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BACKGROUND: Visfatin and adiponectin are produced
by adipose tissue and have opposite effects on insulin
resistance. Circulating concentrations of these bio-
markers are altered in type 2 diabetes mellitus. We
sought to examine the potential value of maternal se-
rum visfatin and adiponectin concentrations in early
pregnancy as potential biomarkers in the prediction of
gestational diabetes mellitus (GDM).

METHODS: This work was a case-control study of 100
women who developed GDM and 300 nondiabetic
controls. Maternal serum visfatin and adiponectin
were measured between 11 and 13 weeks of gestation.
Regression analysis in the nondiabetic group was per-
formed to examine the maternal characteristics affect-
ing the serum concentrations of visfatin and adiponec-
tin. Likelihood ratios for GDM were calculated for
visfatin and adiponectin, and performance of screen-
ing was assessed by using ROC curve analysis.

RESULTS: In the GDM group compared with the nondi-
abetic group, the median maternal serum visfatin con-
centration was increased (1.34 multiples of the median
[MoM], interquartile range [IQR] 0.70 –2.87, vs 1.00
MoM, IQR: 0.53–1.92; P � 0.004) and serum adi-
ponectin was decreased (0.66 MoM, IQR 0.50 – 0.92, vs
1.01, IQR 0.70 –1.29; P � 0.0001). In screening for
GDM by a combination of maternal factors and serum
adiponectin and visfatin, the estimated detection rate
was 68.0% (95% CI 58.3–76.3%), at a false-positive
rate of 10%.

CONCLUSIONS: At 11–13 weeks in pregnancies that de-
velop GDM, the serum concentration of adiponectin is
decreased and visfatin is increased, and these biomark-
ers can be combined with maternal factors to provide
effective early screening for GDM.
© 2011 American Association for Clinical Chemistry

Visfatin and adiponectin are produced by adipose
tissue and have opposite effects on insulin resistance.
Visfatin activates the insulin receptor, and increased
circulating concentrations have been reported in
insulin-resistant states, including obesity and type 2 di-
abetes mellitus (1 ). In contrast, serum adiponectin
concentration is inversely correlated with insulin resis-
tance and is reduced in obesity and type 2 diabetes mel-
litus (2–5 ). In gestational diabetes mellitus (GDM),3

maternal serum adiponectin is reduced (6 –13 ),
whereas the concentration of visfatin has been reported
to be either increased (14 –19 ) or decreased (20 –23 ).

In a previous study, we reported that in pregnan-
cies that subsequently develop GDM, the maternal se-
rum concentration of adiponectin at 11–13 weeks’ ges-
tation is reduced, and this biomarker can be combined
with maternal characteristics and obstetric history to
define the patient-specific risk for GDM (24 ). Effective
early identification of the high-risk group for subse-
quent development of GDM is likely to improve preg-
nancy outcome because, with appropriate dietary ad-
vice and pharmacological interventions with such
drugs as metformin, the incidence of the disease and
associated fetal macrosomia with its adverse sequelae
could potentially be reduced.

The aim of this study was to determine whether in
the first trimester of pregnancy maternal serum con-
centrations of visfatin are altered in pregnancies that
subsequently develop GDM and whether this bio-
marker can improve the performance of early screen-
ing for GDM achieved by a combination of maternal
factors and serum adiponectin.

Materials and Methods

STUDY POPULATION

This work was a case-control study drawn from a large
prospective observational study for early prediction of
pregnancy complications in women attending their
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routine first hospital visit in pregnancy at King’s Col-
lege Hospital, London, UK. In this visit, which is held
between 11 and 13 weeks of gestation, we record ma-
ternal characteristics and medical history and perform
combined screening for aneuploidies by measurement
of the fetal crown-rump length and nuchal translu-
cency thickness and maternal serum pregnancy associ-
ated plasma protein A and free �-human chorionic go-
nadatropin (25, 26 ). We stored serum and plasma in
several aliquots at �80 °C for subsequent biochemical
analysis from women who agreed to participate in the
study. Written informed consent was obtained for par-
ticipation in the study, which was approved by the
King’s College Hospital ethics committee.

In this study, we measured maternal serum visfa-
tin and adiponectin in 100 cases who subsequently de-
veloped GDM and 300 unaffected controls who deliv-
ered a phenotypically normal neonate at term. Cases
and controls were selected at random from our data-
base of stored samples and matched for storage time.
Data on maternal serum adiponectin were included in
a previous publication (24 ).

OUTCOME MEASURES

Screening for GDM in our hospital was on the basis of
a 2-step approach. In all women, random plasma glu-
cose was measured at 24 –28 weeks of gestation, and if
the concentration was �6.7 mmol/L, an oral glucose
tolerance test was carried out within the subsequent 2
weeks. The diagnosis of GDM was made if the fasting
plasma glucose concentration was at least 6 mmol/L or
the plasma glucose concentration 2 h after the oral ad-
ministration of 75 g glucose was �7.8 mmol/L (27 ). In
women with normal random blood glucose level, an
oral glucose tolerance test was performed if they had
persistent glucosuria, they developed polyhydramnios,
or the fetus became macrosomic. Women with the di-
agnosis of GDM were given dietary and exercise advice
and were encouraged to test capillary blood glucose
before and 1 h after each meal. If during a period of 1–2
weeks the premeal or 1-h postmeal blood glucose con-
centration was �5.5 mmol/L and �7 mmol/L, respec-
tively, the women were treated with insulin.

Details of maternal characteristics and the findings
of the 11- to 13-week assessment were recorded in our
database. Data on pregnancy outcome were obtained
from the maternity computerized records or the gen-
eral medical practitioners of the women and were also
recorded in our database.

SAMPLE ANALYSIS

None of the samples in this study were previously
thawed and refrozen. Maternal serum visfatin concen-
tration was measured by a quantitative ELISA tech-
nique by using the Visfatin (eNampt/PBEF) ELISA kit

(44-VISHU-E01.4, Alpco Diagnostics). The lower limit
of detection of the assay was 0.03 �g/L. The intraassay
and interassay CV ranged from 2.3% to 9.1% and from
4.7% to 7.2%, respectively. Maternal serum adiponec-
tin concentration was measured by an ELISA technique
by using Quantikine Human Total Adiponectin Im-
munoassay (DRP300, R&D Systems Europe). The in-
traassay CV varied from 2.5% to 4.7%, and the inter-
assay CV varied from 6.8% to 6.9%. All samples were
analyzed in duplicate, and those with a CV exceeding
10% were reanalyzed.

STATISTICAL ANALYSIS

Comparison between outcome groups was done by
Mann–Whitney U-test for continuous variables and �2

test or Fisher’s exact test for categorical variables.
The distribution of serum visfatin was made

gaussian after logarithmic10 transformation. In the un-
affected controls, gaussian normality was examined by
using probability plots and the Kolmogorov–Smirnov
test (D � 0.04, P � 0.20) after excluding outliers out-
side 3 SDs. Multiple regression analysis in the nondia-
betic group demonstrated that none of the maternal
characteristics affected the maternal serum concentra-
tion of visfatin and the values in each case and control
were expressed as multiple of the median (MoM) in the
nondiabetic group. Similarly, the measured maternal
serum adiponectin concentration was converted into
MoM after adjustment for maternal age, weight, ciga-
rette smoking status, and racial origin as previously de-
scribed (24 ). The Mann–Whitney U-test was used to
compare median MoM values of visfatin between the 2
groups. Nonparametric correlation analysis was used
to determine the significance of association between
serum visfatin MoM and adiponectin MoM in the out-
come groups. The means and SDs of the gaussian dis-
tributions of square root of adiponectin MoM and
log10 visfatin MoM in the GDM and nondiabetic
groups were determined. The likelihood ratios for
GDM in each case were calculated from the fitted bi-
variate gaussian distributions for square-root adi-
ponectin MoM and log10 visfatin MoM. The patient-
specific a priori odds for GDM on the basis of maternal
characteristics were calculated by using the following
formula: a priori odds � eY, where Y is derived from the
multivariate logistic regression analysis as previously
described (24 ). The a posteriori odds were estimated
by multiplying the a priori odds by the likelihood ratio
for adiponectin and visfatin. The a posteriori risks de-
rived from the formula �/(1 � �) (where � � a poste-
riori odds) were used to calculate detection rates of
GDM and false-positive rates. The performance of
screening was determined by ROC curve analysis.

The statistical software package SPSS 16.0 (SPSS)
was used for data analyses.
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Results

STUDY POPULATION

The maternal characteristics of each of the outcome
groups are compared in Table 1. In the GDM group
compared with the nondiabetic group, median mater-
nal age and BMI were higher, there were more women
of South Asian racial origin, and more women had
GDM in their previous pregnancy.

NONDIABETIC GROUP

Multiple regression analysis in the nondiabetic group
demonstrated that for log10 visfatin, there were no sig-
nificant contributions provided by maternal age (P �
0.286), BMI (P � 0.429), smoking status (P � 0.816),
method of conception (P � 0.275), parity (P � 0.275),
racial origin (P � 0.449), or fetal crown-rump length
(P � 0.447).

In the case of adiponectin, regression analysis
demonstrated that the serum concentration was signif-
icantly affected by maternal age, weight, cigarette

smoking status, and racial origin but not method of
conception (P � 0.637), parity (P � 0.219), or fetal
crown-rump length (P � 0.459), as expressed in the
following regression equation: square-root adiponec-
tin expected � 130.19 � 0.74 � maternal age in
years � (�18.24 if the racial origin was African,
�31.89 if South Asian, 0 if Caucasian, East Asian, or
mixed) � 0.53 � maternal weight in kg � 10.38 if
cigarette smoker (R2 � 0.223, P � 0.0001).

GESTATIONAL DIABETES MELLITUS GROUP

In the GDM group compared with the nondiabetic
group, the median maternal serum visfatin concentra-
tion was increased (1.34 MoM, interquartile range
[IQR] 0.70 –2.87, vs 1.00 MoM, IQR 0.53–1.92; P �
0.004) and serum adiponectin was decreased (0.66
MoM, IQR 0.50 – 0.92, vs 1.01, IQR 0.70 –1.29; P �
0.0001) (Table 2).

There was no significant association of maternal
serum visfatin MoM with adiponectin MoM or birth
weight percentile in either the GDM group (P � 0.294
and P � 0.754, respectively) or the nondiabetic group
(P � 0.566 and P � 0.638, respectively).

PERFORMANCE OF SCREENING

The areas under the ROC curve and detection rates of
GDM in screening by maternal factors only and by a
combination of maternal factors with adiponectin and
visfatin are given in Table 3.

Discussion

In this study, we investigated the potential of predicting
the development of GDM by a combination of mater-
nal characteristics and maternal serum concentration
of visfatin and adiponectin at 11–13 weeks’ gestation.
These biomarkers were selected because previous studies

Table 1. Maternal and pregnancy characteristics in
the outcome groups.

Nondiabetic
controls GDM

n 300 100

Maternal age, yearsa 32.2 (26.9–35.6) 33.8 (31.4–37.2)b

Maternal BMI, kg/m2a 23.1 (21.3–26.3) 28.4 (23.8–33.7)b

Crown-rump length, mma 64.0 (58.7–69.6) 62.1 (57.6–68.0)

Gestation at sampling,
weeksa

12.4 (12.1–12.9) 12.4 (12.1–12.7)

Racial originc

Caucasian 189 (63.0) 59 (59.0)

African 86 (28.7) 24 (24.0)

South Asian 10 (3.3) 11 (11.0)b

East Asian 6 (2.0) 5 (5.0)

Mixed 9 (3.0) 1 (1.0)

Parityc

Nulliparous 146 (48.7) 35 (35.0)

Parous, previous GDM 2 (0.7) 40 (40.0)b

Parous, no GDM 152 (50.6) 25 (25.0)b

Cigarette smoker 28 (9.3) 6 (6.0)

Conceptionc

Spontaneous 296 (98.7) 98 (98.0)

Assisted 4 (1.3) 2 (2.0)

Birth weight percentilea 50.6 (32.7–68.3) 54.2 (31.4–79.1)

a Median (IQR).
b P �0.05. Comparisons are between outcome groups (�2 test and Fisher’s

exact test for categorical variables and Mann–Whitney U-test for contin-
uous variables).

c n (%).

Table 2. Median (IQR) of maternal serum
concentration of adiponectin and visfatin in the

outcome groups.

Nondiabetic
controls GDM

n 300 100

Adiponectin

�g/L 12 035 (8595–17 085) 7591 (4552–11 059)

MoM 1.02 (0.70–1.29) 0.66 (0.50–0.92)a

Visfatin

�g/L 0.89 (0.47–1.71) 1.20 (0.63–2.55)

MoM 1.00 (0.53–1.92) 1.34 (0.70–2.87)a

a P �0.05. Comparisons between groups by Mann–Whitney U-test.

Visfatin and Gestational Diabetes Mellitus

Clinical Chemistry 57:4 (2011) 611

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/57/4/609/5621087 by guest on 17 M
ay 2023



reported altered maternal circulating concentrations in
pregnancies with established GDM. The study confirmed
that low serum levels of adiponectin precede the clinical
onset of GDM and are apparent from the first trimester
(10, 12, 13). The finding that serum levels of visfatin at
11–13 weeks are increased in pregnant women who de-
velop GDM is new. There is evidence that, in pregnancy,
the source of circulating visfatin is not only visceral fat, but
also the placenta and the increased serum concentration
observed in GDM may be the consequence of placental
over-secretion (18).

In normal pregnancies, there is a physiological in-
sulin resistance from as early as the first trimester,
which increases with gestational age (28, 29 ). In
women with GDM, there is a higher fasting glucose and
insulin concentration and the insulin sensitivity may
decrease by up to 40% in late pregnancy (29, 30 ). In
a longitudinal study of 80 nonobese, nondiabetic
women, the authors reported that maternal serum vis-
fatin concentrations were higher in the second and
third trimesters than in the first trimester. In the same
study, in the prediction of insulin resistance during the
second trimester, measurement of visfatin in the first
trimester was superior to various anthropometric mea-
surements, including hip circumference and skinfold
thickness, and serum levels of leptin, adiponectin, and
inflammatory molecules, such as interleukin-6 and
C-reactive protein (31 ). Our finding that, in pregnant
women who develop GDM, the maternal serum con-
centration of visfatin is increased from the first trimester is
consistent with the postulated role of this protein in

insulin-resistant states such as GDM and the hypothesis
that as visfatin has physiological glucose-lowering effects,
increased levels in GDM may reflect an impaired action in
target tissues to hyperglycemia (14, 32).

There is emerging evidence that the 11- to 13-week
assessment is likely to be the basis for a new approach to
antenatal care, whereby data from the maternal history
will be combined with the results of biophysical and
biochemical tests to estimate the patient-specific risk
for a wide variety of pregnancy complications, includ-
ing fetal aneuploidies and other abnormalities, miscar-
riage and stillbirth, preeclampsia and gestational hy-
pertension, preterm delivery, and birth of small- or
large-for-gestational-age neonates (33 ). In this study,
we estimated that measurement of serum adiponectin
and visfatin at 11–13 weeks can be combined with ma-
ternal characteristics to identify �65% of pregnant
women who will develop GDM, at a false-positive rate
of 10%. Screening at 11–13 weeks and effective identi-
fication of the high-risk group would form the basis for
future studies to determine whether appropriate inter-
vention in early than late pregnancy will reduce the
adverse fetal and maternal consequences of the disease.
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