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INTRODUCTION
Obesity and diabetes are major public health concerns that 
can affect pregnant women and cause adverse maternal and 
fetal outcomes worldwide. Normal pregnancy is characterized 
by an insulin resistance state in order to supply the increasing 
metabolic demands of the developing fetus. The consequence 
of such physiological insulin resistance is an increase in insu-
lin secretion, and failure to do so leads to gestational diabetes 
mellitus (GDM)1. It is important to note that overweight and 
obese individuals are more insulin-resistant than their lean 
counterparts and also more susceptible to beta-cell dysfunc-
tion in the pancreas2.

It is known that the nutritional status of the mother and the 
consequent hyperglycemia and hyperinsulinemia can directly 
influence fetal growth. Excessive fetal growth is probably the 
most frequent and important outcome of GDM. Likewise, the 
association between maternal obesity and birth weight is also well 
documented3. Both maternal obesity and gestational diabetes 
have been associated with newborn adiposity3-5. Pre-pregnancy 

and during pregnancy, maternal body composition can influ-
ence the body fat mass of the offspring from fetal life through 
adolescence and can predict the risk of obesity in adulthood6,7.

Studies suggest that central adiposity has a stronger associa-
tion with complications related to obesity compared to periph-
eral adiposity. During pregnancy, there is also evidence that 
central adiposity, compared to the peripheral, is associated with 
glucose intolerance, gestational diabetes, and increased birth 
weight8,9. In addition, it has been demonstrated that maternal 
visceral adiposity has a stronger association with birth weight 
than maternal body mass index (BMI)9.

Despite the wide evidence of maternal body composition 
and metabolism’s influence on offspring body composition and 
cardiometabolic risk, little is known about their role in fetal 
growth and fat accumulation. The effect of maternal visceral 
adiposity on fetal growth and body composition is not yet 
well established, and there is no data on the effect of maternal 
visceral adiposity on fetal growth among obese and diabetic 
pregnant women. This study aimed to investigate and compare 
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SUMMARY
OBJECTIVE: The aim of this study was to compare the correlation of maternal visceral adiposity with sonographic variables related to fetal biometry 

in the second trimester of pregnancy in mothers who were previously obese versus nonobese and gestational diabetic versus nondiabetic.

METHODS: This cross-sectional study included 583 pregnant women who received prenatal care between October 2011 and September 2013 at 

the Instituto de Medicina Integral Prof. Fernando Figueira, northeast of Brazil. Maternal visceral adiposity was measured by ultrasound examination at the 

same time as fetal biometry. Gestational age was 14.9±3.2 weeks. The correlation between maternal visceral adiposity and fetal biometric variables 

was evaluated using Pearson’s correlation coefficient. Among the groups, the correlation coefficients were compared using Fisher’s Z-test. This test 

was also used to evaluate the null hypothesis of correlation coefficients between pairs of variables.

RESULTS: Maternal visceral adiposity positively correlated with fetal abdominal circumference, estimated fetal weight, head circumference, femur 

length, and biparietal diameter in pregnant women with obesity, nonobesity, gestational diabetes, and nondiabetes, but the correlation coefficients 

were statistically similar among the groups.

CONCLUSION: Maternal visceral adiposity positively correlated with fetal biometry in the second trimester of pregnancy in the same manner in 

pregnant women previously obese and nonobese, as well as in pregnant women with gestational diabetes and nondiabetes.
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the correlation of maternal visceral adiposity with sonographic 
parameters of fetal biometry in the second trimester of preg-
nancy in obese, nonobese, gestational diabetic, and nondia-
betic pregnant women.

METHODS
This retrospective cross-sectional study included pregnant 
women who received prenatal care at the Instituto de Medicina 
Integral Prof. Fernando Figueira (IMIP) between October 2011 
and September 2013, and who started their prenatal care before 
the 28th week of gestation. Participants were excluded from 
the study if they had pre-pregnancy diabetes mellitus, multiple 
gestations, mental disability, the absence of a legal representa-
tive in adolescents, and fetal abnormalities.

The variables studied to characterize the population were 
age, gestational age, ethnicity, income, and schooling. The inde-
pendent variable was maternal visceral adiposity. The depen-
dent variables were the fetal measurements [biparietal diameter 
(BPD), head circumference (HC), abdominal circumference 
(AC), estimated fetal weight (EFW), femur length (FL), and 
the ratios BPD/FL, HC/AC, FL/HC, EFW/BPD, and EFW/
HC], obesity, and GDM.

Obese women were considered those with a pre-preg-
nancy BMI ≥30 kg/m2. Pre-pregnancy BMI was determined 
using the informed pre-pregnancy weight and height mea-
sured at prenatal care. In the first prenatal care visit, fast-
ing glucose was obtained. It was considered clinical diabetes 
during pregnancy if the fasting blood glucose was ≥126 mg/
dl, if the glycated hemoglobin (HbA1c) was ≥6.5%, or if a 
random plasma glucose of ≥200 mg/dl was detected. Between 
the 24th and 28th gestational weeks, those with values <92 
mg/dl underwent the oral glucose tolerance test with 75 g 
intake (OGTT-75g). For this test, fasting values ≥92 mg/dl 
or ≥180 mg/dl within the first hour, or ≥153 mg/dl in the 
second hour, were considered GDM10.

During routine ultrasound examination, maternal vis-
ceral adiposity was assessed by ultrasonography, performed 
by a single qualified sonographer (A.S.R.S.), once for each 
patient. The thickness of visceral fat was measured in cen-
timeters (cm) from the inner edge of the rectus abdominis 
muscle, at the linea alba level, in mesogastric region, to the 
anterior wall of the abdominal aorta (Figure 1)11. The mea-
surement was made using Philips 22Ui equipment with a 5- 
to 9-MHz transducer (Koninklijke Philips, Amsterdam, the 
Netherlands). Fetal biometry measurements were performed 
on the same occasion, by the same operator. This technique 
has been validated12,13.

Sample size was based on a previous study by these same 
authors, who evaluated the correlation between maternal vis-
ceral adiposity and fetal biometry14. The correlations between 
maternal visceral adiposity and fetal biometric variables were 
evaluated using Pearson’s correlation coefficient. Among the 
groups, the correlation coefficients were compared using Fisher’s 
Z-test. This test was also used to test the null hypothesis of 
correlation coefficients between pairs of variables. To test the 
null hypothesis of adjusted correlation coefficients (partial cor-
relation coefficients), the Student’s t-test was used. Statistical 
analysis was performed with STATA 12.1 SE (StataCorp, 
Texas, USA). A p-value of less than 0.05 was considered sta-
tistically significant.

Participants gave written informed consent, and the research 
protocol was approved by the IMIP Ethics Committee before 
the study began, CAAE number 48051515.5.0000.5201, 
October 15, 2015.

RESULTS
A total of 583 participants were included in the study. The age 
of pregnant women ranged from 16 to 41 years (mean 26±3 
years), and the median number of years of schooling was 12 
years. Most of them described themselves as mulattos, and 
90% had a mensal income of up to two minimum wages 
(U$400.00). Of the 583 participants, obesity and gestational 
diabetes were observed in 163 (35.7%) and 71 (12.2%), 
respectively. Gestational diabetes was more frequent in preg-
nant women with obesity as compared to pregnant women 
without obesity [30/163 (18.4%) versus 31/420 (7.3%), 
p<0.001]. The ultrasound measurement of maternal visceral 

Figure 1. Visceral fat measurement.
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adiposity and fetal biometry was performed at a mean gesta-
tional age of 14.9 (±3.2) weeks of amenorrhea, median age 
of 15.2 weeks, and interquartile range from 13 to 17.2 weeks. 
The mean visceral adiposity was 7.6 (±1.84) cm. Notably, 
14.4% of women were obese (BMI ≥30 kg/m2), 26.6% were 
overweight (BMI ≥25 and <30 kg/m2), and 10.4% developed 
gestational diabetes.

Maternal visceral adiposity positively correlated with 
fetal AC, EFW, HC, FL, and BPD in obese, nonobese, ges-
tational diabetic, and nondiabetic pregnant women (Table 1). 
There was a negative correlation between the ratios of BPD/
FL and HC/AC (Table 1). The correlation coefficients were 
statistically similar among the groups (Table 1). The analy-
sis of the correlation of maternal visceral adiposity and fetal 
biometric parameters remained statistically significant after 
controlling for age, gestational age, ethnicity, income, and 
schooling (Table 2).

DISCUSSION
The present study showed that there was a statistically sig-
nificant correlation between maternal visceral adiposity and 
fetal biometric parameters in the second trimester of preg-
nancy, even after controlling for gestational age, in groups 
of obese, nonobese, gestational diabetic, and nondiabetic 
women. There was no statistical difference when the correla-
tion coefficient of the previously obese and nonobese groups 
was compared. Neither there was a statistical difference when 
the correlation coefficient of the gestational diabetic and non-
diabetic groups was compared.

Obesity and gestational diabetes are strongly associated with 
neonatal macrosomia and adiposity3,4; therefore, one would 
expect a greater correlation between fetal biometry and mater-
nal visceral adiposity in these groups, compared to controls. 
However, the exact roles of fetal growth determinants remain 
to be elucidated. There is evidence of the association between 

Table 1. Pearson’s correlation coefficients between maternal visceral adiposity and fetal sonographic parameters in the second trimester of 
pregnancy in obese, nonobese, diabetic, and nondiabetic women.

†Fisher’s Z-test to test the hypothesis that Pearson’s correlation coefficient was zero. ††Fisher’s Z-test to test the hypothesis of equality of Pearson’s correlation coefficients.

Fetal biometric 
parameters

Obese Nonobese
p††

Diabetic Nondiabetic
p††

r (n) p† r (n) p† r (n) p† r (n) p†

Abdominal 
circumference (AC)

0.60 (82) <0.001 0.54 (501) <0.001 0.424 0.67 (38) <0.001 0.49 (443) <0.001 0.132

Estimated fetal 
weight (EFW)

0.57 (80) <0.001 0.54 (491) <0.001 0.677 0.70 (38) <0.001 0.50 (429) <0.001 0.072

Head  
circumference (HC)

0.59 (82) <0.001 0.53 (501) <0.001 0.475 0.64 (38) <0.001 0.49 (443) <0.001 0.182

Femur length (FL) 0.58 (82) <0.001 0.52 (501) <0.001 0.477 0.62 (38) <0.001 0.48 (443) <0.001 0.248

Biparietal  
diameter (BPD)

0.58 (82) <0.001 0.54 (501) <0.001 0.617 0.65 (38) <0.001 0.49 (443) <0.001 0.194

Ratio BPD/FL -0.27 (82) 0.013 -0.28 (501) <0.001 0.971 -0.31 (38) 0.062 -0.28 (443) <0.001 1.110

Ratio HC/AC -0.43 (79) <0.001 -0.27 (493) <0.001 1.868 -0.37 (38) 0.021 -0.24 (432) <0.001 1.585

Ratio FL/AC 0.01 (82) 0.903 0.14 (501) 0.002 1.688 0.01 (38) 0.950 0.14 (443) 0.003 1.542

Ratio EFW/BPD 0.69 (44) <0.001 0.54 (264) <0.001 0.124 0.71 (25) <0.001 0.51 (246) <0.001 0.156

Ratio EFW/HC 0.66 (44) <0.001 0.52 (264) <0.001 0.206 0.71 (25) <0.001 0.51 (246) <0.001 0.149

Table 2. Pearson’s partial correlation coefficients between maternal visceral adiposity and fetal sonographic parameters in the second trimester 
of pregnancy in obese, nonobese, diabetic, and nondiabetic women, after adjusting for age, gestational age, ethnicity, income, and schooling.

†Student’s t-test (Stata 12.1: command pcorr). ††Teste Z.

Fetal biometric 
parameters

Obese Nonobese
p††

Diabetic Nondiabetic
p††

r (n) p† r (n) p† r (n) p† r (n) p†

Abdominal 
circumference (AC)

0.59 (58) <0.001 0.54 (322) <0.001 0.615 0.73 (32) <0.001
0.53 

(400)
<0.001 0.078

Estimated fetal 
weight (EFW)

0.60 (58) <0.001 0.57 (316) <0.001 0.755 0.74 (32) <0.001
0.55 

(391)
<0.001 0.085
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maternal obesity and fetal body composition in the third tri-
mester of pregnancy12, while another study found no associa-
tion between maternal obesity and fetal growth in the third and 
second trimesters13,14. Another interesting study evaluated the 
association between newborn adiposity and fetal growth14-17. 
They demonstrated an association of newborn adiposity with 
EFW in the third trimester, but not in the second trimester18. 
In contrast, fetal growth in the third trimester was not asso-
ciated with adiposity in adulthood. One study evaluated the 
relationship between birth weight and the growth rate in the 
third trimester with body composition and metabolism of glu-
cose in adulthood using differences between pairs of twins. 
Birth weight was inversely associated with both visceral and 
subcutaneous fat in adulthood; on the contrary, there was no 
association with insulin resistance. In contrast, fetal growth 
rate during the third trimester was not associated with visceral 
or subcutaneous fat in adults. These data suggest that distinct 
metabolic and anthropometric trajectories, which influence 
the risk of developing type 2 diabetes in adults, are deter-
mined according to the period of growth restriction during 
pregnancy18. In the present study, fetal biometry was mea-
sured during the second trimester, at a mean gestational age 
of 22 weeks. It is possible that the effect of maternal obesity, 
and especially gestational diabetes, on fetal growth is more 
evident later in pregnancy.

One question that arises is whether the increased risk 
of adverse fetal outcome in obese women is associated with 
obesity alone or with an increased risk of developing GDM. 
The Hyperglycemia and Adverse Pregnancy Outcome study 
included more than 23,000 pairs of mothers and babies and 
showed a strong linear association between fasting glucose 
and post-glucose load with the incidence of macrosomia and 
neonatal adiposity4. An European multicenter study involving 
seven countries also showed that both maternal obesity and the 
presence of GDM are independent risk factors for perinatal 
complications. However, maternal obesity has a greater relative 
influence on the risk of macrosomia19. Because of the inter-
related effect of obesity and diabetes on fetal growth, in the 
present study, we compared the correlation coefficients of the 
obese and gestational diabetic groups with a control group of 
nonobese and nondiabetic pregnant women, but there was still 
no statistical difference (data not shown) between the groups.

Considering the determinants of fetal growth, it has also 
been documented that there is a positive correlation between 
fetal AC and glucose levels in maternal blood in nonobese and 
nondiabetic pregnant women20. In this regard, there seems to be 
a trend toward increased fetal AC in fetuses of pregnant women 
with GDM, when compared to controls at the beginning of the 

last trimester (p=0.077) and at delivery (p=0.078)21. Together, 
these data suggest that the metabolic determinants of fetal 
growth would have a more important role in fetal tissues sen-
sitive to insulin, such as adipose tissue, as represented by AC 
measurement. However, in the present study, maternal visceral 
adiposity positively correlated with fetal biometric parameters 
representing tissues that were both sensitive and nonsensitive 
to insulin. Although there was no statistical difference, in the 
present study, there was a tendency of greater AC and EFW 
in the gestational diabetic group. It is possible that in larger 
studies, and maybe in studies during the third trimester, this 
difference will become significant.

The distribution of fat is very important when analyzing 
outcomes associated with obesity22 and is commonly categorized 
as central adiposity (visceral) when there is an excess of fat in 
the thoracoabdominal area and peripheral when the accumu-
lation of fat occurs in the subcutaneous tissue, particularly in 
the hips, thighs, and legs23. Maternal obesity is usually defined 
as a high pre-pregnancy BMI and is associated with adverse 
outcomes24. However, BMI does not adequately differentiate 
the contributions of the muscles and the abdominal or vis-
ceral fat to body weight22. It is known that central visceral fat 
is more related to the risk of metabolic disease when compared 
to subcutaneous fat25.

On this subject, central adiposity predicts more accurately 
than the BMI the risk for type 2 diabetes26 and insulin resis-
tance development in adults. On the contrary, peripheral fat 
seems to have a dampening effect or to shield some risks related 
to weight25. Regarding fetal growth, recent data, including 740 
pregnant women, report no correlation between pre-pregnancy 
BMI and fetal biometric parameters such as HC, AC, BPD, and 
EFW in the second trimester of pregnancy, although maternal 
visceral adiposity is positively correlated with all those param-
eters14. In the present study, maternal visceral adiposity posi-
tively correlated with CC, CA, DBP, and EFW in the second 
trimester of obese, nonobese, diabetic, and nondiabetic mothers.

Our study has some limitations. First, it had a sectional 
design. Visceral fat and fetal biometry were measured only 
once, although the recommended techniques had been fol-
lowed. Second, fat distribution during fetal life may be influ-
enced by gender, and we could not identify this variable. 
In fact, the effect of gender on the fat distribution of the fetus 
is not completely known. Third, many variables influence 
fetal growth and can potentially alter the distribution of fetal 
fat. Unfortunately, we could not control them all. However, 
our study has strengths. The study addressed a topic not yet 
studied, and an adequate sample was studied; besides that, 
validated techniques were used.
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Several studies point to an association between maternal 
nutrition during pregnancy and fetal development, influenc-
ing the body composition of the offspring24. This body com-
position in early life may influence the development of obe-
sity in childhood and adulthood. However, little is known 
about the role of growth trajectories and intrauterine body 
composition as determinants of adverse metabolic outcomes 
in extrauterine life.

CONCLUSION
The present study found no significant difference between the 
correlation of maternal visceral adiposity and fetal biometric 
parameters when comparing obese and nonobese mothers, or 
gestational diabetic and nondiabetic mothers in the second 
trimester of pregnancy. Larger studies that investigate these 
correlations in the second and third trimesters may contribute 

to a better understanding of the exact role and timing of each 
factor in determining fetal growth.
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