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ABSTRACT

KATHERINE YONG WOJCIK: Maternal & Nutritional Influences on Pediatric Chronic Disease
(Under the direction of Melinda Beck)

Children are experiencing unprecedented levels of obesity, potentially complicating
coexisting chronic conditions. Approximately 35% of American youth with type 1 diabetes (T1D)
may also be overweight or obese. Although frequently associated with type 2 diabetes, excess weight
is linked to heart disease and stroke, with negative implications for blood pressure that should not be
ignored among T1D youth. Nearly 14% of these youth may already have > 2 risk factors present for
cardiovascular disease. Herein, a review of maternal influences on pediatric obesity revealed
breastfeeding as slightly protective, while maternal overweight and smoking increased the risk.
Breastfeeding may also protect against high blood pressure, a leading cause of stroke. Among a
sample of T1D youth, no association between infant diet and hypertension was observed; important
study limitations are noted. Such knowledge may inform future studies aimed at increasing efficacy

of T1D self-management and quality of life.
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BACKGROUND

Children are experiencing unprecedented levels of obesity, with about 30% estimated to be
either overweight or obese,’ potentially complicating coexisting chronic conditions. Although
frequently associated with type 2 diabetes, about 35% of youth with type 1 diabetes (T1D) are also
overweight or obese.? Excess weight in childhood predicts later obesity,** increases the severity of
obesity experienced as an adult,® and increases risk of cardiovascular disease (CVD) "® Moreover,
nearly 14% of T1D youth may already have two or more risk factors for CVD present.’ Hence, it is
clear that excess weight should not be ignored among T1D youth, as it has negative implications for
future blood pressure, stroke, and heart disease.

From a preventative standpoint, it is important to understand potential determinants of excess
childhood weight gain; chapter 1 provides a broad overview of the maternal environmental factors
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thought to influence pediatric obesity. Exposure to breastfeeding offers numerous short™" and long

term benefits'®*2

and may also offer some protection from future CVD. Under the concept of the
developmental origins of human disease (DOHaD), the unique nutritional composition of breast milk
may provide advantageous nutritional programming effects for vascular development and blood
pressure through its differences in fatty acid profile and sodium content, compared to infant
formulas.™ Given the prevalence of excess weight and increased risk of CVD among youth with T1D,
the aim of chapter 2 was to determine if exposure to breastfeeding might be protective for
hypertension or elevated blood pressure in a sample of T1D youth. Such information may inform

future interventions aimed at increasing efficacy of T1D self-management in youth, potentially

decreasing future burden of CVD and increasing overall quality of life.
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CHAPTER 1
MATERNAL DETERMINANTS OF CHILDHOOD OBESITY

INTRODUCTION

The mother’s genetic background and her metabolic status and behavior before, during, and
after pregnancy function as important determinants of obesity and related health outcomes in her
child. A substantial body of research has explored the roles of maternal factors in childhood obesity-
related outcomes; however, many questions remain as to how and when during development these
factors exert their influence. Thus, priorities for either clinical or public health action to reduce the
risk for childhood obesity are uncertain.

In this chapter, we discuss those maternal factors that appear to have the strongest influence
on pediatric obesity: these include maternal weight status, breastfeeding, and smoking. Limited
information on maternal dietary habits and physical activity is also presented. Some population sub-
groups may be more strongly influenced by these maternal factors than others. For example, African-
American girls are at substantially greater risk of becoming obese earlier in life (nearly one-third in
2003-2006 National Health and Nutrition Examination Survey (NHANES)) than African-American
boys or youth of other races and ethnicities. And compared to non-Hispanic white women, African-
American women are at higher risk for being overweight at conception® and for developing
gestational diabetes™ and are less likely to breastfeed their offspring.”® Similarly, Hispanic boys
appear to be at greater risk of early obesity (more than 20% in 2003-2006 NHANES) than boys of
other races and ethnicities, and Hispanic women are more likely to be overweight at conception than
their non-Hispanic white counterparts.*®* Considering that genes and environment can have powerful

interactions, maternal factors may be particularly strong within population subgroups at increased



risk. Throughout our discussion, it will be noted when maternal factors related to socioeconomic
status, race and ethnicity, and cultural influences may be acting in concert. However, socioeconomic

status and related topics will be discussed at greater length in other chapters of this book

MATERNAL WEIGHT STATUS

Obesity in children is associated with maternal overweight prior to, during, or after
pregnancy. The potential public health impact of maternal weight status is quite high owing to the
exceedingly high prevalence of overweight among women. Based on NHANES 2003-2004 data, the
most recent reports available from the Centers for Disease Control and Prevention (CDC) reveal that
approximately 33% of all adult women (>20 years) in the United States are obese and nearly 62% of

all adult women are overweight or obese.™®

Pregravid Weight Status

One of the stronger predictors of childhood overweight is presence of overweight or obesity
in the mother prior to pregnancy.’” Maternal obesity may serve as a proxy for the child’s genetic
predisposition to obesity and/or for early fetal exposure to a biochemical environment altered by
maternal overweight status.

Several studies have found pregravid obesity to be a consistently strong predictor of
childhood obesity. For example, the odds ratios (ORs) of childhood obesity at 7 years of age were
1.38 with pregravid maternal overweight (Body Mass Index (BMI) = 26 - 29) and 2.56 with pregravid
maternal obesity (BMI > 29); however, an interaction between maternal underweight status and
maternal weight gain was also reported, as discussed later in this section.”® In a study examining 2- to
14-year olds, the odds of obesity were 3.6 among children with mothers who were obese (BMI >30)
prior to pregnancy compared to the referent group of children with non-obese mothers (BMI < 25)."
When the same analysis was stratified by age (2- to 6-year olds, 7- to 10-year olds, and 11- to 14-year
olds), the most dramatic increase in odds (OR: 5.7) was observed in the 7- to 10-year-old group.’
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Among low income children, the odds ratios for obesity were 2.28 among 2-year olds, 3.06 among 3-
year olds, and 3.07 among 4-year olds with obese mothers (BMI 30 - 39.9) compared to those with
normal weight mothers (BMI 18.5 - 24.9)."

The impact of maternal obesity may extend through early adulthood; indeed, pregravid BMI
has been related to higher adult BMI by age 20.% Yet conflicting evidence exists, as a recent study
following children from birth to 5 years of age found that adjusting for prenatal factors including
pregravid BMI accounted for some of the BMI Z-score differences in normal versus obese children;
however, the effect was only observed until 24 months of age, having little or no further effect on
BMI Z-score from 24 months to 5 years.?

The findings of this study are difficult to interpret; however, because maternal obesity is
associated with births of large-for-gestational-age (LGA) babies, which is in turn a predictor of
childhood obesity."*%?* In an extensive review of maternal obesity, metabolism, and pregnancy
outcomes conducted in 2006, obese women were more likely to have LGA/macrosomic infants.?

Does the father’s weight function as a determinant of childhood weight gain? In one recent
study, the odds of overweight in children at age 4.5 years were nearly two to three times higher in
those with overweight or obese parents than in children with normal weight parents.? This effect was
noted when maternal or paternal BMI was analyzed separately or in combination. Interestingly, same-
sex parental BMI, mother-daughter or father-son, may also predict child obesity risk.®

In addition to maternal overweight or obesity, maternal underweight may also lead to child
obesity if there is excess or inadequate gestational weight gain (see below) or rapid catch-up growth

of the child during infancy and early childhood.'®%

Gestational Weight Gain

Excess gestational weight gain is associated with the birth of LGA infants (defined as birth
weight > 90th percentile for age).”>* Regardless of the woman’s weight status prior to pregnancy,?’
excess gestational weight gain may double the risk of macrosomia, although much of this effect may
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be attributable to gestational diabetes (GDM) status.”®* Key outcomes - high birth weight, LGA, and
macrosomia - associated with excess gestational weight gain are, in turn, predictors of childhood
obesity.?*#*2"331 The impact of gestational weight gain may extend well into childhood, as suggested
by the increase in odds of obesity at 7 years of age (OR: 1.48) in offspring of women with excess
weight gain during pregnancy compared to women with recommended weight gain.*® Despite the
increasing body of evidence, a full understanding of the association of gestational weight gain with
childhood obesity remains elusive due to complexities of gestational weight gain intertwined with
issues of maternal obesity and GDM, which also have strong effects on the intrauterine environment,
birth weight, and child obesity outcomes.

The impact of excess gestational weight gain may be most pronounced among underweight
mothers. Maternal overweight and maternal obesity, compared to normal weight, each increased odds
of childhood obesity at age 7 years (OR: 1.38 and 2.56, respectively), but a pronounced interaction
(OR: 3.36) of low maternal BMI with excess gestational weight gain was reported when the model
was adjusted for the child’s sex, gestational age, first-born status, as well as the mother’s race,
maternal age, maternal prepregnancy BMI, smoking, and study site.™®

The relationship between absolute gestational weight gain and higher birth weight is less
clear among overweight and obese women than among normal weight women. This is because their
preexisting weight status confers an increased risk of fetal macrosomia and childhood obesity even in
the absence of excess gestational weight gain; alternatively, their relative gestational weight gain is
less than that of normal weight women who gain equivalent amounts of excess weight during
pregnancy.27,30,32,33

Even when gestational weight gain in overweight women is comparable to that in normal
weight women, the overweight women have significantly heavier offspring.* It is possible (though
not established) that overweight/obese mothers, even in the absence of pre-existing diabetes or GDM,

transport excess glucose and fatty acids to the fetus and thereby contribute to fetal fat deposition.*



New Guidelines for Pregnancy Weight Gain in Overweight and Obese Women

During the past two decades in the United States, the rise in obesity rates occurred in parallel
with increases in adverse maternal health and birth outcomes. Understandably, concerns were raised
regarding excess gestational weight gain, particularly among the growing number of overweight and
obese women. Indeed, analysis of trends from the Pregnancy Risk Assessment Monitoring System
(PRAMS) showed substantial excess in weight gain during pregnancy among those classified as
either overweight or obese. Previously, the guidelines for maternal weight gain formulated by the
Institute of Medicine (I0M) were designed primarily to reduce the risk of intrauterine growth
retardation. However, given recent findings, an update was released in May 2009. The new guidelines
recommended that obese women lower their targeted weight gain (see Table 1.1 based on the 2009
IOM guidelines). The new recommendations highlight the importance of prepregnancy weight and

gestational weight gain as determinants of metabolic outcome in the mother, fetus, and growing child.

Table 1.1 Total Pregnancy Weight Gain Recommendations by BMI Status
Range of Recommended

Prepregnancy BMI BMI* Total Weight Gain
Underweight <185 28 - 40
Normal weight 18.5-24.9 25-35
Overweight 25.0-29.9 15-25
Obese >30.0 11-20

*BMI calculation based on World Health Organization (WHO) Standards

Effects of Maternal Undernutrition

Maternal undernutrition, manifested as low prepregnancy BMI, inadequate gestational weight
gain, or both, may negatively impact birth weight. The Dutch famine of 1944-1945 is an example of
the relationship between inadequate maternal nutrition and its relationship to later obesity in the
offspring. The timing of nutrient restriction was found to have important effects on birth weight and

subsequent adiposity. Short-term nutrient restriction in the second and third trimesters resulted in



lower mean birth weight.> In contrast, nutrient restriction in early pregnancy resulted in higher mean
infant birth weights when compared to infants of unexposed mothers.* If early trimester nutrient
restriction increases birth weight, and high birth weight increases the risk of childhood obesity, then
nutrient restriction early in pregnancy may contribute to the development of obesity in childhood.
More commonly, however, inadequate gestational weight gain results in small-for-
gestational-age (SGA) or low-birth-weight (LBW) infants. Interestingly, low birth weight may be a
risk factor for rapid weight gain in the first 5 months of life, which in turn may also increase
childhood obesity risk. Rapid catch-up growth from age 17 years has also been linked to adult

BMI.%

Postnatal Maternal Weight Status

It has been reported that women gaining the most weight while pregnant also experience
increased postpartum weight retention.® Excess gestational weight gain has also been associated with
long-term obesity in the mother.*” This may predispose the mother to metabolic dysfunction or
gestational diabetes in subsequent pregnancies, creating a vicious cycle that sustains the obesity
epidemic. Thus, the failure to shed excess gestational weight gain could impact both future maternal

BMI status and future offspring risk.

SMOKING

The relationship between maternal smoking and adverse outcomes such as intrauterine
growth restriction, LBW, and SGA has been established through much research over the past four
decades.®®*° More recently, researchers have explored the relationship between smoking and
childhood obesity. In one study, maternal smoking in early pregnancy was found to increase
significantly the risk of obesity in 5-year-old children (OR: 5.04) compared with children whose
mothers were either former smokers or never smokers during early pregnancy.** Other studies showed
that maternal smoking during pregnancy significantly increased odds of BMI >95th percentile at 4.5
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years (OR: 1.8).” Similar risks were noted at age 9-10 years (OR: 2.56).** Meta-analyses support the
hypothesis that maternal smoking is related to increased risk of early childhood overweight and
obesity.*>*

The vast majority of research to date collectively points in the same direction: that smoking
increases risks of LBW and SGA, that LBW and SGA infants experience rapid postnatal catch-up
growth with greater adiposity, and that each of these outcomes is associated with increased odds of
childhood obesity. As noted by Oken et al., studies that reported the amount of maternal smoking in
relation to childhood obesity provided evidence of a dose-response;* the prevalence of childhood

4445 correlated with the number of

obesity and the mean BMI and skinfold thickness at 5 years of age
cigarettes smoked by the mother per day.

A recent study by McCowan et al. examined the effects of smoking cessation on gestational
length and birth weight.®® Among women who stopped smoking prior to 15 weeks of gestation, there
was no increase in spontaneous preterm births or the number of children born SGA relative to non-
smoking mothers. However, among women who continued to smoke, there was threefold increase in
the number of preterm births and a 76% increase in the number of children born SGA.

The public health implications here are clear. Health professionals should continue to

promote smoking cessation, particularly among women as a part of early prenatal care.

BREASTFEEDING

Breastfeeding is the optimal form of nutrition for infants; however, evidence to support its
role in the prevention of childhood obesity remains controversial. Maternal behaviors that modulate
the relationship between infant consumption of breast milk, duration of breastfeeding, and risk of
childhood obesity are complex, and studies often fail to control effectively for confounding factors.
Indeed, factors that may be considered confounders by some may be considered mediators by others.
These include the rate and timing of weight gain in infancy in response to early feeding practices, and
the co-occurrence of other health-promoting habits by the mother or the overall family. It has been
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therefore difficult to determine if breastfeeding per se reduces the risks or severity of childhood
obesity.

Nevertheless, meta-analyses largely support the hypothesis that breastfeeding reduces the
odds of childhood obesity.**° This is true if children who are breastfed exclusively are compared to
formula-fed children (OR: 0.66)* or if children who were breastfed at any time are compared with
non-breastfed subjects (OR: 0.78).% A recent meta-analysis showed a protective effect of
breastfeeding among the larger studies (>1,500 participants) despite evidence for publication bias.*

Strong evidence for dose-response protection against development of child obesity with
increased duration of breastfeeding is described in Harder’s meta-analysis. Odds ratios were 0.81,
0.76, 0.67, and 0.68 for periods of breastfeeding ranging from 1 to 3 months, 4 to 6 months, 7 to 9
months, and >9 months, respectively. However, in most cases significant effects were not observed

until children were breastfed for at least 3-6 months,*"4%°-%

and at least one study reported an
unexpected increased risk with breastfeeding duration <1 month compared to infants who never
breastfed (OR: 1.36).%* Another study reported that when formula was used with breastfeeding, a
significant dose-response effect was not seen until 26 weeks.>

Since there are obvious ethical concerns in conducting randomized controlled trials (RCTSs)
of breastfeeding among infants, observational studies are the primary source of information.
However, one study was conducted as a breastfeeding promotion intervention using RCT methods.>
Researchers found no protective effect for breastfeeding compared to formula feeding, but the results
should be interpreted with caution due to several methodological limitations. The study was
conducted in a Belarusian population with very low obesity prevalence, the duration of breastfeeding
did not exceed 3 months in the intervention group, and only 43% were breastfed exclusively.

If breastfeeding protects against childhood obesity, breastfeeding may also have beneficial
effects on obesity-related health outcomes in childhood. From a case—control study, youth with type 2
diabetes were substantially less likely to have been breastfed as infants compared to their non-diabetic

counterparts (unadjusted OR for the association of breastfeeding (ever versus never) and type 2
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diabetes, 0.26)."° Results were similar for non-Hispanic white, African-American, and Hispanic
youth. The OR after adjusting for 12 potential confounders was 0.43.” When current BMI Z-score
was added to the model, the OR was attenuated (OR: 0.82), suggesting possible mediation of the
protective effect of breastfeeding through current childhood weight status.*

Exactly how breastfeeding confers protection, if any, is not well understood. Rapid weight
gain in the first 4 months of life is associated with childhood obesity,* and breastfeeding has been
associated with slower weight gain during the first 12 months of life.>’ Since bisphenol-A (BPA) has
been implicated in the development of obesity through its role as an endocrine disruptor,* another
possible mechanism is that exposure to endocrine disruptors through use of baby bottles containing
BPA could be higher among formula-fed versus breastfed babies.

As discussed earlier, maternal prepregnancy overweight or obese status has been associated
with an increased risk of childhood obesity. Due to the high energy cost of producing milk,
breastfeeding may facilitate return to prepregnancy weight following delivery.* Therefore, the
decision to breastfeed can play a role in determining the mother’s future weight status, possibly
influencing future offspring risk.

A variety of factors, including socioeconomic status and race/ethnicity, may influence the
decision to breastfeed. Low maternal education or low income status was associated with lower rates
of breastfeeding, and African-American infants were reported to have lower rates of breastfeeding
compared to all other race/ethnicities. Some evidence of differential effects of breastfeeding has
emerged, as studies of children whose mothers were white, black, or Hispanic reported that protection
from childhood obesity was conferred only among children of white mothers.**® The reasons for this

remain unclear.

MATERNAL DIETARY HABITS AND PHYSICAL ACTIVITY
Interacting with breastfeeding are the physical activity and dietary habits of the mother. They
are important contributors to the environment in which a child is raised. Maternal dietary habits will
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directly influence breast milk fat and protein content, > and physical activity has the ability to
indirectly influence breast milk nutrient content via its effects on energy balance and weight status.
Maintaining a healthier weight and balanced dietary habits can lead to the production of breast milk
containing a higher proportion of medium chain triglycerides (MCTs). Milk contains a higher
proportion of MCTs when mammary tissue synthesizes fatty acids® rather than incorporating fatty
acids released into blood from maternal fat stores; the latter are composed primarily of longer chain
fatty acids and require bile for transport across intestinal cells. Infants have immature digestive
systems and MCTs do not require bile acids for intestinal absorption; this is clearly advantageous in
ensuring that the infant can meet caloric needs during the early and critical periods of development.

As a child transitions to solid foods, the dietary habits and activity patterns of the mother are
likely to exert even more influence. Maternal dietary choices not only will affect the selection of
foods available to the child but also will provide a means through which the child will watch and
learn eating behaviors that may not be directly related to basic energy balance cues, such as satiety.
Maternal activity patterns, including television viewing, ® will shape the child’s daily lifestyle.
Maternal dietary and physical activity habits thus seem likely to be critical in the development of
childhood obesity, yet a strong body of evidence examining their roles simply does not exist.

What has been studied are the roles played by parental education, income, and social
environments, such as home and daycare, in modeling healthy behaviors and habits. Adolescents with
mothers having graduate or professional degrees had lower odds of being very inactive (OR: 0.61)
compared to adolescents with mothers having less education® and are less likely to be obese.

There is evidence showing that parental and peer modeling is crucial to early childhood
development of healthy eating behaviors. Extensive research in this area has been conducted by Birch
and colleagues. Among 3- to 5-year-old children, the strongest fat preferences and the highest fat
intakes were observed among those with heavier parents.* In another study, children showing dislike
for a particular vegetable began choosing the non-preferred vegetable when placed into an
environment where peers were actively choosing and consuming the non-preferred vegetable.® In
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young children, food preferences increase with familiarity, and Birch notes that current “availability
of energy dense foods...provides an eating environment that fosters food preferences inconsistent
with dietary guidelines, which can promote excess weight gain and obesity.” ®

Promotion of balanced dietary habits and increasing physical activity among children through

a combination of parental and social context will remain important factors in reducing the alarming

rates of overweight and obesity currently observed in developed countries.

OTHER INFLUENCES

Some interesting factors related in general to maternal lifestyle, such as the child’s sleep
duration, television watching, and computer screen time, have recently emerged as potential
determinants of childhood obesity.

Short sleep duration has been associated with obesity via its association with a reduction in
leptin and an increase in ghrelin, which may lead to hormonal disregulation of appetite and satiety
controls.” In a study to identify early-life risk factors associated with childhood obesity in the United
Kingdom, short sleep duration (<10.5 hours compared to >12 hours at age 3) and television watching
(>8 hours/week at age 3) were associated with obesity at age 7 (OR: 1.45 and 1.55, respectively).®® A
recent meta-analysis examining short sleep duration and risk of obesity in children found an OR of
1.89 for short sleep duration (defined as either <10 or <10.5 hours except in one study which used <8
hours to classify short sleep duration).®®

Since low-wage jobs usually involve long hours and a work schedule that may change week
to week, maternal lifestyle as modified by low socioeconomic status may inhibit the establishment of
both the mother’s and the child’s regular sleep patterns, adversely affecting the quality and duration
of sleep. It must, however, be noted that the inverse correlation between sleep duration and obesity
prevalence does not necessarily imply causation; no studies have shown that increasing sleep duration

can reduce body weight.
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The birth weight of the mother and her early weight gain in childhood were recently reported
as predictive for next generation (her offspring’s) birth weight as well as obesity risk.”® Another study
found that grandparental obesity may influence childhood obesity independent of parental obesity
status.” Among children with normal weight parents, prevalence of childhood overweight was
similarly elevated if the grandparents were obese (prevalence 17.4%, p < 0.0001) or if the
grandparents had missing BMI status (16.9%, p < 0.0001).” These findings suggest that genetic

factors exert a powerful influence on childhood weight gain.

SUMMARY

Maternal weight status, whether prepregnancy or postpartum, appears to be the strongest
indicator of risk for childhood obesity. However, the offspring of underweight women gaining in
excess of the IOM pregnancy weight gain guidelines also experienced a marked increase in risk of
childhood obesity. Maternal weight is modifiable through increased physical activity and balanced
dietary habits, but research associating maternal physical activity patterns with childhood risk of
obesity is lacking. The evidence for breastfeeding remains inconclusive, but the available data suggest
a modest benefit for protection against development of childhood obesity. Future studies must
account fully for confounding factors such as maternal behavior, family habits/environment, and
genetic inheritance.

Children inherently rely on adults to model appropriate behaviors. Hence, it is imperative that
we gain a better understanding of high-risk factors through more research and translate that
information into targeted public health interventions to empower parents and children alike to stop the

obesity epidemic and improve the quality of life for generations to come.
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CHAPTER 2
BREASTFEEDING AND HYPERTENSION AMONG YOUTH WITH TYPE 1 DIABETES
IN THE UNITED STATES

INTRODUCTION
Adult high blood pressure, or hypertension (HTN), may be influenced by early life exposures
such as breastfeeding.”»”® HTN is a major risk factor for cardiovascular disease (CVD), which

475 and is known to track into

remains a leading cause of death in the United States and worldwide
adulthood from youth.”*"® Youth with type 1 diabetes (T1D) may already be at increased risk for
developing CVD, possibly earlier than non-diabetic youth, as 14% of T1D youth have been reported
to have two or more CVD risk factors’’ and nearly 6% have elevated blood pressure, with those of
minority race/ethnic backgrounds at greatest risk.””""® Even among these T1D youth, markers of
insulin resistance have been associated with coronary artery calcification,” possibly contributing to
the development of elevated blood pressure by reducing elasticity of arterial walls. Although
frequently associated with type 2 diabetes, about 35% of youth with T1D are also overweight or
obese.? This excess weight should not be ignored among T1D youth, as it may complicate their
coexisting diabetes and has negative implications for blood pressure, stroke, and heart disease.
Under the concept of the developmental origins of human disease (DOHaD), nutritional
programming of future blood pressure could be shaped by the unique composition of human milk ,
such as its fatty acid profile or low sodium content. ** Long chain polyunsaturated fatty acids
(LCPUFAs) are important structural components for all cell membranes (e.g. vascular endothelial

cells), which may influence later blood pressure®®*

and sodium is known to have a positive linear
relationship with blood pressure.®? In turn, these differences may influence imprinting of some

permanent physiologic or anatomical change which affects one’s ability to regulate blood pressure,



and reduce risk of HTN, over a lifetime.'? Similarly, if breastfeeding serves as a proxy for maternal
behaviors related to energy balance or which modify control of blood pressure (e.g. maternal regular
exercise or high fresh fruit and vegetable intake), reducing potential for HTN, then behavioral
imprinting may occur on the psyche, with similarly lasting effects carried through a lifetime, as a
child learns how to eat and be fit through parental modeling.® %%

Further evidence of the association of breastfeeding and lower blood pressure comes from
randomized trials. Among premature infants, breast milk consumption (either banked donor milk or
mom’s own) was protective against high blood pressure at 13-16 years of age.®® In a randomized
intervention trial designed to promote breastfeeding, no association was found between BP at 6.5yrs
with either duration or exclusivity of breastfeeding;® however, all participants had already intended
to breastfeed and variability of breastfeeding exposure may have been limited.

Given that these T1D youth may already have elevated blood pressure or other CVD risk

factors present,””"®

there may be negative impact on lifespan and future heart disease because of the
earlier age at which these youth present with these risk factors. As such, investigating a potentially
modifiable behavior, such as infant feeding practices in a high-risk population, may inform targeted
public health messages and clinical guidance to improve long-term health outcomes of these high-risk
youth. Therefore, the primary aim was to assess whether exposure to breastfeeding would be

associated with decreased likelihood of HTN among T1D youth. Precision of the resulting estimates

by definition of breastfeeding was also evaluated.

METHODS

Study Population. All data came from the SEARCH Nutrition Ancillary Study (SNAS),
which aims to examine associations of nutritional factors with progression of B-cell failure and the
presence of CVD risk factors among a subset of SEARCH for Diabetes in Youth (SEARCH)
participants. SEARCH is an ongoing, multi-center, population-based observational study funded by
the Centers for Disease Control and Prevention /Division of Diabetes Translation (CDC/DDT) and
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National Institutes of Health/ National Institute of Diabetes and Digestive and Kidney Diseases
(NIH/NIDDK), providing the most comprehensive data established in a large cohort of youth with
diabetes. SEARCH study methods have been previously been detailed.® Briefly, all SEARCH
subjects were from one of six clinical sites, had physician diagnosed diabetes mellitus, and were
either prevalent cases <20 years of age in the year 2001 or were incident cases <20 years of age at
diagnosis in 2002 -2005. All incident cases were eligible for participation in SNAS; for the prevalent
cases, subjects eligible for the Prevalent Quality of Care survey in SEARCH were eligible for SNAS.
Additionally among the prevalent cases, subjects of all ages and ethnicities who were age >10 years
or who were of minority status and <10years were eligible; among those of non-Hispanic white
race/ethnicity, who were also <10 years of age, a 10% sample was eligible due to budgetary
considerations.

Definition of Hypertension Outcome. To account for differences in body size that occur as
children and adolescents grow, HTN was based on average systolic blood pressure (SBP) or diastolic
blood pressure (DBP) greater than or equal to age-, sex-, and height-specific 95th percentile, where
blood pressure percentiles were based on normally distributed blood pressure data among healthy
children. Subjects on hypertensive medication were not excluded from our analysis to be consistent
with the literature,® as well as with other SEARCH publications. A very small number of individuals
were on hypertensive medication or were missing information on hypertension (much less than 5% in
both cases). Such small numbers of missing information are unlikely to affect the estimates and
subjects with missing information for HTN were excluded from the analysis.

Definition of the Breastfeeding Exposure. Since the definition of breastfeeding exposure
varies in the literature, analyses were conducted with three commonly used definitions of exposure to
breastfeeding:

1. Ever breastfed (coded as yes or no) was used to reflect the potential biological effect

which may be conferred with any exposure to breastfeeding
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2. Categories of breastfeeding (coded as >0 to < 6 months, > 6 months, or never
breastfed) facilitated comparison with current guidelines for optimal infant feeding

3. Breastfeeding duration (number of months, as a continuous variable) was used to
reflect both biological (length of time or ever/never) effects, as well as maternal
behavioral factors, such as being health conscious. Breastfeeding duration as a
continuous variable also improves power by reducing the loss of information that
occurs with categorization. However, information on continuous duration was only
available for the subset of subjects who had ever been breastfed. Therefore, both
biological and behavioral effects may be represented, but no comparisons to subjects
who were never breastfed can be made.

As part of SNAS, a retrospective Infant Diet History (IDH) survey was either self-
administered (mail or web) or interviewer-administered (phone or in-person) based on the most
convenient method to the participant. It was most commonly completed by the biological mother or
an individual who had a major caregiver role in the subject’s first year of life. In the survey, infant
feeding while the SEARCH participant was in the hospital shortly after birth, as well as breast
feeding, formula feeding, introduction of foods and beverages, and use of vitamins or other
supplements during the first year of life were queried. The survey was offered to major caregivers of
eligible subjects during regularly scheduled SEARCH visits (prevalent survey occasions, scheduled
follow-up contacts for the 2002-2005 cohort). If the form was not returned, a phone follow-up was
conducted. It is possible that variations in the quality of data may occur depending on the method of
collection. As with dietary recalls, an interviewer who is well-trained in probing the subject to assist
with accurate recall can provide enhanced quality and completeness for data collection. There were
3607 cases eligible to participate and 2317 (67%) completed the IDH survey. Reasons for non-
participation in the IDH include refusals (n= 184), no contact (n=334), or passive refusal (n=772).

There was substantial variation in the length of time since infant feeding in the first year of
life occurred, because timing of recall by the mother/primary caregiver was dependent upon the age
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of the subject at the time of IDH survey completion. Maternal recall of breastfeeding (ever versus
never) has been reported as both a valid and reliable means of assessment. However, measurement
error from recall bias becomes apparent after longer periods of time,® whereas recall at 6 months
does not differ significantly from prospectively collected infant feeding data. Specifically, significant
differences in recall after more than 8yrs showed underestimation and recall at 14-15yrs showed
overestimation.®® Changes in the popularity of breastfeeding over time may have also influenced
reporting practices.

Clinical and demographic characteristics. At the baseline visit in the parent SEARCH
study, trained and certified research staff collected demographics (gender, race/ethnicity, maximum
attained parental education) and clinical characteristics (age at onset, diabetes duration, %HbAlc,
human leukocyte antigen (HLA), measured height, weight and blood pressure). Age and sex-specific
Body Mass Index (BMI) Z-scores were calculated according to CDC standards, with overweight
defined as >85th percentile and <95th percentile, and obesity as >95th percentile.

Statistical Methods. All statistical analyses were conducted with SAS software, version 9.2
(SAS Institute, Inc., Cary, North Carolina). Descriptive analyses examining differences in clinical,
infant feeding, and general demographic characteristics by HTN status were assessed with t-tests and
Pearson’s chi square tests to detect differences between groups for continuous and categorical
variables, respectively. A p-value<0.05 indicated significant differences between hypertension
(yes/no) groups.

Because HLA risk genotype and minority race/ethnicity are known to differentially affect

outcomes of both T1D and hypertension,***

effect measure modification (EMM) in the context of
breastfeeding and hypertension among a group of youth with T1D will be explored with stratified
analyses and use of a chi-square test of homogeneity. A priori criteria defining presence of EMM are

as follows: p<0.10 is a strong modifier, p=0.10-0.20 is a weak modifier and p>0.20 is not a modifier.

Additionally, because of power limitations for stratified models, an interaction term will be included
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during model fitting with a p-value <0.05 indicating when EMM may be present and determining if
the associated interaction term should be retained in the full model.

Assessment for confounding by demographics (gender, race/ethnicity, maximum attained
parental education, geographical site) and clinical characteristics (age at onset, diabetes duration) was
evaluated by calculating the change in the estimated odds ratio (CoOR), where CoOR= crude
OR/adjusted OR, followed by taking the natural log (In) and finding the absolute value, denoted as
[IN(CoOR)|. Presence of confounding was determined using criteria of [In(CoOR)| > 0.10 and
corresponding confounders were retained for adjustment in the full model.

Multivariate logistic regression was used to conduct the crude and adjusted cross-sectional
analyses. To assess goodness-of-fit to the data , as covariates were added to the crude model, a
likelihood ratio test was used with an a priori p-value<0.05 for determining if significant
improvements in fitting the model to the data were achieved with sequentially adding in sets of
covariates, such as demographics, or individual terms. If a significant association between the main
exposure and outcome is observed, mediation by BMI z-score and insulin sensitivity will be

considered. Precision of the resulting estimates, by definition of breastfeeding, was also assessed.

RESULTS

Mean age of these T1DM youth was 944 years, duration of diabetes at the first study visit was 25+34
months, HbAlc% was 7.9+£1.6, SBP was 101+12mmHg, DBP was 64+10 mmHg, and only a small
number were on hypertensive medication. Youth with hypertension were younger, had higher SBP
and DBP, higher HbA1C, and were more likely to be obese (Table 2.1).

No association was observed between breastfeeding exposure and hypertension, regardless of the type
of breastfeeding exposure (Table 2.2). No EMM by race/ethnicity, HLA risk, or parental education
was observed (data not shown). Confounding by HLA and parental education was present, and
retention of these terms in the models was further justified by the increased model fit observed with
their inclusion (using likelihood ratio tests; data not shown).
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Table 2.1 Characteristics* of youth with type 1 diabetes by hypertension status**

Clinical Characteristics

Diabetes Onset Age, years

Diabetes Duration, months
No Hypertension Medication (%)

Blood Pressure, mmHg
Systolic
Diastolic

% HbAlc

Infant Feeding Characteristics

Ever Breastfed (%)
No
Yes

Infant Feeding Category (%)

Not Breastfed
<6 months

>6 months

Breastfeeding Duration, months
General Characteristics

Gender (%)
Female
Male
Race/Ethnicity (%)
White
Black
Hispanic
Other
Parental Education (%)
<High School
High School Graduate
Some College
Bachelor’s or more
BMI (%)
Underweight/Normal
Overweight
Obese
HLA Risk Group (%)
High/M oderate

Neutral/Low/Protective

Clinical Site (%)
CA
Cco
HI
OH
SC
WA

Hypertension Status

ALL n Yes n No n p-value
8.63 + 4.04 1819 7.32+4.14 107 8.71+4.01 1699 0.0005
2456 + 3445 1817 25.45+34.08 107 24.59+ 34.56 1697 0.80
99 1805 97 106 99 1687 0.19
1819 107 1699
100.96 * 12.05 114.61 + 12.27 100.17 + 11.42 <0.0001
63.85+10.18 76.55 + 9.06 63.08 + 9.69 <0.0001
7.90 + 1.56 1609 8.25+191 80 7.89 +1.54 1518 0.04
1811 107 1691 0.23
28 23 29
72 77 71
1703 99 1596 0.12
30 25 30
28 37 28
42 37 42
8.12 £7.40 1198 7.43+838 74 8.17+7.34 1119 0.41
1819 107 1699 0.58
51 49 51
49 51 49
1819 107 1699 0.15
64 56 64
13 14 13
17 19 17
6 11 6
1811 105 1694  0.87
4 5 4
15 16 14
34 35 34
47 44 48
1805 107 1695 0.0002
64 50 65
22 23 22
14 26 13
1510 77 1423 0.48
49 53 49
51 47 51
1819 107 1699 0.03
14 19 13
29 30 39
5 4
18 19
15 11 15
19 26 19

*Values are mean £ SD for all such values
**Total n varied with missing data according to characteristics; specific samples sizes are noted on the table.
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Table 2.2 Breastfeeding and odds ratios for hypertension among youth with type 1 diabetes
Odd Ratios (95% CI) for Hypertension

Adjusted odds ratio* CLR** Crude odds ratio CLR
Ever vs Never Breastfed (n=1798) 1.37(0.75, 2.51) 3.35 1.32(0.84, 2.10) 2.50
Breastfed Category (n=1406)
Not Breastfed (referent)
< 6 months 1.72 (0.89, 3.34) 3.75 1.62 (0.96, 2.73) 2.85
> 6 months 1.18 (0.59, 2.33) 3.95 1.08 (0.64, 1.82) 2.83
Duration of breastfeeding (months; n=1198) 0.99 (0.96, 1.03) 1.07 0.99 (0.95, 1.02) 1.07

*Includes gender, clinical site, race/ethnicity, parent education, diabetes onset age, diabetes duration, HLA risk group
** Confidence Limit Ratio (CLR) = upper limit/lower limit; values closer to ~1 represent more precise estimates

DISCUSSION

Breastfeeding has previously been suggested to play a role in nutritional programming for
protection against later HTN via several potential mechanisms: lower sodium content, LCPUFA
content, a small protective effect against obesity or by acting as a proxy measure of other maternal
health modeling behaviors. In this ethnically diverse sample of youth with TIDM in the United
States, no association between breastfeeding exposure (ever breastfed or duration of breastfeeding)
and odds of hypertension was observed in either the unadjusted model or after adjustment for basic
demographic and clinical characteristics.

One of the goals in examining models using the breastfeeding exposure in three different
forms (ever/never, duration categories, continuous duration) was to better understand how the various
coding technigues may impact the precision of the estimates provided. Although no association was
found, differences in the precision of the crude and adjusted estimates were provided by calculating
simple confidence limit ratios. This may reflect that caution should be used when choosing to
categorize your data, given a discrete form is available. By nature, categories force loss of
information from data. Although they can be quite helpful to improve the interpretability of results, as
with BMI, it may be equally useful to observe the underlying and perhaps “true” nature of what the
data have to offer.

Our findings tend to differ with the existing literature, where evidence of a modest
association between breastfeeding and lower blood pressure (systolic and diastolic) later in life has
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1272 indicate lower SBP (mean difference: -1.21 mmHg;

been found. Specifically, meta-analyses
95%Cl: -1.72, -0.70) and lower DBP (mean difference: -0.49 mmHg; 95%Cl: -0.87, -0.11) among
breastfed infants compared to bottle-fed infants.** Given the relatively small effect reported from
meta-analyses, it is possible that breastfeeding may not confer enough protection or that its effects
may not last as the child ages, given other socio-cultural and environmental factors which, through
their effect on establishing diet and exercise habits, may play a larger role in the development of
hypertension as the child gets older. Also, by transforming a continuous variable such as SBP or DBP
into a dichotomous outcome variable, power to predict the outcome may be reduced, as cut points are
often arbitrary, contributing to some of the information that is always lost with categorization of a
continuous variable, which forces all the data within the chosen cut points to become more
homogenous.

Construction of the breastfeeding exposure variable is largely based on study aim, type of
infant feeding data collected, and sample size. Here, an “ever versus never” exposure variable was
used to capture exposure to any breastfeeding during the first year of life. Since the “ever” breastfed
variable reflects many different levels of breastfeeding exposure, this may not adequately capture the
relevant amount of exposure needed to confer protection, therefore, we looked duration of
breastfeeding as well, but were limited to only two categories (<6months or >6months) due to sample
size. Perhaps a defined period of time being exposed as an infant to lower sodium or high LCPUFAs,
or perhaps there is an interaction with both, to set the imprinting of physiological or anatomical
changes in place. The timing of the window of plasticity, if it exists, is not well-understood and
unlikely to be the same in every individual due to biological variation.

Limitations to this study include its observational, cross-sectional nature, which does not
allow for any direct causal inference. Power to detect the outcome was limited, as only 6% of the
sample had the hypertension outcome. However, despite these limitations, shorter duration of
breastfeeding (<6months), race/ethnicity, clinical site, and duration of diabetes produced substantially

different ORs from the crude and trended toward becoming predictors of the outcome. As previously
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noted, duration of breastfeeding was limited to only two categories due to sample size, which may
have reduced power to detect any dose-response or threshold effect. Because of the timing of
administration of the questionnaire (it may have been many years since the subject was an infant) and
with the recent resurgence in the popularity of breastfeeding, recall bias (systematic over-reporting
due to recent popularity or random inaccurate reporting due to reliance on memory of prior behavior)
may have occurred. This may affect not only how much true breastfeeding occurred, but may also
reduce the accuracy of duration reported. In either case, our ability to observe the true effect of
breastfeeding may have been limited. If all data had been collected by trained interviewers, careful
probing may have reduced some of this potential measurement error in the data.

Because early nutrition is a potentially modifiable behavior to improve public health,
nutrition in the first year of life continues to be important to advance our understanding of how
nutritional programming may occur in humans. Recent evidence for programming of infant blood
pressure by six months through randomized controlled intervention on maternal diet has been
reported.* Evidence of metabolic programming also exists through animal models,*® however
replicating such studies in humans would be unethical, so we are usually limited to observational
studies in order to understand the relationships that may exist between early life nutrition and later
chronic disease. Future work using larger samples of data collected from ethnically diverse subjects
prospectively followed from birth into adulthood with highly detailed infant feeding data may provide
better insight. Even a small, protective effect of breastfeeding under the nutritional programming
hypothesis may enhance our understanding of how elevated blood pressure, diabetes, obesity, and
other metabolic disturbances develop, and provide meaningful targets for intervention, particularly as

these morbidities are increasingly observed among younger, high-risk populations such as T1D youth.
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CLOSING DISCUSSION / SUMMARY

Obesity continues to be a worldwide epidemic, even among children. Industrialized countries
may be seeing a plateau in overall rates, but the developing world is seeing dramatic increases, adding
to the already tremendous burden of obesity’s prevalence. While research strives to identify
behavioral factors that may be strategically targeted for impactful interventions, the complications
arising from managing multiple chronic diseases will likely continue to increase the morbidities and
mortality experienced from CVD, cancer, and diabetes, which are leading causes of death and are
strongly associated with obesity.

Policy which addresses making the healthy choices the easy choices, in conjunction with
efforts to improve accessibility to physical activity throughout the built environment, should be
required and will go a long way toward improving the quality - and quantity - of years to be filled

with rich life experiences for generations to come.

24



REFERENCES

1. Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM. Prevalence of high body mass index in
US children and adolescents, 2007-2008. JAMA. 2010;303(3):242.

2. Liu LL, Lawrence JM, Davis C, et al. Prevalence of overweight and obesity in youth with diabetes
in USA: The SEARCH for diabetes in youth study. Pediatric diabetes. 2010;11(1):4-11.

3. Biro FM, Wien M. Childhood obesity and adult morbidities. Am J Clin Nutr. 2010;91(5):1499S.

4. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting obesity in young adulthood
from childhood and parental obesity. N Engl J Med. 1997;337(13):869-873.

5. Serdula MK, Ivery D, Coates RJ, Freedman DS, Williamson DF, Byers T. Do obese children
become obese adults? A review of the literature. Prev Med. 1993;22(2):167-177.

6. Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS. Relationship of childhood
obesity to coronary heart disease risk factors in adulthood: The bogalusa heart study. Pediatrics.
2001;108(3):712.

7. Poirier P, Giles TD, Bray GA, et al. Obesity and cardiovascular disease: Pathophysiology,
evaluation, and effect of weight loss: An update of the 1997 american heart association scientific
statement on obesity and heart disease from the obesity committee of the council on nutrition,
physical activity, and metabolism. Circulation. 2006;113(6):898.

8. Baker JL, Olsen LW, Sgrensen TIA. Childhood body-mass index and the risk of coronary heart
disease in adulthood. N Engl J Med. 2007;357(23):2329-2337.

9. Rodriguez BL, Fujimoto WY, Mayer-Davis EJ, et al. Prevalence of cardiovascular disease risk
factors in US children and adolescents with diabetes. Diabetes Care. 2006;29(8):1891.

10. World Health Organization. The optimal duration of exclusive breastfeeding. Report of an Expert
Consultation. 2008.

11. Kramer MS, Kakuma R. The optimal duration of exclusive breastfeeding: A systematic review.
Adv Exp Med Biol. 2004;554:63-77.

12. Horta BL, Bahl R, Martines JC, Victora CG. Evidence on the long-term effects of breastfeeding.
Geneva: World Health Organization. 2007.

13. CDC. Differences in prevalence of obesity among black, white, and hispanic adults — united
states, 2006-2008. MMWR. 2009;58(27):740.

14. Dabelea D, Snell-Bergeon JK, Hartsfield CL, Bischoff KJ, Hamman RF, McDuffie RS.
Increasing prevalence of gestational diabetes mellitus (GDM) over time and by birth cohort. Diabetes
Care. 2005;28(3):579-584.

25



15. Li R, Darling N, Maurice E, Barker L, Grummer-Strawn LM. Breastfeeding rates in the united
states by characteristics of the child, mother, or family: The 2002 national immunization survey.
Pediatrics. 2005;115(1).

16. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of
overweight and obesity in the united states, 1999-2004. JAMA. 2006;295(13):1549-1555.

17. Li C, Kaur H, Choi WS, Huang TTK, Lee RE, Ahluwalia JS. Additive interactions of maternal
prepregnancy BMI and breast-feeding on childhood overweight. Obes Res. 2005;13(2):362-371.

18. Wrotniak BH, Shults J, Butts S, Stettler N. Gestational weight gain and risk of overweight in the
offspring at age 7 y in a multicenter, multiethnic cohort study. Am J Clin Nutr. 2008;87(6):1818.

19. Whitaker RC. Predicting preschooler obesity at birth: The role of maternal obesity in early
pregnancy. Pediatrics. 2004;114(1).

20. Terry MB, Wei Y, Esserman D. Maternal, birth, and early-life influences on adult body size in
women. Am J Epidemiol. 2007.

21. Kain J, Corvalan C, Lera L, Galvan M, Uauy R. Accelerated growth in early life and obesity in
preschool chilean children. Obesity. 2009;17:1603-1608.

22. Shapiro C, Sutija V, Bush J. Effect of maternal weight gain on infant birth weight. J Perinat Med.
2000;28(6):428-431.

23. King JC. Maternal obesity, metabolism, and pregnancy outcomes. Annu Rev Nutr. 2006;26:271-
91.

24. Catalano PM. Management of obesity in pregnancy. Obstet Gynecol. 2007;109(2 Pt 1):419-433.

25. Dubois L, Girard M. Early determinants of overweight at 4.5 years in a population-based
longitudinal study. Int J Obes. 2006;30(4):610-617.

26. Perez-Pastor E, Metcalf B, Hosking J, Jeffery A, Voss L, Wilkin T. Assortative weight gain in
mother—daughter and father—son pairs: An emerging source of childhood obesity. longitudinal study
of trios (EarlyBird 43). Int J Obes. 2009;33:727-735.

27. Crane JMG, White J, Murphy P. The effect of gestational weight gain by body mass index on
maternal and neonatal outcomes. J Obstet Gynaecol Can. 2009;31(1):28-35.

28. Hillier TA, Pedula KL, Vesco KK, et al. Excess gestational weight gain: Modifying fetal
macrosomia risk associated with maternal glucose. Obstet Gynecol. 2008;112(5):1007-1014.

29. Kabali C, Werler M. Pre-pregnant body mass index, weight gain and the risk of delivering large
babies among non-diabetic mothers. International Journal of Gynecology and Obstetrics.
2007;97(2):100-104.

30. Viswanathan M, Siega-Riz AM, Moos M, et al. Outcomes of maternal weight gain. Evidence
report/technology assessment. 2008;168:290-202.

26



31. Martorell R, Stein AD, Schroeder DG. Early nutrition and later adiposity 1. J Nutr.
2001;131(3):874-880.

32. Rode L, Hegaard HK, Kjaergaard H, Mgller LF, Tabor A, Ottesen B. Association between
maternal weight gain and birth weight. Obstetrics & Gynecology. 2007;109(6):13009.

33. Mitchell M, Lerner E. A comparison of pregnancy outcome in overweight and normal weight
women. J Am Coll Nutr. 1989;8(6):617-624.

34. Smith CA. Effects of maternal undernutrition upon the newborn infant in holland (1944-1945). J
Pediatr. 1947;30(3):229-243.

35. Lumey LH, Stein AD, Ravelli AC. Timing of prenatal starvation in women and birth weight in
their first and second born offspring: The dutch famine birth cohort study. Eur J Obstet Gynecol
Reprod Biol. 1995;61(1):23-30.

36. Olson C, Strawderman M, Hinton P, Pearson T. Gestational weight gain and postpartum
behaviors associated with weight change from early pregnancy to 1 y postpartum. Int J Obes.
2003;27(1):117-127.

37. Rooney BL, Schauberger CW. Excess pregnancy weight gain and long-term obesity: One decade
later. Obstetrics & Gynecology. 2002;100(2):245.

38. McCowan LME, Dekker GA, Chan E, et al. Spontaneous preterm birth and small for gestational
age infants in women who stop smoking early in pregnancy: Prospective cohort study. Br Med J.
2009;338(mar26 2):b1081.

39. Butler N, Goldstein H, Ross E. Cigarette smoking in pregnancy: Its influence on birth weight and
perinatal mortality. Br Med J. 1972;2(5806):127.

40. MacMahon B, Alpert M, Salber EJ. Infant weight and parental smoking habits. Am J Epidemiol.
1965;82(3):247-261.

41. Suzuki K, Ando D, Sato M, Tanaka T, Kondo N, Yamagata Z. The association between maternal
smoking during pregnancy and childhood obesity persists to the age of 9-10 years. Journal of
Epidemiology. 2009(0):904210081.

42. Oken E, Levitan E, Gillman M. Maternal smoking during pregnancy and child overweight:
Systematic review and meta-analysis. . 2007.

43. Ino T. A meta-analysis of association between maternal smoking during pregnancy and offspring
obesity. Pediatrics International. 2009;9999(999A).

44. Wideroe M, Vik T, Jacobsen G, Bakketeig LS. Does maternal smoking during pregnancy cause
childhood overweight?. Paediatr Perinat Epidemiol. 2003;17(2):171.

45. von Kries R, Toschke AM, Koletzko B, Slikker W. Maternal smoking during pregnancy and
childhood obesity. Am J Epidemiol. 2002;156(10):954-961.

46. Harder T, Bergmann R, Kallischnigg G, Plagemann A. Duration of breastfeeding and risk of
overweight: A meta-analysis. Am J Epidemiol. 2005;162(5):397-403.

27



47. Arenz S, Riickerl R, Koletzko B, VVon Kries R. Breast-feeding and childhood obesity—a
systematic review. Int J Obes. 2004;28(10):1247-1256.

48. Butte NF. The role of breastfeeding in obesity. The Pediatric Clinics of North America.
2001;48(1):189-198.

49. Mayer-Davis EJ, Dabelea D, Lamichhane AP, et al. Breast-feeding and type 2 diabetes in the
youth of three ethnic groups. Diabetes Care. 2008;31(3):470.

50. Horta BL, Bahl R, Martines JC, Victora CG. Evidence on the long-term effects of breastfeeding.
World Health Organization, Geneva, Switzerland. 2007.

51. Gillman MW, Rifas-Shiman SL, Camargo J, C.A., et al. Risk of overweight among adolescents
who were breastfed as infants. JAMA. 2001;285(19):2461-2467.

52. Nelson MC, Gordon-Larsen P, Adair LS. Are adolescents who were breast-fed less likely to be
overweight?: Analyses of sibling pairs to reduce confounding. Epidemiology. 2005;16(2):247.

53. Mayer-Davis EJ, Rifas-Shiman SL, Zhou L, Hu FB, Colditz GA, Gillman MW. Breast-feeding
and risk for childhood obesity. Diabetes Care. 2006;29(10):2231.

54. Bogen DL, Hanusa BH, Whitaker RC. The effect of breast-feeding with and without formula use
on the risk of obesity at 4 years of age. Obesity. 2004;12(9):1527-1535.

55. Kramer MS, Chalmers B, Hodnett ED, et al. Promotion of breastfeeding intervention trial
(PROBIT) A randomized trial in the republic of belarus. JAMA. 2001;285(4):413-420.

56. Stettler N, Zemel BS, Kumanyika S, Stallings VA. Infant weight gain and childhood overweight
status in a multicenter, cohort study. Pediatrics. 2002;109(2):194-199.

57. Dewey KG. Growth characteristics of breast-fed compared to formula-fed infants. Biol Neonate.
1998;74:94-105.

58. Elobeid MA, Allison DB. Putative environmental-endocrine disruptors and obesity: A review.
Current Opinion in Endocrinology, Diabetes and Obesity. 2008;15(5):403.

59. Kleinman RE, ed. Pediatric Nutrition Handbook. Fifth edition ed. Chicago: American Academy
of Pediatrics; 2004.

60. Grummer-Strawn LM, Mei Z. Does breastfeeding protect against pediatric overweight? analysis
of longitudinal data from the centers for disease control and prevention pediatric nutrition
surveillance system. Pediatrics. 2004;113(2).

61. Finley D, Lonnerdal B, Dewey K, Grivetti L. Breast milk composition: Fat content and fatty acid
composition in vegetarians and non-vegetarians. Am J Clin Nutr. 1985;41(4):787-800.

62. Dennison BA, Erb TA, Jenkins PL. Television viewing and television in bedroom associated with
overweight risk among low-income preschool children. Pediatrics. 2002;109(6):1028-1035.

28



63. Gordon-Larsen P, McMurray RG, Popkin BM. Determinants of adolescent physical activity and
inactivity patterns. Pediatrics. 2000;105(6).

64. FISHER JO, Birch LL. Fat preferences and fat consumption of 3-to 5-year-old children are related
to parental adiposity. J Am Diet Assoc. 1995;95(7):759-764.

65. Birch LL. Effects of peer models' food choices and eating behaviors on preschoolers' food
preferences. Child Dev. 1980:489-496.

66. Birch LL. Development of food preferences. Annu Rev Nutr. 1999;19(1):41-62.

67. Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is associated with reduced
leptin, elevated ghrelin, and increased body mass index. PLoS Medicine. 2004;1(3):210.

68. Reilly JJ, Armstrong J, Dorosty AR, et al. Early life risk factors for obesity in childhood: Cohort
study. Br Med J. 2005;330(7504):1357.

69. Cappuccio FP, Taggart FM, Kandala NB, Currie A. Meta-analysis of short sleep duration and
obesity in children and adults. Sleep. 2008;31(5):619.

70. Horta BL, Gigante DP, Osmond C, Barros FC, Victora CG. Intergenerational effect of weight
gain in childhood on offspring birthweight. Int J Epidemiol. 2009.

71. Davis MM, McGonagle K, Schoeni RF, Stafford F. Grandparental and parental obesity influences
on childhood overweight: Implications for primary care practice. The Journal of the American Board
of Family Medicine. 2008;21(6):549.

72. Martin RM, Gunnell D, Davey Smith G. Breastfeeding in infancy and blood pressure in later life:
Systematic review and meta-analysis. Am J Epidemiol. 2005;161(1):15.

73. Forsen T, Eriksson JG, Tuomilehto J, Osmond C, Barker D. Growth in utero and during
childhood among women who develop coronary heart disease: Longitudinal study. BMJ.
1999;319(7222):1403.

74. Heron M, Hoyert D, Murphy S, Xu J, Kochanek K, Tejada-Vera B. Deaths: Final data for 2006.
national vital statistics reports. . 2009.

75. World Health Organization. Cardiovascular Diseases, Fact Sheet Number 317. .
http://www.who.int/mediacentre/factsheets/fs317/en/index.html. Accessed December, 2010.

76. Falkner B, Daniels SR. Summary of the fourth report on the diagnosis, evaluation, and treatment
of high blood pressure in children and adolescents. Hypertension. 2004;44(4):387.

77. Rodriguez BL, Fujimoto WY, Mayer-Davis EJ, et al. Prevalence of cardiovascular disease risk
factors in US children and adolescents with diabetes. Diabetes Care. 2006;29(8):1891.

78. Rodriguez BL, Dabelea D, Liese AD, et al. Prevalence and correlates of elevated blood pressure
in youth with diabetes mellitus: The search for diabetes in youth study. J Pediatr. 2010.

29



79. Dabelea D, Kinney G, Snell-Bergeon JK, et al. Effect of type 1 diabetes on the gender difference
in coronary artery calcification: A role for insulin resistance? Diabetes. 2003;52(11):2833.

80. Forsyth J, Willatts P, Agostoni C, Bissenden J, Casaer P, Boehm G. Long chain polyunsaturated
fatty acid supplementation in infant formula and blood pressure in later childhood: Follow up of a
randomised controlled trial. BMJ. 2003;326(7396):953.

81. Forsyth JS. Do LCPUFAs influence cardiovascular function in early childhood? Early Nutrition
Programming and Health Outcomes in Later Life. 2009:59-63.

82. National High Blood Pressure Education Program Working Group on High Blood Pressure in
Children and Adolescents. The fourth report on the diagnosis, evaluation, and treatment of high blood
pressure in children and adolescents. Pediatrics. 2004;114(2):555-576.

83. Anzman S, Rollins B, Birch L. Parental influence on children's early eating environments and
obesity risk: Implications for prevention. Int J Obes. 2010;34(7):1116-1124.

84. Birch LL, Fisher JO. Mothers’child-feeding practices influence daughters’ eating and weight. Am
J Clin Nutr. 2000;71(5):1054.

85. Birch LL, Fisher JO. Development of eating behaviors among children and adolescents.
Pediatrics. 1998;101(3):539.

86. Singhal A, Cole TJ, Lucas A. Early nutrition in preterm infants and later blood pressure: Two
cohorts after randomised trials. The Lancet. 2001;357(9254):413-419.

87. Kramer MS, Matush L, Vanilovich I, et al. Effects of prolonged and exclusive breastfeeding on
child height, weight, adiposity, and blood pressure at age 6.5 y: Evidence from a large randomized
trial. Am J Clin Nutr. 2007;86(6):1717.

88. The SEARCH Study Group. SEARCH for diabetes in youth: A multicenter study of the
prevalence, incidence and classification of diabetes mellitus in youth. Control Clin Trials.
2004;25(5):458-471.

89. Li R, Scanlon KS, Serdula MK. The validity and reliability of maternal recall of breastfeeding
practice. Nutr Rev. 2005;63(4):103-110.

90. Egan BM, Zhao Y, Axon RN. US trends in prevalence, awareness, treatment, and control of
hypertension, 1988-2008. JAMA. 2010;303(20):2043.

91. Mayer-Davis EJ, Bell RA, Dabelea D, et al. The many faces of diabetes in american youth: Type
1 and type 2 diabetes in five race and ethnic populations: The SEARCH for diabetes in youth study.
Diabetes Care. 2009;32(Supplement 2):599.

92. Aaltonen J, Ojala T, Laitinen K, Piirainen TJ, Poussa TA, Isolauri E. Evidence of infant blood
pressure programming by maternal nutrition during pregnancy: A prospective randomized controlled
intervention study. J Pediatr. 2008;152(1):79-84.

30



93. Patel MS, Srinivasan M. Metabolic programming due to alterations in nutrition in the immediate
postnatal period. J Nutr. 2010;140(3):658.

31



