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Background: This study explored the association 
between maternal obesity during pregnancy and 
the inflammatory markers, tumor necrosis factor-α, 
interleukin-6 and high sensitivity C-reactive protein (hs-
CRP), and the cytokine, adiponectin, in the offspring.

Methods:  Weight,  height ,  Tanner stage and 
biomarkers were measured in thirty-four 12-year-
old children, from the Infant Growth Study, who were 
divided into high risk (HR) and low risk (LR) groups 
based on maternal pre-pregnancy body mass index 
(BMI).

Results: The two groups differed markedly in their 
hs-CRP levels, but no group difference was found for 
the other three biomarkers. The odds ratio (OR) of HR 
children having detectable hs-CRP levels was 16 times 
greater than that of LR children after adjusting for 
confounding variables, including BMI z-score, Tanner 
stages and gender (OR: 16; 95% CI: 2-123).

Conclusions: These results suggest that maternal 
obesity during pregnancy is associated with later 
development of elevated hs-CRP in the offspring, even 
after controlling for weight.
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Introduction

Maternal obesity is known to increase the 
risk of obesity in children.[1] Furthermore, 
exposure to gestational diabetes, excessive 

weight gain or nutritional restriction during pregnancy 
is associated with later development of obesity and 
its complications in the offspring.[1-4] While obesity is 
known to be a chronic, inflammatory state,[5] it is unclear 
whether obesity specifically during pregnancy affects 
the development of inflammation in the offspring before 
the onset of obesity. Whereas one study has shown that 
the inflammatory marker, C-reactive protein, is elevated 
in non-obese adult offspring of two obese parents,[6] the 
impact of maternal obesity during pregnancy on this or 
other inflammatory markers in non-obese children is 
unknown.

Therefore, we examined 12-year-old children who 
were classified into two risk groups for obesity, high 
risk (HR) and low risk (LR), based respectively on 
the high and low maternal pre-pregnancy body mass 
index (BMI) levels. Since the HR subjects, a majority 
of whom are not yet obese, are known to be prone to 
excess weight gain,[1] this unique cohort allows one 
to examine these children during early stages of the 
development of obesity as compared to the LR group. 
The aim of this study was to compare inflammatory 
markers and cytokines in children with (HR) and 
without (LR) exposure to maternal obesity during fetal 
life.

Methods
Design and participants
This is a cross-sectional study of the subjects from 
the Infant Growth Study,[7,8] an ongoing, longitudinal 
cohort study designed to assess anthropometric and 
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metabolic measures from infancy to adolescence. These 
Caucasian infants were initially enrolled by 3 months of 
age[8] based on their mothers' pre-pregnancy BMI, with 
the BMI cutoffs based on nationally representative data 
from the National Health and Nutrition Examination 
Survey (waves 1 and 2).[9] The mothers' BMI cutoffs 
were greater than 66th percentile for the HR group and 
less than 33rd percentile for the LR group.[9]

Enrollment criteria included: 1) infants born 
between 36 and 42 weeks gestational age; 2) infants 
with weight appropriate for gestational age; 3) mothers 
without history of gestational diabetes; and 4) maternal 
age greater than 18 years.

The present study reports on 34 subjects whose 
weight, height, and biomarkers were ascertained at 
12 years of age. None of the 34 subjects reported any 
other causes of inflammation, such as smoking, acute 
illnesses, or chronic inflammatory conditions.

Procedures
All anthropometric assessments were performed at the 
Growth and Nutrition Laboratory and the Clinical and 
Translational Research Center at the Children's Hospital 
of Philadelphia, between July 2005 and February 2007. 
After an overnight stay at the Children's Hospital of 
Philadelphia, 12-hour fasting blood samples were 
obtained between 8 and 9 am and were stored at -70 
degrees.

Written informed consent was obtained from the 
parents, and assent was obtained from the children. 
The protocol was approved by the institutional review 
boards of the University of Pennsylvania and the 
Children's Hospital of Philadelphia. All applicable 
institutional and governmental regulations concerning 
the ethical use of human volunteers were followed 
during this research.

Anthropometric measures and Tanner stage
Height, using a stadiometer (Holtain, Crymych, United 
Kingdom), and weight, using a digital scale (model 
6002; Scaletronix, Carol Strea, IL), were obtained in 
triplicate by trained research anthropometrists, using 
standardized techniques.[10] BMI (kg/m2) was calculated 
from the mean height and weight, and the children's 
BMI z-scores were calculated based on the 2000 CDC 
growth charts.[11] The mothers' BMI was calculated 
based on self-report of their height and weight. Subjects 
completed the established Tanner stage self-assessment 
forms.[12] Even though female breast and male genitalia 
are better measures of puberty when assessed by 
experienced clinicians, pubic hair was used because it 
has been shown to be more reliable in self-assessment 
surveys when compared to a physician's examination.[13]

Biomarkers
Measurements were taken of high sensitivity C-reactive 
protein (hs-CRP) by immunonepholometry (Dade 
Behrin BNII instrument), of tumor necrosis factor-α 
(TNF-α) and interleukin-6 (IL-6) using high-sensitivity 
ELISAs (R and D in Minneapolis, MN), and of 
adiponectin by radioimmunoassay (Millipore, formerly 
Linco, St. Charles, MO).

Data analyses
Descriptive statistics are presented as means and 
standard deviations for continuous variables and as 
percentages for categorical variables. Student's t test 
was used to compare continuous variables between the 
HR and LR children. Risk status differences in gender, 
Tanner stage group, and hs-CRP levels were examined 
using the Chi-square test.

While TNF-α, IL-6 and adiponectin were normally 
distributed, hs-CRP was an outcome variable that 
was dichotomized as detectable (≥0.16 mg/L) versus 
undetectable (<0.16 mg/L), due to the non-normal 
distribution of this variable and to clinical significance 
of detectable cutoff levels.

Analysis of covariance regression models were 
fit to assess whether risk status (HR vs. LR) was 
associated with IL-6, TNF-α and adiponectin levels. 
Multivariable logistic regression was used to analyze 
group differences in levels of hs-CRP. The regression 
models were adjusted for the following a priori 
confounders: BMI z-score, gender and Tanner stage. 
Residual diagnostic analyses were performed to assess 
model fit, violation of model assumptions, and any 
potential collinearity concerns. No violations were 
found. All analyses were conducted using the statistical 
software package SAS 9.1.3 with alpha level equal to 
0.05 and 2-tail significance test.

Results 
Table 1 shows the descriptive statistics of the study 
variables, for the total group and by risk status. As 
expected and previously reported,[7] subjects in the 
HR group had higher weight and BMI than those in 
the LR group. The adjusted associations between risk 
status and biomarkers are presented in Table 2. No 
group differences were found for IL-6, TNF-α and 
adiponectin levels. However, hs-CRP was more likely 
to be detectable among the HR than LR subjects. This 
difference remained significant after adjusting for 
confounding factors, including BMI z-score, gender and 
Tanner stages.
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Discussion
The present finding, revealing higher levels of hs-CRP 
in 12-year-old children exposed (HR) compared to not 
exposed (LR) to maternal obesity during pregnancy, 
is in agreement with two other studies examining the 
relationship of parental obesity to inflammatory markers 
in the offspring. In a study by Labayen, parental BMI 
was shown to be associated with various cardiovascular 
risk factors, including CRP, in the offspring, although 
this was not evident after controlling for their fatness.[1] 
Also, in non-obese adult offspring from the Framingham 
Heart Study, those with two obese parents (versus none 
or one parent) at any age had higher levels of CRP.[6] 
Together with the observations from the present study, 
these two reports support the hypothesis that parental 
obesity may increase susceptibility to an inflammatory 
state in the offspring that can be detected before onset 
of obesity, suggesting that inflammation may be a 
precursor to the development of obesity rather than just 
a consequence of it.

Whereas these two reports studied the effects of 
parental obesity on the offspring's CRP levels, the 
present study focused attention specifically on maternal 
obesity during pregnancy. It has been demonstrated that 
obesity during pregnancy, by itself or in conjunction 
with its co-morbidities such as gestational diabetes,[2] 
hypercholesterolemia[14] and inflammation[15,16] has great 
effect on the fetus and the future health of the offspring.[17] 
Providing further support for this, our present observation 
suggests that hs-CRP may be an early sign of the risk for 
excess weight gain in children exposed to obesity during 
pregnancy.

Since this study is a cross-sectional design with a 
small sample size, our results are primarily hypothesis-
generating, requiring the proposed concepts to be tested 
using larger longitudinal studies. With the small sample 
size, the Tanner stages were divided into two groups, 
as opposed to controlling for each Tanner stage, which 
may have hidden a possible impact of puberty on our 
findings. Having only one ethnic group (Caucasians) 

Table 1. Descriptive statistics of anthropometric measures, inflammatory markers and gender differences in risk status groups at year 12 (mean ± 
SD or percentage)

Variables Overall (n=34)
Risk status
Low risk (n=18) High risk (n=16) P value

Maternal pre-pregnancy BMI, kg/m2 24.0±5.9 19.4±0.8 29.6±4.1 <0.0001
Child characteristics
    Age, y 12.2±0.2 12.2±0.3 12.2±0.2 0.99
    Gender, % female 41% 39% 44% 0.77
    Tanner stage 0.50
      1   9% 12%   7%
      2 38% 47% 27%
      3 31% 18% 47%
      4 16% 18% 13%
      5   6%   6%   7%
    BMI, kg/m2 20.0±5.4 17.9±2.5 22.3±6.8 0.02
    BMI z-score, SD 0.20±1.19 -0.26±1.07 0.71±1.14 0.02
    IL-6, pg/mL 0.49±0.32 0.46±0.34 0.52±0.29 0.61
    TNF-α, pg/mL 2.05±0.66 1.96±0.50 2.15±0.82 0.43
    Adiponectin, ng/mL 28.7±11.5 31.8±9.8 25.2±12.6 0.09
    hs-CRP, mg/L detectable (≥0.16) 47% 17% 81% 0.0002
Mean ± SD and t test P value for continuous variables, such as weight, height, body mass index (BMI), BMI z-score, age, maternal BMI; 
ANCOVA mean ±SD and P value for inflammatory markers, such as interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α), and the cytokine, 
adiponectin. Row % and Chi-square P value for categorical variables, such as gender, Tanner stages, and high sensitivity C-reactive protein (hs-
CRP). Low risk and high risk groups were defined based on the mothers' pre-pregnancy BMI.

Table 2. Multivariable ANCOVA and logistic regression models with adjustment for confounders (BMI z-score, Tanner stage, and gender)

*: P value and mean difference (95% CI) from ANCOVA are presented (reference group: low risk); †: P value and odds ratio (95% CI) from 
logistic regression are presented (reference group: low risk). Low risk and high risk groups were defined based on the mothers' pre-pregnancy 
BMI.  IL-6: interleukin-6; TNF-α: tumor necrosis factor-α; hs-CRP: high sensitivity C-reactive protein; NA: not applicable.

Variables Low risk mean (SE) High risk mean (SE) Mean difference/odds ratio (95% CI) P value
IL-6 (pg/mL)   0.46 (0.08)   0.53 (0.09)   0.08 (-0.20, 0.35)* 0.56
TNF-α (pg/mL)   1.94 (0.18)   2.25 (0.21)   0.31 (-0.29, 0.91)* 0.29
Adiponectin (ng/mL) 30.35 (2.74) 29.58 (3.13) -0.78 (-9.82, 8.27)* 0.86
hs-CRP (mg/L, detectable vs. undetectable) NA NA 16.23 (2.14, 123.12)† 0.007
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limits the generalizability of the study. Despite these 
limitations, the present study has important strengths. 
While most studies examine already obese children, this 
cohort enabled us to compare two groups, a majority of 
which were not yet obese, that differed as a function of 
exposure to maternal obesity during pregnancy. Also, 
none of the subjects reported any other possible causes 
of inflammation that could have affected these results.

In conclusion, this study showed that detectable 
hs-CRP levels were significantly more frequent in 
children who were exposed to maternal obesity during 
pregnancy. Whereas it is known that CRP is associated 
with the future development of cardiovascular disease,[5] 
this inflammatory marker may itself contribute to 
future weight gain, as suggested by previous adult 
studies,[18-20] rather than just be a consequence of it. 
Therefore, identifying risk factors for elevated CRP, 
such as maternal obesity during pregnancy or parental 
obesity,[1,6] may be helpful in developing methods for 
preventing future onset of obesity and its complications.

Funding: This work was supported by National Institute of Health 
grant DK068899, General Clinical Research Center grant RR00240, 
General Clinical Research Center/Clinical Translational Research 
Center grant UL1-RR-024134, and the Nutrition and Growth 
Laboratory of Children's Hospital of Philadelphia. National Institute 
of Health grant DK068899, General Clinical Research Center grant 
RR00240, General Clinical Research Center/Clinical Translational 
Research Center grant UL1-RR-024134, and the Nutrition and 
Growth Laboratory of Children's Hospital of Philadelphia. The 
analyses of the inflammatory markers were supported by a Pilot and 
Feasibility Study Grant from the Institute for Diabetes, Obesity and 
Metabolism Unit (NIH grant DK 19525) and the RIA/Biomarkers 
Core of the Pennsylvania Diabetes Center (NIH grant DK 19525).
Ethical approval: None.
Competing interest: The authors have no conflicts of interest to 
report.
Contributors: Leibowitz KL, Stettler N, and Moore RH contributed 
to the study design, conduction as well as writing the paper. All 
other authors were involved in the acquizition of the data, concept 
and design and approved the final version of the manuscript.

References
1 Labayen I, Ruiz JR, Ortega FB, Loit HM, Harro J, Veidebaum T, 

et al. Intergenerational cardiovascular disease risk factors involve 
both maternal and paternal BMI. Diabetes Care 2010;33:894-900.

2 Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syndrome 
in childhood: association with birth weight, maternal obesity, and 
gestational diabetes mellitus. Pediatrics 2005;115:e290-296.

3 Roseboom TJ, van der Meulen JH, Ravelli AC, Osmond C, 
Barker DJ, Bleker OP. Effects of prenatal exposure to the Dutch 
famine on adult disease in later life: an overview. Twin Res 
2001;4:293-298.

4 Wrotniak BH, Shults J, Butts S, Stettler N. Gestational 
weight gain and risk of overweight in the offspring at age 7 
y in a multicenter, multiethnic cohort study. Am J Clin Nutr 

2008;87:1818-1824.
5 Warnberg J, Marcos A. Low-grade inflammation and the 

metabolic syndrome in children and adolescents. Curr Opin 
Lipidol 2008;19:11-15.

6 Lieb W, Pencina MJ, Lanier KJ, Tofler GH, Levy D, Fox CS, et 
al. Association of parental obesity with concentrations of select 
systemic biomarkers in nonobese offspring: the Framingham 
Heart Study. Diabetes 2009;58:134-137.

7 Berkowitz RI, Stallings VA, Maislin G, Stunkard AJ. Growth 
of children at high risk of obesity during the first 6 y of life: 
implications for prevention. Am J Clin Nutr 2005;81:140-146.

8 Stunkard AJ, Berkowitz RI, Stallings VA, Cater JR. Weights 
of parents and infants: is there a relationship? Int J Obes Relat 
Metab Disord 1999;23:159-162.

9 Frisancho AR. Anthropometric standards for the assessment of 
growth and nutritional status. Ann Arbor: University of Michigan 
Press, 1990.

10 Lohman TG, Roche AF, Martorell R. Anthropometric 
standardization reference manual. Champaign, IL: Human 
Kinetics, 1988.

11 Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, 
Flegal KM, Mei Z, et al. 2000 CDC Growth Charts for the 
United States: methods and development. Vital Health Stat 11 
2002;(246):1-190.

12 Morris NM, Udry JR. Validation of a self-administered 
instrument to assess stage of adolescent development. J Youth 
Adolesc 1980;9:271-280.

13 Schlossberger NM, Turner RA, Irwin CE Jr. Validity of self-
report of pubertal maturation in early adolescents. J Adolesc 
Health 1992;13:109-113.

14 Napoli C, Glass CK, Witztum JL, Deutsch R, D'Armiento FP, 
Palinski W. Influence of maternal hypercholesterolaemia during 
pregnancy on progression of early atherosclerotic lesions in 
childhood: Fate of Early Lesions in Children (FELIC) study. 
Lancet 1999;354:1234-1241.

15 Challier JC, Basu S, Bintein T, Minium J, Hotmire K, Catalano 
PM, et al. Obesity in pregnancy stimulates macrophage 
accumulation and inflammation in the placenta. Placenta 
2008;29:274-281.

16 Stewart FM, Freeman DJ, Ramsay JE, Greer IA, Caslake M, 
Ferrell WR. Longitudinal assessment of maternal endothelial 
function and markers of inflammation and placental function 
throughout pregnancy in lean and obese mothers. J Clin 
Endocrinol Metab 2007;92:969-975.

17 Heerwagen MJ, Miller MR, Barbour LA, Friedman JE. 
Maternal obesity and fetal metabolic programming: a fertile 
epigenetic soil. Am J Physiol Regul Integr Comp Physiol 
2010;299:R711-R722.

18 Barzilay JI, Forsberg C, Heckbert SR, Cushman M, Newman 
AB. The association of markers of inflammation with weight 
change in older adults: the Cardiovascular Health Study. Int J 
Obes (Lond) 2006;30:1362-1367.

19 Engstrom G, Stavenow L, Hedblad B, Lind P, Tyden P, Janzon 
L, et al. Inflammation-sensitive plasma proteins and incidence 
of myocardial infarction in men with low cardiovascular risk. 
Arterioscler Thromb Vasc Biol 2003;23:2247-2251.

20 Duncan BB, Schmidt MI, Chambless LE, Folsom AR, Heiss G. 
Inflammation markers predict increased weight gain in smoking 
quitters. Obes Res 2003;11:1339-1344.

Received May 13, 2010
Accepted after revision December 10, 2010


