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Abstract
We sought to determine the association between small for gestational age (SGA), birth weight, and
childhood obesity within preterm polysubstance exposed children. We sampled 312 preterm children
with 11-year body mass index (BMI; age- and sex-specific) data from the Maternal Lifestyle Study
(51% girls, 21.5% SGA, 46% prenatal cocaine, and 55% tobacco exposed). Multinomial regression
analyzed the association between 11-year obesity (OBE) and overweight (OW) and SGA, birth
weight, first-year growth velocity, diet, and physical activity variables. Overall, 24% were OBE (BMI
for age ≥95th percentile) and 16.7% were OW (BMI ≥85th and <95th percentiles). In adjusted
analyses, SGA was associated with OW (odds ratio [OR]=3.4, confidence interval [CI] 1.5 to 7.5).
Higher birth weight was associated with OBE (OR = 1.8, CI 1.3 to 2.4) and OW (OR=1.4, CI 1.1 to
2.0). Growth velocity was associated with OBE (OR=2.7, CI 1.8 to 4.0) and OW (OR=1.6, CI 1.1
to 2.4). Low exercise was associated with OBE (OR=2.1, CI 1.0 to 4.4) and OW (OR=2.1, CI 1.0 to
4.5). There was no effect of substance exposure on obesity outcomes. Many (41%) of these high-
risk preterm 11-year-olds were obese/overweight. Multiple growth-related processes may be
involved in obesity risk for preterm children, including fetal programming as indicated by the SGA
effect.
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It is well established that childhood obesity is due to energy imbalance as a result of genetics,
poor diet, and physical inactivity1,2 and disproportionately affects children from low
socioeconomic status (SES) and ethnic minority backgrounds and girls.3–6 Before age 3,
childhood obesity is more specifically related to parental (e.g., maternal prepregnancy weight)
and early infancy factors (e.g., accelerated growth velocity).7–9 Fetal Origins of Chronic
Disease research suggests that in combination with accelerated growth velocity, low birth
weight is also related to obesity.10 Other research suggests that size at birth for gestational age,
such as being small for gestational age (SGA), and not size at birth alone (e.g., low birth weight)
is the most likely of the two early infancy factors associated with increased risk for later obesity.
11 The role of SGA or birth weight in predicting childhood obesity may be unclear given that
SGA, low birth weight, and preterm birth are often studied interchangeably, as if they were
synonymous.12,13 Research on low birth weight and obesity in particular typically study full-
term infants, or it is not clear whether these samples include preterm infants; and in some cases,
samples include some combination of both term and preterm infants.10 Postnatal growth
trajectories are different for term and preterm infants.14 Therefore, understanding the impact
of SGA and birth weight on obesity may be further elucidated by examining the association
between early infancy factors and obesity among preterm infants alone and not together with
term infants.14 Available research among preterm populations on fetal/early infancy risks for
obesity is sparse and inconclusive, suggesting that preterm birth, low birth weight, and/or SGA
are associated with both increased15 and decreased risk of16 childhood obesity. Further, much
of this research has poorly controlled for the influence of confounders associated with preterm
birth, SGA, low birth weight, and obesity. Preterm birth, low birth weight, and SGA similar
to obesity are national health problems, disproportionately affecting ethnic minority and low
SES children.17,18 Maternal substance use, including illicit drug, tobacco, and alcohol use, is
also associated with SGA, low birth weight, and preterm birth.18–22 We have yet to fully
understand the association between SGA, low birth weight, and childhood obesity for preterm
children within the context of relevant obesity, low birth weight, and SGA risk factors,
including fetal/early infancy factors (e.g., prenatal substance exposure and infant growth
velocity), maternal factors (e.g., prepregnancy weight, diabetes history), and behavioral factors
(e.g., physical activity and nutrition).23,24

We studied obesity and overweight at 11 years of age in preterm children participating in a
longitudinal study. The sample is mostly African-American, polysubstance-exposed (cocaine,
alcohol, tobacco, and marijuana) children from low-income environments at risk for poor
health outcomes including obesity and overweight. We studied only preterm infants given the
paucity of research on childhood obesity and overweight in this population and given
differential growth trajectories for preterm versus term infants.14 We examined SGA as a
predictor of overweight and obesity given SGA is associated with nutritional deprivation25 and
therefore may be a marker for “fetal origins”10 of physiological and metabolic alterations
implicated in adult onset chronic disease including obesity.26–29

METHODS
Study Design

The Maternal Lifestyle Study (MLS) is a longitudinal study of children with prenatal cocaine
exposure conducted in four sites: Brown University, University of Miami, University of
Tennessee at Memphis, and Wayne State University. Institutional Review Board approval for
MLS and a certificate of confidentiality from the National Institute on Drug Abuse were
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obtained for each of the sites. Informed consent was obtained for all participants meeting
enrollment criteria.

MLS was conducted in two phases. The acute outcome phase (1993 to 1995) extended through
hospital discharge and enrolled mother-infant dyads within 24 hours of delivery from each
hospital site. We recruited subjects across three birth weight groups, <1500 g, 1500 to 2500 g,
and >2500 g, to ensure an adequate sample of preterm infants.30 Gestational age was assessed
via Ballard Examination.31 Mothers consented to a brief interview of their drug use during
pregnancy and a toxicology analysis of their infant's meconium. “Exposure” was defined as
maternal admission of cocaine/opiate use during pregnancy and/or positive meconium assay
of cocaine/opiate metabolites, confirmed with gas chromatography/mass spectroscopy.32,33

“Comparison” was defined as maternal denial of prenatal cocaine/opiate use and negative
cocaine/opiate enzyme-multiplied immunoassay technique. Maternal exclusion criteria were
age <18 years, history of psychosis or institutionalization for retardation or emotional
problems, and language barriers. Infant exclusion criteria included those infants born at another
hospital, multiple gestation, birth weight <501 g, gestational age >42 weeks, or attending
physician judgment of low infant survivability.30

The longitudinal follow-up phase began at the infant's first follow-up visit, at 1 month of age,
corrected for prematurity.34 Exposed children from the acute phase were group matched with
“comparisons” within site on child race/ethnicity, gender, and gestational age. Exclusion
criteria for the longitudinal phase were maternal intent to move out of her catchment area,
chromosomal abnormality, or toxoplasmosis, other agents, rubella, cytomegalovirus, or herpes
infection. Of the 1388 mother/infant dyads (658 exposed; 730 comparison) enrolled in the
longitudinal phase, 577 were preterm infants <37 weeks' gestational age (318 exposed; 259
comparison). The uneven groups reflect the replacement of comparison mother/infant dyads
if consent was withdrawn prior to the 1-month visit. This report includes preterm infants only.

Procedure
Follow-up was conducted at hospital sites at 1, 4, 8, 12, and 18 months, then annually through
11 years starting at 24 months and corrected for prematurity through the 3-year visit.
Descriptive characteristics were obtained from child medical chart review and maternal
interview. Prenatal tobacco, marijuana, and alcohol exposures were defined as maternal
admission of use of these substances during pregnancy (yes/no); any prenatal substance
exposure was calculated as a composite of cocaine/opiate, tobacco, alcohol, and marijuana
variables. The Hollings-head Index of Social Position35,36 was used to calculate SES at the
11-year visit based on education and occupation of primary contributors to the household.
Maternal prepregnancy body mass index (BMI) was calculated according to Centers for
Disease Control and Prevention (CDC)37 and based on maternal report of height and
prepregnancy weight during the postpartum recruitment interview. Maternal pregestational
diabetes was based on maternal report of history diabetes (yes/no) and used as a proxy for
gestational diabetes, which was not available in MLS.

EARLY GROWTH AND HEALTH BEHAVIOR PREDICTORS—Eight predictors were
selected a priori based on previous literature: four early growth and four health behavior
variables. Early growth variables were based on “fetal origins” literature and included
gestational age (<32 weeks or 32 to 36 weeks), birth weight (g), SGA (<10th percentile birth
weight for gestational age)38 and growth velocity. Growth velocity was calculated as weight
change per month from birth to 12 months (g/mo).39 Health behavior variables were based on
the childhood obesity literature and health behavior guidelines endorsed by the American
Academy of Pediatrics (AAP) and included inadequate exercise, excessive television viewing,
regular fruit and vegetable consumption, and regular grain and cereal consumption. Inadequate
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exercise was based on national recommendations to accumulate 60 minutes of moderate to
vigorous physical activity each day40 and based on 8-, 9-, 10-, and 11-year visit data. Eight-
and 9-year inadequate exercise variables were based on maternal report of her child exercising
≤30 minutes on a regular basis five or more times a week. Ten- and 11-year inadequate exercise
variables were calculated from the Child Health and Illness Profile, parent report (CHIP-P) as
maternal report of her child playing active games or sports, or playing hard enough to start
sweating and breathing hard less than almost every day. Overall inadequate exercise was
defined as a report of inadequate exercise in three or more of 8-, 9-, 10-, and 11-year visits.
Excessive television viewing was based on AAP recommendations that sedentary behavior be
limited to <2 hours daily41 and based on 8-, 9-, 10-, and 11-year visit data. Eight- and 9-year
excessive television viewing variables were calculated based on maternal report of her child
watching television >2 hours a day during a school or weekend day. Ten- and 11-year excessive
television viewing variables were calculated from the CHIP-P as maternal report of her child
watching ≥2 hours of television on school days for the past 4 weeks. Overall excessive
television viewing was defined as a report of excessive television viewing in three or more of
8-, 9-, 10-, and 11-year visits. Regular fruit and vegetable consumption and regular whole grain
consumption variables were based on U.S. Department of Agriculture (USDA)
recommendations that adolescents regularly consume appropriate quantities of fruits,
vegetables, and whole grains42 and calculated from the CHIP (adolescent edition) as adolescent
report of eating fruits/vegetables and grains/cereals more than once a day in the past 4 weeks.

OVERWEIGHT AND OBESITY OUTCOMES—Study outcomes were childhood obesity
and overweight calculated from child height and weight measurements from the 11-year visit.
Outcomes were defined according to the CDC 2000 growth charts43 and AAP
recommendations.44 Obesity was 11-year BMI for age >sex-specific 95th percentile (yes/no).
Overweight was 11-year BMI for age >sex-specific 85th percentile but <95th percentile (yes/
no).

Analyses
Descriptive statistics were analyzed using χ2 for categorical variables and analysis of variance
(ANOVA) for continuous variables. Post hoc comparisons for statistically significant
descriptive variables were examined by adjusted standardized residuals in χ2s and with Fisher's
least significant difference in ANOVAs. Pearson correlation, Spearman correlation, or χ2 tests
were used during preliminary analyses to explore bivariate correlations between all predictors,
covariates, and outcomes. Potential covariates were selected and included in the multinomial
logistic regression modeling analysis if they were associated with the outcome variable at
p<0.10. Multinomial logistic regression allows an outcome variable with greater than two
levels. In this study, the outcome variable had three levels: obesity, overweight, and normal
weight. Using multinomial logistic regression analysis, we generated odds ratios for predictor
and covariate variables in the prediction of obesity and overweight in comparison to referent
(e.g., normal weight). The final multinomial logistic regression model included the following
predictors and covariates: birth weight, growth velocity, SGA, prepregnancy BMI, inadequate
exercise, excessive television viewing, exercise, regular fruits and vegetable consumption,
regular grain and cereal consumption, gender, race/ethnicity, site, SES, and maternal
pregestational diabetic history. Additionally examined covariates not included in the final
model were prenatal cocaine/opiate, tobacco, alcohol, and marijuana exposures. The SGA ×
cocaine/opiate exposure interaction resulted in inadequate sample numbers and was dropped
from the final model. The SGA × substance exposure (cocaine/opiate, tobacco, marijuana, and
alcohol), SGA × tobacco, SGA × birth weight, and SGA × - growth velocity interactions were
not significantly associated with childhood overweight or obesity and were removed from the
final model. Birth length and head circumference were also not included in the final model
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given their high correlations with birth weight (Pearson r>0.70). All analyses were conducted
using SPSS windows 15.0 (SPSS Inc., 2007).

RESULTS
MLS enrolled 577 preterm infants at longitudinal follow-up; 393 (68%) had height and weight
data at the 11-year visit. Of these 393 children, 312 (79%) had complete data for all of the
measures and were used as the final sample for this study. Comparison of medical and
demographic characteristics between the 265 children not included and the 312 children
included in this study showed more preterm births ≤32 weeks in the included (197, 63.1%)
versus excluded (146, 55.1%) samples (p=0.001). Adolescents in the included sample were
marginally more likely to have larger BMIs (p=0.05). There were no other differences between
the two groups, including birth weight, SGA, head circumference, length at birth, exposure to
drugs, gender, race/ethnicity, growth velocity, SES, or maternal prepregnancy BMI.

Descriptive Characteristics
The sample included 115 children born ≤32 weeks' gestational age (37%): 67 SGA children
(21.5%), 158 girls (50.8%), and 249 African-Americans (81.1%). The sample also included
133 cocaine-exposed (42.6%), 170 tobacco-exposed (54.5%), 186 alcohol-exposed (59.6%)
and 73 (23.4%) marijuana-exposed children (prenatal exposure). A total of 75 were obese
(24%) and 52 (16.7%) were overweight at 11 years based on the 2000 CDC growth charts.
Scatter plot observation showed two of five total large-for-gestational-age (LGA; >90th
percentile birth weight for gestational age)38 infants whose 11-year BMIs fell within the
overweight/obesity categories (≥85th percentile). The mean BMI percentile for the obese group
(97.8, standard deviation [SD]=1.5) was higher compared with the means for the overweight
(89.9, SD=3.1) and normal weight (48.8, SD=23.4) categories defined by the 2000 CDC BMI
growth charts (p<0.001).

Descriptive characteristics of the sample by BMI status (Table 1) showed that preterm children
born SGA were more likely to be overweight than normal weight or obese at age 11 years.
Preterm children who were obese at age 11 years had higher 12-month growth velocities and
mothers with higher reported prepregnancy BMIs than their overweight and normal weight
peers. Preterm children who were overweight versus normal weight at age 11 years had mothers
who reported higher prepregnancy BMIs. Preterm 11-year-old children who reported
inadequate exercise were more likely to be obese or overweight than normal weight.

Multivariable Analysis
The logistic regression model for obesity and overweight adjusting for confounders (Table 2)
showed that SGA was a significant independent predictor of overweight at 11 years of age.
Higher birth weight, higher 12-month growth velocity, and inadequate exercise were
independently and significantly associated with increased odds for obesity and overweight at
11 years of age. Higher maternal prepregnancy BMI and female gender were also significantly
associated with increased odds for obesity and overweight at 11 years.

DISCUSSION
It is surprising how little is known about childhood obesity and overweight in preterm infants.
In this sample of prematurely born 11-year-old adolescents with prenatal polydrug and
postnatal environmental risk factors, we did not find higher rates of obesity compared with
national estimates. The 24% prevalence estimate for obesity in this sample is similar to national
prevalence estimates of obesity for African-American youth (22%) from the National Health
and Nutrition Examination Survey 2003 to 2004.45 However, we did find that obese children
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had higher BMIs compared with national estimates than did the overweight children,
suggesting that obese children in this study are toward the upper end of the obesity curve, and
therefore likely at greater risk for disease. The 16.7% prevalence estimate for overweight
appeared to be lower than national estimates (40%) for African-Americans. National estimates
are based on representative samples and include term and preterm infants.6,43,45 Thus, it is
possible that the distribution of weight is different in term and preterm infants. The results of
regression analyses where we adjusted for covariates showed that typical factors relevant in
the obesity literature among mostly term infant samples also predicted obesity and overweight
in our preterm sample, although our SGA findings are unique.

SGA significantly predicted overweight in our study. Yet, SGA in preterm infants is rarely
accounted for in the “fetal origins” literature. For example, a study showing increased risk of
cardiovascular disease–related death given low birth weight found the highest standardized
mortality ratios for preterm adults; SGA was not included.46 We were unable to locate obesity
studies of gestational age, birth weight, and SGA in preterm children.15,16 Available studies
often exclude relevant early growth variables, such as growth velocity.16,47,48 Inconsistencies
in the literature may be related to these methodological issues. For example, preterm birth, low
birth weight, and SGA have been associated with increased risk for adolescent overweight15

but not associated with BMI among 8-year-old children.47 In nonobese populations, SGA
preterm children were the lightest in weight,16,47 and extremely low-birth-weight preterm
infants were lighter compared with term infants.48 Our study suggests that SGA is associated
with increased risk for overweight at 11 years independent of both birth weight and postnatal
growth velocity for children born preterm.

Contrary to our predictions, we found higher birth weight and not low birth weight was related
to overweight and obesity at 11 years among preterm children. However, similar findings have
been reported in term children at ages 3 to 613,49 and 7 years,7 but not in preterm adolescents.
The majority of evidence examines low-birth-weight and not other birth-weight categories,
suggesting that low birth weight is associated with increased risk of childhood overweight and
obesity.50 In fact, among term children, some have found a stronger tracking effect for later
adiposity among low-birth-weight versus normal or high-birth-weight children.13 The
landmark studies of men and women born during famine in England around the 1900s provided
early evidence for the association between low birth weight and chronic disease,51 but did not
distinguish preterm from term births.52,53 Our findings suggest that the mechanism that
increases risk for obesity as birth weight increases in term children is similar among preterm
children, and this risk extends into adolescents. Higher birth weight in this case is not
synonymous with LGA, which has also been associated with overweight among term children.
49,54 Further, there were too few LGA children in this preterm sample overall and who later
became overweight/obese to warrant further examination. Interestingly, the fact that there is
increased obesity risk for normal-weight preterm children as birth weight increases suggests
an interaction between the intrauterine and postnatal environment that warrants further
investigation.

In adults, there is mixed evidence suggesting that both decelerated52 and accelerated growth
velocity50 among low-birth-weight infants is associated with the highest risk of cardiovascular
disease and overweight/obesity onset. In children, our findings are consistent with literature,
suggesting that across different definitions of growth velocity (e.g., 12 to 24 months of infancy)
and adiposity indicators (e.g., BMI and waist circumference), rapid weight gain during early
life increases risk for adiposity.55,56 Although the large majority of research is not limited to
SGA infants, it has been established that low-birth-weight infants are more likely to show rapid
infancy growth than normal and higher-birth-weight infants.57 We did not find a significant
SGA by growth velocity interaction. This finding is consistent with evidence suggesting that
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outcomes related to rapid growth velocity are similar for SGA and normal-birth-weight
populations.56

We found an association between inadequate exercise and adolescent overweight and obesity.
This has been reported in some studies44 but not others.58 However, exercise has not been
previously studied as a predictor for obesity in preterm infants. Our findings have implications
for intervention, as physical exercise is increasingly being used to combat obesity in children.
40,59–61 We did not find an association between excessive television viewing and childhood
adiposity, which is inconsistent with the term literature,1,41 nor did we find an effect for regular
health food consumption. Although evidence from the USDA suggests a modest effect for fruit
and vegetable intake protecting against childhood adiposity,62 other studies found no
association between these two variables.58

The two studies of childhood overweight and obesity in preterm populations have used different
methodological approaches to examine effects of gender.7,63 Both studies were in term
children; neither examined SGA status. One study found that female gender was associated
with obesity at 7 years after controlling for birth weight, growth velocity, and other
confounders.63 The other study, also at age 7, stratified by growth velocity and birth weight
found that accelerated growth velocity was more strongly associated with higher BMI among
boys but not girls with lower birth weight.7 Differences in methodological approaches could
explain the discrepancy in findings. Findings from our study suggest that female gender is
associated with 11-year overweight and obesity in preterm children.

Our finding that higher reported maternal prepregnancy BMI is associated with increased risk
for childhood adiposity is consistent with previous literature.8,64 Our study finding is unique
from previous studies, which typically did not control for birth weight, SGA, and other relevant
early growth variables among preterm infants.

The fact that MLS was not initially designed to examine overweight and obesity is a limitation.
However, MLS provides a rare opportunity to longitudinally study childhood obesity and
overweight in a sample of high-risk children. Although our findings are limited to preterm
infants, this population is understudied in the field, and we were able to determine a unique
effect for SGA. Although we found no main effect for in utero tobacco or cocaine exposures,
we were unable to test SGA interaction effects due to small sample numbers. It may be that
the association between SGA and adolescent obesity in this preterm sample is due to an
interaction between SGA and prenatal cocaine or tobacco exposures. In utero tobacco exposure
is associated with SGA,65,66 and maternal smoking is associated with childhood obesity.8,67

Evidence for SGA and prenatal cocaine exposure is limited and mixed.20,68 The effect of
prenatal cocaine exposure on childhood obesity is still unknown. In light of our unique findings
for SGA and childhood obesity among preterm infants, the combined effect of SGA and
tobacco and cocaine exposure on obesity warrant further exploration.

The use of BMI is this study is both a limitation and strength. The limitation of BMI is that it
is an indirect measure for adiposity that may reflect lean body mass rather than body fatness.
69 As such, BMI as a measure of overweight and obesity tends to have high specificity for
identifying adolescents with a high percentage of body fat, but low sensitivity.70 The utility of
BMI is that it correlates with more direct measures of body fatness, is the most widely used
adiposity measure,71 and has been used with youth born prematurely.7,72

Our findings extend to preterm children evidence that SGA, accelerated growth velocity, and
higher birth weight7,13,50 are independently associated with increased risk of childhood
adiposity. This suggests that multiple growth-related processes are involved in the risk of
childhood adiposity for preterm infants, one of which may be fetal programming as indicated
by the SGA effect. The findings also indicate that both prenatal and postnatal processes
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(inadequate exercise) are involved, providing opportunities for prenatal and postnatal
behavioral interventions.
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Table 1

Descriptive Characteristics of 11-Year-Old Adolescents Born Premature by Weight Status

Characteristic Obese (≥95%), n=75 Overweight (≥85 to
<95%), n=52 Normal (>85%), n=185 P

Gestational age, n (%)

≤32 wk 27 (36.0) 13 (25.0) 75 (40.5) 0.12

32–36 wk 48 (64.0) 39 (75.0) 110 (59.5)

Birth weight (g), m (SD) 2096.7 (608.4) 2029.8 (646.6) 1921.3 (647.4) 0.11

Percentile birth weight adjusted for gestational age,
mdn (min, max) 29.9 (5.0, 90.5) 24.7 (5.0, 94.3) 30.5 (5.0, 92.9) 0.53

12-mo growth velocity (g/mo), m (SD)* 655.4 (103.8) 610 (88.5) 600 (89.3) <0.001

SGA, n (%)‡ 13 (17.3) 18 (34.6) 36 (19.5) 0.04

Any prenatal substance exposure, n (%) 58 (77.3) 42 (80.8) 141 (76.2)

Prenatal cocaine, n (%) 27 (36.0) 21 (40.4) 85 (45.9) 0.32

Prenatal tobacco, n (%) 35 (46.7) 28 (53.8) 107 (57.8) 0.26

Prenatal alcohol, n (%) 44 (58.7) 29 (55.8) 113 (61.1) 0.77

Prenatal marijuana, n (%) 16 (21.3) 9 (17.3) 48 (25.9) 0.38

Inadequate exercise, n (%)‡ 49 (65.3) 36 (69.2) 96 (51.9) 0.03

>2 h TV watching, n (%) 37 (49.3) 26 (50.0) 97 (52.4) 0.88

Regular consumption fruits and vegetables, n (%) 22 (29.3) 14 (26.9) 69 (37.3) 0.25

Regular consumption grains and cereals, n (%) 36 (19.5) 15 (28.8) 18 (24.0) 0.32

Prepregnancy BMI, m (SD)§ 28 (7.4) 24.5 (4.2) 22 (4.5) <0.001

Female gender, n (%) 40 (53.3) 33 (63.5) 86 (46.5) 0.09

Race/ethnicity, n (%)

 Black 58 (77.3) 37 (71.2) 155 (83.8) 0.11

 Hispanic 2 (2.7) 4 (7.7) 3 (1.6)

 Other 15 (20.0) 11 (21.2) 27 (14.6)

Site, n (%)

 Detroit 39 (52.0) 29 (55.8) 93 (50.3) 0.61

 Memphis 19 (25.3) 10 (19.2) 51 (27.6)

 Miami 6 (8.0) 4 (7.7) 22 (11.9)

 Providence 11 (14.7) 9 (17.3) 19 (10.3)

Maternal pregestational diabetes, n (%) 4 (5.3) 1 (1.9) 4 (2.2) 0.35

Socioeconomic status, Hollingshead, m (SD) 31.4 (10.5) 29.2 (8.7) 29.4 (10.4) 0.32

Note: N=312; p values are based on chi-square tests for categorical variables and analysis of variance for continuous variables. BMI, body mass index;
m, mean; mdn, median; max, maximum; min, minimum; SD, standard deviation; TV, television.

*
Fisher's least significant difference in analysis of variance showed higher values for 12-mo growth velocity in the obese versus normal and overweight

groups, both p<0.001.

†
Results for adjusted standardized residuals from chi-square analyses showed greater than expected small-for-gestational-age children in the

overweight group.

‡
Results for adjusted standardized residuals from chi-square analyses showed fewer than expected for low exercise in the normal group and greater

than expected for low exercise in the overweight and obese group.
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§
Fisher's least significant difference in analysis of variance showed higher maternal prepregnancy BMIs for obese versus normal and overweight

groups, both p<0.001.
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Table 2

Logistic Regression Modeling of the Association between Obesity and Overweight Compared with Normal
Weight at 11 Years for Adolescents Born Premature, Adjusting for Confounders

Characteristic Obese (≥95%), OR (95% CI) Overweight (≥85 to <95%), OR (95% CI)

Birth weight, every 500-g increase 1.77 (1.32–2.38) 1.43 (1.05–1.95)

12-mo growth velocity (g/mo) 2.69 (1.80–4.00) 1.61 (1.07–2.43)

SGA 2.28 (0.95–5.46) 3.39 (1.53–7.51)

Inadequate exercise 2.13 (1.02–4.37) 2.12 (1.01–4.46)

>2 h TV watching 0.86 (0.42–1.73) 0.94 (0.45–1.97)

Regular consumption fruits and vegetables 1.36 (0.65–2.84) 1.63 (0.76–3.49)

Regular consumption grains and cereals 0.64 (0.28–1.44) 0.57 (0.26–1.28)

Prepregnancy BMI 1.28 (1.19–1.38) 1.15 (1.07–1.25)

Female gender 2.31 (1.13–4.75) 2.74 (1.30–5.77)

Race/ethnicity

 Black 1.27 (0.41–3.94) 1.26 (0.15–10.57)

 Hispanic 0.54 (0.05–6.18) 0.56 (0.17–1.77)

 Other*

Site

 Detroit 0.47 (0.13–1.77) 0.99 (0.23–3.49)

 Memphis 0.24 (0.06–1.05) 0.46 (0.10–2.09)

 Miami 0.25 (0.05–1.30) 0.44 (0.08–2.34)

 Providence*

Maternal pregestational diabetes 0.24 (0.04–1.45) 0.97 (0.09–10.29)

Socioeconomic status, Hollingshead 1.01 (0.98–1.05) 0.99 (0.95–1.02)

Note: N=312; obese (n=75) and overweight (n=52) compared with normal weight. BMI; body mass index; CI, confidence interval; OR, odds ratio;
SGA, small for gestational age; TV, television.

*
Referent group within predictors.
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