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Abstract
Objectives—To examine the interaction between maternal pre-pregnancy body mass index
(BMI) and gestational weight gain (GWG) and their association with birthweight, with a focus on
racial differences.

Methods—We used birth certificate data from live singleton births of South Carolina resident
mothers, who self-reported their race as non-Hispanic white (NHW, n=140,128) or non-Hispanic
black (NHB, n=82,492) and who delivered at 34–44 weeks of gestation between 2004–2008 to
conduct a cross-sectional study. Linear regression was used to examine the relationship between
our exposures (i.e., race, BMI and GWG) and our outcome birthweight.

Results—Based on 2009 Institute of Medicine guidelines, the prevalence of adequate, inadequate
and excessive GWG was 27.1%, 24.2% and 48.7%, respectively, in NHW women and 24.2%,
34.8% and 41.0%, respectively, in NHB women. Adjusting for infant sex, gestational age,
maternal age, tobacco use, education, prenatal care, and Medicaid, the difference in birthweight
between excessive and adequate GWG at a maternal BMI of 30 kg/m2 was 118g (95% CI: 109,
127) in NHW women and 101g (95% CI: 91, 111) in NHB women. Moreover, excessive versus
adequate GWG conveyed similar protection from having a small for gestational age infant in
NHW [OR=0.64 (95% CI 0.61, 0.67)] and NHB women [OR=0.68 (95% CI: 0.65, 0.72)].

Conclusions—We report a strong association between excessive GWG and higher infant
birthweight across maternal BMI classes in NHW and NHB women. Given the high prevalence of
excessive GWG even a small increase in birthweight may have considerable implications at the
population level.
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INTRODUCTION
Based on National Health and Nutrition Examination Survey (NHANES) data from 2007–
2008, 34.0% of women of childbearing age (defined as 20 to 39 years old) were obese (body
mass index (BMI) of 30 or higher), and 7.6% were extremely obese (BMI of 40 or higher)
(1). Moreover, the prevalence of obesity and extreme obesity is much higher in non-
Hispanic black (NHB) compared to non-Hispanic white (NHW) women of childbearing age
20 to 39 years at 47.2% and 31.3%, respectively, for obesity, and 15.0% and 6.8%,
respectively, for extreme obesity (1).

Maternal pre-pregnancy obesity and excessive gestational weight gain (GWG) during
pregnancy are independently associated with increased birthweight, macrosomia and giving
birth to an infant who is large for gestational age (LGA) (2,3). New guidelines proposed by
the Institute of Medicine (IOM) stratify recommended GWG based on pre-pregnancy BMI
and, for the first time, have an upper limit of weight gain recommended for obese women
(2). Racial differences in maternal and neonatal outcomes between NHB and NHW women
have been examined at the low end of the birthweight distribution (4–6); however, many of
these studies fail to account for major differences in pre-pregnancy BMI between NHB and
NHW women. Moreover, despite the fact that maternal obesity is much higher in NHB
compared to NHW women, few studies have focused on racial differences in neonatal
outcomes at the high end of the birthweight distribution. Moreover, large population-based
studies have not concurrently examined the impact of maternal obesity and GWG on
birthweight while focusing on potential racial differences. Therefore, our objective was to
examine the interaction between maternal pre-pregnancy BMI and GWG and their
association with birthweight, with a focus on racial differences at the population level in
South Carolina from 2004 through 2008. Our hypothesis was that racial differences exist in
the association of maternal BMI and GWG with birthweight.

METHODS
Study Design and Population

Live singleton births of South Carolina resident mothers, who self-reported their race as
either NHW or NHB, who had a pre-pregnancy BMI of at least 18.5 kg/m2, and who
delivered at a gestational age between 34 and 44 weeks of gestation between January 2004
and December 2008 comprise the study population (Figure 1). Information routinely
collected on the birth certificate was obtained from the SC Department of Health and
Environmental Control. The Institutional Review Board of the Medical University of South
Carolina approved the study.

Data Collection
Information obtained from the birth certificate included birthweight, gestational age based
on reported date of last menstrual period (LMP); infant sex; maternal age, height, pre-
pregnancy weight, weight at delivery and educational level; month when prenatal care was
first received; number of prenatal visits; whether tobacco was used during pregnancy;
Medicaid payor status during the pregnancy (yes/no); and parity. In 2004 the South Carolina
birth certificate was revised to improve the quality of data collected related to maternal
obesity. Specifically, information on maternal height, pre-pregnancy weight and weight at
delivery was added.

Mate BMI was calculated as mother’s pre-pregnancy weight in kilograms divided by height
in meters squared. Based on BMI, women were classified as normal (18.5–24.9 kg/m2),
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overweight (25.0 to 29.9 kg/m2) or obese (≥30 kg/m2). GWG was calculated as weight at
delivery (which included the weight of the infant and products of conception) minus
mother’s pre-pregnancy weight and was categorized into adequate, inadequate and excessive
based on 2009 IOM guidelines (2). Specifically, adequate GWG was defined as 25 to 35
pounds for women of normal BMI, 15 to 25 pounds for overweight women and 11 to 20
pounds for obese women. Inadequate and excessive GWG were defined as less and more
than adequate GWG, respectively (2).

Maternal race, education (dichotomized based on high school graduate or GED completion),
first born (based on report of previous live births), and tobacco use (yes/no) were defined as
reported on the birth certificate. Whether the mother received Medicaid during pregnancy
was based on Medicaid payor status during the pregnancy. Adequacy of prenatal care was
defined based on the revised graduated index (GINDEX), which combines information from
the birth certificate on the trimester when prenatal care was first received and the total
number of prenatal visits (7). Birthweights inconsistent with gestational age were identified
based on a modified version of the criteria published by Alexander et al. (8) with the
modification allowing for birthweight up to 6500 grams at 39 weeks of gestation and 7000
grams at 40 weeks or more of gestation.

We conducted analyses of birthweight adjusted for gestational age, representing a measure
of fetal growth. Large for gestational age (LGA) and small for gestational age (SGA) were
based on the 90th and 10th percentiles of weight for gestational age, respectively, based on
sex specific fetal growth curves derived from a United States national reference based on
births in 1999–2000 (9). The same standard growth curve was used for NHW and NHB
infants to define LGA and SGA (9).

Statistical Analysis
We conducted a cross-sectional study with maternal race, maternal BMI, and GWG being
the exposures of interest and birthweight being the primary outcome. Dichotomous
outcomes included having a LGA or SGA infant.

Unadjusted means and proportions were determined for maternal characteristics and infant
outcomes stratified by maternal BMI category (i.e., normal, overweight or obese) and GWG
category (i.e., adequate, inadequate or excessive). Covariates adjusted for in all regression
analysis included maternal age, infant sex, first live born infant, maternal tobacco use,
maternal high school education, prenatal care as defined by the revised GINDEX, Medicaid
payor status, and four terms for gestational age (i.e., linear, quadratic, cubic and 4th order
polynomial term). These covariates were determined a priori and were variables we
considered basic factors known to impact birthweight, or factors such as prenatal care that
may impact the quality of available data. Linear regression was used to examine the
relationship between maternal BMI category, GWG as a continuous variable, race, and our
outcome, birthweight (i.e., Figure 3; Table 2). Three terms were used to model GWG as a
continuous variable (i.e., linear, quadratic and cubic). Appropriate interaction terms were
used to determine whether maternal BMI category had a similar association with birthweight
in NHW and NHB women across the distribution of GWG (i.e., three way interaction).
Similarly, linear regression was used to examine the relationship between GWG category,
maternal BMI as a continuous variable, race, and our outcome, birthweight (i.e., Figure 4,
Table 3). Two terms were used to model maternal BMI as a continuous variable (i.e., linear
and quadratic). Appropriate interaction terms were used to determine whether GWG
category had a similar association with birthweight in NHW and NHB women across the
distribution of maternal BMI (i.e., three way interaction). A p-value of 0.05 was used as a
nominal value for statistically significant interactions. Sequentially built models were
compared using the Akaike Information Criterion and Bayesian Information Criterion to
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determine how many terms to use to model continuous variables (i.e., gestational age,
maternal BMI, and GWG). Additionally, logistic regression was used to examine the
association between (1) maternal BMI category and (2) GWG category and having either an
LGA or SGA infant (i.e., Table 4). All data analyses were conducted using SAS 9.3. (Cary,
North Carolina) and Microsoft Office Excel 2007 was used to create figures.

RESULTS
Population Characteristics

Of 278,438 live singleton births to South Carolina resident mothers from 2004 through
2008, 72,467 births to NHB mothers and 126,640 births to NHW mothers were included in
the analysis. Exclusions are detailed in Figure 1. Comparing the final study population
(n=199,107) to those excluded for reasons other than race or ethnicity (n=45,083), those
excluded had a slightly lower maternal age (25.2 versus 26.4 years) and were more likely to
be NHB (43.8% versus 36.4%) than those included in the final study population. During the
5-year period 168,948 mothers had 199,107 singleton births included in the analysis. The
prevalence of adequate, inadequate and excessive GWG was 27.1%, 24.2% and 48.7%,
respectively, in NHW women and 24.2%, 34.8% and 41.0%, respectively, in NHB women.
The prevalence of overweight and obesity was 25.2% and 24.0%, respectively, in NHW
women and 27.1% and 38.6%, respectively, in NHB women. Maternal and infant
characteristics are found in Table 1. Figure 2 is a histogram of GWG in NHW and NHB
women stratified by maternal BMI category.

Relationship between GWG and Birthweight stratified by race and Maternal BMI category
Across the distribution of GWG, for each maternal BMI category, birthweight was
considerably higher in NHW than NHB (Figure 3). We found a strong association between
increasing GWG and increasing infant birthweight across maternal BMI categories in NHW
and NHB women. For these analyses we used linear regression with a third order
polynomial for GWG and, while the slopes of the curves were similar in NHW and NHB,
there were statistically significant racial differences at the level of the intercept (Figure 3).
The difference in mean infant birthweight between obese and normal BMI women decreased
with increasing GWG, and the difference in mean infant birthweight between obese and
normal BMI women was greater in NHW than NHB from a GWG of 0 to 25 kg (Figure 3).
The average infant birthweight in NHW women of normal BMI and a 10 kg GWG was 3253
g, while that of an obese NHW woman was 3480 g, a difference of 227 g (95% CI: 218,
236) (Table 2). Similarly, the average infant birthweight in NHB women of normal BMI and
a 10 kg GWG was 3082 g, while that of a NHB obese woman was 3261 g, a difference of
179 g (95% CI: 168, 190) (Table 2). Increasing the GWG to 30 kg narrowed the difference
in birthweight between obese and normal BMI NHW [70 g (95% CI: 40, 99)] and NHB [37
g (95% CI: −2, 75)] women and attenuated the racial difference (Table 2).

Relationship between Maternal BMI category and Birthweight stratified by race and GWG
category

We found that in both NHW and NHB women, higher maternal BMI was associated with
higher infant birthweight for all categories of GWG, and that this relationship was strongest
in those with inadequate GWG, resulting in differences in infant birthweight comparing
inadequate to adequate GWG categories decreasing with increasing maternal BMI (Figure
4). For these analyses we used linear regression with linear and quadratic terms for maternal
BMI and, while the slopes of the curves were similar in NHW and NHB, there were
statistically significant racial differences for the comparison of inadequate to adequate GWG
as well as for the comparison of excessive to adequate GWG (Figure 4). The difference in
infant birthweight between women with inadequate and adequate GWG was greater in
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NHW than NHB women at maternal BMI levels from 18.5 to 25 kg (Figure 4). Additionally,
the difference in birthweight between women with excessive and adequate GWG was
greater in NHW than NHB women at maternal BMI levels from 22 to 34 (Figure 4). In
NHW with a maternal BMI of 30 kg/m2, the average infant birthweight for women with
adequate, inadequate and excessive weight gain, respectively, was 3408 g, 3354 g [i.e.,
difference with normal −54g (95% CI: −64, −44)] and 3526 g [i.e., difference with normal
118 g (95% CI: 109,127)] (Table 3). In NHB women with a maternal BMI of 30 kg/m2, the
average infant birthweight for women with adequate, inadequate and excessive weight gain,
respectively, was 3200 g, 3151 g [i.e., difference with normal −49g (95% CI: −59, −38)] and
3301 g [i.e., difference with normal 101 g (95% CI: 91, 111)] (Table 3).

LGA and SGA as Outcomes
The odds of having an LGA infant were 179% higher in obese than normal BMI women
(Table 4). Conversely, the odds for having an SGA infant were 42% lower in obese than
normal BMI women. The odds of having an LGA infant were 101% higher in those with
excessive GWG and 17% lower in those with inadequate GWG than in those with adequate
GWG (Table 4). Inadequate versus adequate GWG was associated with a larger increase in
the odds of having an SGA infant in NHW women [OR=1.52 (95% CI 1.45, 1.60)] than
NHB women [OR=1.28 (95% CI: 1.22, 1.34)] (p-value for corresponding interaction term
<0.0001). Excessive GWG conveyed similar protection from having an SGA infant in NHW
women [OR=0.64 (95% CI 0.61, 0.67)] and NHB women [OR=0.68 (95% CI: 0.65, 0.72)]
when compared to their adequate GWG counterparts (p-value for corresponding interaction
term 0.0697).

DISCUSSION
We report a strong association between increasing GWG and increasing infant birthweight
across maternal BMI categories in NHW and NHB women. Additionally, we report a strong
association between increasing maternal BMI and increasing infant birthweight across GWG
categories and that this relationship was strongest in those with inadequate GWG, resulting
in differences in infant birthweight due to inadequate GWG decreasing with increasing
maternal BMI. Briefly, we have shown that the differences in mean birthweight (1) between
obese and normal BMI women were greater in NHW than NHB women from a GWG of 0 to
25 kg, (2) between women with inadequate versus adequate GWG were greater in NHW
than NHB women from a maternal BMI of 18.5 to 25.0 kg/m2, and (3) between women with
excessive versus adequate GWG were greater in NHW than NHB women from a maternal
BMI of 22.0 to 34.0 kg/m2.

Previous studies examining the association between GWG and infant outcomes have
recently been reviewed (2,3), with the consensus that there is strong evidence for a positive
relationship between GWG and birthweight. However, prior large population-based studies
have not concurrently examined the impact of maternal pre-pregnancy BMI and GWG on
birthweight while focusing on potential racial differences. Two prior studies conducted by
Hickey et al. focused on racial differences in the relationship between GWG, maternal pre-
pregnancy BMI and birthweight (10,11). The larger of these two studies reported on 2219
black and 3966 white infants at term from low-income women and concluded that their
results did not support ethnicity-specific recommendations for GWG (10). In a cohort of 582
consecutive black, low income, term, singleton pregnancies, pre-pregnancy obesity and high
GWG were associated with higher birthweight (12). In a recent large population-based study
utilizing birth certificate data (n = 1,164,750 singleton offspring) and within-family
comparisons, a consistent linear association was observed between GWG and birthweight
(13). In contrast to our results which report similar slopes for the association between GWG
and birthweight in NHW and NHB , this study reports the association between GWG and
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birthweight was slightly weaker for African American participants; however, they
constrained the main effect of GWG to be linear and did not have information on pre-
pregnancy BMI (13).

Additionally, three recent studies each using birth certificate data have examined the impact
of GWG and maternal BMI on infant birthweight or being small or large for gestational age
(14–16). The first study focused on ~120,000 obese women, residing in Missouri, who
delivered live born, term, singleton infants between 1990 and 2001 (14). Over 75% of the
women were NHW and there was a strong direct association between GWG and LGA as
well as a strong inverse association between GWG and SGA, regardless of the severity of
maternal pre-pregnancy obesity. Based on their findings they concluded that limited or no
GWG had favorable outcomes in obese women (14). A second study, including New York
City residents born outside the city but within New York State, reported among
underweight, normal BMI, overweight and obese women a direct association between GWG
and the odds of having an LGA infant, as well as an inverse association between GWG and
the odds of having an SGA infant (16). This study also reported an increase in mean
birthweight associated with increasing GWG with similar associated increases in
birthweight in NHW and NHB across the spectrum of GWG (16). Finally, a study conducted
using birth certificate data collected in Florida between 2004 and 2007, which included
information on pre-pregnancy maternal BMI as well as GWG, reported that GWG
influenced the risk of having an LGA and SGA infant in opposite directions; however, this
study did not examine racial differences in the association between GWG and infant size for
gestational age (15).

A strength of our study is that we focused on racial differences in the association between
maternal BMI, GWG, and birthweight. A limitation of the current study is that we did not
account for lack of independence among maternal siblings (i.e., 15.1% of all births are not
the first live birth to a mother during the study period). Another limitation of the current
study is the use of birth certificate data to determine maternal race, maternal BMI, and
maternal GWG. Previous studies have validated the reliability of maternal BMI from birth
certificates with mixed but overall encouraging results (17–19), with high correlation
between self-report and clinically measured pre-pregnancy BMI, and these correlations do
not seen to differ by race/ethnicity, gestational age, or weight itself (20). Nevertheless, the
possible limitations in the quality of our birth certificate data led us to exclude women with
BMI<18.5 in the current analysis. With regard to GWG, a few studies have examined data
reliability with encouraging results: high concordance was found between self-reported and
clinically recorded weight (19) as well as between birth certificate data and clinically
recorded GWG (21). Additionally, because timing and consistency of prenatal care may be
associated with the quality of data pertaining to maternal BMI, GWG and gestational age,
we have controlled for prenatal care throughout all analyses using the revised GINDEX (7).
We therefore believe misclassification of maternal BMI and GWG to be minimal and our
analyses to be valid. However, one aspect we were not able to consider was the separate
components of GWG including infant birthweight, the products of conception and actual
maternal weight gain. For instance, because infant birthweight is a component of GWG as
we have calculated it in this study we may have overestimated the association between
increased GWG and increased birthweight. Moreover, the use of LMP to calculate
gestational age has some limitations (22) which may be differential with respect to maternal
BMI given the association between obesity and irregular menses (23); however, because
birthweight, our outcome, may differentially impact the clinical/obstetric estimate of
gestational age we relied on LMP to calculate gestational age. Finally, we note that we
cannot determine in the current study whether there is a causal relationship between GWG
or maternal BMI and infant birthweight.
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Early life exposures are emerging as potentially important risk factors for adult diseases
including obesity and diabetes. The “fetal origin of disease” hypothesis proposes that
gestational programming may critically influence adult health and disease (24). Given the
high prevalence of obesity in childbearing women and the frequency of excessive GWG, it
is important to understand their association with tangible infant outcomes. Moreover, despite
the fact that maternal obesity is much higher in NHB compared to NHW women, few
studies have focused on racial differences in neonatal outcomes at the high end of the
birthweight distribution. While our study found that maternal BMI, GWG and race were all
strongly associated with infant birthweight, we did not find strong evidence for racial
differences in the association between maternal BMI and birthweight, or in the association
between GWG and birthweight. In fact, the absolute difference in increased infant
birthweight associated with inadequate GWG, excessive GWG, or obesity in NHW
compared to NHB women is partially explained by higher baseline birthweights in NHW as
compared to NHB infants. Moreover, the increased odds of having an LGA infant associated
with excessive versus adequate GWG was similar in NHW and NHB. Similarly, excessive
when compared to adequate GWG conveyed similar protection from having an SGA infant
in NHW and NHB women as did obese when compared to normal BMI women. In fact the
only comparison in which there were racial differences associated with having an SGA or
LGA infant was the comparison of inadequate versus adequate GWG which was associated
with a larger increase in the odds of having an SGA infant in NHW than NHB women. In
summary, our results do not support establishing race-specific recommendations for GWG
or pre-pregnancy BMI.

Our study is unique because we apply the 2009 IOM GWG Guidelines and report that less
than half of NHW and NHB women in South Carolina who delivered in 2004 through 2008
met the current recommendations for GWG. Moreover, because the prevalence of obesity
(i.e., 38.6% in NHB and 24.0% in NHW) and excessive GWG (i.e., 41.0% in NHB and
48.7% in NHW) are high in our study population, even a small shift in birthweight is likely
to have a large impact at the population level. Hence, at the population or public health
level, our findings are quite relevant. Currently, there are limited data available on racial
differences in the association between either maternal BMI or GWG and infant birthweight,
and our study helps to address that gap. Further research is needed to understand both (1) the
association between GWG, maternal BMI and birthweight with a focus on racial and ethnic
minority populations, and (2) how maternal healthcare providers should respond to women
who experience difficulties in maintaining recommended weight levels before, during, and
after pregnancy.
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Figure 1.
Flow chart defining study population and exclusions.
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Figure 2.
Histograms of gestational weight gain in NHW and NHB women stratified by pre-
pregnancy BMI category. According to Institute of Medicine, recommended gestational
weight gain (GWG) is defined as 25 to 35 pounds (11.34 to 15.88 kg) for women with
normal BMI, 15 to 25 pounds (6.80 to 11.34 kg) for overweight women and 11 to 20 pounds
(4.99 to 9.07 kg) for obese women
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Figure 3.
Birthweight curves specific to gestational weight gain (GWG) stratified by maternal race
and maternal pre-pregnancy BMI category. The linear regression model used included
maternal age, infant sex, race, maternal tobacco use, maternal high school education, being
first born, prenatal care as defined by the revised GINDEX, Medicaid status, four terms for
gestational age (i.e., linear, quadratic, cubic and 4th order polynomial term), three terms for
GWG (i.e., linear, quadratic and cubic), a categorical variable for maternal pre-pregnancy
BMI category (i.e., normal weight, overweight and obese) and appropriate interaction terms
between race, GWG and maternal pre-pregnancy BMI categories. Birthweight was the
outcome of interest.
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Figure 4.
Birthweight curves specific to maternal pre-pregnancy BMI stratified by maternal race and
gestational weight gain (GWG) category. The linear regression model used included
maternal age, infant sex, race, maternal tobacco use, maternal high school education, being
first born, prenatal care as defined by the revised GINDEX, Medicaid status, four terms for
gestational age (i.e., linear, quadratic, cubic and 4th order polynomial term), two terms for
maternal pre-pregnancy BMI (i.e., linear and quadratic) and a categorical variable for GWG
(i.e., adequate, inadequate and excessive) and appropriate interaction terms between race,
maternal pre-pregnancy BMI and GWG categories. Birthweight was the outcome of interest.
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Table 4

Adjusted odds ratios (and 95% confidence intervals) for LGA and SGA outcomes in singleton live births in
South Carolina 2004–2008.

Model LGA SGA

Maternal BMI Categorya

  Normal BMI 1.00 1.00

  Overweight 1.63 (1.56, 1.70) 0.58 (0.56, 0.60)

  Obese 2.79 (2.67, 2.91) 0.75 (0.72, 0.77)

Gestational Weight Gainb

  Adequate 1.00 1.00

  Inadequate 0.83 (0.79, 0.88) 1.38 (1.33, 1.43)

  Excessive 2.01 (1.92, 2.10) 0.66 (0.64, 0.68)

a
LGA and SGA models are adjusted for maternal age, infant sex, maternal tobacco use, high school education, being first born, prenatal care,

Medicaid status and GWG (i.e., with a linear, quadratic and cubic term);

b
Adjusted for maternal age, infant sex, maternal tobacco use, high school education, being first born, prenatal care, Medicaid status and maternal

BMI (i.e., with a linear term).

Matern Child Health J. Author manuscript; available in PMC 2014 January 01.


