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This document provides supporting information and references for the working list of 
NCS Core Hypotheses ratified by the ICC and presented to the NCSAC on 6 November, 
2002 (see 3-page document that appears elsewhere in this volume).  The 3-page working 
list was distributed at the December 2002 NCS Study Assembly meeting. 

This introduction a) recounts the process by which these specific core hypotheses were 
selected, b) describes the overall context of the NCS in which the core hypotheses fit, c) 
discusses the implications of these hypotheses for those not listed as core, d) reviews the 
goals and benefits of the NCS, and e) provides an orientation to the format used in the 
remainder of the document.  To make this a free-standing document, some of the material 
from the 3-page working list of core hypotheses, and other general descriptions of the 
NCS, appears here. 

Process  The overwhelming majority of these hypotheses were generated by the NCS 
Working Groups.  Some hypotheses on the working list represent a combination of one or 
more hypotheses submitted by Working Groups.  Other sources for hypotheses include a 
report prepared by the Lewin Group at the request of the ICC, and the ICC itself. 
Potential hypotheses were reviewed by the NCSAC in September, 2002.  These reviews 
were considered by the ICC and played a large role in guiding the selection and 
development of the current set of hypotheses. 

While the ICC applied the criteria for selection of core hypotheses (presented elsewhere 
in this briefing book--see 3-page list of core hypothesis, with selection criteria listed at 
the end), other considerations were influential. We sought a diverse set of hypotheses 
that touched on issues listed in the original Children’s Health Act and that would appeal 
to scientists from a broad range of disciplines.  We also sought to identify hypotheses that 
were specific and focused enough that it was reasonably clear what would need to be 
measured.  We aimed for a collection of outcomes that would span the course of life to 
age 21 years. We sought compelling science and a set of hypotheses that required 
collection of specimens and data likely to serve multiple purposes. 

Context of the NCS The NCS will be a cohort of U.S. children enrolled for study 
before birth, with 100,000 followed for at least 21 years. The effects of environmental 
factors on children will be investigated using a life-stage approach, to determine if those 
exposures are harmful, harmless, or helpful.  A variety of environmental, medical, and 
social data will be collected to allow a broad investigation of the interactions of chemical, 
genetic, behavioral, and social factors that impact child health and development.  The 
NCS, however, will be framed by a set of scientific hypotheses and will collect focused 
data to answer those questions. For all enrolled subjects, we will assess exposure to 
environmental agents known to adversely impact child health and development, such as 
exposure to lead and tobacco smoke, in order to control for those known risks while 
evaluating the effect of other factors.  Biologic and environmental specimens will be 
collected to allow for assessment of exposure, subclinical health effects, and genetic 
studies. The data collection will be organized so as to allow evaluation of the reasons for 
health disparities among various groups.  To validate estimates of early pregnancy 
exposure in the cohort, a portion of the cohort will be enrolled prior to pregnancy. 
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Implications for hypotheses not listed as core  As can be seen in the table that 
immediately follows this introduction, given the data collected to address the core 
hypotheses on the working list, many other important hypotheses can be addressed.  In 
our selection of core hypotheses, we excluded those for which the requisite data would be 
collected regardless. Thus, for example, we will be able to address the hypotheses that 
stress during pregnancy increases risk of preterm birth, and that air pollution increases 
risk of preterm birth, even though no check appears in the table.  If, however, the 
exposure or outcome information needed to test a hypothesis is not being collected by 
virtue of relation to a core hypothesis, or by virtue of being a basic data item that is 
included in the protocol, such as lead, or tobacco smoke exposure, then after decisions 
are made about priorities for inclusion in the study, requisite data may not be available.   

Overall Goals and Benefits of the NCS Of any study in the first half of the 21st century, 
the NCS will achieve the greatest progress in understanding and directing strategies to 
prevent a range of childhood diseases. The NCS will address many of the most pressing 
public health concerns in the U.S. Past studies have been unable to find cures and 
effective prevention strategies, but they have laid the groundwork for a study like the 
NCS in suggesting many risk factors and identifying genes of interest.  Only a design like 
the longitudinal cohort can substantiate the sought after causal relationships to resolve 
long-standing scientific questions. The focus on multiple exposures and multiple 
outcomes represents both a powerful scientific tool as well as a budgetary efficiency.  
The depth of analysis across both common and less common exposures and genotypes 
simultaneously means that the complete picture of what causes and prevents disease will 
come into focus.   

Orientation to format used in the remainder of this document  The discussion of each 
hypothesis (or group of hypotheses) begins with a statement of the magnitude of the 
problem, outlining the burden each outcome and exposure has on the U.S. population.  
Current knowledge addressing the hypothesis is briefly summarized in the state of the 
science section, followed by a sketch of ways in which the NCS can collect data to 
advance that knowledge. The sample size calculations provide a rough guide to assist in 
the evaluation of the ability of a study of the size proposed for the NCS to address each 
hypothesis (or group of hypotheses). The calculations are simple and do not consider  
interactive effects or stratified analyses. In addition, each calculation assumes a 
population of 100,000, regardless of the stage of the study at which the outcome is 
assessed. 

Our working list of core hypotheses can be improved, and we especially look forward to 
additional input on hypotheses regarding injury, and health services related to asthma.  
We also recognize that as hypotheses are translated into a specific protocol, balancing 
science and feasibility with respect to subject burden will challenge us. 
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Intersection of exposures and outcomes among core hypotheses on the working list, with 
outcomes arranged approximately by chronological period of life course* 

Birth Preterm Cerebral  Neuro- Schizo-

Defects Birth       Palsy/Autism   cognitive  Injury  Asthma  Obesity  Puberty  phrenia   


Impaired 
glucose 

   metabolism 
a a

Inflammation/                  
  infection 

a a a

Nonpersistent 
   pesticides 

a

Air pollution a 

Bioaerosols a 

Respiratory 
  viral infection 

a

Maternal stress a 

Diet a a 

Health Services a 

Intrauterine
 growth 

restriction 
a

Breastfeeding/ 
  breastmilk 

a

Built                                                                                                                         
  environment 

a

Social and 
   behavioral 

a

Other pollutants a 

* Checks appear only when a specific core hypothesis involves a given exposure and 
outcome.  See introduction for further discussion. 
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1. Hypothesis Among women without diabetes before pregnancy, impaired glucose 
metabolism during pregnancy is proportional to risk of major congenital malformations 
of the heart, central nervous system, musculoskeletal system, and all birth defects 
combined. 

Magnitude of the Problem  The prevalence at birth of major congenital malformations of 
the heart is about 0.6% (Hoffman and Kaplan, 2002), of central nervous system defects is 
about 0.3% (NCS ICC, 2003), and of musculoskeletal birth defects is about 0.2% (NCS 
ICC, 2003). The prevalence of all major birth defects combined is about  3-4% (Leppig 
et al. 1987; Lynberg and Edmonds, 1994).  The estimated lifetime cost of birth defects, 
among children born during one year in the United States, is, for heart defects, central 
nervous defects, and musculoskeletal defects combined, $2 billion; and for all birth 
defects combined is $8 billion (1992 dollars; MMWR, 1995). 

State of the Science  Among women who have type 1 or type 2 diabetes before pregnancy 
the risk of congenital anomalies in offspring is increased, and animal models confirm the 
teratogenicity of impaired glucose metabolism.  Whether women first diagnosed with 
diabetes during pregnancy (gestational diabetes) or those with lesser degrees of impaired 
glucose metabolism during pregnancy have offspring with increased frequency of birth 
defects has not been determined, though limited data suggest an association (Farrell, 
2002; Schafer, 1997). Estimates of the prevalence of gestational diabetes vary, but 
figures of 4 to 7 percent have recently been reported (Naylor et al. 1996). Furthermore, 
as the prevalence of overweight increases among women of child-bearing age (Mokdad, 
et al, 1999), a parallel increase in the prevalence of gestational diabetes is expected (Kjos 
and Buchanan, 1999). Thus, new information about gestational diabetes and birth defects 
is timely.  The three specific birth defects listed above are among the most common 
defects seen in offspring of diabetic women.  While an association between impaired 
glucose metabolism and birth defects in general is expected, we have focused on specific 
defects since the relationship is likely to vary among anomalies arising from different cell 
lines and stages of embryonic development. 

How the NCS will address the problem  Prenatal assessment of gestational diabetes and 
maternal glucose metabolism will be done as early as possible during pregnancy, 
according to a standardized protocol for all women.  Biologic specimens for assessment 
of serum glucose, Hgb A1c, and serum insulin levels may be utilized.  Linkage to clinical 
records may also facilitate ascertainment of diabetes and serum glucose levels.  All 
infants born into the study will undergo a standardized examination including 
assessments of birth defects.  The results could affect recommendations regarding 
prepregnancy screening for impaired glucose metabolism and regarding management of 
glucose metabolism during early pregnancy. 

Sample size considerations:  This basic power calculation is a simple example based on 
the prevalence of diagnosed gestational diabetes, and does not consider a continuous 
relationship between maternal serum glucose levels and risk of birth defects. Note that 
80% power, with a two-sided alpha level of 0.05, will be used for all power calculations 
in this document.  Assuming 100,000 infants are born into the study, with a prevalence of 
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gestation diabetes of 5%, the smallest detectable relative risks will be, for heart defects, 
1.6; for central nervous system defects, 1.8; and for musculoskeletal defects, 2.1 
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2. Hypothesis: Intrauterine exposure to mediators of inflammation due to infection of 
either vaginal, cervical, or uterine sites, or of more distal sites (e.g., periodontal disease) 
is associated with an increased risk of preterm birth. 

Magnitude of the problem:  Each year in the United States, almost 500,000 infants, 
approximately 12% of all births, are born preterm (<37 weeks gestation) (Martin, et al. 
2002). Two-thirds of all infant deaths in the US occur among those born preterm and 
preterm birth is associated with substantial neonatal morbidity, a high risk of long-term 
neuro-developmental deficits, and low academic achievement (Hack, et al. 2002).  A 
report based on 1988 data estimated an annual incremental increase of $6 billion in health 
care, education, and child care costs attributable to children <15 years born low
birthweight, compared to if they had been normal-birthweight (Lewitt, et al. 1995).  (69% 
of low-birthweight children are born preterm [Savitz et al. 2000]). This underestimates 
current costs because of increasing preterm birth rates and improved survival of preterm 
infants. Due to large socioeconomic and racial or ethnic disparities, the US population 
does not evenly share the medical, education, and economic costs of preterm birth.  For 
instance, black infants have twice the risk of preterm birth than do non-Hispanic white 
infants. 

State of the science:  The cause of most preterm births is unclear. However, over the past 
20 years the potential contribution of infection to spontaneous preterm birth has gained 
increasing attention. Evidence of placental or chorioamniotic infection is present in up to 
40% of all spontaneous preterm births and in up to 75% of those before 32 weeks 
gestation, the infants at greatest risk of subsequent adverse outcome (Romero, et al. 2002; 
Andrews, et al. 2000)., compared to approximately 1-2% among infants born term (Wu 
and Colford 2000). Numerous common organisms of generally low virulence (e.g., 
ureaplasma, mycoplasma, gardenerella) have been associated with spontaneous preterm 
birth. Perhaps more intriguing is the association of chorioamoniotic or vaginal markers 
of inflammation and infection (e.g., IL-1, IL-6, TNF-α, fetal fibronectin) with preterm 
birth in the absence of identifiable infectious agents.  In addition, recent reports of 
potential associations between periodontal disease and preterm birth raise additional 
questions about the mechanism of local and systemic infection and inflammation on 
spontaneous preterm birth (Offenbacher, et al.).  There has been a “consistent failure of 
interventions to prevent preterm birth in the United States” (Andrews, et al. 2000), 
including interventions aimed at treating or preventing maternal-fetal infections. 

How the NCS will address the problem:  Collection of biologic samples during 
pregnancy will enable assessment of the influence of timing and chronicity of infection 
on preterm birth.  Samples may include cervical and vaginal cultures and histologic 
material obtained starting as early in pregnancy as possible.  Those samples, as well as 
serum and urine, can also be assessed for a variety of cytokines and other local and 
systemic inflammatory markers.  At birth, placental material and cord blood can be 
examined for indications of infection and inflammation.  Linkage to obstetric records 
may provide other evidence of infection. 
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Results of the NCS may lead to targeted interventions aimed at decreasing preterm birth, 
and subsequent morbidity and mortality, by both the prevention and treatment of 
maternal-fetal infection and related inflammation.  Such interventions may help reduce 
the large disparities in risk among various population groups present in the US.  A related 
benefit will be the reduction of adverse neurobehavioural outcomes thought to be related 
to intra-uterine infection, such as cerebral palsy or perhaps autism, not always mediated 
through preterm birth. 

Sample size considerations:  This example does not consider stratified analyses designed 
to examine sub-population differences in the relationship between infection or 
inflammation and preterm birth, nor does it consider examination of potential gene-
exposure interactions. 

Assuming a sample size of 100,000 pregnancies, incidence of very preterm birth (<32 
weeks) of 2%, prevalence of intrauterine infection of 2%, the smallest detectable relative 
risk will be approximately 1.5. 
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3. Hypothesis  Repeated, low-level exposure to nonpersistent pesticides in utero or 
postnatally increases risk of poor performance on neurobehavioral and cognitive 
examinations during infancy and later in childhood, especially, for certain agents, among 
those with genetically decreased paraoxonase activity. 

Magnitude of the Problem  National survey data show that the general adult population 
has widespread exposure to pesticides, as reflected by levels of urinary metabolites (Hill 
et al., 1995). In many settings, children have greater opportunity for exposure due to 
their greater dermal contact with surfaces near the floor or ground, and because of their 
greater hand-to-mouth activity.  Indeed, in the few studies that are available about 
children’s exposures to pesticides, as reflected by the levels of urinary metabolites, 
exposure was surprisingly frequent, even in populations without agricultural exposure. 

Because children may be more sensitive than adults to low levels of neurotoxic 
substances, and because exposure is widespread, vigilance about the potential health 
effects is prudent. This prudence is merited despite the recent regulation to decrease use 
of organophosphate pesticides in homes, because other pesticides with similar 
mechanisms are still used in homes.  Organophosphate pesticides are also used 
extensively in agriculture and children’s exposure from food sources is substantial (Curl, 
et al. 2003) 

State of the Science  Experiments on animals that show that low levels of 
organophosphate pesticides in utero or postnatally have subtle, detrimental, and 
permanent effects on behavior (Eskenazi, 1999).  Their toxicity owes to inhibition of 
cholinesterase (Brimijoin, 1999), an action shared also by carbamate pesticides.  The 
lowest level of organophosphate exposure used in these experiments (Muto, 1992) 
resulted in exposures that were within an order of magnitude of what humans experience 
in buildings where pesticides are used (Currie, 1990). 

About half of an English population studied had the genotype for a less active isoform of 
paraoxonase, an enzyme that hydrolyzes organophosphates (Cherry et al., 2002).  
Another study showed a similar distribution of genotype in an Asian population 
(Padungtod et al. 1999). While some evidence suggests that people with different 
isoforms vary with respect to risk of neurotoxicity from organophosphates (Cherry et al., 
2002), the possibility has not been fully investigated. 

How the NCS will address the problem  The NCS will include collection of specimens 
that will allow assessment of exposure to pesticides in utero and postnatally, and will 
include neurobehavioral and cognitive examinations during infancy and later in 
childhood. These examinations will be designed to assess those aspects of neurobehavior 
and cognition most likely to be affected by pesticides (see Amler comments in Goldman, 
2000 [neurotoxicology]). Linkage to school records may also allow for indirect 
assessment of cognitive function.  Appropriate samples for characterization of the 
paraoxonase gene, and plasma for characterization of paraoxonase activity, will also be 
needed (Furlong et al., 2002). 
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If agents or use patterns thereof can be identified that have adverse effects on children 
regulations could be changed to reduce exposure to levels to those found to be safe in the 
NCS. 

Sample size considerations:  We assume that the frequency of detectable exposure is low; 
for example, one study (Whyatt et al., in press, Environ Health Perspect) suggests that 
1% of pregnant women have detectable levels in plasma of methyl parathion, an 
organophosphate pesticide. With 100,000 subjects taking an IQ-type test,  we would be 
able to detect an IQ decrement in the exposed group of about 1.5 points (where 
population mean is 100).    
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4. Hypothesis  Prenatal infection and mediators of inflammation are risk factors for 
neurodevelopmental disabilities, such as cerebral palsy and autism. 

Magnitude of the Problem  Cerebral palsy affects approximately 0.2% of children (Kuban 
and Levitan, 1994), and autism affects about 0.3% (Yeargin-Allsopp, 2003).  The 
prevalence of cerebral palsy in the United States is increasing, due to the increased 
survival of very low and low birthweight infants (Bhushan et al., 1993).  Whether the 
frequency of autism is increasing is controversial, because recent estimates of higher 
prevalence may be due to inclusion of less severe cases.  These relatively rare 
developmental disabilities have a devastating effect on the lives of the affected persons 
and their families.  While estimates vary, the annual costs for cerebral palsy are about 
$17.2 billion and for autism are about $7.6 billion (Landrigan et al., 2002).   

State of the Science  Exposure to prenatal infection or mediators of inflammation may 
increase risk of cerebral palsy (Nelson, 2002). In term pregnancies, about 1-2% are 
affected by chorioamnionitis (intrauterine infection); in pregnancies ending in preterm 
births, the prevalence of such infection is higher (Wu and Colford, 2000).  Fetal 
inflammatory response to intrauterine infection includes increased levels of fetal 
cytokines; such cytokines can be neurotoxic (Yoon, 1998; Dammann and Leviton, 1998).  
About one half of all cases of cerebral palsy occur in children born at term; only two 
small studies of chorioamnionitis and cerebral palsy among children born at term have 
been done (Grether and Nelson, 1997; Nelson and Ellenberg, 1985). About 20% of 
cerebral palsy may be due to chorioamnionitis (Wu and Colford, 2000). 

While there are some data on the relation of viral infections in pregnancy to occurrence 
of autism, few causal agents have been established—rubella being one (Rodier and 
Hyman, 1998).  The more general relation of prenatal infection, such as chorioamnionitis, 
and of exposure to mediators of inflammation to risk, as has been examined for cerebral 
palsy, to our knowledge, has not been studied in relation to autism.  Such studies are 
overdue because of the role immune abnormalities may play in autism and the increased 
knowledge of the neurotoxicity of inflammatory cytokines (Horning and Lipkin, 2001).  
Although a large portion of autism may be genetically determined, the inherited 
predisposition may increase susceptibility to infection or inflammatory-induced disease.  

How the NCS will address the problem  A thorough assessment of prenatal infection and 
exposure to mediators of infection will be part of the NCS.  Histologic confirmation of 
chorioamnionitis will require pathologic and microbiologic evaluation of placentas.  
Assessment of the neurodevopment of children will need to include diagnostic algorithms 
that identify all cases of cerebral palsy and autism spectrum disorder.  In addition, linkage 
to physician or school records may help identify some cases of these disorders.   
Improved understanding of the role that prenatal infection and mediators of inflammation 
play in the etiology of these developmental disabilities will help guide design of clinical 
trials designed to reduce exposure to these agents. 

11 



Sample size considerations  Assuming 100,000 infants born into the study, with an 
exposure prevalence of 2%, the smallest detectable relative risk would be, for cerebral 
palsy, 2.8; and for autism, would be 2.4. 
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5. Hypothesis  Infection and mediators of inflammation during pregnancy and the 
perinatal period are associated with increased risk of schizophrenia 

Magnitude of the Problem  By age 21, approximately 0.3% of the population develops 
schizophrenia (Bresnahan et al., 2000), and thereafter the cumulative incidence increases 
to about twice that (Kendler, 1996). The annual cost of schizophrenia in the United 
States was recently estimated at $65.2 billion (Cuffel et al., 1996), and a substantial 
portion is due to disease in young adults (Genduso and Haley, 1997).  About two thirds of 
those who develop schizophrenia continue to be affected throughout adult life (Bromet 
and Fenning, 1999). 

State of the Science  While infectious agents have been suspected of increasing risk of 
schizophrenia, their role has not been established (Bromet and Fenning, 1999; Buka et 
al., 2001). In recent data from long term follow-up of participants in the US 
Collaborative Perinatal Project (an NCS-like longitudinal study performed in the US in 
the 1960s) levels of maternal pregnancy serum immunoglobulins (IgG and IgM) were 
associated with increased risk of schizophrenia in offspring, suggesting that maternal 
infection increased the risk of schizophrenia among children from those pregnancies 
(Buka et al., 2001a). Evidence that increased exposure to mediators of inflammation in 
utero is associated with higher risk of schizophrenia has also been reported (Buka et al., 
2001b). 

Furthermore, levels of specific antibodies were examined for a variety of infectious 
agents and only elevations of antiobodies to herpes simplex virus, type 2 (genital herpes), 
were associated with increased risk of schizophrenia (Buka et al., 2001a). Herpes 
simplex viruses are known to cause encephalitis in infants (Corey, 1989), thus latent 
effects of less severe infection are biologically plausible.  Investigation into effects of 
early exposure to herpes simplex type 2 is timely given the recent increase in prevalence 
of infection among young adults in the United States, where over 20% of the population 
aged 12 or more years is now seropositive (Xu, 2002).  While other infectious agents are 
also suspected of increasing risk, the data for herpes provides a specific example for 
investigation. 

How the NCS will address the problem  Another look at the relation between maternal 
infection, and in particular with herpes simplex type 2, and risk of schizophrenia is 
needed. While a simple examination of maternal antibody titers would advance the 
science in this area, consideration of the timing of the infection in relation to birth would 
be useful, which would require multiple blood samples during pregnancy.  Collection of 
swabs of the lesions for viral culture would enable an evaluation of the timing and rate of 
viral shedding in relation to subsequent schizophrenia. In addition, ascertainment of 
schizophrenia among children born into the NCS could rely on reports of clinical 
diagnosis, or, for a more sensitive assessment of outcome, could employ screening 
questionnaires aimed at identifying subjects with lesser degrees of illness, that would be 
more completely defined in targeted follow-up of those who were screen-positive.   
If prenatal exposure to herpes simplex type 2 infection is associated with schizophrenia, 
management of active disease in pregnancy with antiviral chemotherapy may be 
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worthwhile. Furthermore, preventive measures, based on partner screening and barrier 
contraceptive methods during pregnancy, may help reduce the burden of this disease. 

Sample size considerations:  Assuming 100,000 children are followed to age 21, and an 
exposure prevalence of 10% (e.g., for herpes simplex type 2), the smallest detectable 
relative risk is 1.6. 
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6. Hypothesis:  Exposures early in life that lead to neurotoxic effects are associated with 
increased risk of injury. 

Magnitude of the problem:  Magnitude of the problem:  Injuries are the leading cause of 
death in children and adolescents after the first year of life.  Every year between 20-25 
percent of all children sustain an injury severe enough to require medical attention, 
missed school, and/or bed rest (CDC, NCIPC, Childhood Injury Fact Sheet, 
www.cdc.gov/ncipc/factsheets/childh.htm). 

State of the science:  A variety of environmental exposures are related to 
neuropsychological deficits (Mendola, et al. 2002). Exposure to lead, a classic 
neurotoxicant, has been associated with increased aggression and delinquency 
(Needleman, et al. 1996; Needleman, et al.  2002). Children with prenatal alcohol 
exposure, another known neurotoxicant, exhibit problem behaviors such as hyperactivity, 
impulsivity, poor socialization skills and deficits in executive functioning (Mattson, et al. 
2001). 

Important risk factors for childhood injuries include age, sex, behavioral characteristics 
of the child, family background, and use of drugs and alcohol.  
The behavioral effects of neurotoxicant exposure may predispose children to injury 
because they fail to recognize and appropriately respond to hazards or because their 
resulting aggressive or antisocial behaviors are more likely to place them in harms way.  
Other social and environmental factors, such as neighborhood safety and caregiver 
supervision may mitigate these effects.  Most suspected neurotoxicants have not been 
evaluated for their long-term impact on child development and potential injury risk and 
potential protective factors that might mitigate risk have received little attention. 

How the NCS will address the problem  The NCS will expend a substantial effort in early 
years to assess child development and factors that may be harmful (potential neurotoxic 
exposures) as well as helpful (caregiver supervision) to development.  This hypothesis 
takes advantage of those measurements to address another set of endpoints related to 
child injuries, a substantial public health concern. The physical, mental and emotional 
development of the child can play a large role in injury risk.  Despite the impact of child 
injuries, there is not a standard system to enumerate these events.  The NCS can establish 
routine data capture of injury events that require medical care and may routinely survey 
parents regarding less serious injuries treated at home. 
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 7. The original hypothesis in this position – “Attributes of child care and a child’s 
relationship with caregivers influence risk of injury” - was intended as a placeholder 
while awaiting additional input from the Injury Working Group and other sources.  To 
date, insufficient evidence has been found to support that hypothesis. 
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8. Hypothesis:  Repeated head trauma has a cumulative adverse effect on neurocognitive 
development. 

Magnitude of the problem:  Traumatic brain injury (TBI) is associated with deleterious 
changes in behavioural, neurologic, and developmental measures for even mild to 
moderate injury (Hawley, et al. 2002; Anderson, et al. 2001). The precise incidence of 
childhood TBI in the US is difficult to pinpoint due to variations in reporting by severity 
of injury; in 1995-96, there was an annual average of approximately 7 emergency 
department visits for TBI per 1,000 children <15 years of age.  The incidence of repeat or 
repeated head trauma among children is not known, though people with at least one TBI 
are at increased risk of subsequent injury (Salcido and Costich 1992). 

State of the science:  Head trauma, even mild head trauma, in close temporal sequence to 
an initial episode of TBI is associated with a seemingly disproportionate degree of 
morbidity and mortality (Cantu 1998).  Though the mechanism behind “second impact 
syndrome” is not well-understood, it raises questions about cumulative effects of 
recurrent mild head trauma among children.  Though the classic setting for repeat TBI is 
athletic competition (e.g., an estimated 20% of high school football players sustain at 
least one concussion each season (Kelly and Rosenberg 1998)), normal activities of 
childhood also provide ample opportunity for repetitive mild head trauma. 

How the NCS will address the problem: Within the NCS, information on TBI of varying 
severity can be obtained from interview and medical records, at a minimum, in addition 
to data on activity in general and participation in sports. Behavioural, neurologic, and 
development outcomes will be assessed through interviews, examinations, and linkage to 
other data systems such as medical records and, potentially, school records. 
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Introduction to asthma-related hypotheses, #’s 9 – 14 

Magnitude of the problem:  Almost 6% of US children younger than 18 years of age 
(approximately 4 million children altogether) report having had an asthma attack within 
the last year (Akinbami and Schoendorf 2002).  Asthma is associated with substantial 
physical and behavioural disability among children; 30% of children with asthma have 
reported activity limitation, compared to 5% of children without asthma.  In addition, 
asthma was estimated to have accounted for an additional 10 million missed school days 
and 13 million physician contacts among children in 1988 (Taylor and Newacheck 1992), 
an underestimate of the current burden, given increasing trends in asthma prevalence and 
associated morbidity (Mannino, et al. 2002).  Asthma prevalence among children almost 
doubled from 1980-1995.  The annual estimated cost of pediatric asthma in the US in 
1997 was $6.6 billion (Landrigan 2002). 

State of the science:  Asthma is a complex disease characterized by pulmonary 
obstruction due to inflammatory response within central and peripheral airways.  Asthma 
is considered to have a variety of clinical phenotypes, carrying implications for disease 
etiology, evolution, and severity (Martinez and Helms 1998; Martinez 2002).  Current 
understanding of the etiology and severity of asthma focuses on individual response to a 
wide range of immunogenic and immuno-protective factors (Busse and Lemanske 2001).  
This focus opens a wide range of potential research areas addressing interactions between 
host response (e.g., individual inflammatory response, genetic make-up), potential 
inflammatory triggers (e.g., ozone, particulate matter, and other airborne pollutants; viral 
infection; animal or fungal antigens), and potential protective factors (e.g., early exposure 
to bacterial endotoxin, dietary antioxidants).  The following six sections address the 
specific NCS research questions related to asthma in more detail. 

Several of the hypotheses (i.e., #s 10, 11, 13) address the possible influence of fetal or 
early life exposures on subsequent risk of asthma.  Though the nature and timing of those 
exposures vary, the proposed final pathway resulting in increased risk of asthma may be 
similar, focusing on the immunologic underpinnings of asthma.  Specifically, as each 
hypothesis briefly outlines, each set of exposures has a potential influence on the 
developing immune system’s maturation from the initial (e.g., fetal, early life) 
predominance of Type 2 (Th2) response to allergic insult to a predominantly Type 1 
(Th1) response. The elaboration of each specific hypotheses below briefly addresses the 
particular manner in which the potential exposure(s) influence early development of a 
child’s lymphocytic response to allergenic stimulation. 

How the NCS will address the problem: The NCS will collect a variety of data useful for 
characterizing asthma.  Interview data will assess a history of relevant symptoms, as well 
as physician diagnosis and health care use. In addition, the NCS may allow for linkage to 
medical or pharmacy records.  At a minimum, non-invasive diagnostic tests such as peak 
flow monitoring or perhaps pulmonary function tests will be performed for at least a 
subset of the NCS population. 

18 



Sample size considerations for the asthma hypotheses   The following power estimate 
assumes a sample size of 100,000 at age of diagnosis, an asthma incidence of 5%, and a 
cut-off value for “high” exposure based on the upper 5th percentile of NCS subjects (i.e., 
a proportion exposed of 0.05). It assumes only a main effects model based on exposure 
to a single factor (e.g., a single air pollutant) without consideration of interactions with 
other exposures, genetic factors or family history, etc.  Under those assumptions, the 
smallest detectable relative risk is approximately 1.2. 
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9. Hypothesis:  Exposure to indoor and outdoor air pollution and bioaerosols (including 
allergens, endotoxin, and mold) is associated with increased risk of asthma. 

State of the science:  There is clear evidence that air pollutants, particularly ozone and 
some constituents of particulate matter, as well as transition metals, diesel exhaust, and 
biologicals such as endotoxin can exacerbate existing asthma, but the role of these air 
contaminants in the induction of asthma is less clear (Peden, 2002).  There is some 
evidence that dust mite and cockroach allergens, as well as environmental tobacco smoke 
can cause asthma, but more research is needed to examine a variety of airborne exposures 
early in life, including prenatal exposures, in order to identify factors related to the onset 
of asthma (Redd, 2002).   

Exposure to air pollution and the resulting inflammation has generally been thought to 
precede the changes in airway morphology associated with asthma and to be a relatively 
minor contributor to the incidence of asthma.  However, it appears that lung development 
may be altered in parallel with inflammation, causing structural changes in airways years 
before the clinical expression of asthma (Parnia, et al. 2002).   
Many theories of asthma induction are based on immune response to allergic or irritant 
inflammation.  These responses are complex and dependent on a variety of factors 
including genetics, prior exposures (sensitization, infections, etc.), and timing of 
exposures relative to immune system development.  For example, early exposure to pets 
and farm animals has been found to be protective for allergic sensitization (Gehring et al. 
2002) and later exposure to pets increase risk for asthma (McConnell et al., 2002).  A 
longitudinal study of wheezing in young children found total house dust endotoxin 
increased risk, but pets in the home decreased risk (Litonjua, et al. 2002).   

How the NCS will address the problem  Since exposure to endotoxin, allergens and air 
pollutants are ubiquitous and the impact of various potential combinations of exposures 
and susceptibilities are poorly understood, this question is ideally suited for the NCS. 
Estimation of exposure to specific air pollutants likely will be derived from existing air 
quality monitors; air sampling in and around participants’ residences and schools; activity 
diaries or measurements; and possibly personal air samplers for subsets of the study 
population. Exposure to indoor allergens and endotoxin will be estimated from 
residential and school environmental samples, as well as from information obtained by 
history (e.g., pet ownership). 
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10. Hypothesis:  Respiratory viral infection early in life is associated with increased risk 
of asthma. 

State of the science:  Respiratory tract infections have been linked with asthma for over 
40 years, but the recent literature reflects the complex nature of this relationship.  While 
some studies have suggested that early life infections protect against the development of 
allergy and asthma, others suggest that viral infections may promote allergic sensitization 
and the development of asthma (Mallia, et al.  2002). 

Factors such as family size, particularly the presence of older siblings, and daycare 
attendance have been found to be protective (Ball, et al., 2000; Kramer, et al., 1999).  
Both older siblings and daycare serve as proxy measures of increased prevalence of early 
infections. The protective mechanism has been assumed to be stimulation of the infant’s 
development of type 1 immune response (IgG and IgM production) moving away from a 
type 2 response (IgE production and an allergic profile of lymphocytes).  Reduced 
frequency of infection, particularly among genetically susceptible infants with impaired 
type 1 immunity, could lead to increased risk for allergic diseases including asthma. 

On the other hand, studies that have actually measured infectious episodes (either by 
parental report or physician records) have found the opposite effect. The number and 
severity of respiratory tract infections early in life appear to increase the risk for asthma 
(Ponsonby, et al. 1999; Castro-Rodriguez, et al. 1999).  Early infections, particularly with 
respiratory syncytial virus, have been associated with wheezing and subsequent asthma.  
However, it is unclear whether these infections actively induce asthma or simply 
precipitate symptomatic asthma among a sub-group of children who were going to 
develop asthma later in life regardless of early infection. These relations are further 
complicated by interactions between viral infections and allergic sensitization, age and 
airway size, as well as exposure to environmental tobacco smoke and other factors.   

How the NCS will address the problem:  Exposure to infection and related inflammation 
both in utero and after birth is the basis of several hypotheses in addition to this one (e.g., 
see Hypothesis #s 2, 4, 5). Relevant maternal and feto- infant (e.g., cord blood) samples 
will be taken to assess those exposures. In addition, infant and childhood exposure to 
infections (including proxy measures as described above) will be ascertained by 
interview and potentially by linkage to medical records.  In addition, biologic samples for 
characterization of immune response and genetically determined inflammatory factors 
will be collected. 
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11. Hypothesis:  Maternal stress during pregnancy is associated with increased risk of 
asthma. 

State of the science:  A key factor in the development of asthma is thought to be the 
ability of the child’s immune system to move from a primarily type 2 response to a type 1 
response early in life. In addition to other factors that can impact this migration, such as 
infections, maternal stress responses might impact the developing immune system in 
utero. In particular, elevations in stress-induced maternal cortisol levels may impact the 
fetal immune system and lead to an increased risk of atopic diseases in genetically 
susceptible children (von Hertzen, 2002). 

Glucocorticosteriods appear to drive the Th1/Th2 balance toward a Th2 cytokine profile 
as do cathecolamines (Elenkov, 1999).  Placental corticotropin-releasing hormone is 
stimulated by maternal cortisol creating a positive feedback loop that increases both 
maternal and fetal cortisol.  Maternal cortisol also crosses the placenta and while most is 
metabolized before reaching the fetus, the remainder is thought to be sufficient to have a 
major effect on fetal cortisol concentrations, furthering the differentiation of T-helper cell 
phenotypes and the persistence of a predominantly Th2-type lymphocyte response.  
Additionally, increases in maternal stress may be related to behavioral characteristics 
(such as smoking) that will increase subsequent asthma risk. 

How the NCS will address the problem  Maternal stress will be assessed by physiologic 
measures (e.g., serum or salivary cortisol levels) and interview instruments.  Since stress 
during pregnancy may be associated with preterm birth, lower birth weight and other 
adverse outcomes of pregnancy, careful consideration of multiple confounders is needed 
to evaluate the influence of maternal stress during pregnancy on the developing immune 
system and risk of asthma.  Biologic samples for the assessment of immune response will 
be collected for this and other related hypotheses. 
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12. Hypothesis:  Antioxidant constituents of diet decrease risk of asthma 

State of the science:  Interest in the relation between dietary antioxidant consumption and 
risk of asthma arises from several directions.  First, general population-based health 
surveys have demonstrated modest direct associations between pulmonary function and 
antioxidant consumption and serum levels (Schunemann, et al. 2002; Schwartz and Weiss 
1990). Second, markers of oxidative damage are found at higher concentrations in the 
exhaled breath condensate of children with asthma compared to those without asthma, 
while markers of antioxidant status are higher among children without asthma (Corradi, 
et al. 2002). Third, the deleterious pulmonary response to ozone exposure is somewhat 
modified by oral administration of Vitamins C and E (Samet, et al. 2001; Romieu, et al. 
1998). Pulmonary inflammatory response to ozone exposure is thought to be mediated at 
least in part by oxidative damage to airway tissues. 

Little direct evidence exists, however, concerning the relationship between antioxidant 
consumption or serum levels and the development of asthma, especially in relation to 
exposure to potential oxidative stressors such as ozone, nitrous oxides, or environmental 
tobacco smoke.  In addition, examination of the temporal relationship between 
antioxidant consumption on subsequent outcome and assessment of genetic variation in 
immunologic response to oxidative stress and the potential modifying influence of 
antioxidant exposure will be important in understanding potential intervention 
techniques, whether related to asthma incidence or treatment. 

How the NCS will address the problem   Antioxidant consumption will be measured by 
dietary assessment (e.g., recall, diary) as best suited for this and other hypotheses.  
Antioxidant levels can be assessed through serum samples and possibly other biologic 
measures (e.g., exhaled breath condensate).  Samples enabling assessment of systemic 
measures of oxidative stress, such as urinary isoprotanes, will also be obtained. 
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13. Hypothesis:  Early exposure to bacterial and microbial product decreases risk of 
asthma (hygiene hypothesis). 

State of the science:  Starting in the late 1980’s a number of papers suggested that “… 
allergic diseases were prevented by infection in early childhood …”, an hypothesis 
running counter to observations that infection is generally an allergenic stimulus 
(Strachan 2000). Initial investigations focused on epidemiologic associations between 
family size, birth order, and attendance in daycare on the risk of asthma and other allergic 
disorders. Subsequent investigation has examined immunologic profiles of people with 
and without asthma, as well as patterns of early infection and exposure to bacterial 
endotoxin among children with and without asthma (Braun-Fahrländer, et al. 2002). 

General findings from these studies can be interpreted to suggest that asthma is 
associated with a failure of the immune system to develop normally.  This lack of 
immunologic maturity may be associated with decreased early life exposure to certain 
infections (e.g., M. tuberculosis, measles, Hepatitis A) or microbial products in general 
(e.g., bacterial endotoxin) that directly stimulate the Th-1 lymphocyte response.  
Attenuation of the normal change from a predominantly Th-2 lymphocyte response to 
stimuli, associated with allergic inflammation, to a balanced response between Th-1 
(associated with cellular defense) and Th-2 lymphocytes has been postulated as a 
potential mechanism for increased asthma risk (Busse and Lemanske 2001; Kheradmand, 
et al 2002). The degree to which asthma etiology can be directly related to decreased 
exposure to certain infections or microbial products; the necessary timing of these 
exposures to initiate optimal immune response throughout life (or, whether the 
immunologic response is programmed in utero [Warner 1998]); and individual variation 
in response to early infections are in need of additional in-depth investigation to further 
development of asthma prevention and treatment strategies. 

How the NCS will address the problem:  Early exposure to infection and potential 
allergens will be assessed by interview history (e.g., family structure, illness, daycare 
attendance, pet ownership). Household environmental samples will be used to assess 
exposure to endotoxin and potential allergens. 
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14. Hypothesis:  Access to health care and management of asthma are strongly related to 
risk of asthma. (Note: The wording of this hypothesis has been changed to reflect the 
belated recognition that, due to the rarity of the outcome, asthma mortality is not an 
appropriate outcome for the NCS.  Further development of support for this hypothesis 
will benefit from additional input from the Health Services and Asthma Working 
Groups.) 

State of the science: The beneficial effect of appropriate health care on morbidity 
associated with asthma is well known (Greineder, et al. 1995; Homer, et al. 1996).  
However, the relationship between receipt of health care, particularly early in life, and 
subsequent development of asthma is not known. Receipt of appropriate services early in 
life may lead to decreased exposure to asthma triggers, such as environmental tobacco 
smoke or animal dander, that have been associated both with asthma incidence and 
severity. 

Alternatively, health care received early in life is likely associated with increased use of 
antibiotics. The results of some studies suggest that early use of antibiotics may be 
associated with an increased risk of subsequent asthma, either by curtailing normal 
immune response to infection or by causing alterations in bacterial flora that then 
influence the individual’s immune response (Mattes and Karmaus 1999). Disentangling 
the interactions between beneficial effects of health care, early exposure to viral 
infections, early exposure to bacterial infections, and the use of antibiotics associated 
with health care on asthma induction is necessary to gain more complete understanding 
of the influence of health care on childhood asthma. 
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Introduction to obesity and insulin resistance-related hypotheses, #’s 15-20 

Magnitude of the Problem  The prevalence of overweight among children is greater than 
15% among children aged 6 years or more, and this prevalence has increased over the 
past 40 years (Ogden, 2002, Kuczmarski, 1994).  Being overweight as a child is a risk 
factor for being overweight in adulthood (Serdula et al. 1993), and is associated with 
increased risk of type 2 diabetes, hypertension, and coronary artery disease (Freedman et 
al. 2001). Furthermore, being overweight as a child increases the risk of developing type 
2 diabetes before the age of 21 years (Sinha et al. 2002). Because child overweight is a 
risk factor for adult overweight, child overweight contributes to the more than $40 billion 
annual cost of obesity in the United States (Colditz 1992). 

The present best estimate of the prevalence of type 2 diabetes among those less than age 
21 years in the U.S. is about 0.1%, based on NHANES data from 1988-1994 (Fagot-
Campagna et al. 2001).  Given the increase in overweight among children, it seems 
reasonable to assume that the prevalence now is higher than 0.1%--but by how much is 
unclear. Thus, type 2 diabetes may not be common enough for the NCS to examine with 
sufficient power. Nonetheless, insulin resistance, or closely-related conditions such as 
metabolic syndrome, are outcomes that would occur with sufficient frequency among 
subjects less than aged 21 years that they could serve as outcomes.  Insulin resistance is 
considered the underlying abnormality in metabolic syndrome.  Metabolic syndrome, 
according to the World Health Organization (1998) and as modified by Laaksonen et al. 
(2002), is defined by: fasting hyperinsulinemia, impaired fasting glycemia or diabetes, 
and the presence of at least two of the following: abdominal obesity, dislipidemia 
(hypertriglyceridemia or low HDL cholesterol), or hypertension.  Such a definition is 
feasible for large-scale epidemiologic studies, and identifies those who are at high risk of 
developing type 2 diabetes. The prevalence of metabolic syndrome among adults, as 
compared with the prevalence of type 2 diabetes, is about 4-fold higher (Laaksonen et al. 
2002). Thus, it is reasonable to assume that an outcome definition of metabolic 
syndrome like that presented above would have a prevalence above 0.2%, meaning that 
the NCS would have sufficient power to examine it for a wide range of exposure 
prevalences. 
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15. Hypothesis  Impaired maternal glucose metabolism during pregnancy is directly 
related to risk of obesity and insulin resistance in offspring. 

Magnitude of the Problem See previous discussion, above. 

State of the Science  The offspring of mothers who have type 1 diabetes are at increased 
risk of overweight, and this effect is often evident as early as 4 years of age (Whitaker 
and Dietz, 1998). Other studies, where mothers with gestational diabetes were grouped 
together with type 1 and type 2 diabetics, have also shown increased risk of overweight in 
offspring (Whitaker and Dietz, 1998).  On the basis of these observations, offspring of 
mothers with gestational diabetes, or lesser degrees of impaired glucose metabolism, are 
suspected of being at increased risk of obesity, but there are few data available to address 
the issue, and those data that are available had extremely limited statistical power 
(Whitaker  and Dietz 1998; Dabelea and Pettitt 2001) 

Whether impaired maternal glucose metabolism during pregnancy causes overweight in 
children is an especially timely issue because the prevalence of overweight among 
women of childbearing age has increased (Mokdad, et al, 1999), and overweight is a risk 
factor for impaired maternal glucose metabolism and gestational diabetes (Kjos and 
Buchanan, 1999). 

How the NCS will address the problem  The NCS will include a standardized assessment 
of glucose tolerance during pregnancy, and will assess body size and habitus in offspring 
multiple times during childhood and adolescence.  At least once before age 21, a fasting 
blood sample and blood pressure measurement would be required to make the diagnosis 
of metabolic syndrome. 

If the NCS results indicate that impaired glucose metabolism during pregnancy increases 
risk of overweight and insulin resistance in offspring, increased emphasis could be placed 
on the importance of weight control before pregnancy, and for greater glucose control 
during pregnancy, even among those without clinical gestational diabetes (if results 
support that). 

Sample size considerations:  About 4-7% of pregnancies are complicated by gestational 
diabetes (Kjos and Buchanan 1999). Assuming 100,000 children, and an exposure 
prevalence of 5%, the smallest detectable relative risk for obesity (prevalence 10%, using 
30 kg/m2 definition) would be about 1.2; the smallest detectable relative risk for 
metabolic syndrome (assumed prevalence 0.4%) would be 1.7. 

27 



16. Hypothesis  Intrauterine growth restriction as determined by serial ultrasound 
examination is associated with subsequent risk of central obesity and insulin resistance in 
offspring, independent of subsequent body mass index. 

State of the Science  Birth weight has been inversely associated fairly consistently with 
increased body mass index later in life, although whether this association is causal 
remains controversial (Joseph and Kramer 1996). The relation of birth weight to central 
obesity, conditional on body mass index, however, has been investigated in only a few 
small studies (Ong et al., 2000; Garnett et al., 2001); these studies support an inverse 
association. Although birth weight does not make an important contribution to the 
population attributable risk of cardiovascular disease (Maher Rasmussen, 2001), this 
contribution may have been underestimated because birth weight is a poor proxy for the 
intrauterine events that are related to subsequent risk of obesity, central obesity, and 
cardiovascular disease. An improved assessment of these intrauterine events can be 
provided by serial ultrasound examinations during pregnancy (Ott, 1997).   

An improved understanding of the relation between fetal growth, child growth, and 
subsequent risks of chronic disease will help target and prioritize research on the 
proximal causes of fetal and child growth.  If, for example, the relation of fetal growth to 
subsequent risk of chronic disease is much greater than previously recognized, addressing 
the current paucity of data on determinants of fetal growth will require high priority. 

How the NCS will address the problem  The NCS will include both serial ultrasound 
examinations during pregnancy and assessments of central obesity at several ages.  
Assessment of central obesity for a large number of subjects could be based on 
abdominal girth measurements.  The relation of abdominal girth to central adiposity 
could be calibrated in a substudy of the NCS, or in external studies. At least once before 
age 21, a fasting blood sample and blood pressure measurement would be required to 
make the diagnosis of metabolic syndrome 

Sample size considerations  Using the assumed  prevalence of metabolic syndrome as a 
starting point (0.4%) and estimating that approximately 10% of the study population will 
have sub-optimal fetal growth, the smallest detectable relative risk in a population of 
100,000 is 1.5. 
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17. Hypothesis  Breast milk feeding, compared with infant formula feeding, and 
breastfeeding duration are associated with lower rates of obesity and lower risk of insulin 
resistance. 

Magnitude of the Problem See previous discussion, above. 

State of the Science  Although the relation of breastfeeding to subsequent overweight has 
been examined numerous times (Parsons, 1999), only the results of two large, recent 
studies have provided evidence that there may be a protective effect (Gillman, 2001; von 
Kries, 1999). Data remain sparse on whether the protective association with overweight 
persists later in adolescence (Gillman, 2001).  Furthermore, questions remain whether the 
protective effect, if any, is due to constituents of breast milk, or due to differences in 
feeding practices for breast and formula-fed infants.  The existing studies relied on 
retrospectively-reported breastfeeding histories, which provide reasonably good 
information; nonetheless, prospectively collected data stand to improve assessment of 
breast feeding and allow more accurate estimates of the association.  

If breastfeeding does help prevent subsequent obesity, this would be one of the few 
protective preventive measures available (Dietz, 2001).  The relationship of large racial 
and ethnic differences in infant feeding practices (e.g., approximately 34% of white 
infants are breastfed at 6 months of age, compared to 21% of black children and 28% of 
Hispanic children [US Department of Health and Human Services 2002]) to subsequent 
differences in childhood obesity (Ogden, et al., 2002) may also be explored.  
Furthermore, by identifying whether the protective effect is due to constituents of breast 
milk or to differences in feeding practices would help inform recommendations regarding 
mode of breast milk feeding in infants. 

How the NCS will address the problem   The NCS will collect information about 
breastfeeding practices and will obtain one or more specimen(s) of breast milk during 
infancy. In addition, as noted above, the NCS will assess body size in offspring multiple 
times during childhood and adolescence, and will assess the prevalence of metabolic 
syndrome at least once. 

Sample size considerations In 2000, almost 70% of all infants were breastfed (either 
exclusively or in combination with formula feeding) before initial hospital discharge.  
However, by 6 months of age, just under one-third of infants were breastfed (US 
Department of Health and Human Services 2002).  Assuming a breastfeeding prevalence 
of 50% (in line with estimates from NHANES III  [Hediger et al., 2001]), and using the 
power assumptions noted above, the smallest detectable relative risk for obesity would be 
1.05; and for metabolic syndrome would be 1.3.  
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18. Hypothesis  Dietary predictors of obesity and insulin resistance include reduced 
intake of fiber and whole grains, and high glycemic index. 

Magnitude of the Problem See previous discussion, above. 

State of the Science  The glycemic index of foods reflects the increase in blood sugar that 
occurs after feeding; whole grain and high fiber foods tend to have a low glycemic index.  
Animal and adult human data suggest that a diet rich in foods with a low glycemic index 
prevents obesity. Furthermore, consumption of foods with a high glycemic index has 
been associated with increased risk of type 2 diabetes in some epidemiologic studies of 
adults, but not all (Jenkins et al., 2002). The data for humans, while sparse (Jenkins et 
al., 2002), are nonetheless sufficient, when considered with the supporting mechanistic 
evidence (Ludwig, 2002), to support the need for randomized trials to evaluate efficacy 
of diets with low glycemic indexes for prevention of obesity in adults (Brand-Miller et 
al., 2002). Meals with a high glycemic index were found to induce metabolic responses 
that promote food intake in teenage boys, suggesting that further work on glycemic index 
and obesity in children is needed (Ludwig et al., 1999). Given the paucity of human data, 
and the relation between childhood and adult obesity, further data on this aspect of diet in 
relation to childhood overweight is needed. If the NCS identifies attributes of diet that 
are associated with prevention of overweight in children, this could have a substantial 
impact on dietary recommendations. 

How the NCS will address the problem  The NCS will assess dietary intake of children at 
those ages where measurement is most accurate.  As noted above, body habitus will be 
assessed numerous times throughout the study.  At least once before age 21, a fasting 
blood sample and blood pressure measurement would be required to make the diagnosis 
of metabolic syndrome.  
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19. Hypothesis  Environmental factors such as distance to parks, availability of walking 
routes in the neighborhood, and neighborhood safety are associated with risk of obesity 
and insulin resistance. 

Magnitude of the Problem See previous discussion, above. 

State of the Science   The “built environment” comprises urban design, land use, and the 
transportation system, and encompasses patterns of human activity within the physical 
environment (Handy et al., 2002).  The relation between the built environment, physical 
activity, and risk of obesity and insulin resistance needs further investigation (Handy et 
al., 2002). Factors that would enhance the assessment of the built environment in relation 
to physical activity and overweight are improved conceptual and statistical models, 
improved measures of aspects of the built environment that influence physical activity, 
and improved assessment of physical activity, relative to earlier work in the field.  
Improvement of measures of aspects of the built environment that influence physical 
activities relies in part on better identification of the relevant aspects of the built 
environment.  Traditional measures of the built environment include density of people or 
jobs per unit area, land use mix, connectivity of streets, street scale, aesthetic qualities, 
and regional structure (Handy et al. 2002). 

An improved understanding of the attributes of the built environment that influence 
physical activity and overweight will assist planners in the design and management of the 
built environment to promote public health. 

How the NCS will address the problem  The characteristics of the built environment for 
each subject in the study will be assessed (Weich et al., 2001).  Physical activity will be 
assessed by interview, activity diary, and potentially by physiologic measurement. 
Height, weight, waist-to-hip ratio, and other indications of body habitus will be assessed, 
as noted for other hypotheses for this priority outcome. 

Sample size considerations:  As an example power calculation for this general 
hypothesis, the smallest detectable relative risk for metabolic syndrome in relation to 
presence of sidewalks in one’s neighborhood (about 40% of people in the U.S. do not 
have sidewalks in their neighborhood [Brownson et al., 2001]), is approximately 1.4.   
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20. Hypothesis  Social, behavioral, and family factors that affect development of dietary 
preferences and physical activity patterns early in childhood determine risk of childhood 
obesity and insulin resistance. 

Magnitude of the Problem See previous discussion, above. 

State of the Science  While the importance of physical activity and energy balance (diet) 
in prevention of childhood overweight are well understood, the determinants of physical 
activity behaviors and dietary preferences need further research. Examples of research 
needs for physical activity behaviors are determinants of time spent outdoors (besides 
season), time watching television, and concerns about outdoorsafety  (Kohl and Hobbs 
1998). Furthermore, the effect of attitudes about physical activity, the effect of peer 
influence, and sociocultural factors needs further study. 
Similarly, much remains to be learned about how early experiences with food and eating 
affect the development of dietary preferences (Nicklas et al. 2001; Story 2002; Birch and 
Fisher 1998). 

Identifying familial and child-rearing practices that favor the adoption of healthy dietary 
and physical activity behaviours have the potential to yield specific interventions leading 
to the prevention of overweight and associated morbidity. 

How the NCS will address the problem:  Physical activity and diet assessments especially 
designed for children will be administered, either to parents or children, depending on 
age. Children’s age has a large effect on the validity of the instruments measuring diet 
and physical activity. In addition, assessment of parental dietary and activity practices 
may be necessary to understand their influence on the acquisition of practices among 
their children. Child-care and school influences will also need to be evaluated. As noted 
above, body habitus will be assessed numerous times throughout the study.  At least once 
before age 21, a fasting blood sample and blood pressure measurement would be required 
to make the diagnosis of metabolic syndrome. 
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21. Hypothesis In utero and subsequent exposure to environmental agents that affect the 
endocrine system (e.g., bisphenol A, atrazine, and lead) results in altered age at puberty.  

Magnitude of the Problem  A trend towards decreasing age at menarche in the U.S. has 
been reported (Kaplowitz et al. 2001), although some critics disagree (Lee et al. 2001; 
Viner 2002). Even if the trend has not been established, documented exposure of 
children and pregnant women to compounds carrying potential reproductive toxicity, as 
described below, support the importance of studying environmental determinants of age 
at puberty. 

State of the Science  Cross-sectional data from NHANES III (Wu, et al 2003) suggest 
that higher blood lead levels may be associated with a delay in onset of puberty.  These 
results parallel similar findings in animals.   

Bisphenol A is a high production volume chemical, used in a variety of applications 
including manufacturing of flame retardants, resins, and plastics.  Bisphenol A is a weak 
estrogen (Pottenger et al., 2000). Human exposure may arise in a number of 
circumstances, for instance, when foods are contaminated by heated plastics.  New data 
show that blood levels of bisphenol A in pregnant women (Schonfelder et al., 2002) are 
similar to those found in pregnant rats that give birth to offspring with bisphenol A-
induced reproductive toxicity (Howdeschell et al, 1999; Rubin et al., 2001; Pottenger et 
al, 2000). 

Atrazine is a widely used herbicide. In a population-based probability sample of children 
aged 3-13 years old, about 3% of children had detectable levels of an atrazine metabolite 
in their urine, and urban-rural differences in levels were not statistically significant. 
Recent experiments in peripubertal rats show that atrazine, in doses of 30 mg/kg orally, 
per day, for up to 25 days, delayed the onset of puberty (Ashby et al. 2002). Whether the 
doses effective in animal experiments result in urinary metabolite levels like those seen 
among children with detectable levels is not clear. 

In the event that these exposures affect sexual maturation of children, exposures would 
need to be more tightly controlled or regulated. 

How the NCS will address the problem  Exposure to bisphenol A and atrazine can be 
assessed by measures of metabolite levels in urine; exposure to lead can be assessed by 
levels in whole blood. Pubertal development can be assessed by Tanner stages, and, for 
females, by ascertaining the age at which menstruation begins, and, for males, by 
ascertaining the presence of sperm in urine.  The special significance of the NCS for the 
lead investigation is that prospective evaluations are needed. In the case of the other two 
exposures, human data are needed. 
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