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Abstract

Background—Increased adiposity at birth may identify infants at high risk of developing

obesity. Maternal obesity and hyperglycemia in pregnancy are associated with increased neonatal

adiposity; however, features of maternal obesity that contribute to increased neonatal adiposity

need further study.

Aims—To measure adiposity in neonates of obese and normal-weight women without gestational

diabetes to test the hypothesis that obese women have neonates with increased adiposity compared

to neonates of normal-weight women.

Methods—Sixty-one pregnant women, with a normal or obese BMI, and their neonates

participated in this cross-sectional study at an academic medical center. Neonatal adiposity,

expressed as percent body fat (fat mass/body mass), was measured by air displacement

plethysmography and cord blood was assayed for biomarkers.

Results—Adiposity in neonates of obese and normal-weight mothers did not differ. Stratifying

mothers by leptin level showed that neo nates born to mothers with higher leptin had significantly

higher adiposity (13.2 vs. 11.1%, p = 0.035). In the entire cohort, adiposity positively correlated

with cord blood leptin (r = 0.48, p < 0.001) and adiponectin (r = 0.27, p = 0.04) levels.

Conclusion—Obesity in normoglycemic pregnant women was not associated with increased

neonatal adiposity. High maternal leptin levels identified neonates with increased adiposity.
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Introduction

Childhood obesity is a major public health problem associated with significant comorbidities

and is difficult to reverse [1]. Identifying at-risk children may be one cost-effective strategy

to target those children needing preventive intervention. Many researchers have proposed

that the origins of childhood obesity can be traced to the period of intrauterine development

through a process termed fetal programming [2]. Birth weight and its relationship to obesity

risk have been extensively studied: both low birth weight and high birth weight neonates

appear to have an increased risk of obesity [3]. However, most obese children are the

product of a ‘healthy’ pregnancy and had a normal birth weight [4,5]. Therefore, it is

imperative to study other factors beyond birth weight that contribute to obesity risk.

Increased, adiposity of the newborn, defined by percent body fat (fat mass/body mass), may

be associated with obesity risk [6]. However, due to inadequate clinically available

techniques to accurately measure adiposity, there are insufficient data to demonstrate that

high adiposity at birth is associated with later obesity.

Diabetes in Pregnancy has been associated with increased offspring adiposity [7, 8] and

increased rates of childhood [9, 10] and adult obesity [11]. While obesity and insulin

resistance are two maternal characteristics that have been associated with increased fetal size

[12, 13], the intrauterine environment of obesity without diabetes and its relative

contribution to offspring obesity risk has not been clearly delineated. Studies associating

maternal prepregnancy obesity with increased neonatal and childhood adiposity are limited

and have used imprecise measures such as skinfold thickness [14, 15]. Caliper

measurements of skinfolds to quantify adiposity are limited by reproducibility errors [16].

The availability of a new, safe technology of air displacement plethysmography (Pea Pod

Infant Body Composition System; Cosmed, Italy) to evaluate infant body composition [17]

has facilitated our efforts to study differences in adiposity in neonates of normal-weight and

obese women.

The primary objective of this study was to measure adiposity in neonates of healthy obese

and normal-weight women with normal glucose tolerance. We hypothesized that women

with an obese prepregnancy BMI would have neonates with higher adiposity compared to

neonates born to women with a normal prepregnancy BMI. The secondary objective was to

characterize biochemical factors other than glucose in obese women that may be associated

with adiposity in offspring.

Methods and Procedures

Subjects

Healthy pregnant women with a prepregnancy BMI that was normal (18-25) or obese (>30)

were eligible for this study if the result of their 50-gram oral glucose challenge test (GCT)

was <130 mg/dl. All pregnant women undergo a GCT between 24 and 28 weeks of

gestation. Guidelines for the diagnosis of gestational diabetes mellitus (GDM) during the

enrollment period of this study used the two-step process [18] with a 1-hour 50-gram

screening test followed by a 100-gram oral glucose tolerance test for those women whose

glucose level on the screening test was >140 mg/dl. To minimize the likelihood of missed
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cases of GDM, we enrolled women with a GCT result of <130 mg/dl. Women carrying

singleton pregnancies, aged 18-40 years, were recruited from obstetric practices associated

with Northwestern Memorial Hospital. Women were excluded from this study if they had

carried more than 3 pregnancies to term, had chronic medical conditions, or delivered their

newborn at <37 weeks of gestation. Chronic medical conditions were defined as those

requiring daily medications including glucocorticoids, insulin, or antihypertensive therapy.

This study was approved by the Northwestern University Institutional Review Board for the

conduction of research on human subjects. Participants gave informed, written consent for

themselves and their newborns to enroll into this study. This was an observational cross-

sectional study consisting of three components: a maternal fasting blood draw between 36

and 38 weeks of gestation, umbilical cord blood collection at the time of delivery, and

neonatal anthropometric measurements within 48 h following birth.

Maternal Measurements

Following an overnight fast, participants at 36–38 weeks of gestation presented to the

Northwestern University Clinical Research Unit for a blood draw. Maternal height was

measured using a wall-mounted stadiometer. The measured height and self-reported

prepregnancy weight were used to calculate the prepregnancy BMI. Gestational weight gain

was calculated by subtracting the self-reported prepregnancy weight from the weight at the

last prenatal visit [15, 19].

Biochemical Assays

Plasma glucose was measured with Synchron CX Delta Systems instrumentation (Beckman

Coulter, Inc. Brea, Calif., USA) employing an oxygen rate method using a glucose oxygen

electrode and had an interassay coefficient of variation of 2.0–2.3%. Maternal triglycerides

were measured by the Triglycerides GPO reagent using a Beckman Coulter Unicel DXC800

analyzer (Beckman Coulter). Concentrations of C-peptide, leptin, and total adiponectin were

assayed using radioimmunoassay kits from Millipore Corporation (Billerica, Mass., USA).

These samples were stored at −70°C and then run in batches of maternal and cord blood

together at a later date. The intra- and interassay coefficients of variation ranged from 2.1 to

4.4% and from 2.9 to 5.9%, respectively. All biochemical assays were performed in

duplicate.

Neonatal Anthropometrics

Infant length was obtained with the baby positioned on a hard-surface measuring board.

Abdominal circumference was measured at the level of the umbilicus. Measurements were

recorded to the nearest 0.1 cm, performed in duplicate, and the results averaged. Air

displacement plethysmography with the Pea Pod Infant Body Composition System

(Cosmed) was used to measure infant weight and volume. Air displacement testing

procedures have been previously described [20]. Briefly, the machine was calibrated

according to manufacturer guidelines, the infant was placed naked on the scale, and the

weight was measured to the nearest 0.0001 kg. Next, the infant was placed inside the Pea

Pod chamber for 2 min for volume measurements. Using pressure-volume equations, body
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composition, including fat mass and fat-free mass, was calculated to provide percent body

fat (adiposity).

Statistical Analysis

The target sample size was 80 mother-infant pairs (40 obese, 40 normal weight) in order to

achieve 80% power and detect a 2.3% difference in neonatal adiposity between the 2 groups,

assuming a standard deviation of 3.7% and using a two-tailed test with a type 1 error rate of

5% [21]. The study was discontinued prematurely when new criteria for the diagnosis of

GDM [22] was instituted at Northwestern Memorial Hospital. Enrollment into the current

study depended on normal 1-hour 50-gram GCT results, whereas the new GDM diagnosis

criteria require women to undergo a 2-hour fasting oral glucose tolerance test. In the final

analysis, the sample size was smaller than anticipated (23 obese, 38 normal weight) but the

standard deviation was 3.7% as anticipated. In a post hoc analysis, the power was reduced to

64% to detect a mean difference of 2.3%.

Outcome variables were categorized based on maternal pre-pregnancy BMI and maternal

leptin levels. The maternal median leptin level of the entire cohort was used to determine

high and low leptin groups. Fisher’s exact tests were used to compare categorical

characteristics, and independent-samples t tests were used to compare means. Adjusted

analyses were performed using analysis of covariance. Spearman’s correlation rank sum was

used to evaluate correlations. p < 0.05 was considered statistically significant. All statistical

analyses were conducted using SAS 9.2 software (SAS Institute Inc., Cary, N.C., USA).

Results

Sixty-one women (38 normal weight and 23 obese) enrolled into this study. The maternal

demographic and metabolic characteristics are displayed in table 1. Obese women tended to

be younger and non-Caucasian and had a lower education level compared to women in the

normal-weight group. Obese women had higher levels of glucose on the 1-hour 50-gram

GCT compared to normal-weight women, although all subjects had values <130 mg/dl.

Fasting blood samples were obtained from 79% of the participants at 36–38 weeks of

gestation, and the obese women had higher levels of fasting glucose, C-peptide, and leptin.

The anthropometric characteristics and cord blood hormone levels of the neonates are

displayed in table 2. Cord blood was collected from 93% of the participants. The proportion

of neonates with adiposity greater than the 90th percentile of the entire sample (> 16% body

fat) trended towards significance in the obese group (8% normal weight, 26% obese, p =

0.07). Neonates born to obese women had higher cord blood C-peptide levels compared to

neonates born to normal-weight women, and this difference remained after adjusting for

gestational weight gain, GCT results, and maternal fasting glucose.

The positive correlations between neonatal adiposity and cord blood leptin and adiponectin

levels of all participants (leptin: r = 0.48, p < 0.001; adiponectin: r = 0.27, P = 0.04) are

displayed in figures la and b, respectively.
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Since obese women had higher glucose levels compared to normal-weight women, an

analysis was conducted comparing neonatal fat mass and percent adiposity between the 2

groups, separately adjusting for maternal GCT results and maternal fasting glucose.

Adjusted mean values for fat mass and adiposity were not different between the 2 groups

(data not shown).

Due to the finding that maternal leptin was significant after multivariate logistic regression

analysis of the maternal factors listed in table 1, the data was stratified by maternal fasting

leptin level above and below the median. As displayed in table 3, women in the higher leptin

group had, on average, a higher prepregnancy BMI, higher levels of fasting glucose and C-

peptide, and a lower adiponectin level. After adjusting for both prepregnancy BMI and

gestational weight gain, maternal C-peptide and adiponectin remained significant while

glucose became marginally significant (p = 0.055). There were no differences in maternal

age, parity, ethnicity, delivery type, maternal education, gestational age, or gender of the

newborn between the high- and low-leptin groups. Neonates born to mothers with high

leptin had mean adiposity levels 2% higher (13.2 vs. 11.1%) than those of neonates born to

mothers with lower leptin. Cord blood leptin and C-eptide levels were higher in the neonates

of mothers with high leptin. A multivariate logistic regression analysis was conducted

allowing all significant variables in table 3 to come into the model, and the only significant

variable was maternal C-peptide (p < 0.001).

Discussion

The primary outcome of interest was neonatal adiposity; we had hypothesized that neonates

of obese women would have more adiposity compared to neonates of normal-weight

women. This simple classification based on obese and normal prepregnancy weight in

mothers without GDM did not detect a mean difference in neonatal adiposity. The lack of a

difference in adiposity in neonates of obese and normal-weight mothers differs from two

other previous reports, perhaps due to the different methodology: total body electrical

conductivity by Sewell et al. [14] and/or a larger sample size by Hull et al. [23].

There was a higher mean cord blood C-peptide level in neonates of obese mothers,

consistent with the fetal hyperinsulinemia found in previous studies [12, 24]. The

associations between hyperglycemia in pregnancy and increased neonatal adiposity have

been well described [8, 21, 25]. However, reports of anthropometrics in newborns of obese

mothers with normoglycemia are limited and in these reports [14,23] maternal glucose levels

are not documented. Additionally, the findings of this study indicate that a mother’s leptin

level makes an important contribution to her newborn’s adiposity.

Higher maternal leptin in late gestation was associated with greater adiposity in newborns,

extending the findings of Catalano et al. [12], in which anthropometric estimation (weight,

length, and abdominal skinfold thickness with calipers) [26] was used to measure neonatal

adiposity. Our results, using the nonbiased technique of air displacement plethysmography,

support the finding that increased maternal leptin is associated with increased neonatal

adiposity. A high maternal leptin level was also associated with increased cord blood levels

of leptin and C-peptide. Elevated cord blood C-peptide, reflecting increased fetal β-cell
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function, may be a metabolic marker predictive of obesity risk [9]. Increased rates of obesity

in children of mothers with diabetes have been related to in utero hyperinsulinemia [27] and

increased adiposity at birth [8,28]. While our study population was comprised of nondiabetic

mothers, the differences in the fasting biomarker levels (table 3) of mothers with high leptin

compared to mothers with low leptin may be associated with increased adiposity in their

neonates, similar to the increased adiposity rates demonstrated in studies of offspring of

motheis with diabetes [7,8].

Leptin levels in pregnancy correlate to total body fatness [29]; therefore, it is not surprising

that mothers with high leptin had a significantly higher BMI. Furthermore, leptin levels

increase in pregnancy [29]. Maternal leptin has been shown to correlate with insulin

sensitivity during pregnancy, measured by intravenous glucose tolerance tests [30], and thus

may serve as an indicator of insulin resistance. In our data, the maternal fasting C-peptide

level was the most significant factor in the multivariate analysis of maternal leptin. In

women with normal GCT, increased maternal leptin, as an indirect measure of insulin

resistance, may be a better predictor of fat babies than maternal obesity alone [31].

The finding that cord blood leptin was positively correlated to neonatal adiposity is

consistent with other reports associating cord blood leptin levels to neonatal and childhood

adiposity [32,33], suggesting that cord blood leptin serves as an adiposity biomarker in

neonates. Cord blood adiponectin was also positively correlated with neonatal adiposity,

although not as strongly as cord blood leptin. Multimeric forms of adiponectin may have

different biologic activity; however, our adiponectin findings are consistent with others in

which both total and high molecular weight adiponectin were measured in cord blood [34].

The results of this study are similar to those found within the Hyperglycemia and Adverse

Pregnancy Outcomes (HAPO) report on associations with the maternal BMI [35]. In that

large multiethnic study of pregnant women, maternal BMI in the obese category (>33.0 at

28 weeks of gestation) were associated with a 16% frequency of ‘high-fat’ babies (defined

by neonates with adiposity greater than the 90th percentile of the entire HAPO cohort),

compared to a frequency of 8% in the normal-weight BMI category. Similarly, in our

sample, the frequency of fat babies (neonates with adiposity greater than the 90th percentile)

born to obese women was more than tripled (8% normal weight, 26% obese) compared to

normal-weight women and approached statistical significance. It is important to highlight

that the majority of babies born to obese mothers in both the HAPO study and this study had

‘normal’ body fat.

One limitation of this study is that the sample size was relatively small. Perhaps with a

larger sample size the difference in neonatal adiposity between the obese and normal-weight

groups would become significant. However, even if a difference of 1.4% had been found as

reported by Sewell et al. [14], the clinical relevance of this small difference for the future

risk of obesity is not known. Another limitation is that direct measures of insulin sensitivity

were not conducted on participants. Accurate measures of insulin sensitivity using a

hyperinsulinemic-euglycemic clamp and/or frequently sampled intravenous glucose

tolerance tests are labor and resource intensive. As these tests are invasive and time

consuming, notwithstanding the unknown fetal impact during the glucose testing procedure,
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few studies on pregnant women have been done. Additionally, varied ethnic distribution

between the normal and obese cohorts may have influenced the results.

In conclusion, a difference in neonatal adiposity was not found between neonates of

prepregnant obese and those of normal weight mothers. Our findings illustrate that other

pregnancy factors, such as the maternal leptin level, as an indirect measure of insulin

resistance, may influence the adiposity of the newborn. The degree of adiposity of the

newborn may be an independent risk factor for childhood obesity [6], and future studies

should focus on whether adiposity at birth predicts adiposity in later childhood.
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Fig. 1.
Correlations between newborn percent body fat and cord blood leptin (a) and adiponectin

(b).
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Table 1

Material demographics

Normal weight Obese P value

Number 38 23

Prepregnancy BMI, kg/m2 22.0±1.8 35.5±4.0

Age, years 32.8±5.9 30.2±4.5 0.06

Parity, % 0.11

 1 66 43

 2 or 3 34 57

Ethnicity, % 0.01

 Caucasian 71 35

 African-American 11 39

 Hispanic 11 22

 Asian 8 4

Education (college degree), % 87 56 <0.01

C-section, % 26 48 0.10

Gestational weight gaina, lbs 33.7±9.4 29.3±13.0 0.16

1-hour 50-gram GCT, mg/dl 98.4±14.3 108.0±14.3 0.01

Fasting sample at 36–38 weeks of gestation

Number 33 15

Glucose, mg/dl 80.9±6.5 86.7±8.7 0.03

Triglycerides, mg/dl 192.3±62.7 211.1±51.8 0.28

C-peptide, ng/ml 2.4±1.0 4.4±2.0 <0.01

Leptin, ng/ml 25.0±12.7 54.2±14.5 <0.01

Adiponectin, μg/ml 10.8±4.3 9.6±4.2 0.34

Data displayed as means ± SD. A multivariate logistic regression analysis was conducted allowing all of the variables that are significant above to
come into the model to predict neonatal adiposity. The only significant variable at P < 0.05 in the multivariate analysis was maternal leptin with P
= 0.0012.

a
The mean gestational age at the last prenatal visit was 39.14 weeks for both groups.
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Table 2

Neonatal anthropometrics and cord blood biomarkers

Normal weight mothers Obese mothers P value

Number 38 23

Male gender, % 34 61 0.06

Gestational age, weeks 39.8±1.1 39.8±1.0 0.97

Length, cm 50.5±2.0 51.1±2.0 0.32

Abdominal circumference, cm 30.3±2.4 30.4±2.5 0.83

Weight, kg 3.38±0.47 3.6±0.57 0.10

Fat mass, kg 0.40±0.15 0.46±0.20 0.19

Body fat, % 11.6±3.3 12.5±4.0 0.38

Proportion with adiposity greater than the 90th percentile 3 (7.9%) 6 (26%) 0.07

Umbilical cord blood

Number 35 23

Glucose, mg/dl 80.8±21.4 82.2±14.9 0.78

C-peptide, ng/ml 0.9±0.3 1.2±0.7 0.015

Leptin, ng/ml 9.8±5.9 12.3±9.6 0.22

Adiponectin, μg/ml 36.3±6.4 38.3±9.8 0.33

Data are displayed as means ± SD.
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Table 3

Data stratified by maternal leptin level

Leptin <30.5 ng/ml Leptin ≥30.5 ng/ml P value

Number 24 24

Prepregnancy BMI, kg/m2 23.2±4.7 29.8±7.7 <0.001

Gestational weight gain, lbs 30.3±6.1 35.8±13.9 0.08

Maternalfasting sample

Glucose, mg/dl 80.0±5.8 85.5±28.3 0.01

C-peptide, ng/ml 2.0±0.4 4.0±1.8 <0.001

Leptin, ng/ml 18.4±7.7 49.7±12.8

Triglycerides, mg/dl 182.0±65.9 214.4±48.7 0.06

Adiponectin, μg/ml 12.0±4.3 8.9±3.8 0.009

Neonatal anthropometrics

Male gender, % 41.7 45.8 0.78

Length, cm 50.5±1.6 51.0±2.4 0.41

Weight, kg 3.37±0.46 3.55±0.64 0.29

Fat mass, kg 0.38±0.15 0.48±0.19 0.06

Body fat, % 11.1±3.5 13.2±3.2 0.035a

Cord blood biomarkers

Glucose, mg/dl 80.0±25.3 83.5±16.4 0.60

C-peptide, ng/ml 0.9±0.3 1.2±0.7 0.031a

Leptin, ng/ml 7.6±3.9 12.5±7.0 0.006a

Adiponectin, μg/ml 36.2±5.9 38.7±10.4 0.34

Data are displayed as means ± SD. There were no significant differences in maternal age, parity, ethnicity, delivery type, maternal education,
gestational age, or gender of the newborn between the 2 groups.

a
Adjustment for gestational weight gain did change the significance.
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