic whites
Non-Hispanic blacks
Mexican Americans
Other*
Birthplace
United States
Mexico
Elsewhere
Poverty level†
Below poverty level
At or above poverty
level

Sample
size

HSV-1
seroprevalence,
% (95% CI)

2989

31.1 (28.6 to 33.9)

591
622
648
1128

26.3
28.2
33.4
36.1

1501
1488

30.5 (26.3 to 35.3)
31.9 (28.0 to 36.3)

775
953
1062
199

24.7
47.8
42.1
31.4

29.2)
53.3)
46.9)
44.4)

⬍.001

2708
180
93

30.0 (27.4 to 32.8)
59.3 (51.3 to 68.6)
42.9 (26.7 to 68.9)

⬍.001

942
1198

51.8 (46.7 to 57.4)
24.0 (21.3 to 26.9)

⬍.001

(21.3
(22.9
(28.2
(32.1

(20.9
(42.8
(37.7
(22.1

to
to
to
to

to
to
to
to

32.5)
34.6)
39.5)
40.7)

2
P value

⬍.005

.68

*Any person not fitting into 1 of the 3 racial/ethnical groups, including those whose
race/ethnicity variable was missing and those who reported more than 1 race.
†Poverty statistics are based on definitions originally developed by the Social Security
Administration. These include a set of money income thresholds that vary by family size
and composition. Families or individuals with income below their appropriate thresholds
are classified as below the poverty level.

Among the 121 samples deemed negative by the immunodot
assay, 107 (88.4%) were also negative by WBA. The remaining
samples were indeterminate (n ⫽ 8) or positive (n ⫽ 6) by
WBA.
The reproducibility of the immunodot assay was also
evaluated. As part of quality control, 90 samples (3% of the
random samples) were repeatedly tested using the same aliquot; the concordance was 100% in these samples. Duplicated
serum samples for 125 individuals were blind-tested by accident (with 2 different aliquots from the same individual
pulled by the repository staff). The duplicates came from
different laboratories and were unknown to the laboratory at
Emory University until the testing results were sent back to
NCHS for linkage with other survey data. The reproducibility
was 99.2% in these individuals. One pair had discordant
results; further investigation suggested that 1 of the aliquots
had been degraded (probably in another laboratory), and the
denaturation or aggregation of proteins reduced a relatively
weak positive sample to nonreactive.

HSV-1 Seroprevalence, NHANES 1999-2002
Because the immunodot assay has been used for HSV-1
testing in several NHANES surveys,14,15 results from the
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Figure. HSV-1 seroprevalence by age and race/ethnicity,* NHANES
1999-2002. *Seroprevalence estimates among persons whose reported race/
ethnicity was other than the 3 categories were excluded due to small
sample size.

immunodot assay were used for all seroprevalence estimates in
this analysis. A total of 2989 children age 6 to 13 years were
tested for HSV-1 antibodies using the immunodot assay. The
seroprevalence of HSV-1 increased with increasing age, from
26.3% in 6- to 7-year-olds to 36.1% in 12- to 13-year-olds
(Table). The seroprevalence was similar in boys and girls but
differed by race/ethnicity, birthplace, and poverty level. The
overall seroprevalence of HSV-1 was 24.7% in non-Hispanic
whites, 47.8% in non-Hispanic blacks, 42.1% in Mexican
Americans, and 31.4% in others (Table).
The Figure presents the relationship between HSV-1
seroprevalence and age by race/ethnicity. In 6- to 7-year-olds,
the seroprevalence of HSV-1 was 39.5% in non-Hispanic
blacks, 35.3% in Mexican Americans, but only 22.8% in
non-Hispanic whites. By age 12 to 13 years, HSV-1 seroprevalence reached 57.4% in non-Hispanic blacks, 48.9% in
Mexican Americans, and 25.9% in non-Hispanic whites.

Trends in HSV-1 Seroprevalence Between NHANES
1988-1994 and NHANES 1999-2002
Overall, the point estimate of HSV-1 seroprevalence in
12- to 13-year-olds decreased from 40.3% (95% CI ⫽ 33.5%
to 48.3%) in NHANES 1988-1994 to 36.1% (95% CI ⫽
32.1% to 40.7%) in NHANES 1999-2002, but the decrease
was not statistically significant (P ⫽ .3). Because birthplace is
an important determinant of HSV-1 seroprevalence (as
shown in the Table), to remove possible effects caused by the
large number of immigrants in the US, we performed further
analyses limited only to persons born in the 50 states and
Washington, DC. The point estimate of HSV-1 seroprevalence in US-born 12- to 13-year-olds also decreased between
the 2 surveys, from 38.1% (95% CI ⫽ 31.5% to 46.3%) in
NHANES 1988-1994 to 34.3% (95% CI ⫽ 30.3% to 38.9%)
in NHANES 1999-2002, but this decrease was not statistically significant.

DISCUSSION
We report HSV-1 seroprevalence in a national representative sample of US children. In children age 6 to 13 years,
The Journal of Pediatrics • October 2007

the overall seroprevalence of HSV-1 was 31.1%. The seroprevalence was higher in older age groups, indicating continued acquisition of HSV-1 infection. As expected from known
data in adults, the seroprevalence of HSV-1 in children varied
greatly by race/ethnicity.14
A high-performance serologic test is required for accurate serosurveys. Our data show good agreement between
testing results from the immunodot assay and WBA in pediatric sera. For sera collected around the time of seroconversion, some discrepancies between the 2 tests are expected.22
Our study suggests that the immunodot assay, which detects
antibodies only to glycoprotein gG-1 of HSV-1, has the
advantage of high throughput but may slightly underestimate
seroprevalence compared with WBA. Nevertheless, our data
provide further evidence that the immunodot assay can be
used in serosurveys such as NHANES to measure the burden
of HSV-1 infection in children age 6 years and older.
Due to steady improvements in living and hygiene
conditions in the US, HSV-1 acquisition in children is expected to decrease over time. The small, non–statistically
significant decreases observed in children age 12 to 13 between NHANES 1988-1994 and NHANES 1999-2002 are
consistent with the findings in older persons, where a small
yet significant decrease has been reported.14 The decreases did
not reach statistical significance in this analysis, probably due
to the smaller sample size in this narrower age group. Continued declines in HSV-1 acquisition in childhood will leave
more people susceptible to genitally acquired HSV-1 infection when they become sexually active. Another consequence
of declining HSV-1 acquisition in childhood is that people
will be more likely to acquire HSV-2 infection without previous HSV-1 infection, resulting in more severe symptoms of
HSV-2 infection.
New strategies are needed to prevent genital herpes.
The ability to monitor HSV-1 seroprevalence in children
surveyed in NHANES might be important to the development of some HSV-2 prevention strategies.18 Because the
genital herpes vaccine currently in clinical testing may be
efficacious only in girls lacking HSV-1 antibodies,18 our study
establishes that most preteen girls would potentially benefit
from this candidate vaccine. Furthermore, declining HSV-1
acquisition in childhood may increase the number of preteens
who would potentially benefit from vaccination.
The authors would like to thank Gerald M. McQuillan at
NCHS, CDC, for her assistance in obtaining specimens, and Lisa
Lindsay, William Hausdorff, and Camilo J. Acosta from GlaxoSmithKline for their assistance in obtaining funding for serologic
testing.
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Overweight and Obesity among Youth Participants in American Football
ROBERT M. MALINA, PHD, PETER J. MORANO, PHD, ATC, MARY BARRON, PHD, ATC, SUSAN J. MILLER, MS, ATC,
SEAN P. CUMMING, PHD, ANTHONY P. KONTOS, PHD, AND BERTIS B. LITTLE, PHD

Objective

To estimate the prevalence of overweight and obesity among participants in youth American football 9 to 14 years

of age.

Study design

Cross-sectional, 653 boys, 8.7 to 14.6 years. Height and weight were measured; body mass index (BMI) was
calculated. Overweight and obesity were defined by international (International Obesity Task Force [IOTF]) and United States
(Centers for Disease Control [CDC]) criteria. Prevalence and 95% confidence interval were calculated. Player age, height, and
weight and midparent height were used to predict mature height; current height was expressed as a percentage of predicted
mature height as an estimate of maturity status.
Results Overall 45.0% (41.2% to 48.9%) and 42.6% (38.8% to 46.5%) of players were overweight or obese by CDC and
IOTF criteria, respectively. Prevalence was highest in early maturing boys. Based on position-activity at time of injury (n ⴝ
180), overweight and obesity were more common among offensive and defensive linemen.
Conclusion Overweight and obesity were more prevalent in youth football players than in national samples of American
boys. Allowing for limitations of the BMI and the relative stability of the BMI from adolescence into adulthood, a relatively large
number of football participants may be at risk for later overweight or obesity, and the risk appears to be greater for offensive
and defensive line positions. (J Pediatr 2007;151:378-82)

merican football is a sport in which large body size is considered advantageous. It is no surprise therefore that football
players tend to be taller and heavier and possess greater mass-for-height than non-players. The size advantage is evident
at youth and scholastic levels.1-5 The relatively large size of youth players may, in turn, have implications for overweight
and obesity, and perhaps for the future health of the individual. Childhood and adolescent overweight and obesity persist into
adulthood in many individuals.6-10 Given the emphasis on body size and mass in football, the sport may place some youth at
risk for later overweight or obesity. The purpose of this study was 2-fold: (1) to estimate the prevalence of overweight and obesity
among participants in community-based youth American football programs, and (2) to evaluate the relationship between biologic
maturity status and overweight and obesity.

A

METHODS
Members of teams from 2 communities in the Mid-Michigan PONY (Protect Our
Nation’s Youth) Football League in 2000 and 2001 participated in the study. The project
was approved by the University Committee for Research Involving Human Subjects at
Michigan State University and by league officials in each community. Informed consent
of parents and self-assent of players were obtained. The total sample was 653 boys (⬎96%
of participants), 8.7 to 14.6 years of age. One girl (11.1 years, 6th grade) participated in
2001; she was excluded from analysis. Six players (⬍1%) were non-white.
Measurement protocol for height and weight and growth status of the players have
been reported.5 The body mass index (BMI, kg/m2) and decimal age were calculated.
Players were classified as overweight or obese using the age-specific Centers for Disease
Control (CDC) reference for American boys (BMI ⱖ85th ⬍95th percentiles and BMI
ⱖ95th percentiles, respectively),11 and recommended cutoff values of the International
Obesity Task Force ([IOTF]).12
Self-reported heights of biologic parents and player age, height, and weight were
used to predict mature (adult) height. Current height was expressed as a percentage of
BMI
CDC
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Table I. Descriptive statistics for age, BMI and BMI percentile of youth football players by age group
BMI, kg/m2

Age, yrs

BMI Percentile

M

SD

N

M

SD

Md

SEmd

Range

M

SD

Md

SEmd

Range

9.2
10.0
11.0
12.0
12.9
13.8
Total

0.2
0.3
0.3
0.3
0.3
0.2

58
106
153
156
138
42
653

18.8
20.2
21.0
22.0
22.5
23.5
21.4

3.3
3.8
4.4
4.6
4.2
5.1
4.4

17.8
19.2
19.5
20.7
21.5
21.8
20.3

0.5
0.5
0.5
0.5
0.5
0.9
0.2

14.0-27.9
14.8-33.8
14.7-37.5
16.3-40.1
15.6-34.8
16.9-36.1
14.0-40.1

72.2
76.2
74.3
76.9
76.5
76.9
75.7

22.1
22.6
23.7
20.9
22.4
20.9
22.3

76.6
83.7
80.0
83.8
83.3
79.6
82.7

3.2
2.8
2.4
2.1
2.4
4.0
1.1

5.1-99.1
24.4-99.5
8.1-99.6
18.9-99.7
8.2-99.4
15.3-99.3
5.1-99.7

predicted mature height to provide an estimate of biological
maturity status. Percentages were expressed as z-scores to
classify players into maturity groups by chronological age as
follows: z-score between ⫺1.0 and ⫹1.0 ⫽ average or “on
time”; z-score below ⫺1.0 ⫽ late or delayed; z-score greater
than ⫹1.0 ⫽ early or advanced.13
The BMI did not differ between seasons and communities5; data were thus pooled. The BMI of each player was
converted to a percentile score using the NutStat program of
Epi InfoTM (version 3.3.2, February 2005; www.cdc.gov/
epiinfo). Descriptive statistics for the BMI and BMI percentiles, and the prevalence of overweight and obesity and 95%
confidence interval (CI) were calculated. Age differences were
examined with analysis of variance. Concordance of classification as normal weight, overweight, and obese with CDC
and IOTF criteria was evaluated with the Kappa statistic.
Estimates of overweight and obesity were also calculated for
players classified by maturity status in 2-year age groups,
9-10, 11-12, and 13-14 years.
It was not logistically practical to categorize players by
position; most played several positions during a game and the
season. Position or activity of 180 injured players at the time
of injury was available: offensive line, defensive line, linebackers, defensive backs and ball carriers (running backs, quarterbacks, receivers). Players injured in drills before and during
the season, on special teams (kick-offs, extra points) and in
undetermined contexts were grouped separately. Descriptive
statistics for the BMI and prevalence of overweight and
obesity in each subgroup of injured players was calculated.
Weight restrictions, in full football attire, were in effect for
ball carriers: ⱕ120 lbs (54.4 kg), ⱕ130 lbs (59.0 kg), and
ⱕ140 lbs (63.5 kg), in the 4th-5th, 6th and 7th grades,
respectively. Players exceeding the weight limit were required
to play from tackle to tackle on the offensive line. Weight
limits did not apply for any defensive positions. Eighth grade
teams had no weight restrictions.
Analysis of covariance, with age as the covariate, was used
to compare BMI percentile scores among maturity groups and
BMIs of injured and noninjured players. A 2 test was used to
evaluate distributions of overweight and obesity by maturity
group and between injured and non-injured players. Data were
analyzed with SPSS version 14.0 (SPSS, Inc., Chicago, IL).

RESULTS
Descriptive statistics for age, BMI, and BMI percentiles
by age group and for the total sample are shown in Table I.
The maximum BMI is more than twice as large as the
minimum BMI in all age groups except 9 years. Mean BMI
increases with age (P ⬍ .001), but mean BMI percentiles do
not differ among age groups (ns).
The prevalence of overweight and obesity and 95% CI
are shown in Table II. The 95% CI overlap across all age
groups with each criterion, indicating no significant age effect
in prevalence. Overall, 19.9% (17.0%-23.2%) are overweight
and 25.1% (21.9%-28.7%) are obese with CDC and 24.7%
(21.4%-28.2%) are overweight and 17.9% (15.1%-21.1%) are
obese with IOTF criteria. The combined prevalence of overweight and obesity is similar with the 2 criteria, CDC 45.0%
(41.2%-48.9%) and IOTF 42.6% (38.8%-46.5%). Concordance of classification of normal weight, overweight, and
obese with CDC and IOTF criteria is 90.4% with a Kappa
coefficient of 0.84 ⫾ 0.02 (P ⬍ .001).
The overall prevalence of overweight and obesity in the
180 injured players is 42.2% (35.0%-49.8%) and 40.6%
(33.4%-48.1%) with CDC and IOTF criteria, respectively,
which do not differ significantly from estimates for the total
sample (above). On the basis of position-activity at time of
injury, offensive linemen (n ⫽ 32) have the highest BMI
(age-adjusted mean ⫾ SE, 26.1 ⫾ 0.7 kg/m2) and prevalence
of overweight and obesity (78%, CDC criteria). Estimates for
other injured players by position are: defensive linemen (n ⫽
28, 22.7 ⫾ 0.8 kg/m2, 50%), linebackers (n ⫽ 8, 20.6 ⫾ 1.5
kg/m2, 50%), defensive backs (n ⫽ 14, 19.2 ⫾ 1.1 kg/m2,
14%), primary ball carriers (n ⫽ 50, 19.5 ⫾ 0.6 kg/m2, 20%);
for other: special teams/undetermined (n ⫽ 20, 22.0 ⫾ 0.9
kg/m2, 50%) and drills (n ⫽ 28, 20.9 kg/m2 ⫾ 0.8 kg/m2,
39%).
Partial correlations between the BMI and BMI percentiles and percentage of predicted mature height, controlling for
age, in the total sample are 0.62 (P ⬍ .001) and 0.50 (P ⬍ .001),
respectively. BMI percentile scores (age-adjusted mean ⫾ SE)
are significantly higher in boys advanced in maturity status (n ⫽
157, 90.3 ⫾ 1.6) than boys average or on time (n ⫽ 402,
71.4 ⫾ 1.0) and late (n ⫽ 22, 58.2 ⫾ 4.3) in maturity status.
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Table II. Prevalence of overweight and obesity and 95% CI in youth football players by age group
Overweight

Obese

Age group

No.

Criterion

n

%

95% CI

n

%

95% CI

9.0

58

10.0

106

11.0

153

12.0

156

13.0

138

14.0

42

Total

653

CDC
IOTF
CDC
IOTF
CDC
IOTF
CDC
IOTF
CDC
IOTF
CDC
IOTF
CDC
IOTF

6
7
20
26
29
39
37
41
30
39
8
9
130
161

10.3
12.1
18.9
24.5
19.0
25.5
23.7
26.3
21.7
28.3
19.0
21.4
19.9
24.7

4.3-21.8
5.4-23.9
12.2-27.9
16.9-34.0
13.3-26.3
18.9-33.3
17.4-31.3
19.7-34.0
15.4-29.7
21.1-36.7
9.1-34.6
10.8-37.2
17.0-23.2
21.4-28.2

11
9
30
20
42
28
38
29
33
24
10
7
164
117

19.0
15.5
28.3
18.9
27.5
18.3
24.4
18.6
23.9
17.4
23.8
16.7
25.1
17.9

10.3-31.8
7.8-27.9
20.2-38.0
12.2-27.9
20.7-35.3
12.7-25.5
18.0-32.0
13.0-25.8
17.2-32.1
11.7-25.0
12.6-39.8
7.5-32.0
21.9-28.7
15.1-21.1

Table III. Prevalence of overweight and obesity in players of contrasting maturity status
Maturity categories
Late

Average

OW

OB

Age

N

Criteria

N

n

9-10

144

7

—

11-12

268

13

169

1
1
—

8
8

13-14
Total

581

CDC
IOTF
CDC
IOTF
CDC
IOTF
CDC
IOTF

1
1

4
4

2
22

%

OW

OW

OB

N

n

%

n

%

N

n

%

n

%

—

108
180

—

114

—
—

402

19
22
21
24
25
29
22
25

10
3
27
13
14
9
51
25

9
3
15
7
12
8
13
6

29

—

21
24
37
44
29
33
87
101

1
6
20
27
7
10
28
43

3
21
27
36
13
19
18
27

28
23
45
37
24
20
97
80

97
79
60
49
45
38
62
51

DISCUSSION
Obesity was almost twice as prevalent in football players
9 to 14 years (CDC 25.1%) than in American white boys
from 1999 to 2002: 6 to 11 years, 14.0%, and 12 to 19 years,
14.6%.14 Overweight plus obesity were also more prevalent
(CDC 45.0%) than in American white boys: 6 to 11 years,
Malina et al

OB

n

Trends are significant and similar in specific age groups, but
are tempered by the small number of later maturing boys.
The prevalence of overweight and obesity among boys
of contrasting maturity status is shown in Table III. The 2
tests for the total sample and specific age groups are significant (P ⬍ .001, except 11-12 years, P ⫽ .005). Among 402
boys classified average or “on time” in maturity status, a
greater percentage are overweight (CDC 21.7%, IOTF 25%)
than obese (CDC 13%, IOTF 5%), although among 157
players classified as advanced in maturity status, a greater
percentage are classified as obese (CDC 62%, IOTF 51%)
than overweight (CDC18%, IOTF 27%). Among the small
number of players classified as late maturing (n ⫽ 22), only 1
is overweight and none is obese.
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Early

75
53
157

29.3%, and 12 to 19 years 29.2%.14 Because ⬍1% of players
were non-white, generalization to youth football participants
of other ethnic groups requires caution.
CDC and IOTF criteria gave similar estimates for
overweight plus obesity, 45.0% and 42.6%, respectively.
IOTF criteria identified proportionally more players as overweight, and CDC criteria identified proportionally more
players as obese. CDC criteria are based on age- and sexspecific percentiles derived from representative samples of
American youth in several national surveys.11 IOTF criteria
are based on nationally representative samples from six countries: Brazil, Great Britain, Hong Kong, the Netherlands,
Singapore, and the United States (excluding the 1988-1994
U.S. national survey). Adult criteria for overweight (25.0
kg/m2) and obesity (30.0 kg/m2) were mathematically retrofitted into childhood to establish cutoff values for overweight
and obesity at half-year intervals from 2 to18 years.12
The BMI has limitations as an indicator of overweight
and obesity, especially with adolescent males in general and
athletes in particular given the growth spurt in fat-free mass
and the generally larger fat-free mass of adolescent athThe Journal of Pediatrics • October 2007

Table IV. Prevalence of overweight and obesity in male participants in several youth sports
Sport

Location

n

Age, years

Criterion

Overweight

Obese

American football, this study

Mid-Michigan

653

8.7-14.6

Soccer*

Mid-Michigan

187

9.0-14.7

Soccer†

Portugal

127

11.1-15.2

Basketball‡

Portugal

101

11.9-14.5

General athletics§

Hungary

107

8.8-14.5

Sport schools, multiple sports储

Poland

143

10.5-15.0

CDC
IOTF
CDC
IOTF
CDC
IOTF
CDC
IOTF
CDC
IOTF
CDC
IOTF

19.9%
24.7
15.5
16.0
8.3
9.1
13.9
13.9
3.7
4.7
5.3
5.3

25.1%
14.9
4.8
2.7
—
—
10.9
9.9
0.9
—
0.7
—

*Calculated from data reported in Kontos31 and Cumming.32
†Calculated from data reported in Malina et al.33,34
‡Calculated from data provided by Professor Manuel Coelho e Silva, University of Coimbra, Coimbra, Portugal (2003).
§Calculated from data provided by Professor Julia Pápai, Eötvös Lorand University, Budapest, Hungary (2004).
储Calculated from unpublished data provided by Zofia Ignasiak, University School of Physical Education, Wrocław, Poland (2003).

letes.15,16 Because the BMI does not distinguish between lean
and fat tissue, it is not possible to determine whether the
participants were simply heavy or “over fat.” Variation in
maturity status is an additional factor. Advanced maturity
status is associated with obesity, specifically in youth with
larger fat-free and muscle masses.17,18 Youth football players
tend to be taller and heavier than reference values and also
tend to be advanced in maturation.5,13 Of 154 players classified as advanced in maturity status, more than one half were
obese (Table III). It is possible that elevated BMIs are related,
in part, to larger fat-free and muscle masses. Boys 6 to 12
years classified obese by both the BMI and triceps skinfold
were advanced in skeletal age and larger in estimated arm
muscle circumference than boys classified obese by the triceps
skinfold alone.19
Football drills and games involve intermittent rather
than continuous activities so that physical activities associated
with the sport, especially at the community level, are probably
not sufficient in frequency, intensity and duration to significantly modify body mass and specifically adiposity. It is possible that some participants were involved in resistance training, which has the potential to increase fat-free mass in
adolescent boys. However, experimental resistance exercise
programs are associated with negligible effects on body composition in youth,20 whereas moderately intensive aerobic
programs of 30 to 60 minutes duration, 3 to 7 days/week, are
associated with reductions in total body adiposity in obese
youth.21 Individual differences in body weight and composition associated with growth and maturation, and in responsiveness to training also need consideration.16
Comparative data on overweight/obesity in youth
American football players are not extensive. In a sample of 58
players 10 to 14 years from 2 semi-rural communities in the
1970s, 9 were overweight (16%) with CDC and IOTF criteria
and 5 (10%) and 2 were obese (3%) with CDC and IOTF
criteria, respectively.3 Although obesity appeared to be less

frequent than in this study (Table I), small numbers limit
inference about secular change. The median BMI for the total
sample of football players 9 to 14 years, 20.3 kg/m2, was lower
than that for interscholastic middle school football players 10
to 15 years, 22 kg/m2,22 but the range of BMIs overlapped,
14.0 to 40.1 kg/m2 and 15 to 48 kg/m2, respectively.
Overweight and obesity in youth football players are
compared with youth participants in other sports in the
United States and Europe in Table IV. Although comparative
data are limited, obesity is more prevalent in football players
compared with participants in other sports. One of the samples of soccer players was from the same area as the football
players. The prevalence of overweight in Portuguese youth
basketball participants is similar to mid-Michigan soccer participants, but the prevalence of obesity was greater in the
former. Overweight and obesity are especially less prevalent in
European youth participants in soccer, general athletics and
multiple sports. Comparisons of youth athletes in Table IV
should be tempered with caution, given body habitus or
physique variation associated with the sports for which data
were available. Ethnicity is a potential source of variation, but
all samples are of European ancestry.
The physique15 and body composition23 of American
football participants at high school, collegiate and professional levels vary by position. Positions are not firmly established at the youth level and frequently change during a game
and season. Position-activity of 180 injured players at time of
injury indicated a higher prevalence of overweight and obesity
among offensive linemen and defensive lineman and linebackers compared to primary ball carriers and defensive backs.
This would suggest that the risk of overweight and obesity
among youth players is potentially associated with position.
These estimates are based on position-activity at time of
injury and extrapolation to all players requires caution. These
differences may be due in part to weight restriction for ball
carrier positions. Nevertheless, body size and maturity status
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were not related to injury in the total sample,24 whereas large
size is often indicated as a risk factor for injury in American
football.25,26
Obesity is also a risk factor for injury associated with
physical activity in the general population of youth,27,28 and
overweight and obesity are risk factors for heat-related complications in physical activity and sport: hyperthermia, heat
exhaustion, heat stroke.29 Overweight and obesity also track
moderately well from 9 years into adulthood.6-10 Among boys
9 to 14 years in the Fels Longitudinal Study, probability of
overweight at 35 years for those with a BMI at the 85th and
95th percentiles (CDC), respectively, varied between 61%
and 73% and between 81% and 91%.8 Corresponding probability for obesity at 35 years for those with a BMI at the
85th and 95th percentiles, respectively, varied between 16%
and 22% and between 28% and 46%.8 Many participants in
the present study are thus at risk for later overweight or
obesity.
Given the apparent value placed on body mass in American football, the sport may place some boys at risk for
overweight and/or obesity. The size of elite football players,
specifically massiveness, is often highlighted in the sport
media from high school to professional levels. Elevated BMIs
in youth participating in American football, especially those
in offensive and defensive line positions, thus merit further
study and raise the following question: Does the psychosocial
environment of American football for youth, including parents, coaches, and the sport system, reward massiveness (overweight, perhaps obesity, specifically for linemen) in a manner
similar to that attributed to the psychosocial environment of
gymnastics and figure skating that fosters limited weight gain
in girls?30
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Stability of Adolescent Body Mass Index during Three Years
of Follow-up
NANCY A. CRIMMINS, MD, LAWRENCE M. DOLAN, MD, LISA J. MARTIN, PHD, JUDY A. BEAN, PHD, STEPHEN R. DANIELS, MD, PHD,
M. LOUISE LAWSON, PHD, ELIZABETH GOODMAN, MD, AND JESSICA G. WOO, PHD

Objective A 4-year longitudinal study was conducted to determine the prevalence of overweight, detect shifts in body mass
index (BMI) distribution, and determine which adolescents were at risk for pathologic weight gain.
Study design BMI was analyzed in 1746 adolescents in years 1 (2001-2002) through 4 (2004-2005) of a school-based
study. Changes in BMI-Z according to baseline BMI category were examined with general linear modeling.
Results In year 1, the prevalence of at risk for overweight (BMI ⴝ 85th-95th percentile) and overweight (BMI > 95th
percentile) was 19.1% and 18.1%, respectively. Between years 1 and 4, the cohort exhibited no increase in the prevalence of
at risk for overweight (19.1% versus 17.2%) or overweight (18.2% versus 18.8%; P > .5). The mean BMI Z-score (BMI-Z) for
the cohort was identical in years 1 and 4 (0.66 ⴞ 1.0 Z-score units). Although the overall cohort exhibited stability in BMI-Z,
individuals at the lowest categories of BMI-Z (year 1 BMI Z-score <0) exhibited significant increases in BMI Z-score by year
4 (P < .01), with lean girls gaining more than lean boys (P for difference <.007).
Conclusion The study cohort exhibited stability in adiposity during 3 years of follow-up. However, lean adolescents,
particularly girls, experienced significant increases in BMI-Z, beyond that expected for age- and sex-related growth.
(J Pediatr 2007;151:383-7)
dolescence has been identified as a critical period for establishing adult obesity risk.1-3 In the past 30 years, the
prevalence of overweight in adolescents has increased markedly.4,5 On the basis of current National Health and
Nutrition Examination Survey (NHANES, 2003-2004) data, 34.3% of adolescents ages 12 to 19 years are at risk for
overweight or are overweight.6 Furthermore, there is a common perception that the heaviest adolescents are becoming
increasingly obese, with many studies noting an upward shift in body mass index (BMI) distribution.7-10
Although NHANES and similar large cross-sectional studies are critical in identifying obesity prevalence and distribution, they are hampered by the use of 2 distinct
cohorts enrolled at different periods. In contrast, longitudinal studies are advantageous
because they can evaluate both the prevalence of overweight and examine tracking of
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Although nationally representative longitudinal studies
are ideal for studying childhood and adolescent obesity, they
are difficult and costly to perform and are therefore not done
frequently. As a result, recent trends in adolescent adiposity
are unable to be fully characterized from this type of study.
The subjects in the studies by Strauss and Pollack and
Gordon-Larsen et al were largely born before the adolescent
obesity epidemic unfolded. In addition, these studies examined categorical changes in BMI. Continuous measures of
adiposity may provide a more detailed view of current shifts in
adolescent BMI during longitudinal follow-up.
Because of the limitations of cross-sectional studies and
a paucity of recent longitudinal studies with continuous measures of adiposity in adolescents, our objective was to study
longitudinally a cohort of adolescents born during or after the
obesity epidemic was recognized. This study examines the
prevalence and distribution in adolescent obesity in a schoolbased population (Cincinnati, OH) observed from 2000 to
2004. We also sought to determine which subgroups of adolescents exhibit the largest changes in BMI Z-score during
follow-up. By describing the extent and timing of increases in
adiposity during adolescence, at-risk subgroups of adolescents
and crucial periods for obesity-related interventions can be
identified.

METHODS
Participants (n ⫽ 1747) were selected from 2501 students participating in a prospective, school-based study titled
The Princeton School District (PSD) Study (Cincinnati,
OH), on the basis of availability of 4 years of complete data.
PSD students in grades 5 through 12 were invited to participate in 2001 and were observed for 4 years. This study was
reviewed and approved by the institutional review boards of
Cincinnati Children’s Hospital Medical Center and the University of Cincinnati. All participants ⬎18 years of age and
parent/guardian for those ⬍18 years of age provided written
informed consent, and individuals ⬍18 years of age provided
written assent.

History and Physical Examination
Parents, students, or both completed a medical history
documenting chronic disease, medication use, and history of
menarche for the girls. Exclusion criteria included known
chronic disease, medication use known to affect carbohydrate
metabolism, and pregnancy. Physical examinations were conducted in school facilities, behind portable screens, by trained
study personnel. Height and weight were measured as previously described.11 The average of duplicate measurements was
used in the analysis. Axillary hair was documented in boys as
none, minimal, or adult distribution.
Calculated Variables
BMI was calculated as weight (kg)/height (m)2, and
age- and sex-specific BMI percentiles and Z-scores were
determined on the basis of Centers for Disease Control and
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Prevention (CDC) growth charts.12 Age and sex-specific
BMI percentiles and Z-scores were calculated independently
each year to account for individuals’ growth and aging throughout the study. For individuals aged ⱖ20.5 years (n ⫽ 52 of 6984
observations), BMI percentiles and Z-scores were determined by
using the CDC age 20 years growth reference, for continuity
with adolescent data. All of these 52 observations except 7 would
be classified correctly according to adult definitions, and these 7
would not change our results (data not shown).
Categories of underweight, normal weight, at risk for
overweight, and overweight were determined by using standard CDC percentile thresholds of ⬍5th percentile, 5th to
⬍85th percentile, 85th to ⬍95th percentile, and ⬎95th percentile, respectively. Nine BMI Z-score (BMI-Z) categories
were also created for year 1 (baseline) BMI-Z for a more
detailed analysis of individuals’ changes in BMI during follow-up. These categories used 0.5 Z-score unit intervals, with
the lowest category being ⬍⫺1.0 Z-score unit, and the highest category being ⬎⫹2.5 Z-score units to maintain adequate
sample size in the tails of the distribution (highest category,
n ⫽ 45; all other categories, n ⫽ 94 to 322 per group). BMI
Z-scores rather than percentiles were chosen for analysis in
continuous models because they are not bounded by 0 and 1
and exhibit a more normal distribution.
Pubertal status determination was described previously.11
In brief, sexual maturation milestones and sex hormone
thresholds were used to distinguish pre-puberty, puberty, and
post-puberty. Sex hormone thresholds were established by
using reference data from 2 large Cincinnati-based adolescent
cohorts with full Tanner staging.

Statistical Analyses
All statistical analyses were conducted with the SAS
system software, version 9.1 (SAS, Cary, NC). We selected
the analysis cohort to include only those subjects with complete data to avoid potential differential loss to follow-up in
demographic subsets. However, findings reported are similar
to those including either 3 or 4 years of data (n ⫽ 1899, data
not shown), suggesting any differential loss was not significant. The original analysis with complete data is presented
throughout.
Analysis of cohort mean BMI and BMI-Z during follow-up was conducted by using repeated measures analysis
of variance (ANOVA), with pairwise Bonferroni-corrected
year-to-year comparisons evaluated when the overall relationship was significant. Mean ⫾ SEM are presented. Year-toyear comparisons of BMI categories were evaluated by using
Bowker’s test of categorical symmetry for paired data. The 6
paired comparisons in the 4 years yield a Bonferroni corrected
P value of .008 as significant.
Individual-level changes in BMI-Z (modeled as year 4
minus year 1 BMI-Z) were evaluated by using general linear
models, considering age, sex, race (white/black/other), puberty stage (pre-puberty, puberty, and post-puberty), and sex
by puberty stage interaction. A BMI-Z change significantly
different from 0 indicates deviation from the age- and sexThe Journal of Pediatrics • October 2007

Table. Four-year cohort description (N ⴝ 1746)
Age ⫾ SE*
Pre/puberty/post (%)
Sex- and age-adjusted BMI
Underweight (%)
Normal weight (%)
Risk for overweight (%)
Overweight (%)
BMI-Z ⫾ SE†
BMI unadjusted for growth
BMI ⫾ SE*

Year 1 (2001-2002)

Year 2 (2002-2003)

Year 3 (2003-2004)

Year 4 (2004-2005)

13.9 ⫾ 0.003
13 / 45 / 42

14.8 ⫾ 0.003
3 / 38 / 59

15.7 ⫾ 0.003
0.3 / 29 / 71

16.7 ⫾ 0.003
0 / 15 / 85

1.3
61.5
19.1
18.2
0.66 ⫾ 0.01

1.5
61.6
17.0
19.9
0.67 ⫾ 0.01

1.3
62.1
17.3
19.4
0.69 ⫾ 0.01

1.6
62.3
17.2
18.8
0.66 ⫾ 0.01

22.70 ⫾ 0.03

23.40 ⫾ 0.03

24.20 ⫾ 0.03

24.70 ⫾ 0.03

*All means significantly different from all other means after Bonferroni adjustment, with paired t test (all P ⬍ .0056).
†Year 3 mean significantly different from year 4 mean (P ⫽ .0007).

specific growth curve during follow-up. Least squares means
and 95% CIs for each category are presented after adjustment
for all other variables in the model. To correct for multiple
testing, Bonferroni-corrected P value thresholds for the major
analyses were determined as follows: BMI-Z category differences from 0 (9 comparisons), P ⫽ .0056; sex differences
within BMI-Z category (9 comparisons), P ⫽ .0056. P values
less than or equal to the appropriate Bonferroni threshold are
considered to be significant.

RESULTS
Lack of Changes in Overweight Prevalence in the
Cohort as a Whole
Of the 1746 adolescents analyzed, the race and sex
distribution was: white, 54.1%; black, 41.4%; other, 4.5%
(including Asian, Hispanic, and “mixed”). A total of 48.4% of
the subjects were male. Further description of the cohort by
year can be found in the Table. These individuals did not
differ from the larger PSD cohort by sex, race, or puberty
stage in year 1 (all P ⬎ .6, data not shown) and did not differ
by prevalence of at risk for overweight or overweight in any
year of the study (all P ⬎ .9).
A high percentage of the cohort met criteria for at risk
of overweight and overweight in year 1 of the study, 19.1%
and 18.2%, respectively. As expected, the unadjusted mean
BMI increased during follow-up (overall ANOVA and all
paired comparisons, P ⬍ .0001), consistent with age-related
growth. However, during the 3 years of follow-up, the prevalence of at risk of overweight or overweight in the full cohort
did not change significantly (all uncorrected P values ⬎ .05;
Table). Although the overall ANOVA indicated significant
differences in BMI-Z by year (P ⫽ .02), pairwise comparisons
revealed that only years 3 and 4 differed significantly (P ⫽
.0007), with no linear trend evident (P ⫽ .8). Furthermore,
comparing the mean and distribution of BMI in cohorts
defined by age and sex at years 1 and 4 of the study (eg,
16-year-old boys at year 1 versus 16-year-old boys at year 4)
yielded no significant differences, providing further evidence
of lack of secular change in BMI in this study.

To ensure there was no offsetting effect of demographic
subsets within the full cohort, the prevalence of overweight
and distribution of BMI categories were examined in subsets
defined by race and sex (ie, white males, white females, black
males, and black females). No sex, race, or sex/race effects
were seen (data not shown).

Only the Leanest Adolescents, Especially Girls,
Experience Significant Shifts in BMI-Z
To explore tracking of BMI Z-score during follow-up,
we analyzed the effect of baseline BMI-Z after adjusting for
sex, puberty, race, and age. Contrary to our hypothesis, the
only adolescents who experienced significant changes in
BMI-Z were those in the leanest categories at baseline (Figure 1). On average, adolescents with year 1 BMI Z-scores
⬍⫺1.0 shifted upward by 0.30 (⫾0.05) Z-score units, and
adolescents with year 1 BMI-Z score between ⫺1.0 and ⫺0.5
increased by 0.22 (⫾0.04) Z-score units (both P ⬍ .0001).
No category of individuals with year 1 BMI-Z ⬎0 experienced any significant change in BMI-Z, with changes in
BMI-Z by group ranging from 0.006 to ⫺0.056 BMI Zscore units. This relationship is affected by sex, also, such that
lean girls in 2 of the lowest 3 categories of year 1 BMI-Z
increased their BMI-Z by significantly more than lean boys
(Figure 2) after adjusting for demographic factors (P for sex
differences ⫽ .007 and .004, respectively; P [interaction] ⫽
.01). There were no race differences in average individual
change in BMI-Z (data not shown).

DISCUSSION
This study found a high prevalence of risk for overweight and overweight in adolescents, consistent with
NHANES data,6 with more than one-third of 10- to 19year-old children above the age- and sex-adjusted 85th BMI
percentile. In contrast to NHANES data, there was remarkable stability of overweight prevalence and mean BMI-Z in
the cohort during 3 years of follow-up. Despite this overall
stability, adolescents at the lowest categories of BMI-Z at
year 1 experienced significant increases in BMI-Z during
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Figure 1. Data presented are adjusted least square (LS) means ⫾ 95%
CI. General linear model included terms for age (P ⫽ .0006), sex (P ⫽
.22), puberty stage (P ⫽ .05), sex by puberty stage interaction (P ⫽ .03), race
(P ⫽ .28), year 1 BMI-Z category (P ⬍ .0001), and year 1 BMI-Z category
by sex interaction (P ⫽ .01). N per BMI-Z category: ⬍⫺1.0 Z-units, 94;
⫺1.0 to ⫺0.5 Z-units, 125; ⫺0.5 to 0 Z-units, 233; 0 to ⫹0.5 Z-units, 322;
⫹0.5 to ⫹1.0 Z-units, 304; ⫹1.0 to ⫹1.5 Z-units, 268; ⫹1.5 to ⫹2.0 Zunits, 212; ⫹2.0 to ⫹2.5 Z-units, 140; ⬎⫹2.5 Z-units, 45.

follow-up. This finding was more apparent in lean adolescent
girls and was not caused by puberty. Individuals whose initial
BMI Z-score was ⬎0 at the start of our study tracked with
age- and sex-specific standards during follow-up, suggesting
that regression to the mean does not fully explain results at the
lower BMI ranges.
The stability in the prevalence and distribution of overweight in our cohort is particularly striking when considering
that the CDC 2000 growth curves, from which BMI-Z was
calculated, were constructed by using national data from 1963
to 1994 (NHES II and III and NHANES I and II), before
the onset of the obesity epidemic in children. Two recent
studies conducted in the United Kingdom report similar
stability in overweight. Wardle et al followed a cohort of
children and adolescents longitudinally for a similar period
with no significant increase in the combined categories of
overweight and risk for overweight.13 McDougal and Crum
performed a retrospective cross-sectional study of 2 cohorts of
school-aged children and found a decrease in the prevalence
of overweight in children enrolled in primary year 1 from
28.7% (1997-1998) to 21.5% (2001-2002).14 However, our
findings are in contrast with NHANES data that has shown
an increased prevalence of at risk for overweight and overweight in adolescents from 1999 to 2004.4,6 The reasons for
these differences are unclear but might include differences in
study design (longitudinal versus cross-sectional) and lack of
significant numbers of minorities other than African-American subjects in our study population. In addition, the possibility exists that our presence within the school system led to
increased awareness of overweight; however, no specific obesity intervention was conducted within the school as a result
of the study.
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Figure 2. Data presented are adjusted LS means ⫾ 95% CI, from
same linear model as for Figure 1. P values presented for adjusted sex
differences within category. N per group (boys, girls): ⬍⫺1.0 Z-units: (48,
46); ⫺1.0 to ⫺0.5 Z-units: (61, 64); ⫺0.5 to 0 Z-units: (116, 117); 0 to
⫹0.5 Z-units: (160, 162); ⫹0.5 to ⫹1.0 Z-units: (148, 156); ⫹1.0 to
⫹1.5 Z-units: (124, 144); ⫹1.5 to ⫹2.0 Z-units: (91, 121); ⫹2.0 to ⫹2.5
Z-units: (72, 68); ⬎⫹2.5 Z-units: (22, 23).

Despite cohort-level stability, there were differences in
weight gain in subsets of individuals on the basis of baseline
category of BMI-Z. Individuals at the lowest categories of
BMI Z-scores in year 1 exhibited, on average, significant
weight gain more than that expected through normal growth
in the follow-up period. Whether this weight gain is advantageous or harmful cannot be determined because none of
these adolescents became at risk for overweight. Numerous
studies have reported that the heaviest adolescents are getting
heavier on follow-up7-10; however, we did not find this to be
true in our study. Adolescents at the highest BMI-Z values
that corresponded to at risk for overweight and overweight
did not experience significant weight gain more than what
was expected for normal age-associated growth. The reasons
for these differences are unclear.
We examined whether race- or sex-specific groups were
offsetting obesity trends through adolescence, resulting in the
appearance of cohort-level stability. We found no evidence for
any subgroup offsetting, despite African American subjects
having higher levels of at risk for overweight and overweight
than white subjects for all years of the study (data not shown).
Our findings are in contrast to several cross-sectional and
longitudinal studies that have found significant differences in
trends in adiposity by race,2,4,15,16 with African American
individuals exhibiting greater increases in overweight prevalence than white individuals. African American individuals
may be gaining weight more rapidly than white individuals
before adolescence, but then have similar stability in weight
during the adolescent years.
In conclusion, we have demonstrated stability in adiposity in a cohort of adolescents observed longitudinally for 4
The Journal of Pediatrics • October 2007

years. Lean individuals were the most likely to experience an
increase in BMI-Z during adolescence, despite a common
perception that the heaviest adolescents are getting heavier.
Future research will be necessary to determine whether this
upward shift in adiposity seen in the leanest individuals has
clinical significance. The high baseline prevalence of overweight in this cohort at baseline with overall stability of
overweight during follow-up suggests that gains in adiposity
occurred before adolescence. Therefore, the critical window
for primary prevention of obesity now appears to be early
childhood, rather than adolescence.
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Continuous Glucose Monitoring in Children with Type 1 Diabetes
DIABETES RESEARCH

IN

CHILDREN NETWORK (DIRECNET) STUDY GROUP*

Objective To examine the feasibility of daily use of a continuous glucose monitor, the FreeStyle Navigator Continuous
Glucose Monitoring System (“Navigator”), in children with type 1 diabetes (T1D).
Study design After a masked Navigator was used for 4 to 7 days to establish a baseline level of glycemic control, 30 insulin
pump users with T1D (average age 11.2 years) were asked to use the Navigator daily for 13 weeks.
Results Subjects averaged 149 h/wk of Navigator use during the first 4 weeks, which decreased slightly to 134 h/wk during
weeks 9 to 13 (P ⴝ .006). Mean hemoglobin A1c improved from 7.1% at baseline to 6.8% at 13 weeks (P ⴝ .02), and the
percentage of glucose values between 71 and 180 mg/dL increased from 52% to 60% (P ⴝ .01). Subjects and parents reported
high satisfaction with the Navigator on the Continuous Glucose Monitor Satisfaction Scale. Two subjects had severe skin
reactions related to sensor mount adhesive.
Conclusion This study indicates that incorporating real-time continuous glucose monitoring into the daily treatment of
children with T1D is feasible. The results provide a compelling rationale for conducting a randomized trial of daily use of a
continuous glucose monitor in children with T1D. (J Pediatr 2007;151:388-93)
eal-time continuous glucose sensors have the potential to revolutionize treatment of type 1 diabetes (T1D). These devices
provide patients with information regarding postprandial and overnight glucose profiles that are rarely, if ever, obtained
with conventional self monitoring of blood glucose using home glucose meters. The newest sensors also indicate the
direction and rate of change of glucose concentrations and are equipped with alarms for impending or actual hypoglycemia
and hyperglycemia. With computer software programs, patients are able to retrospectively review several days or weeks of
glucose values to look for trends and patterns requiring adjustments to their diabetes management. For real-time
continuous glucose monitoring to be effective, however, the devices have to have acceptable accuracy and be relatively easy
to use.
We previously conducted a randomized trial using the first real-time continuous glucose sensor approved by the Food and
Drug Administration, the GlucoWatch G2 Biographer (“GlucoWatch,” Cygnus, Inc., Redwood City, CA) in children and
adolescents with T1D. Use of this device had no effect on hemoglobin A1c (HbA1c) levels or frequency of hypoglycemia because
it was difficult to use, caused skin irritation, was less accurate than expected, and was not worn with sufficient frequency to have
an impact on diabetes management.1 We have now evaluated one of the new real-time continuous glucose monitors
the FreeStyle Navigator Continuous Glucose Monitoring System (“Navigator,” Abbott Diabetes Care, Alameda, CA). The
Navigator uses a glucose oxidase– based electrochemical sensor that is inserted subcutaneously and measures interstitial glucose
in a range of 20 to 500 mg/dL every 60 seconds (or 1440 readings a day). The device has adjustable alarms for hypoglycemia and
hyperglycemia and for projected high and low glucose values, as well as a trend arrow
indicating the glucose rate of change (⬎⫺2 mg/dL/min, ⫺2 to ⫺1 mg/dL/min, ⫺1
to 1 mg/dL/min, 1 to 2 mg/dL/min, and ⬎2 mg/dL/min). Subjects can enter events,
such as when they took insulin, ate, or exercised. The current version of the Navigator
Reprint requests: Bruce Buckingham, MD
requires a 10-hour warm up period. Calibration values are entered approximately 10,
c/o DirecNet Coordinating Center, Jaeb
12, 24, and 72 hours after sensor insertion.
Center for Health Research, 15310
Amberly Dr, Suite 350, Tampa, FL 33647.
The purposes of this pilot study were to examine the feasibility and short-term
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efficacy of daily use of this continuous glucose monitor in children with T1D receiving
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insulin pump therapy, to determine how well the Navigator was accepted by young
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patients and their parents and to explore whether there were any limitations on its use on
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METHODS
The study was conducted by the Diabetes Research in
Children Network (DirecNet) at 5 clinical centers. A Data
and Safety Monitoring Board and the Institutional Review
Boards at each center approved the study protocol, consent
form, and assent form. A parent or guardian and each subject
7 years and older gave written consent and assent, respectively.
Primary eligibility requirements were as follow: (1) age
between 3 and 18 years, (2) diagnosis of T1D, on the basis of
clinician impression, of ⱖ1 year duration, (3) stable insulin
regimen with a pump for at least 6 months prior, (4) home
computer with e-mail access, and (5) primary caregiver (and
subject if ⱖ9 years of age) comprehends written English.
There was not a prespecified HbA1c requirement for eligibility. Subjects were excluded for (1) asthma that was medically treated in the prior 6 months, (2) cystic fibrosis, (3)
inpatient psychiatric treatment in the past 6 months (patient
or primary caregiver), (4) current use of glucocorticoids, or (5)
a medical condition or use of a medication that in the judgment of the investigator could affect wearing of the sensors or
the completion of any aspect of the protocol.
The study consisted of 3 phases: an initial run-in period
of approximately 1 week during which Navigator use was
blinded to collect baseline glucose data, a 24-hour inpatient
stay in a clinical research center to assess the accuracy of the
Navigator (published separately)2 and to instruct parents and
subjects on use of the Navigator, and home use of the Navigator for 3 months. Subjects were provided with the Navigator devices and sensors, as well as test strips for the FreeStyle meter.
Thirty-three subjects were enrolled into the run-in
phase. Three of the 33 withdrew during this phase because of
difficulty keeping the sensor in place, pain with use, or other
family priorities. The remaining 30 subjects or their primary
caregiver were asked to attempt to use the Navigator continuously and were given written instructions on how to use the
Navigator data to make real-time management decisions.
Each sensor was to be used for up to 5 days (120 hours) as
long as it continued to function.
Subjects were asked to download the Navigator and its
internal FreeStyle meter to their home computer at weekly
intervals. These data were then transmitted to the clinical
center and the study coordinating center. Office visits were
completed at 3, 7, and 13 weeks and phone calls to the subject
or caregiver were made between visits after 0.5, 2, 4, 8, and 10
weeks to review the downloaded glucose data, recommend
any changes in diabetes management, and discuss any problems with Navigator use. During each encounter, subjects
were asked about the number of symptomatic hypoglycemic
episodes they had experienced in the prior 7 days. Episodes
were classified as severe if loss of consciousness or seizures
occurred.
At each visit, skin areas where a sensor had been worn
were evaluated by use of a modified Draize scale.3 On 4-point
scales, both erythema and edema were assessed for the adheContinuous Glucose Monitoring in Children with Type 1 Diabetes

sive area, and erythema and induration were assessed for the
area of sensor insertion (maximum score 8). A total score of
6 or greater was classified as an adverse event, a score of 3 to
5 was classified as moderate, and 1 or 2 as mild skin changes.
At baseline and at each follow-up visit, HbA1c was
measured with the DCA 2000 ⫹ Analyzer (Bayer, Inc.,
Tarrytown, NY). Previously, we demonstrated that this
method has a high degree of concordance with HbA1c measurements made with the Tosoh A1c 2.2 Plus Glycohemoglobin Analyzer method with cation-exchange high-pressure
liquid chromatography method at the DCCT/EDIC laboratory at the University of Minnesota laboratory.4
At baseline and 13 weeks, the primary caregiver and
subject (if ⱖ9 years of age) completed the PedsQL Diabetes
Module5 (a measure of children’s diabetes-related quality of
life) and were interviewed by telephone with the Diabetes Self
Management Profile6 (measure of treatment adherence). Additionally, the Continuous Glucose Monitor Satisfaction
Scale7 was completed at 13 weeks. On the basis of suggestions
made by research coordinators after a previous similar study,
7 items were added (Items 38-44). The item-total correlations
for these new items were all statistically significant (Pearson
correlation coefficients ⫽ 0.49 to 0.89 for parent response and
0.35 to 0.80 for subject response), and the internal consistency
of the revised scale was satisfactory (alpha ⫽ 0.97 and 0.96 for
parent and subject responses, respectively).
At the 13-week visit, subjects were given the option to
continue wearing the Navigator for another 13 weeks and
return for an additional clinic visit at 26 weeks. Continuing
subjects were supplied with sensors and FreeStyle meter test
strips. This report is limited to data from the first 13 weeks.
Glycemic indexes on the basis of the Navigator data
were calculated giving equal weight to each of the 24 hours of
the day. Hypoglycemia area (a composite measure of percentage and severity of Navigator values ⱕ70 mg/dL) was defined
as the area below 70 mg/dL. Similarly, the hyperglycemia area
was defined as the area above 180 mg/dL. Glucose lability
(variation) was quantified according to the standard deviation
(SD), the mean amplitude of glycemic excursions8 and the
mean absolute rate of change.9
Statistical analyses of changes in A1c levels, questionnaire responses and glycemic indexes were performed by use
of paired t tests comparing (1) baseline with values from
weeks 9 to 13 and (2) values from weeks 1 to 4 with values
from weeks 9 to 13. The paired differences were verified to
have an approximate normal distribution.

RESULTS
The average age of the 30 subjects was 11.2 ⫾ 4.1 years
(range 4 to 17), and 40% were female. Mean duration of
diabetes was 5.8 ⫾ 3.0 years. Mean HbA1c was 7.1% ⫾ 0.6%,
with 15 of the subjects having an HbA1c ⱕ7.0% (mean age
11.1 years) and 15 having an HbA1c ⬎7.0% (mean age 11.3
years). None of the subjects reported a severe episode of
hypoglycemia in the 6 months before the study.
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The 1-, 3-, and 7-week visits were completed by all 30
subjects. Two (7%) subjects (age 4 with baseline HbA1c of
6.8% and age 11 years with baseline HbA1c of 6.9%) dropped
out of the study after the 7-week visit, 1 because of difficulty
wearing the sensor and the other because of perceived insufficient accuracy. The remaining 28 subjects completed the
13-week visit. There were 19 unscheduled visits from 11
subjects because of problems/questions with the Navigator
(n ⫽ 12), skin reaction (n ⫽ 3), to pick up study supplies (n ⫽
2), to review insulin dose guidelines for persistent hyperglycemia (n ⫽ 1), or to download their insulin pump (n ⫽ 1).
Ninety-nine percent of the scheduled phone calls were completed.
During the first 4 weeks of unblinded sensor use, the
sensor was worn an average of 149 ⫾ 22 hours per week (out
of a maximum of 168 hours in a week), with an average 120 ⫾
27 hours of glucose readings (out of a maximum of 148 hours
per week accounting for the 10-hour warm-up period for each
sensor). Navigator use decreased slightly throughout the study
averaging 134 ⫾ 37 hours of wear and 104 ⫾ 39 hours of
glucose values per week during weeks 9 to 13 (P ⫽ .006 and
.003, respectively). Seventeen (57%) of the 30 subjects averaged at least 6 days of Navigator use per week and only 2
subjects used the device for less than 4 days per week. Among
9 subjects who reported using the Navigator less than 7 days
per week at the 13-week visit, reasons reported for lack of use
included the following: too busy (n ⫽ 4), skin irritation (n ⫽
1), trouble with calibration (n ⫽ 1), lost receiver (n ⫽ 1), ran
out of sensors (n ⫽ 1), and difficulty with adhesion and
bleeding at insertion site (n ⫽ 1).
The mean number of FreeStyle glucose meter measurements (excluding measurements made for calibration) declined steadily from 5.0 ⫾ 2.0 per day during the first 4 weeks
to 4.1 ⫾ 2.5 per day during weeks 5 to 8 to 3.8 ⫾ 2.2 per day
during weeks 9 to 13 (P ⬍ .001). During weeks 9 to 13, 29%
of subjects averaged ⬍2.0 meter measurements a day, 18%
averaged 2.0 to ⬍4.0 measurements a day, 39% averaged 4.0
to ⬍6.0 measurements a day, and 14% averaged 6.0 or more
measurements a day.
During the 13 weeks of the study, 626 sensors were
used by the 30 subjects. Seventy-six (12%) of the 626 sensors
never provided glucose data, either because of insertion problems, inability to calibrate, or other reasons. Among the other
550 sensors, the median time from insertion to the last
glucose value was 98 hours (interquartile range 58 to 120),
with 52 (9%) functioning for ⬍24 hours, 69 (13%) for 24
to ⬍48 hours, 70 (13%) for 48 to ⬍72 hours, 71 (13%) for 72
to ⬍96 hours, and 288 (52%) for 96 to 120 hours. Thirty-two
Navigator kits from 18 subjects were replaced during the
study, 19 because of a broken receiver or transmitter, and 13
because of the receiver or transmitter not working properly.
Twenty-six of the 28 subjects completing the 13-week
visit elected to continue use of the Navigator during the
optional continuation phase. The reasons given for the 2 who
declined were (1) problems with calibrations and (2) embar390
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rassment caused by the frequent alarms in class and difficulties
with the timing of the required calibrations.
For the 28 subjects completing the 13-week visit,
HbA1c values dropped from 7.1% ⫾ 0.6% at baseline to 6.8% ⫾
0.7% at 13 weeks (P ⫽ .02, Table I). The change in HbA1c
was 0.0% ⫾ 0.4% for the 13 subjects whose baseline HbA1c
was ⱕ7.0% (mean 6.6% ⫾ 0.4%) whereas HbA1c levels
decreased from 7.6% ⫾ 0.4% to 7.0% ⫾ 0.7% in the 15
subjects whose baseline HbA1c was ⬎7.0% (Figure, A).
Among the 15 subjects with baseline HbA1c ⬎7.0%, a decrease of 0.5% or more from baseline to 13 weeks occurred in
9 (60%). Mean glucose concentration dropped, and the percentage of sensor values in the target range of 71 to 180
mg/dL rose during the first 4 weeks and remained steady
through weeks 9 to 13 (P ⫽ .002 and P ⫽ .01 respectively for
change from baseline to 9 to 13 weeks). Glycemic variation
also decreased during the study period (Table I).
The percentage of Navigator values ⱕ70 mg/dL was
4.5% at baseline, 5.1% during weeks 1 to 4 and 5.5% during
weeks 9 to 13 (P ⫽ .07 comparing baseline with 9 to 13
weeks), with a similar but less pronounced trend in the
percentage of values ⱕ60 mg/dL (Table I). The percentage of
values ⱕ70 mg/dL was 2.5% at baseline and 5.0% at 13 weeks
for subjects whose baseline HbA1c was ⬎7.0% (P ⫽ .06), and
6.6% and 6.1%, respectively, for subjects with baseline HbA1c
ⱕ7.0% (P ⫽ .87, Figure, C). There were no events meeting
criteria for severe hypoglycemia (seizure or loss of consciousness) during the 13 weeks of the study, including no cases in
which glucagon or a similar intervention was needed because
of a lack of responsiveness.
Subjects and parents reported high overall satisfaction
with the Navigator on the Continuous Glucose Monitor
Satisfaction Scale at 13 weeks, with average item scores of 3.6
for subjects and 3.9 for parents on a 5-point Likert scale.
Mean item scores were more favorable than “Neutral” (above
3.0) on 42 of the 44 items (95%) for parents and on 40 (91%)
items for children. It is particularly noteworthy that more
than 70% of both patients and parents agreed that use of the
Navigator made adjusting insulin easier (item 2), made them
more sure about making diabetes decisions (item 3), showed
patterns in blood glucose not seen before (item 20), clarified
how everyday habits affected blood sugar levels (item 23), and
did not cause more family conflicts (item 25) (Table II;
available at www.jpeds.com).
Scores on the Diabetes Self Management Profile
(higher score denotes better adherence, possible range 0-86)
were similar at baseline and 13 weeks (subjects: 64 ⫾ 11 vs 63 ⫾
10, P ⫽ .39; parents: 63 ⫾ 10 vs 64 ⫾ 10, P ⫽ .69). There
were also no meaningful changes in PedsQL scores (lower
score denotes higher quality of life, possible range 0-112) over
the course of the study (subjects: 26 ⫾ 10 vs 26 ⫾ 12, P ⫽ .81;
parents: 31 ⫾ 9 vs 31 ⫾ 9, P ⫽ .91).
Most subjects tolerated the Navigator placement well.
Two subjects had severe skin reactions related to the adhesive
of the sensor mount. When the skin reaction resolved, both
subjects resumed Navigator use with an under-bandage placed
The Journal of Pediatrics • October 2007

Table I. Major outcomes summary table (mean ⴞ SD or %)

Navigator use per week
Hours of wear
Hours of glucose readings
Freestyle tests per day‡
HbA1c (%)
Mean glucose (mg/dL)
% Values 71-180 mg/dL
Hypoglycemia
% values ⱕ70 mg/dL
% values ⱕ60 mg/dL
% values ⱕ50 mg/dL
% values ⱕ40 mg/dL
Hypoglycemia area§
Hyperglycemia
% values ⬎180 mg/dL
% values ⬎200 mg/dL
% values ⬎250 mg/dL
% values ⬎300 mg/dL
Hyperglycemia area储
Glucose lability
SD (mg/dL)
MAGE (mg/dL)
Mean absolute rate of change¶

P value weeks
1-4 vs weeks
9-13
(n ⴝ 28)†

Baseline
(n ⴝ 30)*

Weeks 1-4
(n ⴝ 30)

Weeks 5-8
(n ⴝ 30)

Weeks 9-13
(n ⴝ 28)

P value baseline
vs weeks 9-13
(n ⴝ 25)†

139 ⫾ 46
103 ⫾ 49
5.9 ⫾ 2.6
7.1 ⫾ 0.6
175 ⫾ 27
52%

149 ⫾ 22
120 ⫾ 27
5.0 ⫾ 2.0
N/A
161 ⫾ 20
60%

130 ⫾ 43
102 ⫾ 40
4.1 ⫾ 2.5
6.9 ⫾ 0.6
163 ⫾ 19
60%

134 ⫾ 37
104 ⫾ 39
3.8 ⫾ 2.2
6.8 ⫾ 0.7
160 ⫾ 19
60%

N/A
N/A
N/A
.02
.002
.01

.006
.003
⬍.001
N/A
.74
.56

4.5%
1.9%
0.55%
0.18%
0.45

5.1%
2.3%
0.93%
0.35%
0.58

4.1%
1.9%
0.77%
0.31%
0.48

5.5%
2.5%
0.88%
0.25%
0.60

.07
.12
.22
.86
.11

.73
.86
.69
.31
.94

.004
.006
.02
.03
.004

.56
.66
.86
.64
.64

.08
.12
.04

.09
.92
.20

43%
34%
16%
6.2%
28

35%
26%
11%
3.2%
20

36%
27%
11%
3.4%
20

35%
26%
11%
3.1%
19

57
125
0.81

54
116
0.78

52
114
0.77

53
117
0.76

MAGE, Mean amplitude of glycemic excursions.
*Three subjects had less than 24 hours of Navigator glucose readings during the baseline period and were excluded from calculation of glycemic indices. All 30 subjects included in
the calculation of baseline Navigator use, Freestyle tests, and HbA1c.
†Number of subjects with at least 24 hours of Navigator glucose readings for both time points.
‡Excluding tests used to calibrate the Navigator.
§Total area less than 70 mg/dL; reflects both percentage and severity of glucose values in the hypoglycemic range.
储Total area greater than 180 mg/dL; reflects both percentage and severity of glucose values in the hyperglycemic range.
¶Rate of change calculated with consecutive Navigator readings 10 minutes apart (mg/dL/min).

The primary purpose of this pilot study was to assess
whether real-time continuous glucose monitoring could become an integral part of daily diabetes management for children with T1D on insulin pump therapy. The overall results
in this regard using the Navigator were positive. Specifically,
most subjects used the Navigator on an almost daily basis,
parents and patients were very satisfied with the data provided
by the device, there was a significant decrease in the proportion
of glucose values above the target range, and glucose variability
was reduced. Improvements in glycemic control were seen immediately after initiation of continuous glucose monitoring and
were sustained for the duration of the 13-week study.
It has been postulated that glucose variability, considered in combination with HbA1c, may be a significant indi-

cator of the risk for long-term complications.10,11 A previous
DirecNet study demonstrated that continuous glucose monitoring profiles provide an effective means to assess changes in
glucose variability in diabetes intervention studies.12 It is
therefore noteworthy that the mean amplitude of glycemic
excursions was reduced during this study.
Subject and parent satisfaction with the Navigator was
high, and almost all subjects when given the option elected to
continue use of the Navigator after the first 13 weeks of the
study. These findings are in marked contrast to the results of
our study of the GlucoWatch,1 in which sensor use averaged
less than 15 hours per week after 3 months (compared with
134 hours per week with the Navigator), and subjects and
parents generally were dissatisfied with the GlucoWatch
(mean scores on the 5-point Continuous Glucose Monitoring
Satisfaction Scale were 2.7 for subjects and 2.7 for parents
compared with 3.6 and 3.9 respectively for the Navigator).7
One potential concern with real-time continuous glucose
monitoring is that patients and parents might not be able to
deal with all the additional data provided by the devices. Just
the opposite was observed in this study, because subjects and
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between the sensor mount and the skin. At the 13-week visit,
8 (29%) of the 28 subjects had acute skin changes reflective of
Navigator use (moderate in 14% and mild in 14%), and 11
(39%) were considered to have nonacute changes such as
scabbing 32%, dry skin 21%, and changes in pigmentation 7%.

DISCUSSION

Figure. HbA1c axnd glycemic indices throughout the study. A1c (A), % of Navigator values in the target range 71-180 mg/dL (B), % Navigator values
ⱕ70 mg/dL (C) and MAGE (D) by time in study. Black dots denote mean values and boxes denote median, 25th and 75th percentiles.

their parents felt that the Navigator made it easier to make
insulin dose adjustments and diabetes management decisions
and reduced family conflict.
Navigator use was not without problems. Two subjects
had severe skin reactions because of the adhesive tape. However, both subjects considered the benefits of Navigator use to be
greater than the harm caused by the skin reaction and elected to
resume use of the Navigator once the skin reaction had resolved.
Skin reactions were much less of a problem with the Navigator
than what we found with use of the GlucoWatch.1 With some
of the younger children, the size of the sensor and transmitter platform made placement of the sensor difficult.
Damage to the receivers was also a problem, and future
versions of the Navigator would benefit from increased
ruggedness, as well a smaller size for long-term use in
children and adolescents.
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Although none of the subjects had a severe hypoglycemic event during the study, it was disappointing that use of
the Navigator did not decrease the percentage of sensor glucose levels ⬍70 mg/dL in the patients whose conditions were
very well controlled with HbA1c levels ⱕ7.0% on entry in the
study. Moreover, in the other half of patients, lowering
HbA1c values from 7.6% to 7.0% was associated with a
modest increase in the percentage of sensor values that
were ⱕ70 mg/dL. It should be noted, however, that this
pilot project did not specifically target prevention of hypoglycemia in very well controlled patients as a primary
aim of the study.
The results of this pilot and feasibility study are encouraging in indicating that incorporating real-time continuous
glucose monitoring into the daily management of T1D in
children is feasible and viewed as helpful by both patients and
The Journal of Pediatrics • October 2007

parents. However, the results must be viewed cautiously
because the study did not include a concurrent control
group, subject contact with the clinical site was more
frequent than the amount that would occur in usual practice, and follow-up was only for 3 months. In addition, the
results can not be generalized to all children with T1D
because the study included a select group of subjects who
were all insulin pump users, most of whom had an excellent
HbA1c level at baseline, and all of whom had a home
computer. Randomized clinical trials are needed to more
fully evaluate the added value that real-time continuous
glucose monitoring provides to patients in comparison with
standard monitoring of blood glucose alone. It will also be
important to determine whether these systems can reduce
the risk of asymptomatic and symptomatic hypoglycemic
events in patients with low HbA1c levels without sacrificing overall diabetes control. The results of this study provide compelling evidence that support the feasibility of
such large-scale long-term trials in children with T1D.
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Table II. Continuous glucose monitoring satisfaction scale at 13 weeks (n ⴝ 22 subjects* and n ⴝ 30 parents)
Subject score given first followed by parent score in
parentheses
Using the continuous monitor
1. Causes me to be more worried about controlling blood sugars.
2. – Makes adjusting insulin easier.
3. – Helps me to be sure about making diabetes decisions.
4. Causes others to ask too many questions about diabetes.
5. Makes me think about diabetes too much.
6. – Helps to keep low blood sugars from happening.
7. – Has taught me new things about diabetes that I didn’t know
before.
8. Causes too many hassles in daily life.
9. – Teaches me how eating affects blood sugar.
10. – Helps me to relax, knowing that unwanted changes in blood
sugar will be detected quickly.
11. – Has helped me to learn how exercise affects blood sugar.
12. – Helps with keeping diabetes under control on sick days.
13. – Has shown me that blood sugar is predictable and orderly.
14. Sometimes gives too much information to work with.
15. – Has made it easier to accept doing blood sugar tests.
16. Is uncomfortable or painful.
17. – Has helped me to learn how to treat low sugars better.
18. Is more trouble than it is worth.
19. – Has helped my family to get along better about diabetes.
20. – Shows patterns in blood sugars that we didn’t see before.
21. – Helps prevent problems rather than fixing them after they’ve
happened.
22. – Allows more freedom in daily life.
23. – Makes it clearer how some everyday habits affect blood sugar
levels.
24. – Makes it easier to complete other diabetes self-care duties.
25. Has caused more family arguments.
26. Is too hard to get working right.
27. Has been harder or more complicated than expected.
28. – Has helped to control diabetes better even when not
wearing it.
29. Causes our family to talk about blood sugars too much.
30. Makes it harder for me to sleep.
31. Causes more embarrassment about feeling different from others.
32. Shows more “glitches” and “bugs” than it should.
33. Interferes a lot with sports, playing outside, etc.
34. Skips too many readings to be useful.
35. Gives a lot of results that don’t make sense.
36. Causes too many interruptions during the day.
37. Alarms too often for no good reason.
38. – Has helped to adjust pre-meal insulin doses.
39. The feedback from the device is not easy to understand or
useful.
40. I don’t recommend this for other children with diabetes.
41. – Has made me worry less about having low blood sugars.
42. – I want to use this device when it is approved for sale.
43. – Helps in adjusting doses of insulin needed through the night.
44. – Makes me feel safer knowing that I will be warned about low
blood sugar before it happens.

Mean
Score

Agree
Strongly

Agree

Neutral

3.8 (3.8) 5% (7%)
9% (17%) 27% (13%)
4.0 (4.5) 27% (63%) 55% (27%) 9% (10%)
3.7 (4.4) 18% (47%) 55% (47%) 14% (7%)
3.1 (4.0) 9% (0%) 18% (10%) 36% (20%)
4.0 (3.8) 0% (0%)
5% (17%) 23% (17%)
3.9 (4.2) 23% (43%) 50% (40%) 18% (13%)
3.0 (3.9) 5% (30%) 27% (33%) 41% (30%)

Disagree
Disagree Strongly
18% (20%) 41% (43%)
9% (0%)
0% (0%)
9% (0%)
5% (0%)
23% (30%) 14% (40%)
45% (37%) 27% (30%)
9% (3%)
0% (0%)
18% (7%)
9% (0%)

3.4 (3.7) 9% (7%)
9% (10%) 32% (17%) 36% (43%) 14% (23%)
3.5 (4.0) 14% (37%) 41% (43%) 27% (10%) 14% (7%)
5% (3%)
3.7 (4.1) 18% (37%) 55% (50%) 14% (7%)
9% (3%)
5% (3%)
3.3 (3.9) 9% (20%)
3.6 (3.8) 14% (23%)
3.4 (2.3) 9% (0%)
3.5 (3.7) 5% (3%)
3.1 (3.2) 5% (3%)
3.4 (3.3) 9% (3%)
3.4 (3.7) 5% (20%)
3.9 (4.2) 9% (3%)
3.3 (3.5) 9% (13%)
3.8 (4.5) 18% (60%)
4.0 (4.3) 36% (47%)

36% (53%)
41% (33%)
45% (17%)
5% (20%)
36% (30%)
9% (23%)
41% (47%)
0% (10%)
32% (33%)
55% (30%)
36% (40%)

32% (27%)
36% (40%)
23% (20%)
32% (10%)
32% (53%)
27% (27%)
45% (20%)
23% (7%)
41% (43%)
18% (7%)
23% (13%)

3.8 (3.8) 23% (27%) 45% (40%) 23% (23%)
3.8 (4.1) 5% (30%) 73% (57%) 18% (7%)

23% (0%)
0% (0%)
9% (3%)
0% (0%)
18% (43%) 5% (20%)
50% (33%) 9% (33%)
23% (13%) 5% (0%)
41% (37%) 14% (10%)
9% (13%) 0% (0%)
27% (27%) 41% (53%)
14% (10%) 5% (0%)
9% (3%)
0% (0%)
5% (0%)
0% (0%)
9% (10%)
5% (7%)

0% (0%)
0% (0%)

3.6 (3.5) 5% (10%) 59% (43%)
4.2 (4.3) 0% (0%)
5% (7%)
3.4 (3.4) 14% (10%) 9% (13%)
3.4 (3.4) 9% (3%) 14% (27%)
3.3 (3.5) 5% (20%) 36% (27%)

27% (33%)
18% (10%)
23% (20%)
18% (17%)
45% (37%)

9% (13%) 0% (0%)
32% (30%) 45% (53%)
32% (37%) 23% (20%)
45% (33%) 14% (20%)
14% (17%) 0% (0%)

3.7 (4.1)
3.0 (3.8)
3.8 (4.1)
3.4 (3.0)
3.0 (3.6)
3.7 (4.2)
3.7 (3.7)
3.1 (3.4)
3.0 (3.3)
3.8 (4.0)
3.9 (4.3)

5% (0%)
18% (0%)
0% (0%)
14% (20%)
14% (3%)
9% (3%)
5% (10%)
9% (7%)
14% (10%)
14% (30%)
5% (0%)

18% (3%)
14% (17%)
9% (7%)
5% (20%)
32% (23%)
0% (10%)
0% (3%)
18% (13%)
27% (20%)
50% (47%)
9% (3%)

5% (13%)
32% (13%)
27% (13%)
27% (17%)
14% (13%)
18% (0%)
32% (13%)
36% (30%)
23% (13%)
36% (17%)
9% (10%)

45% (53%)
18% (40%)
36% (43%)
36% (27%)
18% (33%)
55% (40%)
50% (50%)
23% (33%)
23% (40%)
0% (7%)
50% (43%)

4.3 (4.2)
3.4 (4.1)
3.8 (4.3)
4.0 (4.4)
4.1 (4.6)

5% (10%)
14% (37%)
41% (60%)
18% (57%)
32% (70%)

5% (0%)
41% (43%)
23% (23%)
59% (33%)
50% (23%)

5% (7%) 32% (27%) 55% (57%)
23% (13%) 18% (3%)
5% (3%)
18% (7%)
9% (3%)
9% (7%)
23% (7%)
0% (0%)
0% (3%)
14% (3%)
5% (3%)
0% (0%)

27% (30%)
18% (30%)
27% (37%)
18% (17%)
23% (27%)
18% (47%)
14% (23%)
14% (17%)
14% (17%)
0% (0%)
27% (43%)

*Subjects ⱖ9 years (n ⫽ 22) of age and 1 parent/guardian for each subject (n ⫽ 30) completed the Continuous Glucose Monitoring Satisfaction Scale.
†Items with a “–” symbol are positively worded (agreeing corresponds to more satisfaction) and those without the symbol are negatively worded (agreeing corresponds to less
satisfaction). Mean score reversed for the negatively worded items so that a higher score always corresponds to more satisfaction.
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Functional Defecation Disorders in Children: PACCT Criteria Versus
Rome II Criteria
GABRIELLA BOCCIA, MD, FRANCESCO MANGUSO, MD, PAOLA COCCORULLO, MD, PAOLA MASI, MD, LICIA PENSABENE, MD,
AND ANNAMARIA STAIANO, MD

Objectives

To evaluate the clinical validity and applicability of the Paris Consensus on Childhood Constipation Terminology
(PACCT) versus the Rome II criteria for pediatric functional defecation disorders (FDDs).
Study design Children from infancy to 17 years who had been referred to a tertiary center for chronic constipation were
recruited for the study. A prospective longitudinal design was used. The Questionnaire on Pediatric Gastrointestinal Symptoms
(QPGS) for parents of children age 0 to 4 and 4 to 17 years and for children age 10 to 17 years was used for diagnosis of FDDs.
Results Children (n ⴝ 128; mean age, 67.2 months; 62 males) were screened consecutively. FDDs were diagnosed
significantly more often by PACCT than by the Rome II criteria (112 [88.9%] vs 60 [47.6%]; P ⴝ .001). The agreement Cohen’s
kappa test showed  ⴝ .173. A statistically significant difference was reported between Rome II and PACCT in the 4- to
17-year-old group (P ⴝ .001). Scybalous, pebble-like stools and defecation with straining were the main symptoms reported
(80%), followed by painful defecation (66%).
Conclusions The PACCT criteria show greater applicability than the Rome II criteria for FDDs. The poor agreement implies
that they do not identify the same types of patients. Because such a high percentage of constipated children reported the
symptoms of defecation with straining, scybalous pebble-like stools, and painful defecation, including these symptoms in any
revised criteria should be taken into consideration. (J Pediatr 2007;151:394-8)

ne of the most common functional gastrointestinal disorders (FGIDs) in childhood is chronic constipation.1-3
According to the Rome II criteria, functional defecation disorders (FDDs) are divided into functional constipation
(FC), functional fecal retention (FFR), and functional nonretentive fecal soiling (FNRFS).4 However, recent studies
have suggested that the Rome II criteria are too restrictive and have pointed out the lack of validated questionnaires for the
diagnosis of FGIDs in children.5-11
Loening-Baucke7 reported that the Rome II criteria for FFR identify few children with encopresis who have symptoms
of FFR, suggesting that the following features be taken into consideration when making the diagnosis: a history of bowel
movements that obstruct the toilet, chronic abdominal pain relieved by enema or laxatives, and abdominal or rectal fecal mass.
Another study showed that 16% of children fulfilling the classic Iowa criteria for constipation were not recognized by the Rome
II criteria.8 These studies clearly demonstrate that the development of new and more complete diagnostic criteria for pediatric
FGIDs, particularly FDDs, is necessary.
The Paris Consensus on Childhood Constipation Terminology (PACCT) better
defines the terms used in childhood constipation, and the same working definitions were
also adopted for the revised pediatric Rome III criteria (Table I; available at www.jpeds.
From the Departments of Pediatrics (G.B.,
com).12-14 In addition, the pediatric Rome II criteria were recently validated for FGIDs
P.C., P.M., A.S.) and Clinical and Experimenusing appropriate questionnaires on pediatric gastrointestinal symptoms.15,16 These questal Medicine (F.M.), University of Federico II,
Naples, Italy and Department of Pediatrics,
tionnaires consisted of 3 different forms, allowing them to be applied to children of all
University of Magna Græcia, Catanzaro,
ages and allowing separate reporting by parents and older children.
Italy (L.P.).
The aims of the present study were to evaluate the prevalence of FDDs defined
Submitted for publication Sep 6, 2006; last
revision received Mar 7, 2007; accepted
according to PACCT and Rome II criteria and to compare their clinical validity and
Apr 9, 2007.
applicability.
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METHODS
Subjects
Study subjects were consecutively recruited among otherwise healthy children between infancy and under age 18
years with complaints of chronic constipation of at least 2
months duration. They were referred to the tertiary academic
gastroenterology ambulatory center of Federico II University
of Naples. Recruitment occurred between November 2005
and May 2006. Children with organic causes of defecation
disorders (including Hirschsprung’s disease, spina bifida occulta, hypothyroidism, chronic intestinal pseudo-obstruction,
previous surgery of the gastrointestinal tract, mental retardation, and chronic severe illness) were excluded from the
study.
To allow an objective study of symptoms, laxative treatments were discontinued for at least 2 weeks before entrance
into the study.
Measures and Procedures
The Questionnaire on Pediatric Gastrointestinal Symptoms (QPGS) is a validated and scored research instrument
designed to classify gastrointestinal symptoms associated with
FGIDs according to the Rome II criteria.15,16 Because diagnostic criteria are distinct for children and adolescents (from
4 to under 18 years) and for infants and toddlers (from 0 to
under 4 years), each questionnaire is presented in 3 forms:
Form A, for parents of children and adolescents age 4 to 17
years; Form B, for parents of infants and toddlers up to age
4 years; and Form C, for children and adolescents age 10 to 17
years. All 3 forms include sociodemographic and medical/developmental information. Our Rome II-QPGS comprised 19 items
for Form A, 13 items for Form B, and 17 items for Form C. For
the PACCT criteria, we used the modified-QPGS (QPGSPACCT) comprising 48 items for Form A, 17 items for Form
B, and 47 items for Form C.
Parents of all children and children and adolescents age
10 to 17 years completed the QPGS and QPGS-PACCT in
the waiting room. A research assistant introduced the questionnaires and was present to assist if needed. Completion of
both questionnaires took about 20 minutes.
Questions were posed concerning the main characteristics of children’s bowel habits: frequency of bowel movements, consistency of stools, onset of constipation symptoms,
family history of constipation, hard or painful bowel movements, urgency to have a bowel movement, straining during
bowel movements, feeling of an unfinished bowel movement,
mucus in stool, history of large-diameter stools that may block
up the toilet, withholding of bowel movements, fear of pain
during bowel movements, squeezing the legs or buttocks
together (retentive posturing), fecal incontinence (staining or
soiling) during the day and/or night, a large fecal mass in the
rectum, and the presence of associated symptoms. For the
PACCT questionnaire, a section concerning abdominal pain
was proposed to exclude a diagnosis of irritable bowel syndrome, according to the new criteria.

All patients underwent a standard history and physical
examination, including abdominal and digital rectal examination to detect any large fecal mass in the abdomen or rectum.17 The rectal examination could not be done in 11
patients (8.7%) due to high levels of fear and anxiety. All data
were analyzed to establish how many patients met the Rome
II, the PACCT, and both the Rome II and PACCT criteria.
Informed consent to participate in the study was obtained from the parents of all patients. The experimental
design was approved by our institutional review board.

Statistical Analysis
Continuous data are expressed as mean ⫾ standard
deviation (SD). For categorical variables, either the 2 test
with or without exact correction or Fisher’s exact test was
applied, as appropriate. With regard to constipation, to test
the agreement of the PACCT and Rome II criteria, Cohen’s
 measure was applied. A 2-sided P value ⬍ .05 was considered to indicate statistical significance. Statistical tests were
performed using SPSS software, version 14.0.2 (SPSS Inc,
Chicago, IL).

RESULTS
In a 6-month period, 128 children (62 males, 66 females; mean age, 67.2 ⫾ 45.6 months; age range, 6 to 210
months) were consecutively screened. Two of these patients
were excluded because their parents were not able to answer
the QPGS questionnaires. Among the 126 children included
in the study, 49 (38.9%) were under age 4 years and 77
(61.1%) were age 4 to 17 years; in particular, 16 children
(12.7%) were age 10 to 17 years. QPGS Forms A and B were
completed by 61 parents of children age 4 to 17 years and 49
parents of children under age 4 years, respectively; all 16
patients age 10 to 17 years were able to complete Form C by
themselves.
Functional defecation disorders were diagnosed significantly more often by PACCT criteria (112 [88.9%]) than by
Rome II criteria (60 [47.6%]) and the agreement Cohen’s
 test showed  ⫽ 0.173. Fifty-nine patients (46.8%) met
both criteria, 53 (42.1%) children who fulfilled the PACCT
criteria were not recognized by the Rome II criteria. Only 1
constipated patient according to Rome II, did not fit the
PACCT criteria because he responded affirmatively to only 1
of 6 items. Thirteen patients (10.3%) did not fulfill any
criteria and so could not be considered affected by FDDs.
These patients were all age 4 to 17 years.
In the under-4 group, 31 patients (63.3%) were positive
under Rome II criteria and 48 (98%) were positive under
PACCT criteria. In the 4 to 17 group, 29 (37.7%) were
positive under Rome II and 64 (83.1%) were positive under
PACCT. The distribution of FDDs in the 126 patients
according to the Rome II and PACCT criteria, stratified for
the 2 age classes, is shown in Table II. A statistically significant difference was reported between the Rome II and
PACCT criteria for FDDs in the 4 to 17 group (P ⫽ .001)
but not in the under-4 group.
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Table II. Distribution of the 126 patients according to the Rome II and PACCT criteria, stratified for the 2
age classes
Age group

Rome IIⴚ/PACCTⴚ

Rome IIⴚ/PACCTⴙ

Rome IIⴙ/PACCTⴚ

Rome IIⴙ/PACCTⴙ

P

Under 4 years (n ⫽ 49)
4 to17 years (n ⫽ 77)
Total (n ⫽ 126)

0 (0)
13 (16.9)
13 (10.3)

18 (36.7)
35 (45.5)
53 (42.1)

1 (2.0)
0 (0)
1 (0.8)

30 (61.2)
29 (37.7)
59 (46.8)

1.000
.001
.001

Data are number (%).
⫹, positive; ⫺, negative.

Table III. Distribution of Rome II FFR, FC, and
NRFS and of PACCT CC and NRFI for all study
patients according to age group

Rome II (n ⫽ 60)
FC
FFR
NRFS
PACCT (n ⫽ 112)
CC
NRFI

All
patients

4 to 17
years

<4 years

21 (35)
37 (61.7)
2 (3.3)

6 (10)
21 (35)
2 (3.3)

15 (25)
16 (26.7)
—

102 (91.1)
10 (8.9)

54 (48.2)
10 (8.9)

48 (42.9)
—

P

.027

.005

Data are n (%).

The prevalence in all patients of Rome II FDDs (FFR,
FC, and NRFS), together with PACCT chronic constipation
(CC) and nonretentive fecal incontinence (NRFI), is shown
in Table III. Among the 60 children positive for Rome II
constipation, FFR was the most frequently observed disorder,
followed by FC and NRFS. According to the PACCT criteria, the majority of the 112 positive children were affected
by CC. FC was diagnosed significantly more often in the
under-4 group, although CC was equally distributed between
the 2 age groups. FFR was observed more frequently in the
age 4 to 17 group of constipated children.
Clinical characteristics of all patients and of the
“PACCT criteria positive only” group according to the different age ranges are given in Tables IV and V. A history of
defecation with straining was the most prevalent symptom
(83.3%), followed by scybalous, pebble-like stools (80.2%).
These 2 symptoms, together with a history of large-diameter
stools, were the most frequent in the “PACCT criteria positive only” group. In this group, fecal incontinence was the
main reported symptom by children age 4 to 17. In a minority
of cases, parents of children under age 4 responded “I don’t
know” in regard to some clinical aspects, such as retentive
posturing, painful defecation, large fecal mass, and defecation
with straining (Tables IV and V).

DISCUSSION
One of the key problems in managing childhood constipation is the lack of a generally accepted definition. After
the Rome II FGID classification,4 the PACCT Group
reached a consensus on terminology to describe childhood
defecation disorders.12 The 2 most important results of this
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consensus were (1) the unification of the previous classification of Rome II FC and FFR under the umbrella of just 1
category—CC—and (2) the recommendation that the terms
“encopresis” and “soiling” be replaced by the term “incontinence.” These definitions were accepted and published as the
pediatric Rome III criteria for FDDs.13,14 One of the main
changes in the Rome III criteria was that now a child must
meet 2 of 6 criteria to be diagnosed with FC (without differentiation in FC and FFR). The 6 constipation characteristics
are the same as those obtained by the consensus on childhood
constipation terminology reached by the PACCT group (Table I). On this basis, because our aim was to compare the
applicability of PACCT criteria versus the Rome II criteria,
we assume that all of our results can be applied to the Rome
III criteria as well.
The prevalence of FDDs in our study population was
significantly higher when using the PACCT criteria than
when using the Rome II criteria (88.9% vs 47.6%; P ⫽ .001);
53 of 126 (42.1%) constipated children were not recognized
by the Rome II criteria. The prevalence of Rome II constipation in patients recruited from tertiary care settings varied
from 34.2% to 69%.7-8,16 Voskuijl et al8 reported that 58% of
patients were positive for both classic and Rome II criteria,
whereas 16% were not recognized by the Rome II criteria and
11% were not recognized by the classic criteria.
Among signs and symptoms of constipation in our
study population, defecation with straining and scybalous,
pebble-like stools were reported in about 80% of the patients,
a history of painful defecation was reported in 66%, and
large-diameter stools were found in 63%. These symptoms,
along with the presence of retentive posturing, were reported
primarily in the “PACCT criteria positive only” group, and
the prevalence of fecal incontinence was greatest in the children age 4 to 17 years (Table IV).
These data support the importance of the revised Rome
III diagnostic criteria for FC, in which 2 of 6 criteria must be
satisfied. In the previous diagnostic criteria, the presence of
retentive posturing together with fewer than 2 bowel movements
per week were needed for a diagnosis.4 It should be noted that
the Rome III criteria define retentive posturing as merely a
feature of FC. Based on our results, we can argue that a numerous constipated children were considered “false negatives” by the
Rome II criteria, confirming the wider validity and clinical applicability of the PACCT and Rome III criteria.
Such symptoms as defecation with straining, painful
and/or hard bowel movements, large-diameter stools, and
The Journal of Pediatrics • October 2007

Table IV. Clinical characteristics of all study patients and according to age
Patient characteristics

All patients

4 to 17 years

<4 years

P

Number of patients
Mean age (months) ⫾ SD
Males, n (%)
Positive family history, n (%)
Symptoms, n (%)
Defecation frequency ⬍3/week
Scybalous, pebble-like, hard stools
Painful defecation
No
Yes
I don’t know
Defecation with straining
No
Yes
I don’t know
History of large-diameter stools
Retentive posturing
No
Yes
I don’t know
Large fecal mass (by rectal examination*)
No
Yes
I don’t know
Fecal incontinence

126
67 ⫾ 46
62 (49)
50 (39)

77
95 ⫾ 38
42 (55)
30 (39)

49
25 ⫾ 12
20 (41)
20 (40.8)

—
—
—
.836

76 (60.3)
101 (80.2)

45 (58.4)
55 (71.4)

31 (63.3)
46 (93.9)

.590
.002
⬍.0001

37 (29.4)
83 (65.9)
6 (4.8)

32 (41.6)
45 (58.4)
—

5 (10.2)
38 (77.6)
6 (12.2)

18 (14.3)
105 (83.3)
3 (2.4)
79 (62.7)

16 (20.8)
61 (79.2)
—
50 (64.9)

2 (4.1)
44 (89.8)
3 (6.1)
29 (59.2)

45 (35.7)
74 (58.7)
7 (5.6)

34 (44.2)
43 (55.8)
—

11 (22.4)
31 (63.3)
7 (14.3)

38 (33.0)
67 (58.3)
10 (8.7)
50 (39.7)

27 (38.6)
43 (61.4)
—
50 (64.9)

11 (24.4)
24 (53.3)
10 (22.2)
—

.004

.515
⬍.0001

⬍.0001

—

SD, standard deviation.
*Not performed in 11 patients.

Table V. Clinical characteristics of the “PACCT criteria positive only” group in all patients and according
to age
Patient characteristics

All patients

4 to 17 years

<4 years

P

Number of patients
Mean age (months) ⫾ SD
Males, n (%)
Positive family history, n (%)
Symptoms, n (%)
Defecation frequency ⬍3/week
Scybalous, pebble-like, hard stools
Painful defecation
No
Yes
I don’t know
Defecation with straining
No
Yes
I don’t know
History of large-diameter stools
Retentive posturing
No
Yes
I don’t know
Large fecal mass (by rectal examination)
Fecal incontinence

53
83 ⫾ 52
24 (45.3)
22 (41.5)

35
111 ⫾ 40
17 (48.6)
17 (48.6)

18
27 ⫾ 10
7 (38.9)
5 (27.8)

—
—
—
.146

18 (34)
36 (67.9)

16 (45.7)
20 (57.1)

2 (11.1)
16 (88.9)

.012
.019

20 (37.7)
30 (56.6)
3 (5.7)

18 (51.4)
17 (48.6)
—

2 (11.1)
13 (72.2)
3 (16.7)

.002

16 (30.2)
36 (67.9)
1 (1.9)
33 (62.3)

14 (40)
21 (60)
—
22 (62.9)

2 (11.1)
15 (83.3)
1 (5.6)
11 (61.1)

.025

19 (35.8)
31 (58.5)
3 (5.7)
22 (41.5)
24 (45.3)

16 (45.7)
19 (54.3)
—
13 (37.1)
24 (68.6)

3 (16.7)
12 (66.7)
3 (16.7)
9 (50)
—

.007

.901

.368
—

SD, standard deviation.
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fecal incontinence could be considered different clinical aspects of fecal retention. Often, for rectal accommodation,
children who have been constipated for years do not need to
withhold to delay stool passage; furthermore, adolescents may
find it difficult to explain the concept of excessive withholding,16 and parents may misinterpret withholding as an attempt to defecate and may not understand that incontinence
can be a consequence of retentive behavior.7,8 In some cases,
the presence of large fecal mass causing a painful evacuation
may induce retentive behavior.2
We suggest that the following items be added to the
PACCT and Rome III criteria for FC: painful defecation,
defecation with straining, and scybalous, pebble-like stools.
Painful defecation was included in the Rome III criteria, but
it was combined with “a history of hard bowel movements,”
thus forming a single item. Scybalous, pebble-like stools was
a Rome II criterion for FC but is excluded from the Rome III
revised diagnostic criteria. These constipation characteristics
were included in the questionnaires used in this study as
independent items. In our patients, scybalous, pebble-like
stools and defecation with straining were the most commonly
reported symptoms (80%), followed by painful defecation
(66%). Because such a high percentage of constipated children
reported these symptoms, we believe their inclusion should be
taken into consideration in any revised criteria.
According to previous data, the Rome II FC was the
most common disorder of defecation.8 We found that among
the 60 children who were positive for FDDs according to the
Rome II criteria, FFR was the most common disorder
(61.7%). This finding may result from the careful use of
appropriate scored questionnaires for parents and for children
age 10 to 17 years.
Our results demonstrate that FDDs can be diagnosed
more often by the PACCT criteria; however, a statistically
significant difference was found between the Rome II and
PACCT criteria in the children age 4 to 17 but not in those
under age 4. Up to 60% of our patients could not meet the
Rome II criteria for FC only because they were older than
preschool age, even if they reported a defecation frequency of
less than 3 times per week and scybalous, pebble-like stools.
Of the children fulfilling the criteria for FC, 24.6% could not
be diagnosed as constipated according to the Rome II criteria
solely because they were over 6 years old.8 The PACCT
criteria’s unification of FC and FFR under the category of FC
and its exclusion of age limits may have increased the likelihood of diagnosis in older children while possibly decreasing
the power of discrimination in infants and toddlers.
Our finding of poor agreement between the PACCT
and Rome II criteria implies that the 2 criteria do not identify
the same types of patients. On the basis of the PACCT
consensus, the Rome III criteria were revised to make diag-
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nostic criteria more applicable to clinical practice. A wider
spectrum of clinical features to explain constipation in all of
its different aspects were introduced. Ideally, diagnostic criteria must meet the needs of both practitioners, who may
prefer sufficiently broad criteria to include atypical cases, and
researchers, who may prefer sufficiently strict criteria to allow
them to properly select their study sample. Are the Rome III
criteria too broad, including too many false positives? Our
findings are based on patients who present with a history of
chronic constipation and cannot be generalized to an unselected population. Future research should address the applicability and validity of Rome III diagnostic criteria for FC and
other FGIDs in unselected populations and in both general
practice and research settings.
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Table I. Diagnostic criteria according to the Rome II, PACCT, and Rome III criteria
Rome II criteria
Functional constipation: In infants and preschool children (from 1 month to 6 years), at least 2 weeks of
● Scybalous, pebble-like, hard stools in a majority of stools, or
● Firm stools 2 or fewer times/week, and
● No evidence of structural, endocrine, or metabolic disease
Functional fecal retention: From infancy to 16 years old, a history of at least 12 weeks of
● Passage of large-diameter stools at intervals ⬍2 times/week, and
● Retentive posturing, avoiding defecation by purposefully contracting the pelvic floor. As pelvic floor muscles fatigue, the child uses
the gluteal muscles, squeezing the buttocks together.
Functional nonretentive fecal soiling: Once a week or more for the preceding 12 weeks, in a child over age 4 years, a history of
defecation
● In places and at times inappropriate to the social context,
● In the absence of structural or inflammatory disease, and
● In the absence of signs of fecal retention.
PACCT criteria
Chronic constipation: Occurrence of 2 or more of the following characteristics during the preceding 8 weeks:
● Fewer than 3 bowel movements per week
● More than 1 episode of fecal incontinence/week
● Large stools in the rectum or palpable on abdominal examination
● Passage of large-diameter stools that may obstruct the toilet
● Display of retentive posturing and withholding behaviors
● Painful defecation
Fecal incontinence: Passage of stools in an inappropriate place
● Organic fecal incontinence: fecal incontinence resulting from organic disease
● Functional fecal incontinence: nonorganic disease that can be subdivided into:
- Constipation-associated fecal incontinence: functional fecal incontinence associated with the presence of constipation
- Nonretentive (non–constipation-associated) fecal incontinence: passage of stools in an inappropriate place, occurring in children
with a mental age of 4 years and older, with no evidence of constipation based on history and/or examination
Romes III Criteria
Functional constipation: Must include 2 or more of the following in a child with a developmental age of at least 4 years with insufficient
criteria for diagnosis of irritable bowel syndrome:
● Two or fewer defecations in the toilet per week
● At least 1 episode of fecal incontinence per week
● History of retentive posturing or excessive volitional stool retention
● History of painful or hard bowel movements
● Presence of a large fecal mass in the rectum
● History of large-diameter stools that may obstruct the toilet
Criteria must be fulfilled at least once per week for at least 2 months before diagnosis.
Nonretentive fecal incontinence: Must include all of the following in a child with a developmental age of at least 4 years:
● Defecation into places inappropriate to the social context at least once per month
● No evidence of an inflammatory, anatomic, metabolic or neoplastic process that explains the subject’s symptoms
● No evidence of fecal retention
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Abnormal Circadian Blood Pressure Regulation in Children Born Preterm
UMUT SELDA BAYRAKCI, MD, FRANZ SCHAEFER, MD, ALI DUZOVA, MD, SULE YIGIT, MD,
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Objective To assess a possible relationship between prematurity and casual blood pressure (BP) by means of 24-hour
ambulatory BP monitoring (ABPM).
Study design ABPM was performed in 41 children aged 5 to 17 years who were born prematurely with (n ⴝ 11) or without
intrauterine growth restriction, and in 27 matched children who were born at term with a birth weight appropriate for
gestational age.
Results Although BP did not differ between the preterm group and control subjects during the daytime, nocturnal
standardized systolic BP was elevated (P < .05) and a lack of nocturnal decrease was more prevalent in the preterm children
compared with the control subjects (73% versus 41%, P ⴝ .01). The difference was caused by a marked increase of nighttime
systolic BP in the light-for-date children (1.17 ⴞ 0.61 standard deviation scores; P < .01), although preterm children with
appropriate weight (0.33 ⴞ 1.00) were not different from control subjects (0.09 ⴞ 0.73). Nighttime BP standard deviation
scores were closely correlated with standardized heart rate, compatible with a role of sympathetic hyperactivation.
Conclusion Subtle abnormalities of BP regulation, indicated by a selective increase of nocturnal systolic BP, are present during childhood in subjects born prematurely, and are prominent in those with intrauterine growth restriction.
(J Pediatr 2007;151:399-403)
lood pressure (BP) regulation is affected by numerous physiologic, biochemical, genetic, and environmental factors.
Conditions affecting intrauterine growth and development may program individuals for hypertension, metabolic
abnormalities, and cardiovascular morbidity in later life.1,2 Brenner et al proposed that essential hypertension might
result from a reduction in nephron number, filtration surface area per glomerulus, or both, with subsequent BP up-regulation
to maintain natriuresis.3,4 Animal data and human autopsy findings support a link among intrauterine growth, nephron
endowment, and postnatal hypertension.5-8 Proposed mechanisms include fetal glucocorticoid excess by down-regulation of the
nutrition-dependent placental degrading enzyme 11 beta-hydroxysteroid dehydrogenase-2, increased tubular sodium channel
expression, a complex dysregulation of the intrarenal renin-angiotensin system, hyperactivation of the sympathetic nervous
system, and persistently enhanced oxidative stress and impaired nitric oxide production leading to impaired endothelium-derived
vasodilatation.9-14
Numerous epidemiological studies linking low birth weight to adult hypertension
have been criticized for not taking sufficiently into account confounding variables such as
current patient age, weight and height, sex, gestational age, and parental and current
socioeconomic conditions.1,2,15-19 Conceptually, it is unclear whether the association of
birth weight and BP in later life is mediated by intrauterine growth restriction, as
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Table I. Clinical characteristics of control and preterm groups
Age (years), mean ⫾ SD, median (interquartile range)
Female/male
Gestational age (weeks), range
Birth weight (g), range
Current height (cm), mean ⫾ SD, median (cm; interquartile range)
Height SDS, mean ⫾ SD
Current BMI (kg/m2), mean ⫾ SD
BMI SDS, mean ⫾ SD

METHODS
This study was designed to evaluate the relationship
among gestational age, birth weight, and BP abnormalities by
applying ABPM in a group of children who were born preterm with and without intrauterine growth restriction. In
addition, we studied a group of children born at term with
appropriate weight, who were carefully matched for age, sex,
weight, height, and socioeconomic background. Moreover,
because of the wide age range studied, we corrected for the
physiological changes and non-Gaussian distribution of cardiovascular features during childhood by standardizing BP,
heart rate, and body mass index (BMI) to appropriate reference data.

Patients
Ambulatory BP measurement recordings were performed in children born prematurely (⬍37 weeks) with low or
appropriate birth weight in the Hacettepe University Faculty
of Medicine. The files of all patients born in our obstetrics
department between 1987 and 2000 were reviewed. From this
total population (805 families), we selected 120 names of
families who were living in the Ankara area at the time of
childbirth. Of these, 58 families could not be contacted because of a change in address, telephone number, or both. Of
the 62 families that could be contacted, we found that 2
subjects had died in early infancy in other hospitals. Of the 60
families with surviving children in the Ankara region, 50
agreed to participate in the study. Information related to the
prenatal and natal history of the preterm group was obtained
from hospital files and birth records. The mothers’ due date
and prenatal ultrasound scan was used to determine the patients’ gestational age. Systemic and renal diseases were excluded through physical examination, serum biochemistry,
urinalysis, and renal ultrasound scanning. Seven subjects were
excluded from the study because of incomplete ABPM readings, 1 subject was excluded because of vesicoureteral reflux,
and 1 subject was excluded because of kidney dysplasia. Thus,
the preterm group was composed of 41 healthy children with
no history of diseases and medication affecting BP. Eleven of
the children were light for dates. The control group consisted
of 27 healthy children who were seen because of minor
intercurrent illness in the outpatient clinic. They were all born
at-term with a birth weight appropriate for gestational age,
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Control (n ⴝ 27)

Preterm (n ⴝ 41)

8.8 ⫾ 2.7, 9 (q25:7-q75:10)
13/14
38-41
2900-3750
126 ⫾ 14, 123 (q25:117-q75:135)
⫺0.78 ⫾ 1.12
18.0 ⫾ 2.6
0.42 ⫾ 0.93

8.9 ⫾ 3.6, 8 (q25:6-q75:12)
19/22
26-36
900-2500
124 ⫾ 22, 120 (q25:107-q75:138)
⫺1.20 ⫾ 1.81
17.8 ⫾ 2.9
0.20 ⫾ 1.46

and they were matched for sex, age, height, and BMI with the
preterm group. Clinical characteristics of patients and control
subjects are given in Table I. Parental consent for participation in the study was obtained for each subject.

ABPM Monitoring
ABPM was measured at home by using the oscillometric device (SpaceLabs Monitor 90207; SpaceLabs Medical,
Redmond, WA). Measurements were performed every 20
minutes during the day and every 30 minutes during the
night. The average fraction of successful readings obtained at
each monitoring session was 82% ⫾ 11%. To rule out bias by
different bed rest habits, the day was defined as the period
from 08:00 to 20:00 and the night period from midnight to
06:00.26
BP load is the percentage of total BP values exceeding
the 95th percentile, adjusted for periods of awakeness and
sleep. Any BP load ⬎25% was defined as elevated.
To calculate the individual nocturnal BP decreases, the
nocturnal mean (midnight to 06:00) was compared with the
daytime mean (08:00 to 20:00) in each subject, and the difference was expressed as percentage of the daytime mean. A dipper
is a person with a BP decrement of at least 10% during sleep
time.
Reference Values
Height standard deviation scores (SDS) were calculated
by using age- and sex-specific formulas provided by the Centers of Disease Control27 because appropriate reference data
are not available for Turkish children. BMI SDS were calculated by using reference values of healthy Turkish children,28
and SDS for 24-hour, daytime, and nighttime systolic and
diastolic BP and heart rate were calculated by using the
European reference standards published by Wühl et al.26
Hypertension was defined as SDS ⬎1.64 (ie, ⬎95th percentile) adjusted for sex and height, according to Wühl et al.26
Children were categorized as light for date when their birth
weight was ⬍10th percentile of the recently updated Babson
and Benda intrauterine growth chart.29 SDS for BMI, BP,
and heart rate were calculated by using the LMS method to
allow for the non-Gaussian distribution of these features in
the pediatric population.26
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Table II. Mean 24-hour, daytime, and nighttime blood pressures of preterm and control groups
24-hour BP

Control
mm Hg
SDS
Preterm
mm Hg
SDS

Daytime BP

Nighttime BP

Systolic

Diastolic

Systolic

Diastolic

Systolic

Diastolic

103 ⫾ 6.1
⫺0.44 ⫾ 0.86

64 ⫾ 3.7
⫺0.29 ⫾ 0.68

106.4 ⫾ 7.5
⫺0.68 ⫾ 0.96

68.4 ⫾ 4.8
⫺0.63 ⫾ 0.79

96.3 ⫾ 5.8
0.08 ⫾ 0.73

56.1 ⫾ 4
0.07 ⫾ 0.69

105.2 ⫾ 8
⫺0.22 ⫾ 1.18

64.8 ⫾ 9
⫺0.36 ⫾ 1.35

108.5 ⫾ 9.3
⫺0.51 ⫾ 1.26

68.3 ⫾ 6.5
⫺0.66 ⫾ 1.05

100.2 ⴞ 7.5*
0.55 ⴞ 1*

57.8 ⫾ 6
0.28 ⫾ 0.97

24-hour BP, 24 hour blood pressure measurements; day time BP, daytime blood pressure measurements; nighttime BP, nighttime blood pressure measurement.
P value ⬍ .05 denote statistical significance.
*P ⬍ .05.

Statistics
The ABPM profiles were analyzed with the ABPM-Fit
program, which performs conventional linear analyses (calculation of BP mean, SD, load, highest and lowest readings) for
user-defined day and night periods. Data are given as mean ⫾
SD. The student t test and 2 test were used to test the
difference between the preterm group and the control subjects. The Mann-Whitney U test was used to test the significance of the difference in BP loads in the groups. Possible
correlations among age, height SDS, BMI SDS, birth weight,
duration of gestation, and BP measurements were tested with
the Spearman correlation analysis. Stepwise linear regression
analysis was performed to identify independent predictors of
nighttime systolic BP SDS.

RESULTS
The preterm group and control subjects were well
matched for age and anthropometric indices (Table I).
Twelve patients had a birth weight ⬍2000 g, and 11 patients
were light for date at birth. The mean BP values of the
preterm group and control subjects are summarized in Table
II. Although the mean 24-hour BP did not differ in the 2
groups, the mean nighttime systolic BP was significantly
higher in the children who were born preterm.
Ten patients in the preterm group (25%) had elevated
BP. Isolated nighttime hypertension was found in 8 patients
(2 both systolic and diastolic BP, 4 diastolic BP, and 2 systolic
BP), isolated systolic daytime hypertension was found in 1
patient, and systolic hypertension throughout day and night
was found in another patient.
An elevated BP load was observed in 13 patients (32%)
and 2 control subjects (7%; P ⫽ .01). The proportion of
subjects with elevated nighttime systolic BP load was significantly increased in the preterm group (10/41 versus 0/27;
P ⫽ .005). Nighttime diastolic BP load was elevated in 8 of
41 patients in the preterm group, compared with 1 of 27
control subjects (P ⫽ .06). Although it was not found to be
statistically significant, the physiologic nocturnal BP fall
tended to be attenuated in the preterm group for both systolic
(7.4 ⫾ 6.1 versus 9.3 ⫾ 5.5 mm Hg; P ⫽ .08) and diastolic
BP (14.9 ⫾ 9.6 versus 17.7 ⫾ 7.1 mm Hg, P ⫽ .2). The
prevalence of systolic non-dipping was almost twice as high in

the preterm group as in the control group (73.2% versus
40.7%, respectively; P ⫽ .007).
The analysis of factors associated with high nighttime
systolic BP SDS in the preterm group disclosed a significant
inverse correlation with birth weight (r ⫽ – 0.36; P ⬍ .05).
When the patient group was subdivided by relative weight at
birth, it became apparent that the trend toward higher nocturnal systolic BP was more prominent in children who had
intrauterine growth failure (Figure). The light-for-date children had significantly higher mean standardized nighttime
systolic BP (1.17 ⫾ 0.61 SDS) than preterm children born
with appropriate weight (0.33 ⫾ 1.00; P ⫽ .01) and control
subjects born at term (0.09 ⫾ 0.73; P ⬍ .01). Moreover,
standardized systolic BP during daytime, although well
within the normal range, was significantly higher in light-fordate children (0.30 ⫾ 1.30 SDS) than in preterm children
with appropriate weight (– 0.88 ⫾ 1.12; P ⬍ .05).
With stepwise multiple linear regression analysis, lightness for date was disclosed to be the major predictor of both
nocturnal (␤ ⫽ 0.804; R2 ⫽ 0.15; P ⬍ .05) and daytime
systolic BP SDS (␤ ⫽ 1.04; R2 ⫽ 0.19; P ⬍ .05), without any
significant additional variance contribution of the birth
weight, duration of gestation, sex, and current age, standardized height, or BMI.
Nocturnal standardized heart rate was significantly
higher in children with elevated nighttime BP load (systolic:
1.67 ⫾ 1.65 versus 0.55 ⫾ 1.2 SDS; diastolic: 1.45 ⫾ 1.28
versus 0.50 ⫾ 1.25 SDS; both P ⬍ .05). Nighttime systolic
BP SDS was closely correlated with 24-hour heart rate SDS
(r ⫽ 0.51; P ⬍ .0001). The 24-hour heart rate SDS was
significantly higher in patients who were systolic non-dippers
(0.47 ⫾ 1.41) than in patients who were dippers (– 0.17 ⫾
1.01; P ⫽ .05). Nocturnal heart rate SDS tended to be higher
in the light-for-date children, although significance was not
reached (⫹0.72 ⫾ 1.65 versus – 0.02 ⫾ 1.25; P ⫽ .1).

DISCUSSION
We report a systematic assessment of 24-hour cardiovascular regulation in children and adolescents who were born
preterm. Our findings indicate that a fraction of these subjects
has a selective nocturnal increase in systolic BP, resulting in
an elevated prevalence of non-dipping. Nocturnal systolic BP
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Figure. Standardized mean nighttime systolic BP in children and
adolescents born preterm with low or appropriate birth weight for
gestational age and in matched control subjects born at term. BP SDS was
significantly elevated in light-for-date children compared with preterm
children with appropriate birth weight (P ⬍ .05) and term control subjects
(P ⬍ .01).

was closely linked to heart rate, pointing to a possible role of
sympathetic hyperactivation. Our analysis suggests that intrauterine growth restriction, rather than prematurity per se, is
the major effector of the early cardiovascular abnormalities
observed in preterm children.
Earlier studies addressing the issue of intrauterine BP
programming yielded conflicting results.19 Aside from variable bias introduced by numerous pre- and postnatal confounding factors, a potential methodological limitation may
have been the use of casual BP measurements. ABPM is a
more sensitive tool for detecting subtle abnormalities of cardiovascular regulation because it provides more representative
time-integrated averages of BP and heart rate, permits a
separate assessment of BP variations during activity and sleep
periods, and allows quantitation of the timing and magnitude
of circadian BP regulation.30
Twenty-four-hour and daytime mean BP did not differ
between patients and control subjects, and a study relying on
casual daytime BP would most likely have shown an absence
of differences between patients and control subjects. However, separate analysis of the daytime and nighttime periods
revealed a significant selective nocturnal elevation of systolic
BP in the children who were born preterm. As a conse402
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quence, the prevalence of systolic non-dipping was increased in the patient group. Non-dipping is an important
independent risk factor for cardiac and cerebrovascular
morbidity in adults.24,25,31 The physiological nocturnal BP
drop matures during childhood. In keeping with earlier findings,32 60% of the children in the control group exhibited a
nocturnal decrease of systolic BP by ⬎10%. In contrast, only
28% of the children who were preterm were identified as
dippers.
We further evaluated which circumstances of prematurity were predictive of nighttime BP in the preterm children.
Siewert-Delle et al found a marked impact of gestational age
on adult BP, whereas in subjects born at-term, adult BP was
not related to birth weight.33 In contrast, Barker et al found
no relationship between gestational age and adult BP.17
Hardy et al, analyzing 5 European birth cohort studies, concluded that gestational age is an important confounding factor
of the relationship between birth weight and systolic BP.34
Although we observed a global relationship between nighttime systolic BP and birth weight, our results provide support
to the notion that intrauterine growth failure, rather than
prematurity per se, is an important risk factor for increased
BP, even during childhood. All children who were born light
for date, irrespective of their duration of gestation, exhibited
a nighttime systolic BP ⬎50th percentile. In contrast, gestational age was not predictive of nocturnal BP with either
univariate or multivariate analysis. The association of lightness-for-date with mean nocturnal BP also persisted when
controlling for further potential confounders such as sex,
patient age, relative height, and ponderosity.
The ABPM technique provides not only multiple measurements of BP, but also of heart rate. Although no overall
differences between patients and control subjects were
present, we found nocturnal systolic BP closely correlated
with standardized heart rate. Subjects with elevated nighttime
BP load and non-dippers had significantly elevated heart rates
at night and throughout the 24 hours. Again, children born
light for date had a tendency toward higher heart rates at
night. Because time-integrated heart rate is considered to be
a measure of sympathetic nervous activity, our findings may
point to persistent sympathetic hyperactivation as an underlying mechanism of the increased systolic BP at nighttime in
the preterm, light-for-date children.
Although little data is available about a link between
low birth weight, prematurity, or both and sympathoadrenal
function in adult humans, a role of the sympathetic nervous
system in the programming of adult hypertension has been
consistently demonstrated in various animal models of fetal
growth restriction.35,36 In young adult rats with intrauterine
growth restriction, plasma epinephrine levels were inversely
related to birth weight, implying increased adrenal medullary
function.9,36 Further support for a persistently increased sympathetic tone after intrauterine growth restriction in humans
has recently been provided by the observation of an increased
sympathetic component of heart rate variability in infants
born small for their gestational age.37
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In conclusion, subtle abnormalities of circadian BP regulation are detectable in those children born preterm who had
intrauterine growth restriction. A slight selective elevation of
nocturnal systolic BP and attenuated nocturnal dipping are
apparent at age 5 to 17 years; these abnormalities may reflect
sympathetic hyperactivation. Longitudinal studies will be required to determine whether these abnormalities precede
overt hypertension in adult life and whether regular monitoring and early antihypertensive treatment can prevent cardiovascular morbidity in such patients.
Dr. Duzova is supported by The Turkish Academy of Sciences
(Programme to Reward Successful Young Scientists, A.D/TUBAGEBIP/2006-6).
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Direct Equilibrium Dialysis Compared with Two Non-dialysis Free T4
Methods in Premature Infants
DOUGLAS D. DEMING, MD, CHRISTOPHER W. RABIN, DO, ANDREW O. HOPPER, MD, RICARDO L. PEVERINI, MD,
NIDIA R. VYHMEISTER, MD, AND JERALD C. NELSON, MD

Objective

To compare the incidence of low free T4 values reported by a direct equilibrium dialysis method to their incidence
reported by 2 non-dialysis methods.
Study design Ninety-five infants, <33 weeks gestational age at birth, admitted to Loma Linda University Children’s Hospital
before day 3 of life were studied. Infants were grouped by gestational age ranges: <27, 28-30, and 31-33 weeks. Free T4
determinations were measured at 3, 7, and 14 days of life with 3 different free T4 methods. Gestational age–specific newborn
reference ranges were available for the direct equilibrium dialysis method only. The only reference ranges available for the
non-dialysis free T4 methods were not gestational age specific. Using available reference ranges we classified free T4 values as
either low or not low. The incidence of low free T4 values was compared at 3, 7, and 14 days of life.
Results Low direct equilibrium dialysis free T4 values were substantially less frequent than non-dialysis free T4 values.
Conclusion Substantial free T4 inconsistencies occur between dialysis and non-dialysis free T4 methods in preterm infants.
It is unclear how much of this inconsistency is method dependant and how much is reference range dependant.
(J Pediatr 2007;151:404-8)

hyroid hormones play a critical role in fetal and neonatal development because they are directly involved in pulmonary,
neurologic, and musculoskeletal growth and development. In the absence of adequate thyroid hormone, profound
growth, neurologic, and respiratory impairment may result.1-5 Serum free thyroxine (FT4) is the circulating form of T4
most readily available to cell membrane transport proteins. Therefore assessment of thyroid hormone status should include FT4
determinations.
In healthy term infants, there is an immediate postnatal increase in circulating thyroid-stimulating hormone (TSH)
concentrations followed by increases in total thyroxine and FT4, as well as total and free triiodothyronine concentrations. In
premature infants, circulating levels of TSH, FT4, thyroxine binding globulin (TBG), and total T4 are lower than in term infants
during the first 2 weeks of life.1,6-11
Transient reduction in FT4 values without corresponding increases in TSH measurements have been reported in most
premature infants.1,8,12-17 Historically, a nadir in FT4 values has been observed at days 7 to 14 of postnatal life.1,5,12-17 The
observed reduction in FT4 values is temporary, and spontaneous correction occurs within 4 to 8 weeks of postnatal life.18 The
nadir is associated with normal or low serum TSH values and normal responses of serum
TSH and T4 to thyrotropin releasing hormone, indicating a normally responsive pituitary
and thyroid.18 There are 3 possible explanations for these transient reductions in FT4
values: (1) they might be attributable to immaturity of the hypothalamic-pituitary-thyroid
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positive test results attributable to analytical bias rather than
serum FT4 insufficiency. In addition, we propose that the
absence of gestational age–specific reference ranges is an
important contributing factor.

METHODS
Subjects
All premature infants, ⱕ33 weeks gestational age at
birth, born at or transported to Loma Linda University Children’s Hospital before day 3 of postnatal life were eligible for
the study. We excluded infants with grade IV intraventricular
hemorrhage in the first week of life,29 complex congenital
anomalies, maternal thyroid disorders, consent not obtained,
or inability to obtain all 3 samples.
Infants were stratified by gestational age at birth into 3
groups: ⱕ27, 28-30, and 31-33 weeks of gestation. Gestational age was assigned on the basis of early obstetric ultrasound studies and maternal dates whenever those data were
available. Otherwise, gestational age was assessed by the Ballard Maturational Score performed within 24 hours of delivery. When there was a discrepancy greater than 2 weeks
between those methods, the Ballard physical assessment gestational age was used.
This study was reviewed and approved by our Institutional Review Board. Informed consent was obtained from
the parents or guardians of the infants. Blood samples (1.8
mL) were obtained on days 3, 7, and 14 of life by venipuncture or central catheter to measure FT4 by each of 3 methods:
direct equilibrium dialysis, analogue FT4 immunoassay,
and FT4 index. All thyroid testing was performed at Quest
Diagnostics Nichols Institute, San Juan Capistrano, CA, as
part of a collaborative study. Low FT4 was defined with
previously established normal values used for each assay.
Weekly nutritional laboratory testing included serum
triglycerides, total protein, and albumin determinations. Total
protein and albumin concentrations increased with both gestational age and postpartum age.
Assay Methods
This study used 3 different FT4 methods performed by
the same clinical laboratory. Previous studies have provided
gestational age–specific pediatric reference ranges for the direct equilibrium dialysis method.6,27 Comparable neonatal
reference ranges have not been reported for the non-dialysis
methods. The test results in this study were categorized as low
or not-low on the basis of the method-specific reference
ranges provided by the laboratory with the test results.
The direct equilibrium dialysis FT4 method had an
interassay coefficient of variation of 5.3% at 1.5 ng/dL (19
pmol/L). This method uses a semipermeable membrane to
exclude serum proteins and protein-bound T4 from the dialysate to which a gravimetrically calibrated non-analogue FT4
radioimmunoassay is applied.30 Normative ranges for preterm
infants in the first week of postnatal life are 0.5 to 3.3 ng/dL
(6.4-42.5 pmol/L) for 25 to 30 weeks and 1.3 to 4.7 ng/dL

Table I. Demographics
Gestational age
group

Birth weight
(g)

Gestational age
(wk)

ⱕ27
28-30
31-33

821 ⫾ 192
1232 ⫾ 341
1710 ⫾ 371

25.7 ⫾ 1.2
29.0 ⫾ 0.9
31.2 ⫾ 0.7

(16.7-60.5 pmol/L) for 31 to 36 week gestational age infants.6
Normative ranges for preterm infants beyond the first week of
life are 0.8 to 2.6 ng/dL (10-33 pmol/L).27
The direct analogue FT4 immunoassay had an interassay coefficient of variation of 3.03% at 1.08 ng/dL (13.9
pmol/L). This method is a competitive binding immunoassay
with chemiluminescent technology. It is applied directly to
whole serum, including serum proteins and protein bound T4.
The reference range reported by Quest Diagnostics with these
test results was 0.80 to 1.50 ng/dL (10.3-19.3 pmol/L).
Free T4 indexes estimate the concentration of circulating FT4 with 2 independent analytical methods: a total T4
immunoassay and a triiodothyronine (T3) uptake method.
Free T4 values are calculated from these 2 independent determinations (total T4 ⫻ T3 uptake). The total T4 assay is a
competitive binding immunoassay with direct, chemiluminescent technology with an interassay coefficient of variation of
5.5% at 4.67 g/dL (60.2 nmol/L). The T3 uptake assay is a
double antibody competitive binding immunoassay that uses
chemiluminescent technology with an interassay coefficient of
variation of 5.4%. The reference range reported by Quest
Diagnostics with these test results was 5.4 to 9.7 ng/dL
(69.5-124.8 pmol/L).
Serum total protein, albumin, and triglycerides were
measured by an automated chemistry analyzer (Beckman
Coulter). Heparin dosages were obtained from the infant’s
daily medical record.

Data Analysis
Infants were stratified into 3 gestational age groups for
analysis: ⱕ27, 28 to 30, and 31 to 33 weeks. Incidence of low
FT4 values (using the laboratory’s reported reference ranges),
as well as 5th, 25th, 50th, 75th, and 95th percentiles were
calculated for each group at 3, 7, and 14 days of life for each
assay.
To determine whether total serum protein, serum albumin, serum triglycerides, or heparin dosage was related to
low versus not-low free T4 values, we performed a logistic
regression analysis initially with a univariate model. We then
expanded to a multivariate model with all 4 potential factors
versus each free T4 method.
Data were analyzed with 2 analysis, Cochran’s test,
and logistic regression. All statistics were run using SPSS v
12.0 (SPSS, Inc, Chicago, IL).

RESULTS
From August 2001 to August 2002, 140 infants were
admitted to the neonatal intensive care unit at Loma Linda
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Figure 1. Incidence of low free T4 values obtained with 3 different methods (direct equilibrium dialysis, direct analogue immunoassay, and index) on days
of life 3, 7, and 14 for the 3 gestational age groups (ⱕ27, 28-30, and 31-33 weeks). Analyzed with Cochrane’s test.

Figure 2. Distributions of free T4 values from 3 different methods (direct equilibrium dialysis, analogue, and index) compared with method specific
normative ranges on days of life 3, 7, and 14 for 3 gestational age groups (ⱕ27, 28-30, and 31-33 weeks). ⴱAdams et al,6 ⫹Clark et al,27 #Quest
Diagnostics Test Report Forms.

University Children’s Hospital ⱕ33 weeks gestational age.
The infants not enrolled into the study included the following: 19 missed enrollment, 7 chose not to participate, 7 whose
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mothers had hypothyroidism, 4 who died before study completion, 4 who had grade IV intraventricular hemorrhage, and
4 who had congenital anomalies. Of the 95 infants enrolled,
The Journal of Pediatrics • October 2007

Table II. Logistic regression of low T4 by the levels of total protein, albumin, and triglycerides, and the
dosage of heparin
Thyroid test (low vs not low)

N

Not in equation*

FT4 ED

275

FT4 nonD

275

Total protein
Albumin
Triglyceride
Heparin/kg
Albumin

FT4 Index

275

Albumin

In equation†

Odds ratio (95% CI)

Total protein
Triglyceride
Heparin/kg
Total protein
Triglyceride
Heparin/kg

0.375 (0.234-0.602)
1.010 (1.004-1.017)
1.473 (1.260-1.722)
0.460 (0.295-0.716)
1.010 (1.003-1.016)
1.455 (1.255-1.687)

*Variables not in the equation are not predictive of low FT4 values.
†Variables in the equation are predictive of low FT4 values.

there were 38 ⱕ 27, 28 between 28 to 30 weeks, and 29
between 31 to 33 weeks gestational age. Mean birth weights
were appropriate for each gestational age group (Table I).
The incidence of hypothyroxinemia (defined as an FT4
result below the laboratory’s reference range for that method)
was lowest when determined by direct equilibrium dialysis
and compared with gestational age–specific reference ranges.
Disparities were greatest among the younger gestational age
groups (Figure 1).
Because the absolute values for FT4 are different among
assay methods, we compared the FT4 values to their assay
specific reference ranges (Figure 2). From the inspection of
the graphed data, it is obvious that they do not have a Gausian
distribution, and therefore non-Gausian statistics are more
appropriate for characterizing these data. As expected,
the medians of the direct equilibrium dialysis FT4 values were
within their respective reference ranges. In contrast, the medians for both of the nondialysis FT4 values were outside
reference ranges for infants ⱕ 27 weeks. As many as half of
the nondialysis values were outside of the reference ranges.
(Figure 2).
Nine of 285 samples had triglyceride levels ⱖ 180
mg/dL. Two hundred fifty-two samples were obtained while
the patient was receiving a hyperalimentation solution that
contained heparin. The median heparin dose was 5.5 units/kg
with a range of 0.4 to 14.4 units/kg. Higher triglyceride
concentrations were predictive of non-low free T4 values
reported by the nondialysis methods. They were not predictive of non-low dialyzable free T4 values. Higher heparin
dosages were predictive of non-low free T4 values reported by
the nondialysis methods. They were not predictive of non-low
dialyzable free T4 values. In addition, lower serum total protein concentrations were predictive of low free T4 values
reported by the nondialysis methods. They were not predictive of low dialyzable free T4 values (Table II).
We have no data on the incidence of topical iodine
usage in our population. It was the customary practice of the
neonatal intensive care unit to only use topical iodine for
procedures. For most of these infants, the only procedures

they would have had were the placement of umbilical lines in
the delivery/resuscitation room.

DISCUSSION
Previous studies of thyroxine supplementation have
shown little benefit in preterm infants with transiently low
FT4 values.31-33 This might be due to analytically flawed FT4
methods reporting falsely low free T4 values, or to biologically
inappropriate reference ranges leading to misclassification of
free T4 values, or both. Direct analogue free T4 immunoassays
methods and free T4 index methods report free T4 values that
vary as total T4 concentrations or T4 binding serum protein
concentrations vary.22,25,26,34-45 The T4 binding proteins are
albumin, transthyretin, and thyroxine binding globulin.34-45
Direct equilibrium dialysis free T4 determinations are independent of serum protein concentrations and protein bound
T4 concentrations.22-26,30 In this study, the concentrations of
serum total protein, albumin, and triglyceride, and heparin
dosages had no influence on dialyzable free T4 values.
We will not know the true prevalence of T4 insufficiency in premature infants until the free T4 assays used are
specific for free T4 (versus T4 binding proteins and protein
bound T4), and reference ranges are gestational age–appropriate.
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Perinatal Stroke and the Risk of Developing Childhood Epilepsy
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Objectives

To describe the prevalence of epilepsy after 6 months of age in children with perinatal stroke and examine
whether perinatal data predict epilepsy onset and resolution.
Study design A retrospective review of 64 children with perinatal stroke. In children with at least 6 months of follow-up
data, Kaplan-Meier curves, univariate log-rank tests, and Cox proportional hazards models were used to examine predictors
of time to development of seizures, and time to resolution of seizures in children with epilepsy. The association of risk factors
with the presence of epilepsy at any time after 6 months of age was examined using Fisher’s exact test.
Results Forty-one of the 61 children with at least 6 months of follow-up data (67%) had epilepsy between 6 months of age
and last follow-up, but in 13 of 41, seizures eventually resolved and anticonvulsants were discontinued. Infarct on prenatal
ultrasonography (P ⴝ .0065) and family history of epilepsy (P ⴝ .0093) were significantly associated with time to development
of seizures after 6 months of age in the univariate analysis. No assessed variables were associated with time to resolution of
epilepsy or with the presence of epilepsy after 6 months of age.
Conclusions Childhood epilepsy is frequent after perinatal stroke. Evidence of infarction on prenatal ultrasonography and
a family history of epilepsy predict earlier onset of active seizures. (J Pediatr 2007;151:409-13)

pilepsy affects approximately 5 of 1000 children; however, children with central nervous system injury are at increased
risk.1 Children with perinatal arterial ischemic stroke appear to be at increased risk for childhood epilepsy, but estimates
of epilepsy after perinatal stroke vary widely. Epilepsy rates ranging from 0% to 50%2-9 have been reported for studies
of 8 to 46 children with a median of approximately 35 months of follow-up. There are few studies examining clinical factors that
predict the development of childhood epilepsy in children with perinatal stroke, and little data on when children with perinatal
stroke develop epilepsy. When parents are told that their child had a perinatal stroke and the possible outcomes are described,
physicians are often faced with the following three questions: Will my child have epilepsy when he/she is older? If my child does
have epilepsy, will the medication stop all his/her seizures? When would he/she develop
seizures? The purpose of this study is to answer these questions by describing the
prevalence and severity of epilepsy after 6 months of age in children with perinatal stroke,
to examine whether data present in the perinatal period predict the presence of childhood
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epilepsy, and to describe when these children develop active seizures and examine
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METHODS
Population
This study was conducted at the Riley Hospital for Children, Indianapolis, Indiana.
Sixty-four children with perinatal arterial ischemic stroke were initially identified using a
combination of the following techniques: review of neurology clinic records from January
1990 to January 2007; patient referral; and International Classification of Disease, 9th
revision, clinical modification code searches from May 1, 1999 to May 1, 2004 using codes
767 (neonatal stroke), 433 (occlusion and stenosis/precerebral ischemia), 434 (occlusion of
cerebral arteries), 435 (transient cerebral ischemia), 436 (acute but ill-defined cerebrovascular disease), 437 (other and ill-defined cerebrovascular disease), 438 (late effects of
cerebrovascular disease), and 342 (acute hemiplegia).10 ICD-9-CM codes searches of
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additional years were not performed because of the limitations
of these searches.11 Birth years of patients ranged from 1990
to 2005. The perinatal period was defined as the time from
the end of the 20th week of gestation to day 28 after birth.12
All children had a gestational age of at least 36 weeks at birth,
presented with neurological symptoms during the neonatal
period (first 28 days of life), and were diagnosed with arterial
ischemic stroke before discharge home from the neonatal
intensive care unit (NICU). Children with radiographic evidence of generalized hypoxic ischemic injury or dysmorphic
features suggestive of a genetic syndrome were excluded.

Data Collection
Data were collected from the medical record on prenatal ultrasonography imaging abnormalities, clinical presentation, perinatal comorbidities, initial cranial computed tomography and/or magnetic resonance imaging, initial and
follow-up electroencephalograms (EEGs), family history of
epilepsy in first- or second-degree relatives, and epilepsy
status during all available follow-up. Based on radiographic
findings, stroke locations were identified, described by arterial
territory, and classified as unilateral or bilateral. Unilateral
middle cerebral artery (MCA) infarctions were classified as
large branch (involving the M1 territory) or small branch.
EEG reports were reviewed and classified as normal or abnormal. Abnormalities were classified as abnormal background consistent with encephalopathy, slowing or voltage
attenuation, epileptiform discharges, or electrographic seizure
activity. Epilepsy outcomes were assessed in children at least 6
months of age at the last clinical follow-up. All subjects had
clinic notes that included the clinician’s record of last seizure and
estimated frequency of seizures. Children were classified as having or not having epilepsy, and they were classified according to
a modified form of the Engel classification13,14 adjusted by our
group for a young population with limited follow-up and no
surgical intervention: Class 0 ⫽ seizure-free and off anticonvulsants for at least 6 months; Class 1 ⫽ seizure-free for at
least 6 months while on medication or seizure-free off medication for fewer than 6 months; Class 2 ⫽ fewer than 1
seizure a month; Class 3 ⫽ 1 to 4 seizures a month; Class
4 ⫽ 5 to 30 seizures a month; Class 5 ⫽ 30 or more seizures
a month. Epilepsy was defined as modified Engel (ME) Class
1 or higher, active seizures were defined as ME Class 2 or
higher, and severe epilepsy was defined as ME Class 3 or
higher. All children with epilepsy had at least 2 nonfebrile
clinical seizures or 1 nonfebrile clinical seizure with an EEG
demonstrating epileptiform discharges.
Statistical Analysis
Totals and proportions were used to describe the clinical characteristics of the population. Time to development of
first seizure after 6 months of age was the primary outcome
examined. Six months of age was chosen as a starting point
because in our clinical experience children with perinatal
stroke are often maintained on phenobarbital for up to 6
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Golomb et al

months after NICU discharge; we wanted to examine what
happens after that point. For children who presented with
seizures at 6 months of age, the time to first seizure was zero.
For children who never developed seizures, the time to first
seizure was length of follow-up, and the observation was
censored.
Time to resolution of seizures was also examined; in
some children with epilepsy, seizures resolve and anticonvulsants can be discontinued. This analysis only included children who had seizures after 6 months of age. For children
whose seizures resolved, defined as both being seizure-free for
at least 6 months and being taken off anticonvulsants, the
time to seizure resolution was months from start of seizures to
date taken off anticonvulsants. For children whose seizures
did not resolve, the time to seizure resolution was months
from start of seizures to date of last follow-up, and the
observation was censored.
Six variables were examined as predictors of outcome:
evidence of infarction on prenatal ultrasonography; initial
presentation with seizures; abnormality on initial NICU
EEG; presence of bilateral infarcts on radiographic imaging;
in children with MCA infarcts, the presence of large- versus
small-branch infarction; and family history of seizures. Univariate log-rank tests were done to test the association of each
of these factors with time to development of seizures. Last, a
multivariable Cox proportional hazards model was fit to examine the association of all factors except abnormality on
initial NICU EEG and the presence of large- versus smallbranch MCA infarction. Abnormality on initial NICU EEG
was omitted because no children with evidence of stroke on
prenatal ultrasonography had a neonatal EEG. The presence
of large- versus small-branch infarction was omitted because
it did not apply to children who did not have an MCA
infarction. The proportional hazards assumption was tested
with the Kolmogorov-type supremum test for all variables and
was met in all cases.
As a secondary analysis, Fisher’s exact tests were done to
examine the association of the six factors with development of
epilepsy at any time after six months of age (yes/no).

Ethics
This study was approved by the Institutional Review
Board of the Indiana University School of Medicine (Study #
0207-55).

RESULTS
Patient Population
Sixty-four children with perinatal arterial ischemic
stroke were identified. Thirty-six (56%) were male. Fortyeight (75%) presented in the NICU with seizures. All children with seizures were treated with phenobarbital. Additional medications used included lorazepam (8), phenytoin
(8), diazepam (1), and fosphenytoin (1). Additional presentations that prompted neurological evaluation included apnea
(19), respiratory distress (12), abnormal tone (11), poor feedThe Journal of Pediatrics • October 2007

ing (9), poor respiratory effort (6), and irritability (5). Cormorbidities included infection in 11 (17%), cardiac abnormalities in 11 (17%), extracorporeal membrane oxygenation in 4
(6%), and renal failure in 3 (5%). Seven of the 64 children
with perinatal arterial ischemic stroke (11%) had a family
history of seizures.

Radiographic Findings
Evidence of stroke was present on prenatal ultrasonography for four patients (6%). All patients had confirmation of
infarction by cranial computed tomography (20), magnetic
resonance imaging (20), or both (24). Forty-six children
(72%) had unilateral hemispheric infarction in isolated arterial
territories: one in the right internal carotid artery territory, 1
in the right anterior cerebral artery territory, 4 in the posterior
cerebral artery territory (2 left, 2 right), and 40 in the MCA
territory (27 left, 13 right). Of the unilateral MCA infarctions, 18 were large branch and 19 were small branch; original
films could not be accessed for three, and infarction size could
not be judged from radiographic reports. Four children had
multiple unilateral infarctions in multiple territories. Fourteen
children had bilateral infarctions involving the following regions: the basal ganglia (1 right), brain stem (1), cerebellar (1
left, 2 right), anterior cerebral artery (2 left, 2 right), posterior
cerebral artery (7 left, 7 right), and MCA (12 left, 11 right)
territories. Four had watershed infarctions. Nineteen had
infarction with hemorrhagic transformation (9 left, 3 right, 7
bilateral).
Initial EEG Findings on Reports
Initial EEG reports were available for 44 of the 48
newborns who presented with seizures; 40 (91%) had at least
one abnormality on initial EEG (Table I; available at www.
jpeds.com).
Epilepsy Status after 6 Months of Age
At least 6 months of follow-up data were available on
61 patients (95% of 64). Median age of these 61 patients at
last follow-up was 43 months (range 9-179 months). Fortyone children (67 %) had epilepsy (ME Class 1 or higher)
between 6 months of age and last follow-up. Eleven of those
children were maintained on phenobarbital after NICU discharge for more than 6 months but were seizure-free (ME
Class 1); children were maintained on phenobarbital for that
length of time usually because of abnormal EEG or variations
in physician practice. Eleven children had seizure activity after
leaving the NICU that continued or started in the first 6
months of life (ME Class 2 or higher). Nineteen children had
seizure onset after 6 months of age; 6 of those children had
not presented with seizures in the NICU. Median age at onset
of seizures for those 19 children was 16 months (range 7-124
months). Seizures resolved in 13 (32% of 41 children with
epilepsy); these children were seizure-free and off medications
for at least 6 months at the last follow-up visit.
Perinatal Stroke and the Risk of Developing Childhood Epilepsy

Table II. Epilepsy outcomes at last follow-up (n ⴝ 61)
Outcome

#

(%)

ME Class 0
ME Class 1
ME Class 2
ME Class 3
ME-Class 4
ME-Class 5
Infantile spasms

33
18
3
4
2
1
5

(54)
(30)
(5)
(7)
(3)
(2)
(8)

Class 0 ⫽ seizure-free and off anticonvulsants for at least 6 months.
Class 1 ⫽ seizure-free on medication for at least 6 months or seizure-free off medication
for fewer than 6 months.
Class 2 ⫽ fewer than 1 seizure a month.
Class 3 ⫽ 1-4 seizures a month.
Class 4 ⫽ 5-30 seizures a month.
Class 5 ⫽ 30 or more seizures a month.
ME, modified Engel.

A total of 28 children (46% of the 61 included patients)
were classified as having epilepsy at the time of last follow-up
(Table II). Five children (8% of the 61 children) developed
infantile spasms; these children have been previously described.15 Most of the children with epilepsy (64%; 18 of 28)
were seizure-free on medication or while being weaned off.
Twenty-five patients were on seizure medications at last
follow-up; 3 had been weaned off but had been seizure-free
off medication for fewer than 6 months. The most commonly
used medications used at last follow-up were: phenobarbital
(10), lamotrigine (5), oxcarbazepine (7), valproic acid (4), and
topiramate (4). Six (24% of the 25 patients with medication)
patients required multiple medications to control their seizures at last follow-up.
Follow-up EEGs performed at 6 months of age or later
were available for 42 of the children: 17 were normal; 19 had
slowing and/or voltage attenuation, which was diffuse in 9
and focal in 10; 19 had epileptiform discharges. Five children
had infantile spasms with onset at a median age of 7 months;
3 of these children later developed severe seizures (ME Class
3 or higher). Several of these children were previously described.15 The Kaplan-Meier curve demonstrating the probability of being seizure-free (ME Class 0 or 1) over time is in
Figure 1.
On univariate analysis, only presence of infarct on prenatal ultrasonography (P ⫽ .0065) (Figure 2; available at
www.jpeds.com) and family history of seizures (P ⫽ .0093)
(Figure 3; available at www.jpeds.com) were significantly associated with time to development of seizures after 6 months
of age. The median time to development of seizures after 6
months of age was shorter in children with evidence of infarct
on prenatal ultrasonography (3.8 months with evidence vs
53.9 without evidence) and in children with a family history
of seizures (1.1 months with a family history vs 53.9 months
without). Results of the log-rank tests are shown in Table III.
On multivariable analysis, none of the variables were associated with time until development of seizures, although there
was a trend toward significance for presence of infarct on
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Table IV. Log-rank tests—predictors of resolution
of epilepsy

Evidence of infarct on prenatal
ultrasonography
No evidence of infarct on prenatal
ultrasonography
Initial presentation with seizures
No initial presentation with seizures
Abnormal NICU EEG
Normal NICU EEG
Bilateral infarcts
No bilateral infarcts
MCA infarct—large branch
MCA infarct—small branch
Family history of epilepsy
No family history of epilepsy

Figure 1. The light dotted lines represent 95% confidence intervals.

n

Median
months

P
value

4

⬎178.8

.2535

26

⬎152.9

21
9
20
2
7
23
9
8
6
24

⬎88.0
⬎178.8
⬎150.5
⬎78.4
⬎152.9
⬎178.8
⬎178.8
65.4
⬎178.8
⬎152.9

.2609
.3830
.2619
.0984
.7023

EEG, electroencephalogram; MCA, middle cerebral artery; NICU, neonatal intensive
care unit.

Table III. Log-rank tests—prediction of time to
seizure onset after 6 months
n
Evidence of infarct on prenatal
ultrasonography
No evidence of infarct on prenatal
ultrasonography
Initial presentation with seizures
No initial presentation with seizures
Abnormal NICU EEG
Normal NICU EEG
Bilateral infarcts
No bilateral infarcts
MCA infarct—large branch
MCA infarct—small branch
Family history
No family history

Median
months

4

3.8

57

53.9

45
16
40
5
13
48
18
18
7
54

53.9
111.8
31.4
⬎53.5
31.4
53.9
111.8
53.9
1.1
53.9

DISCUSSION
P
value
.007

.890
.701
.772
.718
.009

EEG, electroencephalogram; MCA, middle cerebral artery; NICU, neonatal intensive
care unit.

prenatal ultrasonography and family history of seizures: presence of infarct on prenatal ultrasonography (P ⫽ .053), NICU
presentation with seizures (P ⫽ .397), bilateral infarcts (P ⫽
.826), and family history (P ⫽ .087).
On univariate analysis, no variables were significantly
associated with time to resolution of seizures after 6 months
of age. Results of the log-rank tests are shown in Table IV.
On multivariable analysis, none of the variables with significantly associated with time to resolution of seizures: presence
of infarct on prenatal ultrasonography (P ⫽ .998), NICU
presentation with seizures (P ⫽ .874), bilateral infarcts (P ⫽
.998), or family history (P ⫽ .874).
None of the six factors were significantly associated
with development of seizures at any time after 6 months of
age on Fisher’s exact tests. These results are shown in Table
V (available at www.jpeds.com).
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Seizures are a frequent presenting sign of perinatal
arterial ischemic stroke, and childhood epilepsy is a frequent
resulting morbidity. In our cohort, 75% (48 of 64) of children
with perinatal stroke presented with seizures, and 67 % (41 of
61 with ⱖ6 months of follow-up) had or developed epilepsy
after 6 months of age. Epilepsy resolved in 13 children, so
46% (28 of 61) had epilepsy as of last follow-up. Sixty-four
percent (18 of 28) of the children with epilepsy were eventually seizure-free with treatment and 25% (7 of 28) of the
children with epilepsy had severe epilepsy at last follow-up
with 1 or more seizures per month (ME Class 3 or higher).
Seizures that started or re-started after 6 months of age began
at a median age of 16 months, but one child had seizures start
at 10.3 years of age. Evidence of infarct on prenatal ultrasonography and family history of epilepsy were both associated with earlier onset of seizures. We were unable to identify
predictors of what caused epilepsy to resolve in some children,
or whether or not children would develop epilepsy.
This prevalence of childhood epilepsy after perinatal
stroke was higher than what has been reported in previous
studies,2-9 but we did note that seizures resolved in some
children; our incidence of epilepsy at last follow-up falls
within the previously described range. There are larger studies
of epilepsy in the hemiplegic cerebral palsy literature, where it
is reported that approximately one third of children have
epilepsy16,17; in this population, neonatal seizures are a predictor for later seizures.18 In our cohort, neonatal seizures did
not predict later epilepsy. Stroke is responsible for at least
20% of hemiplegic cerebral palsy,19,20 but the wide range of
other etiologies included in this population makes it difficult
to draw conclusions on the outcomes after perinatal stroke
from published cerebral palsy data.
The median age at time of seizure development for
children ⬎6 months of age in our cohort was 16 months
The Journal of Pediatrics • October 2007

(range 7 months to 10 years and 4 months). Sran and Baumann2 described children with perinatal stroke who were
seizure-free for 1 to 8 years, then developed epilepsy. It is
possible that the incidence of epilepsy after perinatal stroke in
our cohort will rise as we continue to follow these children
over the next several years.
Evidence of infarction on prenatal ultrasonography predicted the earlier onset of epilepsy in our cohort. There are few
large studies of fetal stroke, but the data that have been published
suggest that these children may be at increased risk for neurological impairment. Ozduman et al21 described epilepsy in 2 of 3
children with fetal stroke who had at least 18 months of
follow-up; they reviewed the previous literature but few details
on the long-term neurological outcomes were available.
Family history was also a predictor of the development
of seizures over time; children developed epilepsy earlier if
they had a family history of epilepsy. This suggests that
genetic background may influence outcome, but it may also
reflect increased awareness and detection of seizures in families with prior experience with epilepsy.
Although we found predictors of time to onset of epilepsy, none of the risk factors we evaluated predicted time to
resolution of seizures or whether children would develop
epilepsy. Lee and colleagues also found it difficult to identify
predictors of epilepsy.6 Our sample size may have limited our
ability to identify strong predictors. We may be able to revisit
this in future, larger studies.
There are several limitations in this study. Most of the
data are retrospective. We started to collect prospective data
on some of these children 2 years ago, but the rarity of
perinatal stroke makes it difficult to collect information on
large numbers of children at a single center. Our cohort may
have been too small to detect variables predictive of later
epilepsy because of type II error. We have limited follow-up,
with a median age at last follow-up of 43 months; some of the
children developed epilepsy as late as 10 years of age, so we
may have underestimated the rate of childhood epilepsy. It is
also possible that some of the children whose epilepsy “resolved” will have their epilepsy restart later in life. This cohort
may be biased toward sicker patients who have higher rates of
epilepsy. Some children with perinatal stroke have normal
neurological outcomes22; their parents might be less likely to
return for follow-up. Some of the children who were “wellcontrolled on one medication” may have had resolution of
their epilepsy that was not detected because follow-up EEG
was not performed. We had 11 children who were maintained
on phenobarbital for more than 6 months after NICU discharge, in part because there are no well-established guidelines on how long to maintain anticonvulsant therapy in
children with neonatal stroke. However, for a parent, a child
who has epilepsy and who is “well-controlled on medication”
and a child who is actually epilepsy-free but still on medication require the same amount of work. For parents, the
experienced outcome is the same, so we felt it was reasonable
to group them together. For the Kaplan-Meier curves and
Cox proportional hazards models, we chose to examine time
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to development of active seizures after 6 months of age
because it was not always clear when epilepsy began and
ended for children maintained on phenobarbital while seizure-free for prolonged periods. The object of this article was
to provide information for counseling parents about future
care their children would require. In the future, when we have
more follow-up data on these children, we may find it easier
to identify predictors of chronic epilepsy.
Previous work has suggested that abnormal background
on neonatal EEG or early seizures may be predictive of later
poor neuromotor outcome.3,7 The next step in our research
will be to examine other outcome measures to see if this holds
true in our cohort. We will also assess the association of
epilepsy with other disability.
The authors would like to thank Ms Nina Talib, MSc, for
technical assistance.
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Table I. EEG findings on initial EEG (n ⴝ 44*)
EEG finding

#

(%)

Abnormal background
Slowing/voltage attenuation
Epileptiform discharges
Electrographic seizures
Normal

26
26
35
17
4

(59.1)
(59.1)
(79.5)
(38.6)
(9.1)

*Not all children had initial EEG performed.

Figure 2. Comparison of children with and without evidence of
infarction prenatal ultrasonography; difference is significant, P ⫽ .0065.
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Table V. Fisher’s exact test—predictors
of epilepsy
P value
Evidence of infarct on ultrasonography
Initial presentation with seizures
Abnormal NICU EEG
Bilateral infarcts
MCA infarcts: large vs small branch
Family history

.293
.356
.136
.742
.443
.409

EEG, electroencephalogram; NICU, neonatal intensive care unit; MCA, middle cerebral
artery.

Figure 3. Comparison of children with and without family history of
epilepsy; difference is significant, P ⫽ .0093.
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Early and Periodic Screening, Diagnosis, and Treatment and Infant Health
Outcomes in Medicaid-Insured Infants in South Carolina
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Objectives

To test the hypothesis that infants experiencing the recommended number of early and periodic screening,
diagnosis, and treatment (EPSDT) visits have better health outcomes than infants with fewer visits.
Study design Data represent all health encounters for Medicaid-insured infants of mothers aged at least 18 years in South
Carolina, from 2000 to 2002, who were continuously enrolled in fee-for-service insurance (n ⴝ 36,662). We examined
associations between having at least the recommended number of visits in the first year and health care use in the second year:
sick infant doctor visits, emergency department (ED) visits, hospital admissions, and hospitalizations and ED visits for
ambulatory care sensitive conditions.
Results Infants with at least the recommended number of EPSDT visits had a higher adjusted rate of sick infant doctor visits
(rate ratio, 1.49; 95% CI, 1.41-1.58), but a lower adjusted rate of ED visits for ambulatory care sensitive conditions (rate ratio,
0.94; 95% CI, 0.89-0.99). Having at least the recommended preventive visits did not affect rates of general ED visits or of
hospitalizations.
Conclusions Having at least the recommended number of EPSDT visits may shift some health provision from the ED to
physicians’ offices. (J Pediatr 2007;151:414-8)

he early and periodic screening, diagnosis, and treatment (EPSDT) benefit, added to Medicaid in 1967, was designed
to prevent disease in children and to detect and treat health problems before they become more serious.1-3 The American
Academy of Pediatrics (AAP) recommends 6 EPSDT visits in the first year of life and 3 in the second year of life.4,5
The effects of fulfilling these recommendations has been minimally evaluated.5-12 The AAP recommendations were based on
consensus expert opinion about preventive care and immunization schedules.9 Thus, empirical investigations of the recommendations are useful.
One study has found that being up-to-date on EPSDT visits reduced hospitalization,6 although few infants in that study received the recommended number of visits. Two
randomized clinical studies compared infants receiving differing numbers of EPSDT
visits. One compared infants with 6 visits in the first year of life to infants having only 3
visits in the first year of life, finding little difference in process-of-care measures such as
From the Department of Pediatrics, Division of Pediatric Epidemiology and Health
maternal satisfaction with care.10 That study did not examine objective measures of infant
Systems Research, Medical University of
health. The second study compared infants averaging 7.6 visits in the first 2 years of life
South Carolina, Charleston, SC (W.P.); Department of Epidemiology and Biostatistics,
with infants averaging 4.8 visits in the first 2 years of life, finding no meaningful
Arnold School of Public Health, University
differences in infant outcomes.11 That study did not explicitly examine effects of receiving
of South Carolina, Columbia, SC (J.L.); and
the AAP recommended number of EPSDT visits, which is a policy-relevant question that
Department of Health Services Policy and
Management, Arnold School of Public
has not been adequately addressed.
Health, University of South Carolina, CoOur hypothesis was that infants having at least the recommended number of
lumbia, SC (S.L.).
EPSDT visits in the first year of life should have better health in the second year than
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infants with fewer visits. Infants with at least the recommended number of visits should
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visits for ambulatory care sensitive conditions (ACSCs).
These include asthma; seizure; cellulitis; ear, nose, and throat
infections; bacterial pneumonia; kidney/urinary tract infections; and gastrointestinal infections. The education and
treatments provided during EPSDT visits should help to
avoid exacerbations of ACSCs and should also help mothers
to better understand circumstances that require a physician
office visit. Thus, we expect that rates of ACSC hospitalization and ED visits will be lower for infants receiving at least
the recommended number of EPSDT visits. Mothers who
establish relationships with their infants’ health care providers
through regular EPSDT visits may be more likely to use sick
infant doctor visits, rather than waiting until an ACSC requires emergency care or hospitalization. Thus, having more
EPSDT visits in the first year may increase sick infant doctor
visits in the second year. If this increase is associated with
fewer hospitalizations or ED visits, the increase in sick infant
doctor visits would not cause us to reject the hypothesis of
improved health in the second year.

METHODS
Population Studied
We studied South Carolina infants born in 2000, 2001,
or 2002 and continuously enrolled in fee-for-service (FFS)
Medicaid in their first 2 years of life (n ⫽ 36,662). Data were
obtained from linked state Medicaid claims and birth certificate files, obtained from the South Carolina Budget and
Control Board, Office of Research and Statistics (ORS). This
study was approved by the institutional review board of the
Medical University of South Carolina and the South Carolina
Data Oversight Commission, which supervises the use of
ORS data. Because the infant’s mother primarily determines
infant health care use, and mothers ⬍18 years old deal with
unique risks for use, we focused on infants with mothers at
least 18 years old at delivery.13-15 Our earlier research with the
South Carolina Medicaid data suggests that the data and
linkages required for this research have a high degree of
completeness and validity.15
Dependent Variables
Dependent variables to be analyzed in separate models
include the number of: sick infant doctor visits, ED visits,
hospital admissions, and both ED visits and hospital stays
specifically for ACSCs for study infants during their second
year of life. The specific diagnoses monitored for sick infant
doctor visits, and also for hospitalizations and ED visits for
ACSCs, are those previously reported to be the most common
ACSC diagnoses recorded for infants insured by Medicaid in
ED and hospital settings.16
Exposure Variable
The exposure variable, or independent variable of primary interest, was EPSDT visits. These visits were dichotomized, indicating infants receiving at least the AAP-recommended number of visits in the first year or fewer. EPSDT

visits were identified by using the Health Care Financing
Administration Common Procedure Coding System codes
and definitions published in the Physician’s Current Procedural Terminology (HCPCS/CPT).17

Control Variables
Control variables included characteristics of mothers:
age in years; education in years; and dummy variables indicating whether the woman was married; whether the woman
was non-Hispanic white, African American, Hispanic, another race or ethnicity, or had a missing value for race/
ethnicity; rural or urban residence; family income ⱕ50% of
the Federal poverty threshold, or greater income (as high as
185% of poverty in South Carolina Medicaid); nulliparous
mothers; whether the woman smoked, drank alcohol, or used
illicit drugs during pregnancy; and whether the woman received adequate prenatal care, as defined by the Kessner Index
of Prenatal Care Adequacy.18,19 Also included in the model
were controls for infant sex and gestational age. Earlier studies
have shown that these maternal and infant characteristics are
often associated with infant health.15 We control for them in
the multivariate analysis to isolate the effect of having at least
the recommended number of EPSDT visits.
The study excluded infants with birth admissions lasting ⱖ7 days or with major congenital anomalies, including
sickle cell anemia.20-22 Infants were also restricted to those
who were full term and appropriately grown at birth, by
requiring at least 37 weeks gestational age and infant birth
weight within fetal growth norms.23,24 We also restricted the
study to infants consistently enrolled in FFS in the second
through the 24th months of life. (Some infants in South
Carolina Medicaid are not enrolled until sometime during the
first month.) FFS enrolls most infants in the state’s Medicaid
program, 96.6% during the study period. A total of 1534
infants who switched health care models during the study
period were excluded (3.5% of the sample).
Analytical Approach
Bivariate analyses compared characteristics of mothers
and infants in 2 groups, those having the recommended
EPSDT visits and others (2 for categorical data; t tests for
continuous measures). Multivariate analyses assessed the effects of having at least the recommended number of EPSDT
visits in the first year of life, for each dependent variable,
adjusted for relevant characteristics of the mothers and infants.
Because the count data in the analysis exhibited overdispersion, negative binomial regression was used to estimate
the models. Over-dispersion occurs when the variance of the
dependent variable notably exceeds its mean. This data characteristic can seriously challenge the analysis of count data,
such as those that are the focus of our analysis. When present,
over-dispersion can produce underestimates of standard errors, leading to faulty conclusions about statistical significance. Negative binomial regression corrects the standard
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Table I. Bivariate comparisons of maternal and infant characteristics by recommended early and periodic
screening, diagnosis, and treatment visit status, South Carolina Medicaid, years 2000 to 2002*

Mothers’ characteristics
Age in years, mean (SD)
Education in years, mean (SD)
Married, n (%)
Maternal parity, nulliparous, n (%)
Race white, n (%)
Race African American, n (%)
Race Hispanic, n (%)
Race other, n (%)
Race unknown, n (%)
Urban resident, n (%)
Family income ⱕ50% of poverty, n (%)
Prenatal visits, mean (SD)
Adequate prenatal care, n (%)
Used alcohol while pregnant, n (%)
Used tobacco while pregnant, n (%)
Used illicit drugs while pregnant, n (%)
Infant care and characteristics
EPSDT visits, year 1, mean (SD)
EPSDT visits, year 2, mean (SD)
Male sex, n (%)
Gestational age, mean (SD)

Received fewer than recommended
number of EPSDT visits in year 1
(n ⴝ 32,593)

Received at least recommended
number of EPSDT visits in year 1
(n ⴝ 4069)

P value

24.3 (5.1)
11.7 (2.0)
6543 (20.1)
10,992 (33.8)
11,640 (35.7)
17,643 (54.1)
2105 (6.5)
207 (0.6)
998 (3.1)
20,071 (61.6)
8515 (26.1)
12.3 (9.6)
19,937 (63.7)
219 (0.7)
5523 (17.0)
695 (2.1)

24.2 (5.3)
12.0 (2.0)
850 (20.9)
1889 (46.4)
1827 (44.9)
1875 (46.1)
213 (5.2)
29 (0.6)
141 (3.2)
2950 (72.5)
904 (22.2)
12.5 (8.3)
3099 (65.4)
33 (0.8)
711 (17.5)
80 (2.0)

.439
⬍.001
.222
⬍.001
⬍.001
⬍.001
.002
.875
.706
⬍.001
⬍.001
⬍.001
⬍.001
.312
.402
.568

3.5 (1.5)
1.7 (1.2)
16,273 (49.9)
39.1 (1.1)

6.4 (0.9)
2.5 (1.2)
2028 (49.9)
39.1 (1.7)

⬍.001
.003
.916
.001

errors. Multicollinearity was assessed and was not a problem
for any of the analyses. STATA statistical software (College
Station, TX) was used for all analyses.

RESULTS
Table I shows bivariate comparisons of maternal and
infant characteristics, comparing those having at least the
recommended number of EPSDT visits to those having
fewer. Mothers of infants having at least the recommended
number of visits were slightly better educated (12.0 years
compared with 11.7, P ⬍ .001). They were also more likely to
be white, be urban residents, have adequate prenatal care, and
be nulliparous. Infants having fewer than the recommended
number of EPSDT visits had considerably fewer than the
recommended 6 visits, with an average of 3.5. Only 11% of
the total sample received at least the recommended number of
EPSDT visits in the first year.
For each measured outcome, such as sick infant doctor
visits, Table II shows the adjusted rate ratios; the rates for
those with at least the recommended EPSDT visits are the
numerators. Rate ratios ⬍1.00 suggest that infants having at
least the recommended number of EPSDT visits had less use
of the given outcome. For each rate ratio estimate, Table II
also presents the lower and upper bounds of the 95% CI.
Infants with the recommended EPSDT visits were 49% more
likely to have sick infant doctor visits (95% CI, 1.41-1.58) and
6% less likely to have ED visits for ACSCs (95% CI, 0.890.99). There were no discernable differences in ED use more
generally or for hospital admissions.
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DISCUSSION
Consistent with our hypothesis, having at least the
recommended number of EPSDT visits was associated with a
lower adjusted rate of ED visits for ACSCs and a higher
adjusted rate of sick infant doctor visits. One plausible explanation for this result is that mothers of infants with at least
the recommended number of EPSDT visits may be more
likely to bring sick infants to the doctor’s office, rather than to
the ED. This would be a desirable outcome of fulfilling the
recommended number of EPSDT visits.
Are these results clinically important? The rate of sick
infant doctor visits was 49% greater in infants with at least the
recommended EPSDT visits. This is clearly clinically significant. Infants having at least the recommended number of
EPSDT visits also had 6% fewer ED visits for ACSCs. It
seems likely that most state Medicaid offices would consider
reducing the occurrence of this costly and potentially preventable medical service by 6% to be useful.
Several factors should be considered when evaluating
these results. Evidence documenting that the recommended
number of EPSDT evaluations represents an optimal number
is limited.2,6,8,25 Using Medicaid claims for documenting
EPSDT use and other provider service use may underestimate
the true amount of services received.2,26 The data did not
provide details about the specific care received by infants
during EPSDT visits or in visits not designated as EPSDT. It
is possible that EPSDT services were provided in some portion of the latter visits. Also, EPSDT visits are characterized
The Journal of Pediatrics • October 2007

Table II. Adjusted rate ratios comparing health
care use in year 2 for infants receiving the AAP
recommended number of early and periodic
screening, diagnosis, and treatment visits in year 1
to infants receiving fewer than the AAP
recommended number of visits in year 1, South
Carolina Medicaid, years 2000 to 2002*
Had at least the
recommended number of
EPSDT visits in year 1
(numerator), compared
with having fewer visits
(denominator)†
Rate ratio
Year 2 outcomes
Sick infant doctor visits
ED visits
Hospital admissions
ACSC ED visits
ACSC hospital admissions

1.49
0.98
1.01
0.94
1.11

95% CI
1.41
0.94
0.94
0.89
0.94

1.58
1.02
1.09
0.99
1.32

*Data source: South Carolina Office of Research and Statistics, representing all infants
enrolled in FFS Medicaid with mothers aged at least 18 years.
†Results of a negative binomial regression model adjusted for maternal age, education,
marital status, parity, race, urban/rural residence, income, adequacy of prenatal care, and
use of alcohol, tobacco, or illicit drugs during pregnancy, and also for infant sex and
gestational age; reference category in each model is infants who did not receive at least
the recommended number of EPSDT visits.

by loosely standardized procedures. EPSDT evaluations for
infants of the same age may differ among providers. Results of
a nationally representative survey of parents suggest that there
are substantial gaps between the recommended content of
well-child care and what parents report is actually provided.27
If the provision of services or practices of filing claims differed
systematically in physicians treating infants with differing
numbers of recorded EPSDT visits, these effects may have
biased the results.
The AAP recommends a schedule for well-child visits
for EPSDT evaluations, at age-based intervals.6 This research
did not examine whether adhering to that schedule had an
impact on the measured outcomes. It is possible that some
portion of the results may be attributable to the timing of
visits received, rather than to their number. Also, it is possible
that health benefits of receiving at least the recommended
number of EPSDT visits continue to accrue after the second
year of life. Our data and analysis did not address this possibility.
Our data did not permit us to identify whether the
reduced use of ED visits for ACSCs was caused by better
health in infants having at least the recommended number of
EPSDT visits or to a shifting of treatment from EDs to sick
infant doctor visits. What we do know from these results is
that infants having at least the recommended EPSDT visits
used fewer ED visits for ACSCs. Regardless of what this may
reveal about health status, this result may produce savings for
Medicaid.

The outcomes studied were uses of illness-related
health services. Determinants of use can include: underlying
illness severity; the accessibility, effectiveness, and use of
preventive services; provider characteristics such as willingness
to refer to the ED or to hospitalize or thresholds of illness at
which hospitalization is advised; and payer characteristics
such as incentives to use preventive services or disincentives to
use the ED or to hospitalize. We used multivariate analysis to
account for infants’ and mothers’ characteristics associated
with many of these determinants. However, it is likely that
some of these determinants were imperfectly adjusted by
the measured covariates. A more important issue is that our
study did not control for provider characteristics. If providers who fulfill the AAP guidelines differ systematically
from providers who do not in their propensity to suggest
use of the ED, for example, then this difference may have
affected the results. It is possible that the effects we found
result from provider characteristics, rather than from effects of EPSDT.
This was an observational study that could not randomize subjects. Results may be affected by selection bias. This
possibility was to some extent addressed by using multivariate
regression analysis, which adjusted for previously identified
confounding factors such as maternal age, education, parity,
and income. However, because subjects were not randomly
assigned into study groups, the results cannot establish causation. The study excluded infants born to mothers aged ⬍18
years, 12% of all births to women covered by Medicaid. The
results may not apply to infants born to young mothers. Fewer
than 4% of infants switched health care models during the
study period and were excluded from the analysis. It is possible that the infants excluded had different characteristics
than those included, a factor that might bias the results; this
concern is ameliorated to a considerable degree by the relatively small proportion of exclusions.
Only 11% of infants received at least the recommended
number of EPSDT visits. This low rate is consistent with
EPSDT performance in Medicaid found in other studies,5,28,29 even after the Omnibus Budget Reconciliation Act
of 1989 attempted to enhance EPSDT access for children
insured by Medicaid.7 We hypothesized that infants having at
least the recommended number of EPSDT visits would have
better health and that this better health would be evident in
health care use. We did not observe differences in the groups
in general ED visits or in rates of hospitalization. However,
sick infant doctor visits were considerably more frequent in
infants having the recommended preventive care. Although
this result was accompanied by modestly lower use of ED
visits, sick infant doctor visits also entail costs. Thus, the
results do not provide strong evidence for increasing the
proportion of infants having the recommended number of
EPSDT visits in FFS Medicaid. However, it is likely that
many health policy analysts may consider a shift of services
from the ED to physicians’ offices to be a useful outcome for
the Medicaid system.
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The Effect of Dual Training in Internal Medicine and Pediatrics on the
Career Path and Job Search Experience of Pediatric Graduates
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Objective
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To compare the job search experience and career plans of medicine-pediatrics (med-peds) and pediatric

residents.

Study design Annual surveys of graduating med-peds and pediatric residents were compared from 2003 and 2004.
Results The survey response rates were 58% for med-peds residents (n ⴝ 427) and 61% for pediatric residents (n ⴝ 611).
Pediatric residents were more likely to be female or an International Medical Graduate. The groups were equally satisfied with
their career choice and had equivalent debt. Med-peds residents were more likely to seek and accept generalist and hospitalist
positions. Pediatric residents were more likely to seek subspecialty careers and research opportunities. More than 94% of
med-peds residents expected to care for pediatric patients. Among residents seeking generalist positions, med-peds residents
sent half as many applications to get the same number of interviews and offers as
pediatric residents, were more likely to be offered their most desired position, and were
more likely to accept a position in a rural area/small town. Med-peds residents had
substantially greater starting salaries as hospitalists or generalists compared with pediSee editorial, p 338
atric residents.
Conclusion Med-peds and pediatric trainees differ in their career plans, although
From the Departments of Internal Mediprimary care is their most popular choice. Med-peds– trained physicians have an easier
cine and Pediatrics, University of Rochester,
job search experience and greater market valuation. (J Pediatr 2007;151:419-24)
Rochester, NY (J.C.); Division of Health

he demographics and career plans of the future physician workforce are in flux,
confounding projections of workforce needs.1-5 Coupled with shifting demographics and workforce supply are changes in the job search experience of
graduating generalist residents. Recent in-training3 and end-of-training4-6 surveys have
elaborated the changing career plans and job search experiences of internal medicine and
pediatric residents. Residents dual-trained in both disciplines (med-peds) have been
excluded from pediatric surveys and imbedded in internal medicine data, obscuring the
relative job search experiences and career paths for med-peds physicians and making it
unclear whether this small but versatile cohort may contribute to the resolution of specific
pediatric subspecialty shortages or pediatrician geographic maldistribution.7
The present study examines and compares the planned career path of graduating
med-peds and pediatric residents adjusted for their differing demographics. We report the
effects of having a second specialty on practice type and location, subspecialty choice, and
job search experience.

T

METHODS
The American Academy of Pediatrics (AAP) surveys graduating residents from
categorical pediatrics and med-peds residency programs. Although different surveys are
administered for categorical pediatrics and med-peds residents, many of the questions
related to demographics, career intentions, and job search experiences are the same. The
responses to the common survey questions from 2003 and 2004 were pooled together to
compare the experiences of med-peds and categorical pediatric residents.
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For both surveys, residents were surveyed as they were
concluding their training or immediately thereafter. Residents
were identified from the AAP database of residents. No
remuneration was provided to residents to complete the survey. The survey was mailed to residents up to 5 times if they
did not respond. All surveys were reviewed and approved by
the AAP Institutional Review Board.
There were some small differences in the survey procedures used for the med-peds and categorical pediatric surveys.
All 734 graduating med-peds residents included in the AAP
database in 2003 and 2004 were surveyed. For the categorical
pediatric survey, random samples of 500 residents were surveyed each year (1000 total). Statistical analyses focused on
comparing survey responses between med-peds residents and
categorical pediatric residents. For categorical variables, 2
analyses were used to compare the groups; for continuous
variables, independent-group t tests were used. The list of
topics examined included resident training experiences, career
intentions, job selection factors, job search behaviors, and job
search outcomes. Although we provided a descriptive breakdown of subspecialty choices, due to low event rates for most
subspecialties, inferential tests could not be performed.
Additional statistical testing was conducted using multivariate linear or logistic regression models for all comparisons. This was done to control for the demographic differences
between the med-peds and categorical pediatric residents. The
specific control variables included in each model were gender,
age, International Medical Graduate (IMG) status, underrepresented minority (URM) status, marital status, and having children. In the result tables, both the unadjusted and the multivariate model–adjusted P values are reported. There were slight
variations in the number of cases used for each analysis depending on missing data. A P value ⬍ .05 was considered statistically
significant for all analyses.

RESULTS
Response Rates and Response Bias
A total of 427 residents (58%) from 105 different programs responded to the med-peds survey, and 611 residents
(61%) from 197 programs responded to the categorical pediatric survey. The AAP database contains several demographic
variables that allowed comparisons of respondents and the full
target pools. The percentage of female pediatricians was significantly higher among responders to the survey than in the
full target pool for the categorical pediatric survey (percent
female, 69% vs 67%; P ⫽ .032). The pattern was similar for
the med-peds survey (percent female, 50% vs 48%; P ⫽ .116),
but the difference was not statistically significant. Respondents were also slightly younger than the full target pools for
both the med-peds (mean age, 31.6 vs 32.0 years; P ⫽ .001)
and categorical pediatrics (mean age, 31.3 vs 31.5 years; P ⫽
.028) surveys.
Resident Demographics
Resident demographics differed in terms of gender distribution and IMG rates (Table I). Most of the residents were
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Table I. Resident demographics by residency type
Demographic
characteristic
N
Age (mean years)
Sex (% female)
Race/ethnicity (% URM)
IMG (%)
Married (%)
Having children (%)
Having educational debt
(%)
Amount of educational
debt (mean $,
including spouse)

Med-peds
427
31.8
50
9
5
73
36
82
97,727

Categorical
pediatrics
611
31.2
69
12
15
68
32
76
94,200

P value
.019
⬍.001
.138
⬍.001
.092
.251
.032
.482

Adjusted P values: Having educational debt, .968; amount of educational debt, .864.
The differences between med-peds and categorical pediatrics were examined while
controlling for resident demographics, including sex, age, IMG status, URM status,
marital status, and having children.

married/living with a partner, and about 1/3 had children,
similar to historical trends.6 A small, equal percentage of
residents in each group were URMs. They had a comparable
high prevalence and burden of debt, an average of $95,651
among all residents.

Career Path
Med-peds residents were much more likely to have
applied to other specialties for residency (Table II). The 2
groups were equally highly satisfied with their specialty
choice. The vast majority of residents had a mentor who
provided career advice, more commonly in the categorical
pediatric residents. There was little difference in career path
or job search experience for residents with or without a
mentor.
Primary care was the most common career choice of
graduates of both types of programs. Although med-peds
residents were more likely to have planned a career in primary
care when they first entered residency (70% vs 51%; adjusted
P value ⬍ .001), this difference disappeared after training
(55% vs 50%; adjusted P value ⫽ .172). Pediatric residents
were more likely to plan a postresidency career that included
subspecialty practice, and med-peds residents were more
likely to choose hospitalist careers.
More than 94% of med-peds residents from all planned
career paths expected to care for children. Among those
pursuing subspecialty training, the choice of fellowship varied
somewhat between the groups (Table III).
Job Search Factors
Residents showed little difference when rating 8 factors
that influenced their job selection on a 4-point Likert scale.
More than 80% in each group rated future colleagues, job
security, an acceptable income, control over working hours,
family considerations, and geographic location as very important or essential. Slightly more than 50% of each group rated
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Table 2. Resident training experiences and career intentions by residency type
Variable

Med-peds

Categorical pediatrics

P value

Adjusted P value*

n
Applied to other specialties for residency (%)
Program size (mean number of residents per class)
Had a mentor who provided career advice (%)
Would choose same specialty if entering residency again (%)
Planned primary care practice when entering residency (%)
Yes
No
Uncertain
Career plans reported when leaving residency (%):
Primary care
Both primary and subspecialty care
Subspecialty care
Hospitalist
Not entering clinical practice

427
34
6
77
90

611
11
17
85
93

⬍.001
⬍.001
.001
.108

⬍.001
⬍.001
.011
.063

70
14
16

51
25
24

⬍.001

⬍.001

55
6
18
17
4

50
8
31
8
3

⬍.001

⬍.001

*The differences between med-peds and categorical pediatrics were examined while controlling for resident demographics, including sex, age, IMG status, URM status, marital status,
and having children.

Table 3. Subspecialty fellowships by residency type
Med-peds
N
Adolescent
Allergy
Cardiology
Critical care (PICU/ICU)
Developmental/behavioral
Emergency medicine
Endocrinology
Gastroenterology
General academic
fellowship/ RWJ/
preventive medicine
Hematology/oncology
Infectious diseases
Neonatology
Nephrology
Neurology
Rheumatology
Pulmonary
Other

Categorical
pediatrics

3
10
7
9
1
3
9
3
4

91
(3.3%)
(11.0%)
(7.7%)
(9.9%)
(1.1%)
(3.3%)
(9.9%)
(3.3%)
(4.4%)

5
7
14
12
4
22
11
14
11

196
(2.5%)
(3.6%)
(7.1%)
(6.1%)
(2.0%)
(11.2%)
(5.6%)
(7.1%)
(5.6%)

3
17
1
4
0
5
6
6

(3.3%)
(18.7%)
(1.1%)
(4.4%)
(0%)
(5.5%)
(6.6%)
(6.6%)

15
15
32
8
7
5
3
11

(7.7%)
(7.6%)
(16.3%)
(4.1%)
(3.6%)
(2.6%)
(1.5%)
(5.6%)

PICU, pediatric intensive care unit; ICU, intensive care unit; RWJ, Robert Wood
Johnson Foundation grant.

teaching opportunities as highly important. Similar patterns
were noted for each planned career path when compared
separately. Research opportunity was the only statistically
significant difference, being rated highly by a minority of
residents but more commonly among pediatric residents (22%
vs 16%; adjusted P ⫽ .016). The groups did not differ in their
willingness to consider working in a rural or small town area
(population ⬍50,000) for 3 years if given sufficient debt relief.
Only 20% of residents would consider that option with 40%

debt relief. The likelihood increased proportionately with
each quintile of 20% debt relief, with 80% of respondents
willing to consider that option with complete debt relief.

Job Search Experience
Residents seeking generalist positions had somewhat
different experiences (Table IV). Med-peds residents were
more likely to have applied for (52% vs 45%; P ⫽ .014,
adjusted P ⫽ .033) and to have accepted (46% vs 36%; P ⫽
.001, adjusted P ⫽ .005) generalist positions. Among residents seeking generalist positions, med-peds residents sent
half as many applications as pediatric residents did, but had
the same number of interviews and job offers. An equal,
sizeable minority of residents reported moderate or considerable job search difficulty. The vast majority of each group was
offered their most desired position, although the percentage
was higher in med-peds residents. Med-peds residents accepted positions in a small town or rural area much more
frequently than their categorical pediatric colleagues.
Med-peds residents had significantly higher starting
salaries (adjusted P value ⬍ .001) for both generalist positions
($118,892 vs $101,257) and hospitalist positions ($129,408 vs
$92,008), but those taking chief resident positions or starting
fellowships did not. Adjusting for demographic differences,
the starting salary was $15,188 (15%) greater for med-peds
physicians starting generalist positions and $28,805 (31.3%)
greater for those starting hospitalist positions. No information
was gathered on whether the starting salary was for full-time
or part-time employment.

DISCUSSION
Categorical pediatrics and med-peds training attract
different but overlapping groups of students who are highly

The Effect of Dual Training in Internal Medicine and Pediatrics on the Career Path and Job Search Experience of Pediatric Graduates 421

Table 4. Resident job search outcomes for residents seeking generalist practice positions by residency type
Variable

Med-peds

Categorical pediatrics

P value

Adjusted P value*

n
Applications sent (mean)
Interviews (mean)
Offers (mean)
Offered most desired position
Experienced moderate or
considerable difficulty in job
search (%)
Accepted position in same city/
area of residency (%)
Accepted position in small town
or rural area (population
⬍50,000) (%)
Without a position when
surveyed (%)

224
8
3
3
88
25

273
15
3
2
80
34

⬍.001
.751
.089
.014
.032

.009
.742
.185
.013
.146

39

44

.303

.231

39

24

⬍.001

.003

4

10

.005

.037

*Differences between med-peds and categorical pediatrics were examined controlling for resident demographics including sex, age, IMG status, URM status, marital status, and having
children.

satisfied with their specialty choice at the end of training. The
majority of respondents in both groups reported applying
exclusively to residencies in their chosen discipline, although
med-peds residents were more likely to consider other residency choices as well. Students choosing these 2 disciplines
differ somewhat demographically, particularly in terms of
gender distribution and percentage of IMGs.
Med-peds training attracts female residents at a rate
between that of categorical internal medicine and pediatrics.
During the 9 years between 1995 and 2004, the percentage of
female internal medicine, med-peds, and pediatric residents
increased from 33.1% to 41.9%, 43.8% to 52.8%, and 61.4%
to 69.1%, respectively.2 In the same time frame, an average of
40.1% of internal medicine residents, 24.6% of pediatric residents, and 11.9% of med-peds residents were IMGs.2
The greatest change in the unadjusted versus adjusted
P values in our analysis occurred with educational debt,
reflecting the strong influence of IMG and URM status on
debt. The similarity of debt in the 2 groups that we studied
is consistent with previous studies demonstrating no difference in indebtedness among students choosing residencies in the various primary care disciplines.8 Between 1997
and 2002, the percentage of pediatric graduates reporting
educational debt increased from 69% to 78%, and the
average indebtedness increased by 37%, to $87,539.4 The
current study suggests that the percentage of residents with
debt may be plateauing, albeit at very high levels. Unfortunately, the average resident indebtedness continues to
rise, increasing in the current study by 6.5%, or $5650 (in
2002 dollars), since 2002.
Physician demographics influence career path and job
search experience.3-5,7,9-11 Adjusting for graduate demographics yields a clearer picture of the influence of interest and
dual training in internal medicine on the career path and job
search experience of pediatric trainees.
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Career Path and Job Search Factors
The percentage of categorical pediatric respondents in
the current study that reported planning a primary care career
is consistent with the increasing trend in subspecialty career
plans of pediatric graduates.4,12 Med-peds residents are more
likely to shift away from a primary care career than categorical
pediatric residents are during residency. That tendency is
most likely attributable to time and options. Recent cohorts of
med-peds residents had a greater initial interest in primary
care careers than their categorical colleagues. This allows
greater incremental change during training. The years encompassing the training of this group were characterized by a shift
away from generalist careers in all disciplines. The extra year
of training makes that more manifest, while allowing 33% to
50% more time to contemplate and negotiate career shifts.
Finally, a new inpatient hospitalist discipline evolved during
the training of these groups of residents.
Med-peds residents are twice as likely (17%) to plan
hospitalist careers as categorical pediatric residents (8%) or
recent internal medicine residents (7%).3 The trend is upward
for internal medicine residents and downward for pediatric
residents; there are no previous data for med-peds residents.3,4 Opportunities are linked to the relative need for
inpatient care. Excluding newborns, more than 92% of all
inpatient stays nationally are by patients age 15 years and
older.13 Hospitalization rates are stable for patients under age
65 and trend upward for those over age 65. Practicing internists are increasingly assigning their inpatients to hospitalists.14,15 This combination of circumstances is expanding the
opportunities for hospitalists who care for adults.
Dual-trained graduates have the greatest imprinting of
an inpatient culture during a longer residency, and have the
broadest range of hospitalist opportunities related to their
flexibility. Categorical pediatric hospitalists may be facing a
more rapidly saturated market. Although only 18% of the
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pediatricians surveyed in 2002 admitted their patients to
hospitalists, the burden of care that might prompt such a
change in clinical practice is lower.16 The average pediatric
primary care physician cares for approximately 20 inpatients
per year (excluding the newborn nursery).17 Family practitioners would be expected to average 4 pediatric admissions per
year.18 Even if more choose to refer to hospitalists, a relatively
high density of pediatricians and/or family practitioners is
required to support a pediatric hospitalist.
We found little difference in career path discriminators
between categorical pediatric and med-peds graduates, suggesting that similar influences apply across specialties. Thus,
more insight into career path influences in pediatric trainees
may be gleaned from a survey of internal medicine residents,
whose reasons for choosing various career paths are colored by
their preferred scope of practice, emphasis on longitudinal
relationships with patients, desire to care for critical care
patients, and income and family considerations.3 A notable
exception may be research interest.
Med-peds residents are less likely to plan subspecialty
careers and to value research opportunities compared with
categorical residents of either discipline. These 2 factors are
related. Future plans for a subspecialty career is the most
consistent predictor of research interest and participation during or after residency for both pediatric and med-peds residents.19,20 The full curriculum of dual training allows even
fewer interludes for research exposure and experience than
categorical training, which can influence research interest.20,21
Pediatric and med-peds residents cite a lack of protected time
for research as the greatest impediment to research experience
during residency, with lack of previous experience, opportunity, and research mentors as other significant factors.19,20
The last of these may be a particular barrier for med-peds
residents, whose primary med-peds mentors may themselves
be relatively junior faculty with little research experience.
Finally, med-peds graduates may be discouraged from subspecialty careers by the longer fellowship required for dual
subspecialty certification.
The choice of subspecialty varies between categorical
and dual-trained pediatricians. Incomplete ascertainment
prompts caution in generalizing results regarding subspecialty
choices that qualify as statistically rare events. It appears that
med-peds graduates favor fellowships that are the most suitable for dual practice and avoid those that are least suitable.
More comprehensive tracking is needed to ascertain whether
the differing subspecialty preferences between these 2 groups
represent trends. Although we could not discern with certainty which of the fellowships that med-peds physicians
chose were for pediatric or dual training, their practice intents
indicate that they planned to practice in both domains. Substantially greater numbers of med-peds graduates indicate a
fellowship position than are tracked as dual-specialty fellows
by the ABP.22 This suggests that many med-peds graduates
in fellowships do not plan dual-subspecialty certification. It
remains unclear how much med-peds graduates will modulate
pediatric subspecialty shortages or maldistribution.

Job Search Experience and Location
Categorical pediatric residents report working harder
than their med-peds colleagues in searching for generalist jobs
and are less likely to be offered their most desired position.
This is consistent with previous surveys of categorical pediatric residents reporting more difficulty finding generalist
jobs.4,6 Despite these challenges, however, the vast majority
have succeeded in finding jobs. Fewer categorical pediatric
graduates (10%) seeking generalist positions reported they did
not have a job than in 2001 (14%) or 2002 (15%).4 Similar
trend data on categorical internal medicine and med-peds
residents has not been reported. More-limited surveys suggest
that the decrease in graduates seeking generalist careers and
the aging population is substantially decreasing the job search
difficulty for general internal medicine residents, whereas that
for family medicine is not changing.23 Concurrently, physician recruiters have reported an increase in employer searches
for primary care internists and family practitioners and a
decrease in searches for primary care pediatricians.24
Few graduates in this study chose rural practice (3%
med-peds vs 2% pediatrics), but large numbers chose small
towns, and the majority reported they would consider working in a rural area or small town with sufficient debt relief.
Med-peds program directors have reported that 21% of their
graduates between 1998 and 2002 are practicing in rural or
underserved areas.25 Our data suggest that the vast majority of
those may be nonrural. Increasing the supply of rural pediatricians may hinge on funding, selection, and curricular innovations, as has proven successful with other disciplines.26
Economics
Significant differences exist in mean starting salaries by
specialty type for generalist and hospitalist positions. We did
not collect expected work hours within both surveys and have
no way of knowing whether starting workloads for med-peds
and categorical pediatric residents are similar on average. We
did, however, adjust for demographic factors commonly
linked with reduced work hours, such as gender and having
children. Thus, it is unlikely that work hours or part-time
employment account for much of the difference in starting
salaries. The differences likely can be attributed to physicians’
preferences for practice location, as well as to market-based
factors.
Clinical income is linked to reimbursement rates, which
are affected by practice locale, patient age, and payer mix.
Recent pediatric graduates have shown a preference for highsupply practice areas that offer lower salaries related to market
penetration.6 To the extent that med-peds residents are
choosing lower-supply areas, their salaries can be expected to
be higher. Med-peds practitioners on average provide more
care to adults than to children.18 Private and public payers
often reimburse adult care at higher rates. Payer mix varies as
well, with children more likely to be covered by Medicaid and
adults over age 65 covered by the substantially higher Medicare rates.27 The specialty difference in starting generalist
salary of 15% for med-peds versus pediatric graduates is
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similar to the difference in reported starting and mature
salaries for generalist pediatricians relative to family practitioners and internists.23,28-30 There are no published data on the
salaries of med-peds physicians relative to generalist internists
or family practice physicians.
The $28,805 (31.3%) difference in salary for starting
hospitalist positions between med-peds and categorical pediatricians is greater than that reported between adult and
pediatric hospitalists. A 2003 survey found a 17.4% difference
in mean salary ($140,160 vs $119,433) and a 12.9% difference
in mean working hours between adult medicine and pediatric
hospitalists.31 The interplay among several dynamics may be
increasing the salaries of dual-trained hospitalists while decreasing those of categorical pediatric hospitalists.
Hospitalists’ incomes are linked to the same reimbursement disparities as other practioners’ incomes. In addition,
the focus of practice differs somewhat. Some 80% of adult
hospitalists report attending in critical care units, where reimbursement and acuity of service is greater.15 Only 17% of
pediatric hospitalists report working in intensive care units,
and they provide more ambulatory care, for which reimbursement is lower.17 The income of hospitalists has been 10% to
20% greater than that of comparable primary care physicians
in the community, related to the relative reimbursement for
inpatient versus outpatient services and supplemental income
sometimes provided by hospitals.31 Categorical pediatric hospitalists now report lower starting salaries than those taking
generalist positions, a reversal of previous trends.4 This suggests a decreasing market for pediatric hospitalists. Med-peds
hospitalists may be encountering greater valuation of their
skills or flexibility related to dual training (differing from the
usual patterns of care of single-specialty physicians) or to
expansion to areas of lower physician density.
In conclusion, med-peds trainees are changing their
career plans during residency more often than pediatric residents, but they remain more likely to seek general practice
positions. Pediatric residents have a greater interest in subspecialty careers and research. Med-peds–trained physicians
have an easier job search experience and are valued more in
the marketplace. Med-peds training offers one pathway to
meeting pediatric care needs in less populous areas. Further
study of the tendency of med-peds grads to practice in areas
of physician shortages is needed.
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Role of a Pediatric Department Chair: Factors Leading to Satisfaction
and Burnout
HEATHER A. MCPHILLIPS, MD, MPH, BONITA STANTON, MD, BARRY ZUCKERMAN, MD,

AND

F. BRUDER STAPLETON, MD

Objective To determine factors associated with satisfaction and burnout in pediatric department chairs.
Study design A 1-time online survey of 250 current and former pediatric chairs who were members of Association of
Medical School Pediatric Department Chairs anytime between 1993 and 2005. The questionnaire included demographics,
satisfaction levels, stress experienced, and time spent on various work activities. We also included the Maslach Burnout
Inventory—Human Services Survey and the abbreviated Workplace Climate Questionnaire. Burnout was defined as high
scores on the depersonalization or emotional exhaustion subscales of the Maslach Burnout Inventory—Human Services
Survey.
Results Our response rate was 62%; most chairs (65%) reported being very satisfied with their job. Approximately 30% of
chairs for <5 years experienced burnout, compared with 15% of chairs who held their positions for >5 years (P < .05). Factors
associated with burnout included years as chair (odds ratio [OR], 0.9; 95% CI, 0.80-0.99), >1 night worked per week (OR,
5.9; 95% CI, 1.5-22.9), high workload (OR, 3.0; 95% CI, 1.3-6.7), and lack of supportive work environment (OR, 2.2; 95%
CI, 1.1-4.2).
Conclusion Steps should be taken to decrease burnout in chairs, including policies that promote physician well being as
integral to successful departments. (J Pediatr 2007;151:425-30)

he role of academic pediatric department chair has slowly evolved from a largely teaching, scholarly leadership role to
more of an executive management position.1 This evolution has been influenced by the growth in faculty numbers, the
complexity of providing specialty pediatric clinical services in highly competitive markets, the challenging National
Institutes of Health funding environment, and the added administrative responsibilities for chairs.1 Recently, Stapleton et al
reported that an average of 17% of North American academic pediatric chairs leave their position each year.2 They also noted
a paucity of women chairs and a shorter tenure for women chairs than for their male counterparts. Turnover in departmental
leaders can create significant instability, and replacement requires significant faculty time and institutional resources. Although
this turnover rate is similar to other senior academic leadership positions, factors contributing to pediatric chair satisfaction and
job burnout have not been studied.
Burnout is a psychological syndrome characterized by chronic interpersonal stressors
at work. The 3 dimensions of burnout are emotional exhaustion, feelings of cynicism and
detachment (depersonalization), and a sense of ineffectiveness and lack of accomplishment.3 Unlike depression, burnout only describes a person’s relationship to his or her
From the Department of Pediatrics, Uniwork.3 Burnout in physicians has been related to suboptimal patient care, poor health,
versity of Washington School of Medicine,
sleep disturbances, and impaired job performance and may increase the risk of substance
Seattle, WA (H.M., F.B.S.); Department of
Pediatrics, Wayne State University School
abuse problems.4-7
of Medicine, Detroit, MI (B.S.); Department
Most academic pediatric chairs in North America are members of the Association
of Pediatrics, Boston University School of
Medicine (B.Z.), Boston, MA.
of Medical School Pediatric Department Chairs (AMSPDC). We conducted an anonySubmitted for publication Aug 17, 2006;
mous web-based survey of members of AMSPDC to determine the prevalence of burnout
last revision received Jan 9, 2007; accepted
and how burnout related to the roles and responsibilities of chairs and to chair turnover.
Mar 12, 2007.
On the basis of earlier research in this field, we hypothesized that burnout may be
Reprint requests: Heather A. McPhillips, Department of Pediatrics, Children’s Hospital
associated with high workload, lack of mentorship, time spent in less rewarding tasks

T

aWCQ
aAWQ
AMSPDC

Abbreviated version of the Workplace
Climate Questionnaire
Abbreviated version of the Approaches to
Work Questionnaire
Association of Medical School Pediatric
Department Chairs

DP
EE
MBI-HSS
OR
PA

Depersonalization
Emotional exhaustion
Maslach Burnout Inventory—Human Services
Survey
Odds ratio
Personal accomplishment

and Regional Medical Center, 4800 Sand
Point Way NE G0061, Seattle, WA 98105.
E-mail: heather.mcphillips@seattlechildrens.
org.
0022-3476/$ - see front matter
Copyright © 2007 Mosby Inc. All rights
reserved.
10.1016/j.jpeds.2007.03.016

425

(administrative workload), and personal work styles.8 Furthermore, burnout may lead to turnover in department chairs.
Our survey results have identified a number of features of the
current work practices of pediatric chairs that are highly
associated with stress and burnout. Understanding these
stressors might allow for greater focus on training or reprioritization in an effort to prolong the satisfaction and tenure
of chairs.

METHODS
We conducted a cross-sectional survey of current and
former pediatric department chairs to determine factors associated with job satisfaction and burnout. We obtained names
and e-mail addresses of former and current pediatric department chairs who were members of AMSPDC anytime between 1993 and 2005. An e-mail was sent to all 250 addresses
requesting participation in an anonymous web-based survey
to determine factors associated with high turnover in pediatric
department chairs. The link to the survey and instructions to
access the survey were included in the e-mail. Reminders were
e-mailed twice to the entire cohort after the initial contact
requesting their participation. Participants were assured of the
anonymity of their responses.

Survey Instrument
The web-based questionnaire contained 3 sections and
35 major questions, 9 of which asked for multiple responses.
Former chairs were instructed to answer the questions as they
pertained to their time as chair. The first section asked demographic information, including age at appointment as
chair, marital status during appointment, sex, and position
before becoming chair. The second section contained questions pertaining to job characteristics and job satisfaction.
These questions included multiple choice questions on number of vice-chairs, association with a free-standing children’s
hospital, work hours including nights per week worked and
vacation time, size of department, and time spent on various
administrative, teaching, and clinical duties during a typical
month as chair. Overall satisfaction with aspects of being
chair and stress experienced with aspects of being chair were
assessed by using a 5-point rating system (not at all satisfied
to very satisfied and not at all stressful to very stressful). The
final section included 3 validated instruments: the Maslach
Burnout Inventory—Human Services Survey (MBI-HSS),9
an abbreviated version of the Approaches to Work Questionnaire (aAWQ), and an abbreviated version of the Workplace
Climate Questionnaire (aWCQ).10 All these instruments
have been previously validated in surveys of physicians in a
variety of specialties.
Survey Measures
The primary outcome of interest was physician burnout
on the MBI-HSS. The MBI-HSS contains 3 subscales: emotional exhaustion, depersonalization, and personal accomplishment. The emotional exhaustion (EE) subscale measures
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self-reported feelings of being emotionally overextended and
exhausted by work. The depersonalization (DP) subscale
measures unfeeling and impersonal responses toward people
the respondent is providing service for including clinical care,
teaching, and mentoring. The personal accomplishment (PA)
assesses feelings of competence and achievement in working
with people. The MBI-HSS contains 22 items scored on a
Likert-type scale of 0 to 6. Responses are then summed for
each subscale to reach a total score for EE, DP, and PA. Total
scores in each subscale can then be categorized as low, average, or high on the basis of normative data from the MBIHSS for medicine.9 Maslach defines burnout as scores in the
high range in both EE and DP and scores in the low range in
PA. Earlier studies in physicians have found that burnout may
exist in the setting of average to high scores in PA.6,11,12 On
the basis of other studies of physician burnout, we defined
burnout as scoring in the high range on either the EE subscale
or the DP subscale.6,13
We hypothesized that both workload and work style
would be associated with burnout in physicians. To measure
work style, we used the aAWQ, which has been described in
detail elsewhere.10 The questionnaire consists of 13 questions
divided in 3 scales measuring different approaches to work:
deep, surface-rational, and surface-disorganized. The deep
scale assesses intrinsic motivation and inclination to engage in
meaningful learning. The surface-rational scale assesses preference for memory and detailed, highly-structured work. The
surface-disorganized scale contains questions related to being
disorganized, impulsive, or using ineffective work habits. To
measure workload, we used the 9-item aWCQ. Similar to the
aAWQ, the aWCQ is divided into 3 subscales: workload,
choice-independence, and supportive-receptive. The workload scale assessed perceptions of heavy workload by department chairs. The choice-independence scale assessed the degree to which the chair felt he or she controlled what work to
do and how to do it. The supportive-receptive scale assessed whether the chair’s colleagues were supportive and
helpful and whether he or she felt that his/her interests and
ideas were taken seriously. In both questionnaires, respondents were asked to assess their level of agreement with
each statement on a 4-point Likert scale. Responses were
then summed for each of the 3 subscales to give a total
score. To test the association with burnout, we divided
each of the subscales’ total scores in tertiles for both the
aAWQ and the aWCQ.

Statistical Analysis
All statistical analyses were performed with Stata software version 8. The primary hypothesis tested was that chairs
with ⱕ5 years experience are more likely to experience job
burnout. Assuming a rate of burnout in experienced chairs of
10%, we had 0.80 power to detect a 2-fold increase in burnout
in less-experienced chairs. Descriptive statistics were used to
characterize the overall sample. We used t tests to compare
parametric means and 2 tests to determine associations in
categorical variables. The Fisher exact test was used to comThe Journal of Pediatrics • October 2007

pare categorical variables when a given cell size was ⬍5.
Pearson correlation coefficients were used to determine correlations between total scores on subscales of the MBI-HSS
questionnaire and on the aWCQ and aAWQ. Logistic regression was used to determine factors independently associated with physician burnout when bivariate analysis showed
an association with a P value ⬍.10.

Human Subjects
The study was granted exempt status by the Children’s
Hospital and Regional Medical Center (Seattle) Institutional
Review Board.

RESULTS
From the 250 e-mail addresses available from the
AMSPDC membership file, 238 electronic questionnaires
were successfully sent to recipients. There were 148 respondents to the survey, for a response rate of 62%.

Demographics and Job Characteristics
The mean age at appointment to chair was 50 years
(SD, 5.1 years). Most current chairs were men (88%), specialty trained (97%), and served as either division chief (46%)
or vice chair (35%) before becoming chair. Forty-one percent of
department chairs reported being associated with a free-standing
children’s hospital. There were no significant differences between current chairs and former chairs, with the exception of
specialty training before becoming chair (Table I).
Chairs reported an overall high level of satisfaction with
their job; of the 144 respondents to the career satisfaction
questions, 65% responded that they were very satisfied with
being chair, and 30% stated that they were somewhat satisfied
with being chair overall. More than 60% of chairs responded
that they were very satisfied with their roles teaching, mentoring students, and mentoring faculty. The highest degrees
of dissatisfaction were reported in the categories of fundraising (33% minimally satisfied), academic writing (31% minimally satisfied), and balancing work and family (20% minimally satisfied).
Chairs responded that they spend most of their time in
a typical month on administration, with 61% of respondents
stating they spend ⬎40% of their time in this area. Most
chairs reported spending ⬍10% of time in a typical month on
roles in which they reported the highest degree of satisfaction:
mentoring students (93%), mentoring faculty (82%), and
teaching (59%).
Factors Associated with Burnout
Overall, both former and current pediatric department
chairs experienced low levels of burnout in their role as chair.
There was no significant difference between former and current department chairs in percent burnout or factors associated with burnout. There was also no difference observed in
percent burnout between men and women chairs (20% men
compared with 21% women were experiencing burnout). A

Table I. Demographics of current and former
pediatric department chairs
Current
chair
(N ⴝ 92)
N (%)

Former
chair
(N ⴝ 51)
N (%)

Total
(N ⴝ 144)
N (%)

49.8 (5.1)
49.8 (6.0)
49.8 (5.4)
Mean age in
years at
appointment
as chair (SD)
7 (0.5 to 28) 10 (2 to 26) 7.5 (0.5 to 28)
Median number
of years as
chair
Male sex
81 (88.0)
47 (92.2)
128 (89.5)
Specialty training*
89 (96.7)
44 (86.3)
133 (93.0)
Prior position
Faculty
9 (9.8)
5 (9.8)
14 (9.8)
Division chief
42 (45.7)
25 (49.0)
67 (46.9)
Vice chair or
32 (34.8)
15 (29.4)
47 (32.9)
chair
Dean
2 (2.2)
3 (5.9)
5 (3.5)
Other
7 (7.6)
3 (5.0)
10 (7.0)
Full-time faculty
⬍50 FTE
20 (21.7)
17 (33.3)
37 (25.7)
50-100 FTE
32 (34.8)
22 (43.1)
54 (37.5)
101-150 FTE
21 (22.8)
6 (11.8)
28 (19.4)
⬎150 FTE
19 (20.7)
6 (11.8)
25 (17.4)
Freestanding
38 (41.3)
16 (31.4)
55 (38.2)
children’s
hospital
Burnout
18 (20.7)
9 (18.4)
27 (19.7)
FTE, full-time equivalent.
*Chi-square test, P ⬍ .05.

total of 137 respondents completed all questions on the MBIHSS. Of those respondents, 17% scored high on the EE
subscale, 13% scored high on the DP subscale, and 32%
scored low on the PA subscale. Fifteen of 137 respondents
(11%) scored high on both EE and DP, and all 15 of those
respondents scored average (N ⫽ 11) or low (N ⫽ 4) on PA.
Overall, 27 respondents (20%) met criteria for burnout—15
respondents scored high on both EE and DP, 9 scored high
on EE alone, and 3 scored high on DP alone.
Several factors were significantly associated with burnout in our analysis (Table II). Respondents who had been
chair for ⬍5 years had a significantly higher percentage of
burnout compared with respondents who had been chair for
⬎5 years (29% versus 15%, P ⬍ .05). When compared with
chairs in their positions for ⬎5 years, less experienced chairs
were more likely to report working longer hours overall— 80%
worked ⬎70 hours compared with 56% of more experienced
chairs (P ⬍ .05). Work hours were significantly associated
with burnout. Chairs who reported longer hours in the office,
more hours worked away from home or office, ⬎1 evening per
week spent at work-related events, and less vacation per year
were more likely to experience burnout than chairs who
reported working fewer hours in these categories and taking
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Table II. Work hours and burnout in pediatric department chairs

N (%)

Years chair

Work hours

Number of
years chair*

Hours
worked away Number of
Weeks of
from office/ evenings at
work events vacation per
home per
per week†
year*
week*

<5

>5

Hours worked in
office per typical
week*
<50

51-60

<10

>60

>10

0 to 1

<2

2ⴙ

3ⴙ

Number of weeks
attending on
inpatient service
per year*
0

1 to 8

9ⴙ

No or minimal 110 (80) 34 (71) 75 (85) 53 (88) 44 (79) 11 (58) 67 (84) 30 (68) 42 (93) 67 (74) 51 (75) 59 (86) 25 (68) 63 (88) 22 (79)
burnout
High burnout
27 (20) 14 (29) 13 (15) 7 (12) 12 (21) 8 (42) 13 (16) 14 (32) 3 (7) 23 (26) 17 (25) 10 (14) 12 (32) 9 (13) 6 (21)
*Chi-square test, P ⬍ .05.
†Fisher exact test, P ⬍ .05.

Table III. Association of aWCQ domains and burnout in pediatric chairs
Workplace Climate Questionnaire Domains
Workload*

No or minimal burnout
High burnout

Supportive-Receptive*

Choice-Independence*

Low

Moderate

High

Low

Moderate

High

Low

Moderate

High

30 (94)
2 (6)

50 (86)
8 (14)

28 (62)
17 (38)

18 (62)
11 (38)

43 (81)
10 (19)

49 (89)
6 (11)

17 (57)
13 (43)

44 (82)
10 (19)

49 (92)
4 (8)

*Fisher exact test, P ⱕ .01.

more vacation. Chairs who reported they did not attend on an
inpatient service (specialty or general) were more likely to
experience burnout than chairs who spent 1 to 8 weeks on the
inpatient attending service (32% versus 13% met criteria for
burnout, P ⬍ .05).
The workload, choice-independence, and supportivereceptive subscales of the aWCQ were all highly correlated
with both the EE and DP subscales on the MBI-HSS (P ⬍
.01). Respondents who reported higher workload levels, less
supportive work environments, and less choice-independence
on the aWCQ were also significantly more likely to be experiencing burnout (Table III). Both surface-rational and surface-disorganized subscales of the aAWQ questionnaire correlated with EE on the MBI-HSS (Pearson’s correlation
coefficient, P ⬍ .01); however none of the 3 subscales on the
aAWQ were significantly associated with burnout.
Chairs who met the criteria for burnout were significantly less likely to report being satisfied with their role as
chair overall, were less satisfied with their balance between
personal and professional life, and were more likely to report
they would likely step down in the next year (Table IV). No
chairs who met the criteria for burnout (0 of 27) reported
being very satisfied with their balance between professional
and personal life, compared with 35 of 110 chairs without
burnout (32%, P ⬍ .001). Chairs who were experiencing
burnout were also more likely to report sleep problems and
less likely to report having close friends outside work. Finally,
chairs who found faculty recruiting, meeting the expectations
of the dean, meeting expectations of hospital administration,
and balancing family commitments with work commitments
to be very stressful, rating their level of stress 8 to 10 on a
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10-point scale, were more likely to be experiencing burnout
(Table IV).
In logistic regression, factors that were independently
significantly associated with burnout included number of
years as chair, number of nights worked per week, and workload and lack of supportive-receptive work environment measured on the aWCQ. A high score on the workload subscale
of the aWCQ was associated with a nearly 3-fold increase in
burnout (Odds ratio [OR] 3.0; 95% CI, 1.3-6.7). Likewise, a
low score on the supportive-receptive subscale of the aWCQ
was associated with a 2-fold increased risk of burnout (OR,
2.2; 95% CI, 1.1-4.2). The greater the number of years the
respondent had served as chair, the less likely they were to be
experiencing burnout (OR, 0.9; 95% CI, 0.8-0.99). Finally,
working ⱖ2 nights per week in a typical week was associated
with a nearly 6-fold increased risk of burnout (OR, 5.9; 95%
CI, 1.5-22.9).

DISCUSSION
Although we observed a high rate of job satisfaction by
pediatric department chairs in this study, 1 in 5 chairs met our
criteria for burnout. Symptoms of burnout can include emotional exhaustion, a sense of depersonalization with colleagues, patients, or both, cynicism, and a feeling of lack of
personal accomplishment.3,5 Physician burnout has been
shown to affect patient care, job performance, personal health,
and family life negatively. Unlike clinical depression, burnout
is a work-related syndrome often observed in occupations that
require a high level of interpersonal interactions and personal
investment. Earlier studies have shown that work environment, particularly lack of control over one’s own work, high
The Journal of Pediatrics • October 2007

Table IV. Career satisfaction and burnout in
pediatric department chairs
Career satisfaction and work/
life balance variables
Satisfaction level with chair overallⴱ
Not or minimally
Somewhat
Very
Satisfaction level with balance
between personal and
professional life†
Not or minimally
Somewhat
Very
Likelihood of stepping down in
next year* (current chairs only)
Not or slightly likely
Moderately or very likely
Close friends outside of work*
No
Yes
Sleep problems*
No
Yes
Degree of stress experienced with
following areas in role as
department chair
Faculty recruiting*
Minimally stressful
Most stressful
Meeting expectations of dean†
Minimally stressful
Most stressful
Meeting expectations of hospital
administration*
Minimally stressful
Most stressful
Balancing family commitments with
work commitments*
Minimally stressful
Most stressful

No or minimal
High
burnout
burnout
N (%)
N (%)
1 (14)
27 (68)
82 (91)

6 (86)
13 (33)
8 (9)

13 (48)
62 (83)
35 (100)

14 (52)
13 (17)
0 (0)

64 (85)
24 (71)

11 (15)
10 (29)

10 (59)
100 (83)

7 (41)
20 (17)

75 (88)
35 (67)

10 (12)
17 (33)

102 (83)
8 (57)

21 (17)
6 (43)

103 (84)
5 (39)

19 (16)
8 (62)

94 (86)
14 (58)

15 (14)
10 (42)

95 (86)
15 (58)

16 (14)
11 (42)

*Chi-square test, P ⬍ .05.
†Fisher exact test, P ⬍ .05.

workload, and time spent at less-satisfying work duties, can
contribute to the risk of developing burnout.5,7 Likewise,
personal factors, such as a tendency toward compulsiveness,
self-sacrifice, and sex differences, may contribute to the likelihood of burnout developing.5
In our study, symptoms of burnout were significantly
more prevalent in chairs who had held their positions ⱕ5
years. This is similar to findings from a study of obstetrics and
gynecology chairs published by Gabbe et al.12 We also found
that chairs who were in their positions ⱕ5 years were more
likely to report working longer hours (ⱖ70 hours per week)
than were more experienced chairs. Workload and work hours
were significantly associated with symptoms of burnout. With

the substantial time commitment required to first assess faculty
and departmental programs coupled with learning leadership
and management skills, it is understandable that the stress and
work demands may be greater for less experienced chairs than for
more experienced chairs. It is also possible that chairs who
survive the first 5 years on the job are those who have been able
to successfully manage work hours and work/life balance.
Burnout may exact a heavy toll in pediatric chairs and
their departments and institutions. The costs of recruitment
to replace department chairs are substantial, as are the less
tangible costs of frequent changes in leadership (and therefore
direction and momentum) in an academic department. Fifty
percent of current pediatric department chairs who met criteria for burnout responded they were likely to step down in
the coming year. Likewise, burnout in our study was strongly
associated with sleep problems, lack of close friendships outside of work, minimal satisfaction with work/life balance, and
a substantially higher level of dissatisfaction with their role as
chair. Because of the relatively high rate of turnover in pediatric department chairs (17% per year) and the average tenure
of pediatric chairs (5.5 years),2 finding ways to mitigate burnout in the early stages of chairmanship is crucially important
to increasing the tenure for pediatric chairs and for enhancing
job performance and job satisfaction. Factors that may prevent burnout in the workplace include having control over
work environment and workload, finding meaning in the
work, setting limits on the number of responsibilities detracting from family events, having adequate administrative support, and having a mentor.
There are several potential limitations to this study.
Thirty-eight percent of current and former chairs did not
respond to this survey. It is possible that respondents differed
from non-respondents in prevalence of burnout or in factors
related to burnout and job satisfaction. Similarly, not all chairs
who responded to the survey completed the MBI-HSS questions and were therefore counted as missing data. However,
scores on the EE, DP, and PA subscales were comparable
with and generally less than mean scores reported in other
studies of physician burnout.2,6,11,12 Although burnout can
also be thought of as a continuum from low to high,9 we
dichotomized burnout for purposes of this analysis in 2 categories: burnout or no burnout. This (or a similar) methodology has been used in earlier studies of physicians to determine factors associated with burnout.6,11,13 However, by
simplifying the definition of burnout for the purposes of this
paper, we may have misrepresented the significance of burnout in pediatric department chairs. Nonetheless, burnout in
our study was significantly associated with high workload, less
time off, and dissatisfaction with work-life balance. Finally,
we included both current pediatric department chairs and
former pediatric department chairs in our analysis. Although
we observed very similar rates of burnout and factors leading to
burnout when comparing current chairs with former chairs, it is
possible that those who have been out of the position of chair for
some time may have answered questions differently then they
would have had they been a current chair (recall bias).
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Implications
Similar to other studies of career satisfaction and burnout in pediatricians,14 pediatric chairs tend to have an overall
high degree of career satisfaction and relatively low levels of
burnout. Steps need to be taken, however, to decrease burnout
in new chairs. Possible interventions include more mentorship
from experienced chairs, training on managing expectations
from deans and hospital administration, workshops on strategies for successful recruiting, workshops on strategies for
maintaining work/life balance, and role-modeling. Perhaps
most important, department mission statements should explicitly state that physician well-being is a key component to
the success of the department. Institutions should provide
resources to promote physician well-being to increase jobsatisfaction and decrease burnout among all members of academic departments. Toward this end, AMSPDC scheduled
a half-day workshop at its annual meeting in 2007 to foster
mentoring between pediatric department chairs and to begin
to address burnout in academic pediatric departments.
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Inactive Physicians: The State of Our Understanding
GARY L. FREED, MD, MPH, LEAH M. ABRAHAM, BA,
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KATHRYN FANT BRZOZNOWSKI, MPH

ome physicians may elect to have an extended period of time during which they do not see patients. The reasons
physicians may elect to have periods of “clinical inactivity” range from the desire to provide care to children or other family
members to the desire to seek professional opportunities in medical administration, industry, or research. However, the
duration of time away from clinical care required before being designated as “inactive” has not been established.
This issue is of growing importance to state licensing authorities and specialty accreditation boards, which must determine
(1) whether inactive individuals should have the same licensure or certification as those who are active in clinical practice and
(2) whether there should be an educational or testing process for inactive physicians wishing to return to active status.
We reviewed the medical literature to describe the current state of knowledge regarding pediatricians whose clinical status
is inactive. Search terms used in an Ovid Medline search included “certification,” “recertification,” “maintenance of certification,”
“continuing medical education,” “physician inactivity,” “pediatrics,” and “retirement.” However, no results were found. The
search was expanded to include inactive physicians of all specialties; 6 articles were found. A parallel search of the certification/
recertification literature found additional articles related to clinical inactivity. In particular, these articles report factors that may
contribute to a physician’s decision to leave clinical practice and describe the challenges faced during the reentry process. A
Google search for “inactive physicians” yielded 5 additional articles. A total of 38 articles were identified and subsequently
classified as review (3), research (13), commentary (13), raw data (4), or other (5). A comprehensive review matrix for details
on each of the individual articles is available at http://www.abp.org/jpeds/inactivep/inactivep2007.pdf

S

FINDINGS
Number of Inactive Physicians
The American Medical Association’s (AMA) publication Physician Characteristics and Distribution in the US,1 is a
frequently cited source for national data on inactive physicians. The inactive category includes physicians who are retired,
semiretired, working part-time, temporarily not practicing, or not active for other reasons. Between 1990 and 2003, the number
of physicians categorized as inactive increased from 52,635 to 84,360 —a 60% change. This represents 9.7% of all physicians
listed in 2003. A closer estimate of clinically inactive physicians (ie, those who are not practicing medicine but are still
professionally active) can be obtained by including physicians who the AMA categorizes as conducting “other professional
activities.” This category, totaling 44,338 in 2003, includes physicians engaged in administration, medical teaching, research, and
other related activities. For the period 1990 to 2003, the number of those engaged in these nonclinical professional activities
remained relatively constant, increasing by only 2.1%.1 This information is also available by specialty; in 2003, 2665 of the 55,114
pediatricians in the US were engaged in nonclinical professional activities (4.8%).
The only other national data on the number of inactive physicians, a 1997 review of
the Women’s Physician Health Study, was limited to female physicians. Of the 4,501
participants, 3.8% were inactive.2,3 The nonclinical professional activities of these physiFrom the Child Health Evaluation and Recians were not explored.
search (CHEAR) Unit, Division of General
Limited information on physician supply and inactivity was found at the state level.
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active license, 243 retired from practice, and another 138 became clinically inactive.
last revision received Feb 16, 2007; accepted Apr 27, 2007.
Further information about the 138 clinically inactive physicians revealed that 51% were
Reprint requests: Gary L. Freed, MD, MPH,
women; the average age of inactive females was 42, compared with 59 for inactive males.
University of Michigan, 300 North Ingalls
The Office of Data, Research and Vital Statistics of the Maine Department of
Building 6E08, Ann Arbor, MI 48109-0456.
E-mail: gfreed@med.umich.edu.
Human Services used survey data collected in December 2000 by the Cooperative Health
J Pediatr 2007;151:431-4
Manpower Resource Inventory on the number of licensed inactive allopathic and osteoAMA

American Medical Association

0022-3476/$ - see front matter
Copyright © 2007 Mosby Inc. All rights
reserved.
10.1016/j.jpeds.2007.04.066

431

pathic physicians. Of the 179 licensed and inactive allopathic
physicians who responded to the survey, 130 (73%) were
retired, 9 (5%) were inactive due to household responsibilities,
23 (13%) were inactive for other reasons, 11 (6%) were
inactive for unknown reasons, and 6 (3%) were unemployed.
Only 16 licensed inactive osteopathic physicians responded to
the survey; 10 (63%) were retired, 1 (6%) was inactive due to
household reasons, 2 (13%) were inactive for other reasons,
and 3 (19%) were inactive for unknown reasons.5,6
Wisconsin’s 2000 Physician Workforce Survey and
1996 Physician Profile Survey reported physician workforce
data for the state. In 2000, 16,691 of the 18,573 licensed
physicians participated in the workforce survey. Of the 16,691
participants, 9533 (57.1%) were active in clinical practice in
Wisconsin, 3981 (23.9%) were working outside Wisconsin,
1130 (6.8%) were retired or permanently disabled, 158
(0.95%) were working in another field, 290 (1.74%) were
seeking work or were temporarily inactive, 995 (6%) were
working in an academic setting, 152 (0.91%) were working in
a state or local government agency, 116 (0.7%) were working
in a health care business/corporation, 92 (0.55%) were working in a nursing home, 76 (0.46%) were working in a federally
funded agency, and 46 (0.28%) were working in a certified
rural health clinic.7 The activities of the temporarily inactive
physicians were not specified.

Reasons for Inactivity
Published articles have cited family responsibilities, career dissatisfaction, compensation and early retirement, health
related issues, and sexual harassment as the primary reasons
why physicians become inactive or leave practice.
Family Responsibilities
Historically, women are more likely to experience clinical inactivity and reentry because of societal expectations to
temporarily or permanently cease clinical practice when starting families or when family members become ill.8-10 The dual
demands of balancing a clinical career and family needs often
lead to career interruptions in health care professionals. A
1996 survey found that 90% of female physicians had made
career changes to care for their children, compared with 50%
of male physicians. The most frequent career changes included changes in work and practice type, decreased hours,
and discontinuation of clinical careers.11 Female physicians
were twice as likely as male physicians to become clinically
inactive and interrupt their careers to accommodate their
partners’ careers, especially in the case of dual–physician relationships.12
However, other studies found rising inactivity rates with
increasing age in both men and women, with the smallest sex
difference in inactivity rates in the younger age groups, when
most female physicians are likely to leave clinical practice to
start families.13,14 Furthermore, these periods of clinical inactivity are short, typically less than 3 months.13,15
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Career Dissatisfaction
Career dissatisfaction is usually attributed to high degrees of stress and burnout. Medicine is an extremely demanding field, and high stress and physician discontent in the
workplace are likely to lead to burnout and subsequent periods
of clinical inactivity.16,17 A study examining the degree of
career satisfaction and the retention of female physicians
found that those who worked reduced hours were less likely to
leave their practice. However, those female physicians who
worked reduced hours but still believed that their work still
significantly interfered with their family had a greater tendency to leave their jobs compared with full-time female
physicians.2,3 A similar study found that general practitioners
benefited from less administrative responsibilities, more flexible working hours, and ease in moving practice. Women
reported higher levels of job satisfaction and lower levels of
stress than men; these findings were attributed to women
working fewer hours than men.18
Compensation and Early Retirement
Some studies have suggested that changes in compensation bring about early retirement.19-21 One report correlated
declines in income with the flow of physicians into inactive
status.22 The annual percentage change in the number of
physicians classified as inactive by the AMA increased by
0.7% between 1989 and 1994.22 This increase in physician
inactivity was attributed to the growth of managed care and
increasing regulation of health insurance by the federal government, threatening physician retention and causing increased early retirement. Nationwide, the number of pediatricians age 55 to 64 who were inactive has ranged from a low
of 3.72% in 1997 to a high of 6.6% in 1986.22 Nearly half of
US physicians age 50 years and older have reported an intention to retire or leave medical practice in the next 1 to 3 years
as a result of managed care and government mandates.23,24
Health-Related Issues
Several articles suggested that health-related issues, including substance abuse disorders, mental health issues, and
physical illness, may contribute to extended absences and thus
clinical inactivity.17,25,26 Health care professionals experience
substance abuse (including alcohol and other drug misuse) at
rates similar to those in society as a whole (8% to 12%).
Depression is also prevalent among health care professionals.27,28
Sexual Harassment
Evidence shows that female physicians are more likely
than male physicians to encounter sexual harassment. A 1996
AMA survey found that 42% of 2300 female physicians
experienced sexual harassment in their medical practice,8 and
73% of female residents reported being sexually harassed at
least once during medical training, compared with only 22%
of men.29
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Physician Reentry into the Workforce after
Clinical Inactivity
Trends in physician reentry into the workforce are not
well documented. The absence of efforts to track the number
of inactive clinicians and the number of reentering clinicians
makes determining the actual number of physicians returning
to their careers after an extended leave difficult. Several attempts have been made to establish reentry training programs
for clinicians;30 however, most of the related research focuses
on the nursing workforce. Recommendations for a national
clinical practice reentry program, as well as a national clinical
practice database, have been proposed.4
A study of participants in a physician retraining program tracked the changes in physician characteristics from
1976 to 1981 and compared them with those of physicians
who completed the program between 1968 and 1975.31 The
number of physicians returning to clinical activity after completing the program was comparable for the 2 time periods
(85% and 83%, respectively). During the first 7 years of the
program (1968 to 1975), the participants were predominately
women (82%). In contrast, between 1976 and 1981, the
program attracted more male participants, resulting in a more
balanced sex mixture (49% women and 51% men). This sex
shift affected other retrainee characteristics, including the
nature of inactivity, years of inactivity, and status of licensure.
Women were more often reported to be inactive due to family
responsibilities. In general, women with families remained
inactive for about 12 years before returning to medicine,
whereas physicians involved in nonclinical medical activities
and in the nonprimary care clinical specialties remained in
those fields for 14 to 17 years.
Limitations
The current state of the literature on clinically inactive
physicians produces more questions than answers. The available literature focuses on potential explanations for inactivity,
and little evidence exists regarding the specific professional
activities of inactive physicians. Most data on inactive physicians do not categorize the activities of physicians beyond
“inactive” or “other.”
The AMA Physician Masterfile and self-reports of
physicians’ intentions to leave clinical practice are 2 major
sources of information on the inactive status of physicians.
Their reliability has been called into question, however. The
AMA Physician Masterfile has a sensitivity of 9% for detecting physicians who have left clinical practice within the past 3
years.32 Further lack of information on the activities of the
physician workforce can be attributed to reporting lags that
limit what is known.7
Future Information Needs
There is a clear need for further investigation both to
replicate findings from earlier, dated surveys and to answer
questions about the activities of clinically inactive pediatricians. Potential areas for future research include (1) examinaInactive Physicians: The State of Our Understanding

tion of the variability among member boards of the American
Board of Medical Specialties, the AMA, and state licensing
authorities in their definitions for clinically inactive physicians; (2) determination of the number of clinically inactive
pediatricians; (3) exploration of the reasons why pediatricians
leave clinical practice; (4) characterization of the duration of
inactivity and reasons why pediatricians return to clinical
practice; (5) analysis of the characteristics (eg, sex, age) of
pediatricians who leave and return to clinical practice; (6)
investigation of the professional activities of clinically inactive
pediatricians; and (7) description of the characteristics of
participants in clinical retraining programs.

SUMMARY
Workforce issues related to physician inactivity are
likely to be of greater importance to pediatrics than other
specialties, due to the predominance of women entering the
pediatric workforce. As greater accountability for both state
licensure and board certification are demanded by the public,
new challenges will arise regarding processes to ensure that
physicians are indeed qualified to provide up-to-date care to
their patients.
A comprehensive review matrix for details on each of the
individual articles is available at http://www.abp.org/jpeds/
inactivep/inactivep2007/pdf.

REFERENCES
1.
Physician characteristics and distribution in the US, 2005. Chicago: American
Medical Association; 2005: p. 20-4; p. 311-2.
2.
Frank E, Rothenberg R, Brown WV, Maibach H. Basic demographic and professional characteristics of US women physicians. West J Med 1997;166:179-84.
3.
Frank E, Singh SR. Personal and practice-related characteristics of a subsample of
US women dermatologists: data from the women physicians’ health study. Int J Dermatol 2001;40:393-400.
4.
Fraher E, Gaul K, King J, Hadley H. Trends in physician supply in North
Carolina. Available at: www.healthworkforce.unc.edu/documents/NCphysicians_
121505ppt. 2005. Accessed September 25, 2006.
5.
Office of Data, Research, and Vital Statistics (ODRVS), Maine Cooperative
Health Manpower Resource Inventory. Licensed inactive allopathic physicians in
Maine, reason inactive by county of residence. Maine Department of Human Services,
2000. Available at: http://www.maine.gov/dhhs/bohodr/profdata.htm. Accessed September 18, 2006.
6.
Office of Data, Research, and Vital Statistics (ODRVS), Maine Cooperative
Health Manpower Resource Inventory. Licensed inactive osteopathic physicians in
Maine, reason inactive by county of residence. Maine Department of Human Services,
2000. Available at: http://www.maine.gov/dhhs/bohodr/profdata.htm. Accessed September 18, 2006.
7.
Kletke PR. Wisconsin physician workforce data: when the best is not good
enough. Health Serv Res 2004;39:1251-6.
8.
Council on Graduate Medical Education. Fifth Report: Women and Medicine.
Washington, DC: Health Resources and Services Administration; 1995.
9.
Mark S, Gupta J. Reentry into clinical practice: challenges and strategies. JAMA
2002;288:1091-6.
10. Silberger AB, Marder WD, Willke RJ. DataWatch: practice characteristics of
male and female physicians. Health Aff (Millwood) 1987;6:104-9.
11. Warde C, Allen W, Gelberg L. Physician role conflict and resulting career
changes: gender and generational differences. J Gen Intern Med 1996;11:729-35.
12. Tesch BJ, Osborne J, Simpson DE, Murray SF, Spiro J. Women physicians in
dual-physician relationships compared with those in other dual-career relationships.
Acad Med 1992;67:542-4.
13. Weisman CS. Hours worked by female physicians. Health Aff (Millwood)
1988;7:189-90.
14. Tracey JM, Arroll B, Richmond DE. Attitudes to recertification measured over
time using a validated semantic differential scale. Med Educ 1999;33:327-33.
15. Escovitz GH, Woodside NB. Retraining inactive physicians: a seven-year experience. JAMA 1978;239:2139-42.

433

16. McMurray JE, Linzer M, Konrad TR, et al. The work lives of women
physicians: results from the Physician Worklife Study. J Gen Intern Med
2000;15:372-80.
17. Lowes R. How unhappy are women doctors? Med Econ 2000;77:89-90.
18. Barnett RC, Gareis KC, Carr PL. Career satisfaction and retention of a sample of
women physicians who work reduced hours. J Womens Health Gend Based Med
2005;14:46-153.
19. Crouse BJ. Recruitment and retention of family physicians. Minn Med
1995;78:29-32.
20. Grumbach K, Vranizan K, Rennie D, Luft HS. Charges for obstetric liability
insurance and discontinuation of obstetric practice in New York. J Fam Pract
1997;44:61-70.
21. Lipner RS, Bylsma WH, Arnold GK, Fortna GS, Tooker J, Cassel CK. Who is
maintaining certification in internal medicineand why? A national survey 10 years after
initial certification. Ann Intern Med 2006;144:29-36.
22. Powell PT, Nakata DA. Can earnings decline cause a retirement flight of physicians? Financial compensation and the decision to stay in practice. Med Care Res Rev
2001;58:361-78.
23. Physician compensation report. MD Shortage in US may be developing; inflation
in compensation could follow. Available at: http://findarticles.com/p/articles/mim0FBW/
is_12_1/ai_64261247. Accessed October 4, 2006.

434

Freed, Abraham, and Brzoznowski

24. Parker B. A chance to cut is a chance to cure: a perspective on medical and other
issues from a general surgeon. Available at: http://cut-to-cure.blogspot.com. Accessed
October 2, 2006.
25. Pfifferling J. Things I wish they taught in medical school. Resid Staff Physician
1990;36:85.
26. American College of Emergency Physicians. Policy statement: physician impairment. Reaffirmed by the ACEP Board of Directors, September 1999. Available at:
http://www.acep.org/webportal/PracticeResources/PolicyStatements/PhysicianWellBeing/
PhysicianImpairment.htm. Accessed September 27, 2006.
27. Martin A. Stress in residency: a challenge to personal growth. J Gen Intern Med
1986;1:252-7.
28. Clark DC, Slazar-Gureso E, Grabler P, et al. Predictions of depression during the
first six months of internship. Am J Psychiatry 1984;141:1095-8.
29. Komaromy M, Bindman AB, Haber RJ, et al. Sexual harassment in medical
training. N Engl J Med 1993;328:322-7.
30. American Medical Association. Physician licensure: an update of trends, 2006.
Available at: http://www.ama-assn.org/ama/pub/category/2378.html. Accessed October
3, 2006.
31. Raub AC, Bowler FL, Escovitz GH. A physician retraining program: assessment
update. JAMA 1982;248:2994-8.
32. Rittenhouse DR, Mertz E, Keane D, Grumback K. No exit: an evaluation of
measures of physician attrition. Health Serv Res 2004;39:1571-88.

The Journal of Pediatrics • October 2007

CLINICAL AND LABORATORY
OBSERVATIONS

Glucose-6-Phosphate Dehydrogenase Deficiency: Another Risk Factor for
Necrotizing Enterocolitis?
DAVID L. SCHUTZMAN, MD,

AND

RACHEL PORAT, MD

We recently observed several babies in our neonatal intensive care unit (NICU) with necrotizing enterocolitis (NEC) who
were subsequently found to have glucose-6-phosphate dehydrogenase (G6PD) deficiency. The aim of this study was to explore
the association of NEC and G6PD deficiency. G6PD deficiency was significantly higher (27.8%) in infants with NEC compared
with the 5.3% prevalence among NICU admissions (odds ratio ⴝ 6.9; 95% confidence interval ⴝ 2 to 23.5). G6PD deficiency
also was found to be a marker for more severe NEC. G6PD deficiency should be considered a risk factor for NEC.
(J Pediatr 2007;151:435-7)

ecrotizing enterocolitis (NEC) is one of the most frustrating diseases to prevent in the neonatal intensive care unit
(NICU). Despite the more than 3000 publications on this topic since Santulli’s description in 1975,1 the
best explanation for the etiology of NEC remains prematurity.2 Classical etiologic factors include rapid advancement of feeds, intestinal ischemia, and infection.3 Recent efforts have focused on the roles of endothelin-14 and platelet
activating factor.5
We recently observed several babies in our NICU with NEC who were subsequently found to be G6PD deficient. The
aim of this study was to explore the association of NEC with G6PD deficiency.

N

METHODS
This was a retrospective survey of all infants in our NICU with NEC Bell’s stage II6 or greater admitted between March
1, 2003 and February 28, 2007. The study setting was a large community hospital with a level III NICU that serves a
predominantly inner-city population. We collected data on maternal and neonatal demographics, and then abstracted a detailed
clinical course. We compared the prevalence of G6PD deficiency in infants with NEC with that in 2 different reference groups:
(1) all infants admitted to the NICU with birth weight (BW) ⬍2.0 kg born between October 1, 2005 and February 15, 2007
and (2) all infants born in our hospital between July and September 2006. G6PD deficiency was determined through universal
newborn screening by Pediatrix. DNA analysis of G6PD variants included A376G, A202G;A376G, C563T, G1376T, and
G1388A, which collectively account for an estimated 89% of all cases.
Statistical analyses used 2 and t tests and multiple regression analysis. Small for gestational age (SGA), NEC, race, and G6PD
status were included as covariates in the multiple logistic regression analysis. All analyses were performed using Stata 7 (StataCorp,
College Station, TX). The study design was approved by our medical center’s Institutional Review Board.

RESULTS
During the 4-year study period, we had 18 infants with NEC Bell’s stage II or greater.
Five of these infants (27.8%) were G6PD-deficient. The prevalence of G6PD deficiency
among 170 infants with BW ⬍2.0 kg admitted to our NICU (reference group 1) was 5.3%.
Similarly, the prevalence among the 675 infants born at our hospital between July and
September 2006 (reference group 2) was 4.3%. Infants with NEC were 6.9 times more
likely to have G6PD deficiency than those in reference group 1 (95% CI ⫽ 2 to 23.5) and
8.6 times more likely to have G6PD deficiency than those in reference group 2 (95%
confidence interval ⫽ 2.9 to 25.6).
BW
CI
G6PD
IL

Birth weight
Confidence interval
Glucose-6-phosphate dehydrogenase
Interleukin

NEC
NICU
SGA

Necrotizing enterocolitis
Neonatal intensive care unit
Small for gestational age
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Table I. Maternal and neonatal characteristics

Table II. Feeding history and NEC outcomes

G6PD status
Normal
n
Maternal
Age (years)*
Vaginal delivery (%)
Prenatal steroids (%)
Neonatal
BW (kg)*
Gestational age (weeks)*
African American (%)
SGA (%)
Hemoglobin before NEC
(g)*
Transfusion ⬍48 hours
before disease onset
(%)

13

G6PD status

Deficient

P

5

23.5 ⫾ 5.5
53.8
61.5

20.2 ⫾ 2.2
60
40

.23
.41
.8

1.5 ⫾ 0.85
30 ⫾ 5.1
69.2
7.7
12.5 ⫾ 2.7

1.29 ⫾ 0.6
30.4 ⫾ 3.9
100
60
12.6 ⫾ 5

.61
.89
.017
.036
.98

23.1

60

.1

Normal

Deficient

n
13
5
Feeding history
Age at NEC (days)*
14.8 ⫾ 10.4 16.4 ⫾ 11.8
Feeds started (days)*
7.5 ⫾ 5.4
2.8 ⫾ 1.5
Full feeds (days)*
12.9 ⫾ 8.9 10.8 ⫾ 3.9
Breast milk (%)
30.8
60
Formula ⬎20 cal/oz (%)
30.8
40
Formula density increased ⬍48
23.1
20
hours before disease onset
(%)
NPO episodes before disease
30.8
20
onset (%)
Outcome
Stage III (surgical) NEC (%)
38.5
60
Died (%)
0
60

P

.79
.27
.66
.14
.36
.56

.68

.2
.026

*Mean ⫾ standard deviation.

NPO, nothing by mouth.
*Mean ⫾ standard deviation.

Maternal characteristics of G6PD-deficient and normal
infants were similar. Although BW and gestational age were
not different, there was an increased incidence of SGA and
African-American infants among those with G6PD deficiency (Table I). However, when SGA and African-American
race were controlled for using multiple regression analysis,
G6PD deficiency was still significantly associated with NEC
(P ⬍ .001). The incidences of patent ductus arteriosus, respiratory distress syndrome, intraventricular hemorrhage, and
sepsis were similar in both groups (data not shown). Even
though there was no difference in hemoglobin levels between
the 2 groups just before the onset of disease, more infants in
the G6PD-deficient group underwent transfusion within 48
hours of disease onset; this difference was not statistically
significant, however. Table II details neonatal feeding and outcomes. There was no difference between the groups in age of
onset of NEC, age of starting feeds, or age at which full feeds
were achieved. In addition, there was no difference in the percentages of infants who received breast milk, were on a highcalorie formula, had their feedings changed just before the onset
of disease, or who demonstrated feeding intolerance (Table II).
G6PD-deficient infants had a significantly worse outcome than normal infants. Although the incidence of surgical
(stage III) NEC was similar in the 2 groups (Table II),
mortality was significantly higher in the G6PD-deficient infants (60% vs 0%; P ⫽ .026). The infants who died all
presented with extremely fulminant disease, progressing rapidly from initial symptoms to death.

severe disease. Because the existence of G6PD deficiency
precedes the occurrence of NEC, it appears that G6PD
deficiency is a risk factor for NEC.
To explain these findings, we hypothesize that even in
the absence of classic initiators of hemolysis in G6PD-deficient infants, their red cells do not function normally during
periods of stress that may occur just before the onset of NEC.
Spolarics et al7 documented an increased incidence of sepsis in
G6PD-deficient African-American trauma victims. They also
found altered monocyte function, decreased apoptotic response, increased cell adhesion properties, and diminished
interleukin (IL)-10 response.
Subsequently, Spolarics et al8 demonstrated that in a
mouse model, induced sepsis caused a greater decrease in erythrocyte deformability in G6PD-deficient animals than in wildtype animals. There was more hemolysis and anemia in the
G6PD-deficient mice than in the wild-type mice. Decreased
erythrocyte deformability may influence blood flow in smaller
vessels and potentially contribute to poor vascular flow in the
gastrointestinal system. Finally, Wilmanski et al9 recently reported that G6PD-deficient mice had significantly increased
inflammatory responses to administered endotoxin compared
with wild-type mice, with increased levels of IL-1␤, IL-6, and
IL-10 in these deficient mice. This inflammatory hyperresponse
was associated with increased mortality in the deficient mice.
Our finding of an increased incidence of transfusionassociated disease is similar to that recently reported by Mally
et al.10 This may have been among the other confounders
present leading to this apparent association. Our study had
additional limitations as well. This was a retrospective study
that reviewed data from only a single institution. In addition,
validation of the radiographs used to reach the diagnosis of
stage II NEC was not blinded. In summary, it appears that
G6PD deficiency is an additional risk factor for NEC and also
is a marker for more severe disease. A multicenter study is

DISCUSSION
This report identifies an association between NEC and
G6PD deficiency. The likelihood of G6PD deficiency was
significantly higher (7 to 9 times greater) in infants with NEC
compared with those in either of our reference groups. Moreover, those with G6PD deficiency were more likely to have
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needed to determine whether this association holds up to the
scrutiny of large numbers of infants.
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50 Years Ago in The Journal of Pediatrics
A

NOTE ON PHYSICIANS’ CHARGES AND THE COST OF LIVING

[Editorial] J Pediatr 1957;51:492

In 1957, the United States was at the beginning of a half century of major change in its healthcare financing and
expenditures. The prior two decades saw the advent of and a rapid increase in private health insurance. In the early 1940s,
only 10% of Americans had health insurance coverage. By the late 1950s, the coverage rate had increased to nearly 75%.1
The following decade saw the adoption of Medicare and Medicaid, filling in coverage for the very young, the very old,
and the poor. Commensurate with increased funding for healthcare coverage came new technologies, treatments,
numbers of providers—and increased costs.
The 1957 article compares the relatively rapid rise in overall healthcare costs with both physician charges and the
overall rate of inflation in the United States during the preceding 20 years. It points to inflation of medical costs at nearly
twice the general rate, while physicians’ professional fees remained stagnant. Those changes in the cost of medical care,
however, pale in comparison with what occurred in the subsequent half century.
According to data from the Centers for Medicare and Medicaid Services,2 consumer inflation during the period from 1960
to 2005 totaled 714%. In other words, it would take $7.14 today to purchase the same goods and services available in 1960 for
$1. Compare that with healthcare inflation, which totaled 7228% during the same period—more than 10 times the general
rate. That equates to a change in spending from $148 per capita in 1960 to $6697 in 2005, more than a 4500% increase.
What have we gained from these increased expenditures? The United States spends more per capita on healthcare than
any other country in the world, yet consistently is ranked among the lowest in terms of its healthcare outcomes among
industrialized countries. Despite extraordinary advances in technique and technology, we suffer from a lack of planning
and policy. In the next half century, we must improve the health of our nation and get a better return on our healthcare
investment. We must make sure that either our spending is contained or our outcomes are better— or both. We must
focus on public health initiatives and prevention. We must cut through administrative waste, and we must insist on best
practices within our care centers. In 50 years, a retrospective view of today’s situation should show as much awe for the
improved situation, as this look back brings dismay for our current state.
Leland A. Babitch, MD, MBA
Medical Director for Ambulatory and Information Services
Children’s Hospital of Michigan
Detroit, Michigan
10.1016/j.jpeds.2007.04.027
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Routine Iron Supplementation in Pregnancy Has No Effect on Iron Status
of Children at Six Months and Four Years of Age
SHAO J. ZHOU, PHD, ROBERT A. GIBSON, PHD,

AND

MARIA MAKRIDES, PHD

The iron status at 6 months and 4 years of children born to women who were randomly allocated to receive 20 mg of iron
daily in the second half of pregnancy did not differ from children of mothers in the control group. (J Pediatr 2007;151:438-40)

nfants born to mothers who are anemic have a higher incidence of iron deficiency (ID)1 and iron deficiency anemia (IDA)2
compared with infants from women who are not anemic. These observations have led to the suggestion that preventing IDA
in pregnancy may also prevent IDA in infancy.1 Although routine iron supplementation in pregnancy is widely practiced,
its effect on the iron status of infants is unclear. Most randomized controlled trials (RCTs) of iron supplementation in pregnancy
have focused on maternal outcomes, but only a few assessed the iron status of infants.3-7 Furthermore, RCTs with long-term
follow-up beyond birth are scarce. The aim of our study was to examine iron status at 6 months and 4 years of age of children
whose mothers participated in a RCT of iron supplementation in pregnancy in Adelaide, Australia.8

I

METHODS
In the trial, 430 non-anemic pregnant women were randomly allocated to receive either 20 mg iron or placebo from 20
weeks of gestation until birth. Hemoglobin (Hb) and serum ferritin levels of the children were assessed at 6 months and 4 years
of age from a venous blood sample. The 6-month point was chosen because this is often reported as the time when infant iron
stores become depleted,9 and 4 years was chosen as a long-term assessment, which
coincided with a developmental follow-up. The 4-year blood test was optional because the
primary outcome at this time was child development.10 Of the 302 families, 89 (29%) who
took part in the 4-year follow-up refused the blood test. There were no differences in the
From the Child Nutrition Research Centre,
characteristics of families who consented or refused the blood test for their children at 4
Flinders Medical Centre and Women’s &
Children’s Hospital, Child Health Research
years. Detailed methods for Hb and serum ferritin analyses have been published elseInstitute, North Adelaide, Australia (S.Z.,
8
where. IDA and ID were defined according to the diagnostic criteria of the test
R.G., M.M.); School of Paediatrics & Reproductive Health, University of Adelaide, Adlaboratory. This study was approved by the Human Research Ethics Committee at the
elaide, Australia (S.Z., M.M.); and School of
Women’s & Children’s Hospital. Informed consent was obtained from all participants.
Agriculture, Food & Wine, University of

Statistical Analysis
Statistical analyses were performed with SPSS software version 10 (SPSS, Chicago,
IL). Serum ferritin data were log transformed for statistical analysis. Independent t tests
were used to compare continuous variables, and 2 tests were used to compare dichotomous variables. Primary analyses were based on the intention-to-treat principle. Exploratory analyses were also performed to compare iron status of children in mothers who had
ID or IDA at birth and those who did not.

RESULTS
Data on iron status were available for 336 (78%) and 213 (49%) children at the
6-month and 4-year assessments, respectively. Of the 213 children assessed at 4 years, 17
had no data on iron status at 6 months because of unsuccessful venipuncture. There were
no differences in maternal age and education level between participants and non-participants at either the 6-month or 4-year follow-up. However, children who did not take part
Hb
ID
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Table I. Comparison of maternal and child characteristics between the iron and placebo groups*
At 6-month assessment

Trial entry characteristics
Maternal age (years)
Smoking in pregnancy
Mother’s education
Year 12 or below
Diploma or degree
Other characteristics
Maternal Hb level at birth (g/L)
Maternal ferritin concentration
at birth (g/L)†
Gestational age at birth
(weeks)
Birth weight (g)
Male sex
Breastfed ⬎6 months

At 4-year assessment

Iron
(n ⴝ 173)

Placebo
(n ⴝ 163)

P
value

Iron
(n ⴝ 103)

Placebo
(n ⴝ 110)

P
value

28.8 ⫾ 5.1
29/173 (17)

28.9 ⫾ 4.8
27/163 (17)

.86
.96
.62

28.6 ⫾ 4.9
17/103 (17)

29.1 ⫾ 5.1
18/110 (16)

.46
.97
.27

134/173 (77)
39/173 (23)

129/163 (79)
34/163 (21)

78/103 (76)
25/103 (24)

90/110 (82)
20/110 (18)

128 ⫾ 11
16.1 ⫾ 2.0

121 ⫾ 12
11.1 ⫾ 1.8

⬍.01
⬍.01

128 ⫾ 13
15.4 ⫾ 2.0

119 ⫾ 11
11.1 ⫾ 1.8

⬍.01
⬍.01

39.5 ⫾ 1.8

39.3 ⫾ 1.9

.22

39.7 ⫾ 1.3

39.3 ⫾ 1.8

.07

3438 ⫾ 554
88/173 (51)
72/172 (42)

3473 ⫾ 542
76/163 (47)
70/163 (43)

.55
.437
.84

3531 ⫾ 488
54/103 (52)
46/103 (45)

3444 ⫾ 547
54/110 (49)
47/110 (43)

.22
.58
.77

*Data are mean ⫾ SD or n/N (%) unless otherwise specified.
†Ferritin values are geometric means ⫾ SD.

in any follow-up had mothers who were more likely to smoke
in pregnancy (29% versus 17%, P ⫽ .01 at 6 months; 23%
versus 16%, P ⫽ .07 at 4 years).
There were no differences in the maternal characteristics at trial entry or pregnancy outcomes between the iron and
placebo groups of the families assessed (Table I), but maternal
Hb and ferritin levels at birth were significantly higher and
incidences of maternal ID and IDA at birth were significantly
lower in the iron group compared with the placebo group
(Table I). Hb and ferritin concentration, or percentage of ID
and IDA of the children were not different in the groups
(Table II). Child Hb concentration at 6 months was correlated with child Hb concentration at 4 years (r ⫽ 0.3, P ⬍
.01). No associations were observed between child ferritin
concentration at 6 months and child ferritin concentration at
4 years or between child Hb level and child ferritin concentration. There was a weak correlation between maternal Hb
level at birth and child Hb level at 4 years (r ⫽ 0.1, P ⫽ .03),
but no other associations were observed between maternal Hb
or ferritin concentration at birth and Hb or ferritin concentration of the children at 6 months or 4 years. There were no
differences in Hb and serum ferritin concentration between
children whose mothers had ID or IDA at birth and children
whose mothers did not have ID or IDA (Table II).

DISCUSSION
Our study clearly demonstrates that iron status of children did not benefit from routine iron supplements in pregnancy in a well-nourished population when measured at 6
months or 4 years of age. The lack of difference in Hb
concentration of children is consistent with the only other 2
RCTs5,6 that assessed iron status of children beyond birth.
However, our finding about ferritin is in contrast to the study
by Preziosi et al,5 which reported a higher mean serum ferritin

concentration and a lower percentage of ferritin ⬍12 g/L at
3 and 6 months of age in children whose mothers were in the
iron group compared with children whose mothers were in
the placebo group. Although the ferritin cutoff level used in
our study is among the commonly used reference values of
⬍10 to 12 g/L to define ID at 6 to 12 months of age, the
diagnostic criteria are not well defined in infants.11 The 5th
percentile of ferritin values ranged from 9 g/L11 at 6 months
of age to 16.9 g/L12 at 8 months of age in industrialized
populations. Using a higher ferritin cutoff concentration (20
g/L) to define ID did not change the outcome of our
findings. Although the dose of supplemental iron used in our
study was lower than that used in the study by Preziosi et al,5
the effects of intervention in our study were similar to RCTs
that supplemented mothers with at least 100 mg of iron.13
Therefore, higher doses of iron are unlikely to change the
outcomes. This is supported by randomized trials that
showed no differences in the iron status of infants in the
first 6 months of age in mothers who were supplemented
with low-dose iron of 15 mg14 or 30 mg6 compared with
mothers who were supplemented with high-dose iron of at
least 100 mg.
Although more mothers smoked in pregnancy in the
non-participants, there were no differences in baseline characteristics between the iron and placebo groups and the effect
of the intervention (the incidence of ID and IDA at birth)
remained pronounced and equivalent to the original report.8
This suggests that the difference between the participants and
non-participants may not have significantly influenced the outcomes. Moreover, the potential confounder of current dietary
iron intake on iron status of children between groups would be
minimized from a RCT with well-balanced groups, although we
did not assess iron intake of the children. A limitation of the
study is the relatively high attrition rate at the 4-year follow up,
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Table II. Iron status of the children in the iron and placebo groups, between children with maternal iron
deficiency/iron deficiency anemia at birth and children without maternal iron deficiency/iron deficiency
anemia at birth*
Mother’s group allocation
in the trial

At 6-month assessment
Age (months)
Hb (g/L)
Ferritin (g/L)†
ID
IDA
At 4-year assessment
Age (years)
Hb (g/L)
Ferritin (g/L)†
ID
IDA

Iron

Placebo

n ⫽ 173
6.1 ⫾ 0.4
121 ⫾ 9
32.5 ⫾ 2.0
11/170 (6)
0/173 (0)
n ⫽ 103
4.2 ⫾ 0.2
123 ⫾ 8
17.7 ⫾ 1.7
12/101 (12)
2/103 (2)

n ⫽ 163
6.1 ⫾ 0.4
119 ⫾ 9
30.8 ⫾ 2.0
6/159 (4)
0/163 (0)
n ⫽ 110
4.1 ⫾ 0.2
122 ⫾ 6
19.2 ⫾ 1.7
12/108 (11)
1/109 (1)

Maternal ID at birth

P
value
.26
.10
.48
.27
NA
.19
.36
.23
.86
.53

Yes

No

n ⫽ 144
6.1 ⫾ 0.4
120 ⫾ 10
33.7 ⫾ 1.1
7/137 (6)
0/139 (0)
n ⫽ 95
4.1 ⫾ 0.2
123 ⫾ 7
17.8 ⫾ 1.7
14/93 (15)
2/95 (2)

n ⫽ 168
6.1 ⫾ 0.4
120 ⫾ 9
30.6 ⫾ 1.1
9/168 (5)
0/168 (0)
n ⫽ 102
4.1 ⫾ 0.2
122 ⫾ 7
19.0 ⫾ 1.8
10/100 (10)
1/101 (1)

Maternal IDA at birth

P
value
.99
.96
.23
.83
NA
.84
.18
.44
.28
.52

Yes

No

n ⫽ 22
6.0 ⫾ 0.4
122 ⫾ 10
32.4 ⫾ 2.0
2/24 (4)
0/23 (0)
n ⫽ 14
4.1 ⫾ 0.1
120 ⫾ 6
21.1 ⫾ 1.7
2/14 (14)
1/14 (7)

n ⫽ 301
6.1 ⫾ 0.4
120 ⫾ 9
32.0 ⫾ 2.0
14/291 (5)
0/296 (0)
n ⫽ 189
4.1 ⫾ 0.2
123 ⫾ 7
18.2 ⫾ 1.8
22/186 (12)
2/189 (1)

P
value
.19
.36
.94
.85
NA
.22
.18
.34
.78
.07

ID, Iron deficiency defined as ferritin ⬍10 g/L; IDA, iron deficiency anemia defined as Hb ⬍100 g/L and ferritin ⬍10 g/L at 6 months of age and Hb ⬍116 g/L and ferritin
⬍10 g/L at 4 years of age; NA, not applicable.
*Data are mean ⫾ SD or n/N (%), unless otherwise specified.
†Ferritin value are geometric mean ⫾ SD.

which may limit the generalizability of the findings to the general
population in industrialized countries.
Our study is a long-term follow-up of the iron status of
children after 1 year of age from a RCT of iron supplementation in pregnancy. Our findings suggest that routine iron
supplementation in pregnancy in our otherwise well-nourished industrialized population has no effect on Hb or ferritin
concentration of children.
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INSIGHTS

Cortical Hyperostosis Secondary to Prostaglandin E1 Therapy

Figure 2. This series of chest roentograms shows the gradual increase in cortical bone during treatment with prostaglandin E1. The findings are best seen
in the right humerus and clavicle. The patient’s age at the time of the radiographs is 10-days (A), 30-days (B) and 50-days (C).

nfants born with ductal-dependent congenital heart
defects often require prolonged treatment with prostaglandin E1 (PGE1) while awaiting corrective surgery.
An uncommon, and frequently overlooked, adverse effect
of prolonged PGE1 infusion is cortical hyperostosis.
A 4-day-old female infant sustained cardiogenic shock
resulting from coarctation of the aorta necessitating intravenous PGE1 (0.1 mcg/kg/min). Because of confounding disseminated herpes infection, corrective surgery could not be
immediately performed. PGE1 was continued until palliative
stent placement at 38 days of life. Alkaline phosphatase levels
were noted to be elevated during the infant’s hospital course.
(Figure 1; available at www.jpeds.com). A 5’ nucleotidase
level in the reference range ruled out hepatic origin of the
elevated alkaline phosphatase level. Chest roentograms (Figure 2) showed normal cortical bone at 10-days of age (A), with
gradual increase in hyperostosis at 30 days (B) and 50 days (C)
of age, seen best in the right humerus and clavicle. With
cessation of PGE1 infusion, the alkaline phosphatase level
began to decrease and continued to do so until the time of
discharge from the hospital. Follow-up at 9 months of age
showed both the alkaline phosphatase level and the radiography abnormalities had normalized.
Prostaglandins of the E series have been shown to
promote osteogenesis.1 Infants with cyanotic heart defects are
at high risk for the development of elevated circulating levels
of PGE1 because of decreased pulmonary inactivation caused
by right to left shunting and the administration of pharmacological amounts to ensure ductus arteriosus patency. A large
number of infants receiving PGE1 while awaiting cardiac

I

transplantation have radiographic evidence of cortical hyperostosis.2 Risk of cortical hyperostosis increases with duration
of continuous PGE1 infusion from 42% at ⬍30 days to 100%
at ⬎60 days; the severity of cortical hyperostosis correlates
with both duration and total dose of PGE1 infused.2 Although most cases are asymptomatic, cortical hyperostosis can
mimic osteomyleitis,3 thus complicating the decision making
process on proceeding with further cardiac surgery. PGE1induced cortical hyperostosis is benign, reversible, and selfresolving on withdrawal of PGE1 treatment.
Kimberly Estes, BS
Michael Nowicki, MD
Phyllis Bishop, MD
Division of Pediatric Gastroenterology
University of Mississippi Medical Center
Jackson, Mississippi
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Figure 1. The graph shows the alkaline phosphatase levels during the
infant’s hospitalization. The dashed line indicates the time period that
prostaglandin E1 was administered.

441.e1

Estes, Nowicki, Bishop

The Journal of Pediatrics • October 2007

LETTERS TO THE EDITOR

Sleep duration and insulin resistance in obese
children: When variables are sleeping too
close together
To the Editor:
We read with great interest the article by Flint et al on
the association between inadequate sleep and insulin resistance.1 Their first analysis showed that children with less
sleep expressed increased insulin resistance. In the second
analysis, the regression analysis for insulin resistance revealed
that the beta coefficient for sleep time was positive, suggesting
that more sleep is associated with increased insulin resistance,
which contradicts the first result. The associated editorial
suggests that confounding factors or a nonlinear relationship
might be responsible for this contradiction.2 In addition to
these factors, we would like to suggest that the presence of
intercorrelated predictors or multicollinearity may be responsible. One can expect for instance that sleep time and rapid eye
movement (REM) sleep or age and REM sleep are (highly)
correlated.
Multicollinearity may cause serious problems if the regression model serves to interpret the effects of the different
predictor variables. Signs suggesting that multicollinearity
may be present include large changes in beta coefficients when
a predictor is added or deleted, wide confidence intervals of
the variables, large correlation coefficients between predictors,
and beta coefficients with an opposite sign from the one
expected (ie, from the t test in this report). The best solution
for multicollinearity is to understand its cause and to remove
it. It occurs because variables are related; that is, they measure
essentially the same thing. Removing a variable may reduce or
eliminate multicollinearity. Another option is to combine the
variables, that is, using principal component methods. A third
option is to reduce the impact of multicollinearity by increasing the sample size. A final measure is ridge regression.3,4 We
advise the authors to use the mentioned informal and formal
diagnostic procedures to check for intercorrelation of the
predictor variables in their study population.
Stijn L. Verhulst, MD
Kristine Desager, MD, PhD
Department of Pediatrics
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Reply
To the Editor:
We thank Dr Verhulst et al1 for their insightful comments and helpful suggestions regarding the regression analysis described in our article. In our regression analysis, we
found that a longer sleep duration is associated with increased
insulin resistance, which appears to contradict other results
reported in our article.2 Verhulst et al1 suggest that these contradictory results may be due to the presence of multicollinearity.
To assess multicollinearity, we first analyzed the variance inflation factor. The variance inflation factor for each
variable was less than 10, suggesting that multicollinearity was
unlikely.3-5 Consistent with this observation, we found that
sleep time, age, and percent time spent in rapid-eye movement were not highly correlated (correlation coefficients
⬍0.7). Lastly, we noted relatively narrow confidence intervals
of the variables, and small changes in beta coefficients when a
predictor was added or deleted.
Although the presence of beta coefficients with opposite signs than expected is a symptom of multicollinearity, all
of the observations listed above suggest that multicollinearity
may not be a substantial problem in our analysis.3-5 In addition, we agree with Verhulst et al1 that conducting a prospective study in the future with an increased sample size may
effectively prevent the impact of multicollinearity.3-5
Janna Flint, MD
Elizabeth Suarez, MD
Francesco De Luca, MD
Section of Endocrinology

Luc Van Gaal, MD, PhD
Department of Diabetology
Metabolism and Clinical Nutrition

Sanjeev V. Kothare, MD
Ruth Adams, CRNP
Agustin Legido, MD
Section of Neurology

Wilfried De Backer, MD, PhD
Department of Respiratory Medicine
Antwerp University Hospital
Antwerp, Belgium

St. Christopher’s Hospital for Children
Department of Pediatrics
Drexel University College of Medicine
Philadelphia, Pennsylvania
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Increased plasma leptin levels and valproate use in
patients with Rett syndrome
To the Editor:
We read the recent article by Blardi et al.1 The authors
studied correlations between body mass index and plasma
leptin levels in patients with classic and preserved-speech
variant of Rett syndrome and in healthy control subjects to
assess the role of plasma leptin in the pathophysiology of
growth failure in Rett syndrome. The authors suggest that the
mechanism of growth retardation in these patients is still
poorly understood, although previous reports indicate that
insufficient energy intake because of neurologically induced
dysphagia, esophageal dysmotility, and gastroesophageal reflux might be its primary cause.2-4
Still, studying the role of plasma leptin levels in the
pathophysiological process of growth retardation in these
patients is relevant, because leptin is involved in the regulation
of body weight by affecting energy metabolism,5 which might
be different in patients with Rett syndrome.6
Surprisingly, the authors find increased plasma leptin
levels in both subtypes of Rett syndrome compared with
healthy control subjects, whereas their body mass index was
reduced. Because leptin is produced by adipose tissue,5 which
was reduced in the studied patients, the authors hypothesize
that leptin therefore might not be associated with the regulation of weight balance in patients with Rett syndrome.
Unfortunately, the authors may have overlooked an important
variable. They report that the patients were treated with
anticonvulsant drugs, such as carbamazepine and valproate.
Several previous studies have reported that treatment with
valproate increases plasma leptin levels.7-9 Because valproate
use was not included in the regression analysis, this raises a
question regarding whether that may explain the leptin findings.
Corine Penning, PhD
Intellectual Disability Medicine
Department of General Practice
Johannes C. van der Wouden, PhD
Intellectual Disability Medicine
Department of General Practice
Erasmus MC–University Medical Center Rotterdam
The Netherlands
10.1016/j.jpeds.2007.06.032

Letters

Reply
To the Editor:
We appreciate the comments of Dr. Penning and Dr.
van der Wouden. In response to their relevant observation, we
would like to focus on several points.
First, only a limited number of our 59 patients were
treated with valproate. Valproate was administered to 5 patients with classic Rett syndrome and 3 patients with the
preserved-speech variant of Rett syndrome. Out of these 8
patients, only 2 had high plasma leptin levels.
Second, although several authors have described increased
plasma leptin levels in patients (both adults and children) treated
with valproate, the rise in circulating leptin was always associated
to weight gain and obesity.1-3 Our patients were not obese.
Third, studies describing leptin concentrations during
valproate therapy were conducted on patients affected by
epilepsy. In consideration of the peculiar pathogenesis of Rett
syndrome, the observations derived from patients with epileptic syndromes may not apply to patients with Rett.
Patrizia Blardi, MD
Arianna de Lalla, MD, PHD
Center of Clinical Pharmacology
Joseph Hayek, MD
Department of Child Neurology and Psichiatry
University of Siena
Siena, Italy
10.1016/j.jpeds.2007.06.033
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Cardiovascular risk markers in adolescent girls with
anorexia nervosa
To the Editor:
We read with great interest the report by Misra et al,1
in which they reported that markers of cardiovascular risk are
uncoupled in relation to body fatness in patients with anorexia
nervosa. They found an inverse rather than a positive association between apolipoprotein B (ApoB)/low-density lipoprotein (LDL)-C and both insulin level and the homeostasis
model assessment of insulin resistance (HOMA-IR), suggesting that high ApoB/LDL-C levels do not indicate a state of
insulin resistance in undernourished states like anorexia nervosa. High levels of ApoB/LDL-C usually indicate the presence
of small, dense low-density lipoprotein (SDLDL) particles, such
as those found in the metabolic syndrome, associated with
insulin resistance.2 Whether or not SDLDL actually exists in
the circulation in patients with anorexia nervosa is an important issue that merits investigation.
Recently, we measured the LDL particle size in 6
Japanese female patients with anorexia nervosa (age, 9 to 15
years; body mass index, 12.6 to 14.3).3 The LDL particle sizes
in these patients, as determined by gradient gel electrophoresis,4,5 were 26.5, 26.8, 26.9, 26.9, 26.9, and 27.9 nm, confirming the absence of SDLDL (diameter ⱕ 25.5).
SDLDL is thought to be an important marker of metabolic syndrome, in which insulin resistance is a central factor
contributing to the reduction of the LDL particle size.
Misra’s observations and our own lend support to this
proposed pathophysiology.
Osamu Arisaka, MD
Gou Ichikawa, MD
Yuzuru Yamazaki, MD
Naoto Shimura, MD
Department of Pediatrics
Dokkyo Medical University
Mibu, Tochigi-ken, Japan
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Reply
To the Editor:
The authors appreciate the comments regarding the
article. We agree that it is important to determine whether
higher levels of apolipoprotein B/LDL-C (Apo-B/LDL-C)
in anorexia nervosa are associated with an increase in
circulating levels of small dense low-density lipoprotein
(LDL) particles, a marker of insulin resistance, and read
with interest the findings of Arisaka et al, which indicate
that girls with anorexia nervosa do not carry small dense
LDL particles in the circulation, consistent with their
lower insulin levels and lower state of insulin resistance.
The significance of high Apo-B/LDL-C and also IL-6
levels in relation to cardiovascular risk in anorexia nervosa
remains unclear and needs to be clarified in long-term
studies.
Madhusmita Misra, MD, MPH
Anne Klibanski, MD
Neuroendocrine Unit
Massachusetts General Hospital
Boston, Massachusetts
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