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First trimester maternal BMI is a positive predictor
of cord blood c-peptide levels while maternal visfatin
levels is a negative predictor of birth weight
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ABSTRACT

OBJECTIVE: The role of first trimester maternal body mass index (BMI) and adipocytokines
in cord blood c-peptide and birth weight in pregnancy was investigated. DESIGN: Seventy
non-diabetic pregnant Caucasian women were recruited. Anthropometry and measurements
of fasting adipocytokines (visfatin, leptin, adiponectin), insulin and glucose were performed in
each of the three trimesters. At birth, birth weight and cord blood c-peptide, glucose, insulin,
visfatin, leptin, adiponectin and IL6 in each neonate were measured. RESULTS: First trimester
maternal BMI correlated positively with cord blood c-peptide (p=0.035, r=0.74) and negatively
with cord blood visfatin (p=0.049, r=-0.67). First trimester HOMAR was negatively correlated
with cord blood visfatin (p=0.037, r=-0.90) and negatively with cord blood leptin (p=0.031,
r=0.90). First trimester maternal BMI was a positive predictor of cord blood c-peptide (p=0.007).
First trimester maternal visfatin levels were negative predictors of birth weight (p=0.017).
CONCLUSIONS: We conclude that first trimester maternal BMI and serum visfatin seem to
be strongly associated with fetal insulin secretion and final birth weight, respectively, suggest-
ing a role of early-pregnancy maternal adipose tissue in the pregnancy metabolic environment.
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INTRODUCTION

Fetal growth and metabolism depend on genetic
predisposition as well as on the intrauterine meta-
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bolic environment. Their effect is expressed by birth
weight, a measure of growth.'? Fetal insulin secretion
and growth are influenced by maternal glucose me-
tabolism and adipose tissue deposition which, in their
turn, influence the development of the “naturally”
occurring insulin resistance during pregnancy.>> Often
there are reports of large-for-gestational-age babies
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without the presence of gestational diabetes. Pre-
pregnancy maternal body mass index (BMI) affects
birth weight and the risk of gestational diabetes.*’

In pregnancy, adipose tissue markers such as adi-
pocytokines (i.e. leptin, adiponectin, visfatin) affect
adaptation to insulin resistance, thus playing a role
in glucose homeostasis and pregnancy outcome.®’ In
the past, we and others have shown that 1* trimester
maternal levels of visfatin, an insulinomimetic factor,
are a positive predictor of insulin sensitivity in normal
and gestational diabetes-complicated pregnancies.®"°
In addition, it is via fetal -cell insulin secretion
that the rate of glucose utilization is matched and,
thus, the rate of fetal growth and final birth weight
are influenced.!'> Fetuses with intrauterine growth
restriction (IUGR) exhibit B-cell dysfunction as well
as adipose tissue dysfunction with affected secretion
of adipocytokines.* 3

Recently, the large epidemiological HAPO study
revealed strong and continuous associations of ma-
ternal glucose levels during the oral glucose tolerance
test (OGTT) performed at 24 to 32 weeks of gestation,
below those diagnostic of diabetes, with increased
birth weight and cord blood serum c-peptide levels.'®
Another study showed that higher first-trimester
fasting glucose levels, within a non-diabetic range,
increase the risk of adverse pregnancy outcomes such
as gestational diabetes and large-for-gestational-age
neonates and/or macrosomia.'” First trimester mater-
nal adiponectin and leptin levels are associated with
insulin resistance during pregnancy as well as with
birth weight.!®!” As early maternal adiposity seems
to play a crucial role regarding pregnancy outcomes,
such as insulin resistance and birth weight, the role
of first trimester maternal weight and adipocytokines
in fetal glucose and adipocytokine metabolism is of
particular interest, albeit not as yet clear.

Detection of women from the first trimester at
higher risk for adverse pregnancy and fetal outcomes
is a target of clinical investigation. The primary objec-
tive of this study was to examine the predictive effect
of first trimester maternal BMI and adipocytokines
on birth weight and fetal f3-cell insulin secretion (as
reflected by cord blood c-peptide) in non-diabetic
pregnant women. Also, as a secondary aim of the
study the association of first trimester maternal BMI

with cord blood adipocytokines was investigated.

SUBJECTS AND METHODS

Patients

The study had the approval of the local ethics com-
mittee and all study participants gave their written
informed consent. Study participants were seventy-
four (74) pregnant primigravidae Caucasian women
with mean (+SD) BMI of 26.8 (3.1) kg/m? (before
pregnancy), aged 29.5 (4.5) years, with no history of
type 2 diabetes mellitus, recruited during the 1st tri-
mester of pregnancy from the 2nd University Depart-
ment of Obstetrics and Gynecology outpatient clinic
of Aretaieion University Hospital between January
2011 and September 2011. Exclusion criteria were as
follows: non-Caucasian; BMI before pregnancy >35
kg/m?; history of type 1 or type 2 diabetes; multiple
pregnancy; major vaginal bleeding; hypertension;
preeclampsia; gestational diabetes; urinary tract
infection; fever (>37.5°C); fetal/placental abnor-
malities (i.e., congenital anomalies, placenta previae,
placental abruption); remarkable previous medical,
surgical or gynecological history; and current smoking
or alcohol intake. To avoid bias, all available women
who were valid according to the inclusion/exclusion
criteria were recruited on a random first visit basis. In
order to study the role of 1** trimester maternal BMI
and adipocytokines in fetal 3-cell secretion and birth
weight, we recruited randomly non-diabetic pregnant
women with prepregnancy BMI <35kg/m?.

Protocol

The women were seen once during each of the
three trimesters of their pregnancy during the 10"-
12 241-26™ and 34'"-36™ weeks, respectively. All
studied pregnant women received the standard di-
etetic advice during pregnancy. Four of the women
who were selected for study participation developed
gestational diabetes during pregnancy and were sub-
sequently excluded. At each visit, they were submit-
ted to anthropometric measurements and a fasting
blood sampling for measurement of adipocytokines
(adiponectin, visfatin, leptin), insulin and glucose.
At birth, neonates were weighed and cord blood
was sampled for c-peptide, glucose, insulin, visfatin,
adiponectin, IL-6 and leptin measurements.
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Anthropometric measurements

All measurements were carried out by a single
observer. For all women, weight before pregnancy
was retrieved from their records and height was
measured to the nearest mm using a stadiometer.
At each visit, weight without shoes and with light
clothing was measured in kilograms to the nearest 0.1
kg on a beam balance and BMI [weight/(height)® in
kg/m?] was calculated; maximum hip circumference
in centimeters was taken in duplicate with a 6 mm
wide flexible tape at the widest part of the trochant-
ers with the women in a horizontal position, the feet
kept 20-30 cm apart.

Blood chemistry and hormone assays

All determinations were performed in maternal
and cord blood sera. Glucose measurements were
performed with the Siemens Advia 1800 Clinical
Chemistry System (Siemens Healthcare Diagnostics,
Tarrytown, NY, USA), while insulin levels were
measured with an electrochemiluminescence im-
munoassay using the automated analyzer Cobas
e411 and the Elecsys Insulin Kit (Roche Diagnostics,
Basel, CH). The intra- and inter-assay coefficients of
variation (CV) were 2.0% and 2.8%, respectively; the
sensitivity limit was 0.2 mIU/L. High sensitivity IL-6
was determined with an ELISA (Quantikine, R&D
Systems, Minneapolis, MN., USA): the sensitivity
limit was 0.156 ng/L, while the inter- and intra-assay
CVs at the level of 0.436 ng/L were 9.6% and 6.9%,
respectively. Serum and cord blood leptin and adi-
ponectin concentrations were measured with sensitive
ELISAs from R&D Systems (Minneapolis, MN.,
USA) and B-Bridge International (Cupertino, CA.,
USA), respectively. Intra-assay CVs were 3%-3.3%
for leptin and 3.3%-5.8% for adiponectin; inter-assay
CVs were 3.5%-5.4% for leptin and 3.2%-7.3% for
adiponectin. Serum visfatin levels were measured us-
ing a commercial enzyme immunoassay kit (Visfatin
C-Terminal [Human] EIA; Phoenix Pharmaceuticals,
Belmont, CA. USA) according to the manufacturer’s
instructions. The intra- and inter-assay CVs were
5% and 12%, respectively. The sensitivity limit was
0.1 ng/mL. C-peptide levels were determined with a
solid phase two-site chemiluminescent immunometric
assay, using the Immulite 2000 Chemiluminescence
autoanalyzer (Siemens Healthcare Diagnostics, Los

Angeles, CA., USA) with intra- and inter-assay CVs
at 3.5% and 6.2%, respectively, and sensitivity limit
at 0.09 ng/mL.

Indices of carbohydrate metabolism

Insulin resistance was estimated by the homeostasis
model assessment (HOMA-R; [insulin at baseline,
pmol/L x glucose at baseline, mmol/L]/135).2*%

Statistical analysis

Data are described as mean *+ SD or median and
interquartile range (25"-75" percentile) for data
not normally distributed. To test the change of each
variable during pregnancy, the one-way repeated
measures ANOVA and the non-parametric Fried-
man ANOVA tests were used in the case of normally
and non-normally distributed variables, respectively.
To test whether changes differed between pairs of
time points of special interest, a paired t-test was
performed. To test the associations between different
variables and to test correlations between differences,
the Spearman correlation analysis was performed.
Multiple regression analysis was undertaken to define
1% trimester predictors of neonatal birth weight and
cord blood c-peptide levels. A p-value of <0.05 was
considered to be significant. The SPSS statistical
software was used for statistical analysis (SPSS Inc.,
Chicago, IL, USA).*

RESULTS

1. Description of maternal anthropometric
variables, fasting adipocytokines and
carbohydrate metabolism parameters during
pregnancy (Table 1), cord blood variables and
birth weight (Table 2)

Maternal BMI increased significantly from the
1*to the 2" and the 3™ trimesters (p=0.002). Serum
visfatin levels increased significantly from the 2™ to
the 3™ trimester (p=0.034) during pregnancy. There
was a clear, although non-significant, upward trend in
mean leptin concentrations, this probably due to high
variation (SD). Fasting insulin levels (p=0.003) and
HOMA-R (p=0.002) were significantly higher in the
3 as compared to the 1 and the 2™ trimesters. Cord
blood parameters are reported in Table 2. Neonatal
birth weight was within normal values.



90

G. VALSAMAKIS ET AL

Table 1. Maternal anthropometric variables, fasting adipocytokines and fasting carbohydrate metabolism parameters during pregnancy. Birth
weight and fetal cord blood variables at delivery. Variables expressed as mean (£SD) or median (25th-75th interquartile range)

N 70

Pregnancy 1* Trimester 2" Trimester 3" Trimester

BMI (kg/m?) 21.7 (£4.9) 30.1 (£4.7)* 332 (£5.9)*#
Hip circumference (cm) 104.5 (£9.2) 108.9 (£7.8) 117.0 (x10.2)
Visfatin (pg/mL) 21.9 (18-25.7) 252 (22.6-29.7) 271  (24.1-31.8)**
Leptin (pg/L) 285 (20.6-53.4) 472 (28.6-72.3) 59.0 (43-60.3)
Adiponectin (mcg/L) 5 (3.1-9.8) 5.2 (3.5-10.5) 6.6 (4.6-10.6)
Fasting glucose (mmol/L) 4.3 (£0.4) 4.6 (£0.3) 4.7 (£0.4)
Fasting insulin (pmol/L) 553 (41.5-70) 58.0  (48-120.3) 1200 (92-152)*#
HOMA-R 1.6 (12-22) 1.9 (1.7-3.8) 43 (3.15.1)**

(*): statistically significant (P<0.05) change from 1* trimester, (#): statistically significant (P <0.05) change from 2™ trimester.

Table 2. Birth weight and fetal cord blood variables at delivery.
Variables expressed as mean (£SD) or median (25th-75th inter-
quartile range)

Birth weight (g) 3185.0 (2732-3540)
Cord glucose (mg/dL) 99.0 (£17.0)
Cord insulin (mIU/mL) 9.9 (8-14.2)
Cord c-peptide (ng/mL) 0.8 (0.5-1.0)
Cord leptin (pg/mL) 32.5 (12.5-65.2)
Cord adiponectin (mg/mL) 38.1 (33.1-47.7)
Cord IL-6 (pg/mL) 1.4 (1.2-3.5)
Cord visfatin (pg/mL) 8.2 (3.6-12.3)

2. Significant correlations of cord blood
variables with maternal anthropometric
variables, fasting adipocytokines and
carbohydrate metabolism parameters of the
three trimesters of pregnancy (Table 3)

Cord blood c-peptide was positively correlated

with 1% (r=0.74, p=0.035) (Figure 1) and 3" trimes-
ter (r=0.67, p=0.049) maternal BMI. Cord blood
visfatin was negatively correlated with 1% trimester
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Figure 1. Correlation between 1% trimester maternal BMI and
cord blood c-peptide (p=0.035, r=0.74).

Table 3. Statistically significant correlations (p <0.05) of cord blood variables with, respectively, maternal anthropometric variables, fasting

adipocytokines and HOMAR of the three trimesters of pregnancy

1t trimester

Variable 1 Maternal BMI Maternal HOMAR Maternal BMI Maternal leptin Maternal HOMAR
Variable 2 Cord c-peptide Cord visfatin Cord visfatin Cord visfatin Cord leptin
r-Spearman 0.74 -0.90 -0.67 -0.99 0.90
p-value 0.035 0.037 0.049 <0.001 0.031

3 trimester
Variable 1 Maternal BMI Maternal BMI Maternal visfatin -~ Maternal adiponectin
Variable 2 Cord c-peptide Cord glucose Cord IL6 Cord glucose
r-Spearman 0.67 0.69 -0.90 0.95
p-value 0.049 0.041 0.037 <0.001
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HOMAR (r=-0.90, p=0.037), maternal BMI (r=-0.67,
p=0.049) and maternal leptin (r=-0.99, p<0.001).
Cord blood leptin was positively correlated with 1%
trimester HOMAR (r=0.90, p=0.03). Cord blood IL6
was negatively correlated with 3 trimester maternal
visfatin (r=-0.90, p=0.037). Cord blood glucose
was positively correlated with 3™ trimester maternal
BMI (r=0.69, p=0.041) and adiponectin (r=0.95,
p=0.015). Among cord blood variables only cord
blood c-peptide was positively correlated with cord
blood insulin (r=0.88, p<0.001).

3. Significant correlations of birth weight with
maternal anthropometric variables, fasting
adipocytokines and carbohydrate metabolism
parameters of the three trimesters of pregnancy
and with cord blood variables (Table 4)

Birth weight correlated positively with 1% trimester
maternal hip circumference (p=0.026, r=0.52), 3"
trimester HOMAR (p=0.011, r=0.76) and maternal
BMI (p=0.009, r=0.59) and negatively with 3™ tri-
mester maternal visfatin levels (p=0.040, r=-0.72).

Birth weight was positively associated with cord
blood c-peptide (p=0.041, r=0.77), cord blood glucose
(p=0.012, r=0.89) and cord blood insulin (p=0.037,
r=0.831). There was no statistically significant cor-
relation between cord blood adipocytokines and birth
weight (p>0.05).

4. First trimester predictors of cord blood
c-peptide and birth weight

Multiple linear regression analysis revealed that
1% trimester maternal BMI was the best positive pre-
dictor (p=0.007, beta=0.84) of cord blood c-peptide
among 1% trimester maternal BMI and HOMAR,
weight gain, age, gestational age of birth, sex and birth
weight. Multiple linear regression analysis revealed

that 1* trimester maternal visfatin levels were the
best negative predictor (p=0.017, beta=-1.23) of
birth weight among 1% trimester maternal visfatin,
adiponectin, leptin, HOMAR, weight gain, maternal
age, gestational age of birth.

DISCUSSION

We investigated first trimester maternal BMI and
adipocytokine levels (leptin, adiponectin, visfatin) of
non-diabetic pregnant women during the three tri-
mesters of pregnancy in relation to cord blood insulin
and adipocytokine (leptin, adiponectin, visfatin, IL6)
levels as well as birth weight. As expected, insulin
resistance increased during the studied pregnancies.
Maternal visfatin levels increased significantly from the
2" to the 3™ trimester along with an increasing trend
of leptin levels, confirming our previous reports.® In
fact, we have recently postulated that this progressive
increase of maternal visfatin levels, an insulinomimetic
hormone, during pregnancy indicates an adaptive
mechanism to pregnancy-related development of
insulin resistance.® In first trimester, maternal BMI
and serum adipocytokines reflect maternal adipose
tissue secretion, while cord blood adipocytokines
reflect that of fetal adipose tissue.?*

First trimester maternal BMI had the strongest
positive correlation with cord blood c-peptide and
was its only strong positive predictor among first
trimester maternal BMI, HOMAR, maternal weight
gain and age, gestational age of birth, sex and birth
weight. The involvement of first trimester maternal
BMI in pregnancy-related insulin resistance might
explain its association with fetal insulin secretion.
In addition, maternal HOMAR, a marker of ma-
ternal insulin resistance, showed a positive correla-
tion with birth weight in the third trimester only, a

Table 4. Statistically significant (p<0.05) correlations of birth weight with maternal anthropometrics, maternal fasting adipocytokines, ma-

ternal carbohydrate metabolism and cord blood variables at birth

Variable 1 Birth weight ~ Birth weight ~ Birth weight
Variable 2 1 trimester 3" trimester 3" trimester
maternal hip maternal ~ maternal BMI
circumference ~ HOMAR
r-Spearman 0.52 0.76 0.59

p-value 0.026 0.011 0.009

Birth weight Birth weight ~ Birth weight ~ Birth weight
39 trimester ~ Cord c-peptide  Cord glucose ~ Cord insulin
maternal
visfatin
-0.72 0.77 0.89 0.83
0.040 0.041 0.012 0.037
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period when maternal insulin resistance peaks, this
indicating that insulin resistance affects birth weight
mostly during the third trimester. In this study, cord
blood c-peptide levels, a proxy for fetal pancreatic
insulin secretion, correlated positively with birth
weight, while others have shown a gradual increase
of cord blood c-peptide concentrations in large-for-
gestational age compared to average-weight and to
small-for-gestational-age newborns.?** It seems that
ethnicity might influence this positive correlation
since higher c-peptide concentrations have been
reported in North African origin neonates compared
to those of Belgian origin.”

Furthermore, first trimester maternal BMI, lep-
tin and HOMAR correlated negatively with cord
blood visfatin levels, while first trimester maternal
HOMAR correlated positively with cord blood leptin
levels. Thus, it seems that a higher maternal BMI
(accompanied by increased maternal insulin resist-
ance) during the first trimester is associated with
decreased fetal visfatin secretion, indicating blunting
of this presumably adaptive fetal mechanism to the
maternal weight-associated insulin resistance. In
addition, first trimester maternal visfatin levels were
the best negative predictor of birth weight among
1 trimester maternal visfatin, adiponectin, leptin,
HOMAR, weight gain, maternal age and gestational
age of birth. These associations might imply a role
of maternal genetics, other than the environmental
one, in fetal carbohydrate and adipose tissue metabo-
lisms. Indeed, in the past we have shown that serum
leptin levels are increased in maternal circulation
and in the cord blood of IUGR fetuses compared
to appropriate-for-gestational-age fetuses and their
mothers, indicating a possible genetic predisposition
for higher adipose tissue secretion of leptin.? Simi-
larly, maternal predisposition to reduced secretion
of visfatin might contribute to increased birth weight
and vice versa.

The suggested positive association of maternal
adipose tissue with fetal insulin secretion and weight
should be corroborated by reports about fetuses
of obese mothers developing insulin resistance in
utero.”® Others have shown that increased maternal
BMI from the first antenatal visit is associated with
increased adiposity in early adulthood.* Thus, it was
suggested that maternal obesity compromises the

offspring’s metabolism starting at birth.*° In this line,
the biological significance of the present study links
maternal obesity to fetal metabolism and adipose
tissue as elements of what has been termed ‘a vi-
cious cycle’.* In the latter, the increased maternal fat
mass creates for the mother-fetus entity an abnormal
metabolic environment that results in insulin resist-
ance and hyperinsulinemia. These pathophysiological
alterations affect the fetus epigenetically, resulting
in neonatal obesity and hyperinsulinemia, thereby
leading to childhood and adulthood obesity.*** In
these series of events, the role of maternal genet-
ics should be stressed. The worldwide epidemic of
adolescent and adult obesity is not only the result of
modern lifestyle but it may also be propagated and
enhanced at a much earlier stage in life because of
an abnormal metabolic milieu in utero.**

In conclusion, first trimester maternal BMI is a
positive predictor of fetal insulin secretion and first
trimester maternal visfatin levels are the best negative
predictors of birth weight as compared with maternal
leptin and adiponectin. Of note, first trimester ma-
ternal visfatin and leptin levels stand as markers of
pre-pregnancy adipose tissue.® The present prospec-
tive study did not include women with morbid obesity
(BMI >35) as they represent a high risk group with
potential complications. These women need close
clinical follow-up and dietetic intervention during
pregnancy. In this study, dietetic intervention was
minimal. The women studied were mostly overweight
or obese with a diverse pre-pregnancy BMI (between
approx. 23-33 kg/m?) and an average weight gain
of 15 kilograms. More studies with larger cohorts
would strengthen the above results. Furthermore,
these findings have further clinical implications for
pregnancies complicated by maternal pre-pregnancy
obesity and gestational diabetes. Based on this study,
such abnormal metabolic environments could produce
even more prominent clinical effects in the fetus
regarding hyperinsulinemia and increased adipose
tissue deposition, thus programming it for obesity
and diabetes mellitus later in adulthood. As strate-
gies to tackle obesity and the type 2 diabetes mellitus
epidemic during adulthood have not proven to be
entirely successful, there is an increased need for
strategies to reduce the impact of maternal adipose
tissue effect on fetal growth and insulin secretion in
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metabolic environments of gestational diabetes and/
or pre-pregnancy obesity through close follow-up of
maternal weight before and during pregnancy.

In summary, in this study an association emerges
between first trimester maternal BMI, fetal insulin
secretion and birth weight. Of note, birth weight has
been associated with metabolic diseases during adult-
hood. Additional studies are needed in women with
morbid obesity and/or pregnancies complicated by
gestational diabetes to extend our knowledge of the
pre-pregnancy and first trimester maternal adipose
tissue effect on the pathophysiology of fetal pancreatic
and adipose tissue thus contributing to the limitation
of secretion. Such studies could thereby contribute to
a reduction in the inheritance of metabolic diseases
by the next generation through timely intervention
at the early stage of the prenatal period.
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