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Abstract

Objective: Interventions currently recommended to control and prevent obesity have not been successful. Recent research has
shifted toward the transgenerational cycle of obesity. We assessed the association between fetal macrosomia and early childhood
body weight.

Methods: We conducted a follow-back study to link birth certificate data to the Third National Health and Nutrition Examination
Survey (1988-1994) of 2621 United States-born singletons aged 2—-6 years. Birth weight and gestational age data were collected
from birth certificates. Fetal macrosomia was defined as >90th percentile of gestational age-race-sex-parity specific body weight
distribution in 1989 vital statistics.

Results: With 12.7% (standard error = 0.85%) of participants born macrosomic, the prevalence of obesity and overweight (BMI
percentiles >85th in the CDC growth chart) among children was 17.8% (1.17%). When the body weight was measured against
age-sex-specific height (BMI percentiles), macrosomia was significantly associated with overweight and obesity (odds ratio [OR] =
1.64, 95% confidence interval = 1.07-2.50) adjusted for family income, maternal age and marital status, race, maternal smoking
during pregnancy, and breastfeeding. The association became insignificant after adjusting for postnatal lifestyle and parental body
mass index (OR = 1.38 [0.84-2.26]]. When body weight was measured against age, children who were too heavy for their age

years.

were more likely to be born macrosomically (OR = 2.64 [1.66-4.22]) than their peers with healthy age-specific body weight.
Conclusion: Fetal macrosomia was significantly associated with a doubled risk of heavy body weight in children aged 2-6
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Introduction

The prevalence of obesity is increasing rapidly, especially
among children and adolescents in the United States!!! and
other countries®?l. Societal strategies implemented to oppose
COVID-19 further exacerbated the obesity epidemic and wors-
ened obesity-linked metabolic comorbidities®!, further high-
lighting the urgent need to curb the obesity epidemicl**l. Most
interventions currently recommended to control and prevent
obesity were unsuccessful, as already concluded before the pan-
demicl”8], Research efforts have recently been directed towards
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the “first 1000 days” of life*!% and the transgenerational cycle
of obesity!!'13l, The prevalence of obesity has increased sig-
nificantly in women of reproductive age in conjunction with
an overall soaring trend. Overweight and obesity during preg-
nancy are causally associated with fetal overnutrition, leading
to increased birth weight and macrosomial’*!sl, Macrosomia
may persist throughout childhood and be carried into repro-
ductive age, transmitting obesogenic momentum across gener-
ations!!®l. Breaking the transgenerational cycle, if confirmed as
a causal connection, may be the key to curbing or reversing the
inexorable upward obesity trend in both developed and devel-
oping countries.

Studies have described fetal macrosomia and childhood obe-
sity in Germany!'’l, the Netherlands!'®] other European coun-
tries!”’) and China?*-??, However, no relevant studies have been
reported on children born in the United States, where childhood
obesity has become a major public health challenge. The lack
of gestational age-and race/ethnicity-appropriate definitions of
macrosomia may be the chief reason. It is increasingly recognized
that race/ethnic-specific cutoffs are crucial in obesity-related
research to ensure that interventions are targeted equitably from
biological and clinical standard points®?**4. With healthy body
weight typically defined by the percentile of age-sex-specific dis-
tributions of pediatric reference populations, it is desirable to
categorize the fetus/infant as large for gestational age (LGA) or
macrosomia according to gestational age among ethnicity-spe-
cific reference populations?2¢l. Previous studies defined macro-
somia as birth weight equal to or exceeding 4000¢g (8 pounds,


mailto:jianzhang@georgiasouthern.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

8/ +AWAOANDMNBRAAUAYO/FIAEIDYIASALLIKIPOOAEIEAHIDII/AOA

UMY TXOMADUOINXOHISABZIY 1A+ NIOITWNOTZTARMNHASSHINAYE AQ WpJ/Wwod* mm| sfeusnol//:dny wolj papeojumoq

€¢0¢/ST/2T uo

Adebile et al., Reproductive and Developmental Medicine (2023) 7:4

12 ounces)?*?7281 or 4500g (9 pounds, 14 ounces)?. These
thresholds are useful for medical decision-making regarding
operative delivery. However, from a public health perspective,
they may not be applicable for identifying preterm fetuses with
macrosomia. Thresholds using the 90th percentile of sex-spe-
cific distributions!!7?!! also fail to consider gestational age and
suffer from compromised statistical power for population-wide
disease burden assessments?’l. With age-sex-race specifically
gestational cutoffs to define fetal macrosomia and a hypothesis
generated from previous studies that fetal macrosomia is asso-
ciated with obesity in early childhood"”?", we searched for the
missing pieces of the puzzle regarding the association in more
racially and ethnically diverse populations of US-born children
aged 2-6 years.

Materials and methods
Study population

We retrospectively linked natality data to the 3rd National
Health and Nutrition Examination Survey (NHANES III), a
cross-sectional survey of US civilians living in households con-
ducted from 1988 to 1994. Because BMI-for-age, the parameter
used to define overweight and obesity from the CDC growth
chart, is only available for children older than 2 years®, we
excluded children younger than 24 months. Children admitted
to neonatal intensive or transitional care facilities for more than
2 weeks were also excluded because they may have received
excessive antibiotics, creating unmeasurable confounding
effects on the association of interest. After exclusion for sev-
eral reasons, 2621 children were included in the final analysis
(Fig. 1). The NHANES protocol was reviewed and approved
by the Institutional Review Board of the National Center for

https://journals.lww.com/RDM

Health Statistics. As the NHANES III data are both publicly
available and de-identified, this analysis was exempt from
approval by the Institutional Review Boards of the authors’
institutions.

Race-sex-specific birthweight categories by gestational
age

Variables obtained from birth certificates included birth plural-
ity (singleton or twin), birth order, birth weight (g), and length
of gestation (weeks). As in previous studies using the linked file,
gestational length from the mother’s last menstrual period was
examined for completeness and validity®32l. To improve race/
ethnicity and sex specificity, and comparability with the defini-
tion of healthy body weight, which uses percentiles rather than
absolute values of the reference population, we calculated birth-
weight-for-gestational-age against more demographic character-
istics, including race (White, Black, and Mexican American), sex
(boys ws. girls), and maternal parity (primiparas vs. multiparas),
based on the 1989 vital statistics®***. Small-for-gestational-
age, indicating intrauterine growth retardation, was defined as
birthweight-for-gestational-age below the race-sex-specific 10®
percentile, appropriate-for-gestational age from the race-sex-
specific 10" to 89t percentile, and LGA or fetal macrosomia at
or above the race-sex specific 90" percentile.

Childhood overweight/obesity and growth retardation

Trained technicians collected the anthropometric data follow-
ing a standard protocol. Using a computerized formula derived
from the 2000 CDC Growth ChartsP%, we translated measured
weight and height to sex- and age-specific BMI percentiles and

1988-94 the 3" National Health and
Nutrition Examination Survey
(NHANES 11I)

2 — 72 months old,
n="17,547

Excluded due to insufficient
birth origin information
(month, place, or no consent
form) (n=777)

o

With both NHANES & BC data
(n= 6,770)

2-23monthsold |,
(n=2,152)

2 — 6 years old,
n=4,0618

—>

hd

Final sample size, 2 — 6 years old,
n=2621

Uncompleted birth certificate data (n=519)
or mismatched with NHANES (n = 5)

No anthropometric data (#=153), BMI
percentile < 5 (n=190) or out of biological
plausibility (n = 54)

No data on maternal smoking (n=13),
NICU, gestation period (n=143) or
breastfeeding (n = 5)

Not a singleton birth (»=96) or no data on
birth order (n = 14)

No data on family income (#=197), parental
BMI (n = 454) or from races/ethnicities
other than whites, blacks and Mexican
Americans (n=154)

Fig. 1. Flow chart of the study population. BC: birth certificate; BMI: body mass index; NHANES: the National Health Examination and Nutrition Survey; NICU:
neonatal intensive care unit. Children admitted to NICU or transitional care facilities for more than 2 weeks were excluded in conjunction with other criteria,

mainly, due to BMI percentiles out of biological plausibility.
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categorized children as obese if they had sex- and age-specific
BMI > the 95™ percentile, as overweight if the 95" > BMI per-
centiles > the 85 percentile, and as healthy weight if 85™ > BMI
percentiles >5%. Children with overweight and obesity were
combined as overweight to stabilize the estimation and simplify
the presentation. Children with BMI <5% were categorized as
underweight and excluded from the main analyses because the
small number of underweight children precluded the analyses
from making meaningful inferences. Corresponding to the age-
sex-specific 85" percentile of BMI for defining overweight, we
also categorized a child as “too heavy for age” using the age-sex-
specific 85% percentile of body weight.

Covariates

Covariates were selected based on the literature review. The
data on covariates were obtained from a questionnaire admin-
istered to the child’s parents or other adult caretakers during
the NHANES survey. Maternal smoking status during preg-
nancy was recorded on birth certificates. However, most moth-
ers declined to respond to smoking-related questions due to the
recency effect. Therefore, the smoking status during pregnancy
was ascertained in the NHANES. Breastfeeding was classified as
yes or no, regardless of breastfeeding duration. The NHANES
III classifies participants based on their responses as White,
Black, Mexican American, or other. Because the sample size of
the “other” category is small, we did not report results for this
category. Total family income for the previous 12 months was
reported for each category. The poverty-to-income ratio was
calculated by comparing the midpoint of the selected income
range with the appropriate poverty threshold based on family
size and composition. The educational level of the household
head represented the highest grade that he or she had completed,
regardless of age. Maternal marital status was divided into three
categories: never married, currently married with spouses living
in the household, and previously married (mothers who were
married but their spouses were not living in the household, wid-
owed, divorced, or separated).

Postnatal factors included daily food energy, percentage of kilo-
calories from total fat, and the pattern of skipping breakfast!*.
Parental body size, measured during NHANES interviews and
physical examinations, was used as a proxy for body weight-re-
lated genetic predisposition; they are also a good indicator of an
obesogenic home environment*®l. Parental BMI was classified
as underweight (<18.5kg/m?), normal weight (18.5-24.9kg/
m?), overweight (25.0-29.9kg/m?), and obese (=30.0kg/m?).
Parents with normal weight were used as references and mater-
nal and paternal body size indicators were included separately
in the regression models. A single 24-hour diet recall interview
was administered to the children’s mothers by a trained dietary
interviewer using the Dietary Data Collection System. The inter-
viewees were asked to report all foods and beverages consumed
during the previous day, spanning 24 hours from midnight to
midnight. Data retrieval for daycare and school lunches was care-
fully planned and executed. The food database was linked to the
US Department of Agriculture’s Survey Nutrition Database and
produced an estimate of the daily total energy intake and the per-
centage of kilocalories of total fat. Whether a child skipped break-
fast was also assessed during a 24-hour diet recall interview!7.

Analytical procedures

With the appropriate weighting and nesting variables account-
ing for different sample weights and the effects of the complex
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sample design on variance estimation, we utilized SAS (Version
9.4, Research Triangle Park, NC, USA) to account for the esti-
mates of the weighted study populations and associated standard
errors (SE) for each sociodemographic stratum. Using the PROC
SURVEYLOGISTIC procedure, we calculated the adjusted
odds ratios (ORs) with 95 percent confidence intervals (Cls) of
exposure to macrosomia and used the Wald test to determine
whether the odds of exposure significantly differed between
children with normal weight and those with overweight/obesity.
The ORs were hierarchically adjusted in the saturated models to
demonstrate the impact of each additional group of variables on
the estimations. As there was no significant interaction between
macrosomia and the gestational stage, the latter was included
as a covariate rather than a stratifying variable. The final mul-
tivariable regressions included no other interaction terms to
avoid over-specification of the models. Sensitivity analyses were
performed to ensure that the main conclusion was not biased
by excluding the study participants. All 4618 children aged 2-6
years were included in sensitivity analyses regardless of missing
values. Statistical significance was set at P <0.05. We did not
use the -2 Log-Likelihood test to simplify regression models.
Instead, all the potential confounders were retained in the final
adjusted model.

Results

The prevalence of obesity and overweight combined among
children was 17.8% (SE = 1.17%) at age 2—6 years; approxi-
mately 14% of parents were with obesity, and more than 40%
of mothers were overweight (Table 1) when NHANES was con-
ducted between 1988 and 1994. Less than 10% of the children
were born with a small weight for gestational age, and 12.7%
(0.85%) were macrosomic. Children with overweight in early
childhood were more likely to be born macrosomically than
children with healthy body weight, 18.61% vs. 11.40%, respec-
tively (Table 2). Children with obese mothers were more likely
to be born with macrosomia than children with healthy moth-
ers. The percentages of fetal macrosomia were 10.0% (0.94%)
and 17.2% (2.30%) in mothers with healthy weight and obesity,
respectively. Mothers aged 35 years or older were twice as likely
to give birth to an infant with macrosomia than were mothers
younger than 20 years.

Anthropometric measurements collected after the second
birthday were associated with more factors than birthweight
did. Children of Mexican Americans and Blacks from low-in-
come families, with obese parents, were more likely to have
excessive body weight measured by BMI percentiles during
early childhood. The percentage of children with overweight
or obesity was 26.1% (3.88%) in children who were born
with fetal macrosomia, 17.4% (1.19%) in children who were
born with normal weight, and 9.81% (3.00%) for infants with
small-for-gestational-age (data not shown). Macrosomic infants
were more likely than their peers with appropriate birthweight
to be classified as “heavy” during early childhood (33.8%
[3.53%] vs. 15.5% [1.11%]).

When the body weight was measured against body height,
expressed as BMI percentile, the association between macroso-
mia and overweight was suggestive with statistical insignificance
after adjusting for postnatal lifestyle and parental BMI; the OR
was 1.38 with a 95% CI of (0.84-2.26) (Table 3). Macrosomia,
however, was found to be associated with the risk of being “too
heavy for age,” and the association remained statistically signifi-
cant after the hierarchical adjustment of a large array of factors.
Compared to children with appropriate body weights for age,
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Characteristics of the study population sample of 2621 children aged 2-6 years, NHANES 1988-1994.

Characteristic” Level % (SE)* nt Weighted population
Children’s
Child’s age (in the month) at survey 60+ m 26.2 (1.31) 615 2,348,684
48-59 m 22.6(1.03) 613 2,021,622
36-47m 25.8 (1.22) 674 2,308,675
<36m 25.4(0.96) 719 2,271,989
Child’s sex Girls 46.7 (1.11) 1303 4177,214
Body mass index at age 2—6 years Overweight* 17.8 (1.17) 529 1,589,120
Birth weight Macrosomia® 12.7 (0.85) 326 1,135,034
Race-ethnicity Whites 74.8 (1.43) 958 6,696,282
Blacks 16.2 (1.36) 844 1,449,638
Mexican Americans 8.99 (0.82) 819 805,051
Family and parental characteristics
Mother’s body mass index level' Obese 14.2 (1.21) 524 1,273,581
Overweight 18.0 (1.24) 617 1,611,785
Father’s body mass index level Obese 13.9(0.95) 421 1,245,570
Overweight 43.1(1.74) 1134 3,854,143
Family income! High 27.6 (1.52) 463 2,472,087
Middle 42.3 (1.49) 972 3,782,825
Low 30.1(1.63) 1186 2,696,059
Family head’s marital status Never 6.54 (0.67) 312 585,672
Previously 13.8 (1.32) 3n 1,236,979
Currently 79.6 (1.43) 1938 7,128,320
Perinatal parameters
Mothers smoked while pregnant Yes 24.4 (1.35) 530 2,183,665
Gestational stage® Pre-term 8.12 (0.69) 267 727,133
Breastfeeding Yes 55.5 (1.68) 1207 4,966,212
Received newborn intensive care Yes 10.8 (1.15) 279 966,810

*The characteristics were assessed between the years 1988 to 1994 unless otherwise indicated.

Presented as percentages (standard error). n is unweighted, but the % and standard error are weighted.
*Children were classified as obese based on sex-age-specific BMI > the 95 percentile of the reference populations.
Sinformation was extracted from birth certificates. Small-for-gestational-age was defined as a weight-for-gestational-age below the 10" percentile, appropriate-for-gestational-age from the 10" to the 89"

percentile, and large-for-gestational-age or macrosomia at or above the 90th percentile.

IParental BMI was classified as underweight (<18.5kg/m?), normal weight (18.5-24.9kg/m?), overweight (25.0-29.9kg/m?), and obese (>30.0kg/m?).
Based on the Poverty Index Ratio (PIR), respondents were categorized as low-income (PIR < 1.30, the federal cutoff point for eligibility for the Food Stamp Program when the NHANES Il was conducted),

middle-income (1.30 < PIR < 3.00), and high income.

too-heavy children were twice more likely to be born macro-
somic (OR = 95% with CI = 1.66-4.22). No significant inter-
action was found between birth weight and children’s age or
gestational stage in relation to body weight or height. Sensitivity
analyses, including underweight children and other outliers
excluded in the main analyses, did not change the estimates for
the association between fetal macrosomia and being too heavy
for age; the OR decreased but remained statistically significant,
from 2.64 (1.66-4.22) to 1.73 (1.09-2.74).

Discussion

As the first study using a race/ethnicity-specific definition of
fetal macrosomia, we found that fetal macrosomia was signifi-
cantly associated with a doubled risk of being too heavy for age
in children aged 2-6 years. This association was independent
of prenatal and postnatal factors, including parental BMI. On
the edge of significance, children with fetal macrosomia had an
increased risk of overweight and obesity in early childhood.

To the best of our knowledge, this is the first study to examine
the association between fetal macrosomia and the risk of obe-
sity in the early life of US-born children. Results from our main
effects model are comparable to the results of studies that have
been conducted in other countries!'’2"?3, In a study of 1767
Chinese children, the risk of being overweight in children under
three years was quadrupled in macrosomic babies compared
to children born with appropriate birth weight for gestational
agel?l. The risk of obesity (measured by BMI percentile) also
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failed to reach statistical significance with a risk ratio of 1.64
(0.89-3.00) in Chinese children. In the IDEFICS study exam-
ining 10,468 children aged 6.0+ 1.8 years from eight European
countries, Sparano ef al. found that fetal macrosomia was inde-
pendently associated with childhood overweight and obesity in
the absence of gestational or maternal diabetes!"”l. The gener-
alizability of the Chinese study might be questionable because
the clinical reliability of anthropometrics has not yet been well
established among children aged < 2 years®® and the interval
between birth and the endpoint was too short to extrapolate
long-term implications®l. The major criticism of existing lit-
erature testing the “fetal origins hypothesis” is the potential
confounding from postnatal factorsi*#, severely clouding the
conclusion’s validity. Schellong et al. performed a meta-analy-
sis to address these limitations, including 643,902 persons aged
1-75 years. The OR of high birthweight (>4000g) associated
with increased risk of overweight in the meta-analysis was 1.66
(1.55-1.77) in the random-effects model and 1.61 (1.57-1.65)
in the fixed-effects model, comparable to the OR estimated in
the current report before adjusting for parental BMI and other
home obesogenic factors, the limitations shared by most of the
previous studies.

Schellong’s meta-analysis defined birthweight 24000 g as fetal
macrosomia; our findings were based on multi-ethnic popula-
tions with ethnic-specific cutoffs. The current study had sev-
eral strengths. Parental BMI explained the largest portion of
the variance in child fatness!'”'$#!l, Between infancy and ages
3-5 years, food consumption patterns probably have a crucial
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Characteristics of the study population by birthweight status, sample of 2 621 children aged 2 - 6 years, NHANES 1988-1994.

Macrosomia Normal Small

Characteristic” Level nt Row %(SE)* nt Row %(SE)* nt Row %(SE)* P*

Body weight Healthy weight 245 11.40 (0.84) 1636 78.12 (1.09) 211 10.48 (0.99) 0.003
Overweights 81 18.61 (2.80) 415 76.11 (2.92) 33 5.28 (1.73) 0.003

Child’s sex Male 159 10.6 (1.11) 1052 80.1 (1.44) 107 9.36 (1.27) 0.07
Female 167 15.1 (1.56) 999 75.1(1.70) 137 9.78 (1.26)

Race-ethnicity Whites 120 12.7 (1.15) 743 77.3(1.30) 95 10.1(1.22) 0.32
Blacks 113 13.1 (1.08) 666 79.8 (1.23) 65 7.10(0.74)
Mexican Americans 93 12.1 (1.28) 642 78.0 (2.02) 84 9.84 (1.48)

Family income High 74 15.9 (2.25) 350 77.2 (2.35) 39 6.96 (1.51) 0.07
Middle 108 10.0 (1.54) 780 80.3 (1.81) 84 9.62 (1.62)
Low 144 13.5 (1.40) 921 747 (2.13) 121 11.8 (1.80)

Mother’s BMI Normal 157 11.0 (1.10) 1175 78.7 (1.10) 148 10.3 (1.05) 0.02
Overweight 86 14.0 (1.94) 485 78.7 (2.82) 46 7.28 (1.81)
Obese 83 19.2 (2.26) 391 71.9(3.04) 50 8.85 (2.34)

Father’s BMI Normal 117 10.0 (0.94) 844 80.6 (1.30) 105 9.33(1.17) 0.04
Overweight 152 13.9(1.52) 885 76.3 (1.67) 97 9.80 (1.30)
Obese 57 17.2 (2.30) 322 733 (2.75) 42 9.52 (2.03)

Mother’s age at delivery" 35+ 34 16.7 (4.04) 131 771 (3.74) 16 6.18 (2.59) 0.05
20-35 254 12.9 (1.06) 1642 77.9(1.10) 185 9.22 (0.90)
<20 38 7.78 (2.13) 278 77.2 (2.44) 43 15.0 (2.71)

Gestational stage" Full-term 252 11.7 (1.01) 1885 79.0 (1.06) 217 9.31(0.89) 0.003
Pre-term 74 23.6 (4.68) 166 64.1 (4.72) 27 12.4 (3.25)

Smoke while pregnant No-smoker 297 15.1(1.20) 1626 77.3(1.27) 168 7.55 (0.99) <0.001
Smoker 29 511(1.39) 425 79.1(2.71) 76 15.8 (2.29)

Breastfeeding Less than 6 months 84 11.6 (1.61) 558 77.7 (1.86) 68 10.6 (2.04) 0.03
Never 169 12.0 (1.19) 1095 76.5(1.85) 150 11.6 (1.66)
More than 6 months 73 15.3(2.02) 398 80.1 (2.66) 26 4.53 (1.25)

NHANES: the National Health Examination and Nutrition Survey; SE: standard error.
*The characteristics were assessed between the years 1988 and 1994 unless otherwise indicated.

Presented as percentages (standard error). n is unweighted, but the % and standard error are weighted.
The test statistics were t-tests (unequal variances) for continuous variables and chi-square for categorical variables.
SChildren were classified as obese based on sex-age-specific BMI > the 95th percentile of the reference populations.

IThe information was extracted from birth certificates.

impact on weight status!'*!, maternal smoking during preg-
nancy, and breastfeeding status, all of which influence growth
during early childhood!. However, most previous studies have
failed to adjust for these covariates simultaneously. Some studies
did not consider maternal smoking!!'7?°, whereas others did not
consider parental BMI"?!. The richness of the data collected reli-
ably in the NHANES allowed the current analyses to adjust for
major potential confounders for robust estimations.

This study has some limitations. Nationally representative
data were collected during the early stages of the obesity epi-
demic. Although the biological relationship revealed in the
current report may be time independent, the population-attrib-
utable risk may have changed substantially owing to the rapid
evolution of the obesity epidemic. Adjustments are needed when
estimating the population-attributable risk of fetal macrosomia
towards childhood obesity. The overall prevalence of various
prenatal risk factors may have been underestimated since the
NHANES did not sample institutionalized children because of
the severe medical consequences of pregnancy-related health
issues. Women who had experienced spontaneous abortions,
ectopic pregnancies, or stillbirths were excluded. These women
may be at an elevated risk of giving birth to babies of abnor-
mal weight. Perinatal maternal morbidity was not included
and residual confounding effects could not be ruled out. The
response rates differed according to sociodemographic status.
The children included and those who were excluded differed
in mothers’ educational attainment, age, and marital status.
The number of children (7 = 2621) included in this study was
much smaller than the total samples (7 = 4618). Caution must
be exercised when generalizing the conclusions of the current
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report. Smoking history, breastfeeding, and other key informa-
tion were assessed retrospectively via self-report interviews and
were thus subject to social desirability bias. Approximately 90%
of the interviewees were biological mothers in the NHANES
1988-1994*3; the current study failed to exclude proxies other
than biological mothers, such as fathers or other caregivers. No
repeated measurements are available to describe the dynamics
of related behaviors, including parental BMI and the socioeco-
nomic status of the family, to characterize the timing or relative
weight at which adiposity rebounds may occur, and the con-
tribution of these time-dependent patterns to the development
of overweight cannot be evaluated. When statistical power is
allowed, the analyses should be stratified by race and ethnicity
in future studies. Mendelian randomization should be applied
when genomic data are available to examine the causal effects
in observational studies.

The results of our study, together with others!'”-2! indicate
that overnutrition manifested by fetal macrosomia persisted and
carried obesogenic momentum across generations. Salihu ez al.
recently reported that the rate of fetal macrosomia declined by
almost 10% over the previous five decades**, intuitively con-
tradicting the hypothesis that macrosomia mlght be pivotal in
the transgenerational cycle of obesity. However, Salihu et al.
used birthweight >4000g to define fetal macrosomia without
stratification by gestational age; the unified definition may
fail to capture transgenerational momentum in the absence of
race-sensitive and gestational age-adjusted definitions, given
the high prevalence of preterm births*’l. Underestimation may
occur more significantly in populations of color, among which
both obesity and preterm birth are inappropriately higher>*4¢l.
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Hierarchically adjusted odds ratio (95% confidence interval) of overweight sample of 2 621 children aged 2 - 6 years, NHANES
1988-1994.

N with valid Heavy for height and age (overweight) at age 2-6 years Heavy for age at age 26 years
data and
included in
regressions  Number of OR (95% CI) of overweight Number of OR (95% Cl) of overweight
Large for Appropriate Heavy Large for Appropriate
Overweight* gestational for Small for for age gestational for Small for
Hierarchical adjustment Usedin  *(Unweighted age gestational gestational (Unweighted age gestational gestational
steps regressiont  sample size) (macrosomia) age age sample size) (macrosomia) age age
Crude 2621 529 1.68 1.00 0.52 495 2.77 1.00 0.21
(1.13-2.48) (reference)  (0.26—1.02) (1.88-4.09) (reference)  (0.11-0.40)
Age and sex of children® 2621 529 1.62 1.00 0.50 495 2.76 1.00 0.21
(1.09-2.42) (reference)  (0.25-1.01) (1.87-4.09) (reference)  (0.11-0.41)
Age, sex, and race (ASR) 2621 529 1.64 1.00 0.50 495 2.78 1.00 0.21
(1.09-2.44) (reference)  (0.25-1.01) (1.87-4.14) (reference)  (0.11-0.41)
ASR, income, and education 2621 529 1.72 1.00 0.49 495 2.84 1.00 0.22
(household head) (1.14-2.57) (reference)  (0.25-0.96) (1.90-4.24) (reference)  (0.11-0.42)
ASR, Income, education, 2621 529 1.71 1.00 0.49 495 2.84 1.00 0.22
Marital status of household (1.14-2.58) (reference)  (0.25-0.96) (1.90-4.24) (reference)  (0.11-0.42)
head (ASRIM)
ASRIM, mother’s age at birth 2621 529 1.7 1.00 0.49 495 2.78 1.00 0.22
(ASRIMA) (1.13-2.58) (reference)  (0.25-0.96) (1.83-4.24) (reference)  (0.12-0.43)
ASRIMA, breastfeeding 2621 529 1.7 1.00 0.47 495 2.78 1.00 0.22
(1.14-2.59) (reference)  (0.24-0.94) (1.83-4.21) (reference)  (0.11-0.42)
ASRIMA, breastfeeding, 2621 529 1.68 1.00 0.48 495 2.82 1.00 0.22
maternal smoking during the (1.11-2.54) (reference)  (0.24-0.96) (1.87-4.26) (reference)  (0.11-0.42)
pregnancy.
ASRIM, breastfeeding, maternal 2621 529 1.64 1.00 0.48 495 2.84 1.00 0.22
smoking, and gestational (1.07-2.50) (reference)  (0.24-0.95) (1.89-4.28) (reference)  (0.11-0.42)
stage$
ASRIM, breastfeeding, maternal 2365 469 1.56 1.00 0.54 433 2.89 1.00 0.24
smoking, gestational stage, (0.96-2.53) (reference)  (0.27-1.08) (1.81-4.61) (reference)  (0.12-0.47)
and lifestyle"
ASRIM, breastfeeding, maternal 2365 469 1.38 1.00 0.54 433 2.64 1.00 0.23
smoking, gestational stage, (0.84-2.26) (reference)  (0.26-1.10) (1.66-4.22) (reference)  (0.12-0.46)

lifestyle, and parental BMI

ASR: Age, Sex and Race; ARSIM: Age, Sex, Race, Income of family, and Marital status of household head; CI: confidence interval; NHANES: the National Health Examination and Nutrition Survey; OR: odds
ratio; SE: standard error.

*Children were classified as overweight or obese based on sex- age-specific BMI > the 95" percentile of the reference populations.

*Children with missing values for variables other than well-established risk factors were included in the analyses to retain statistical power. The regression automatically excluded these children when
variables with missing values were introduced on the right side of the regression in the hierarchical steps.

*Sex was also considered when defining large-for-gestational age (macrosomia), appropriate-for-gestational age, and small-for-gestational age, as race- and sex-specific percentiles were used.

SThe gestational stage was dichotomized as pre-term (<37 weeks) or termed (>37 weeks).

'The lifestyle indicators included (1) total dietary intake, (2) energy percentage of fat, and (3) skipping breakfast.
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sex-specific percentiles rather than one cutoff value of birth  and approved its submission.
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