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Abstract
Aims/hypothesis Concentrations of visfatin are increased in
insulin-resistant conditions, but the relationship between
visfatin and insulin and/or insulin resistance indices in preg-
nancy remains unclear. Insulin resistance in pregnancy is
further accentuated in women with gestational diabetes
mellitus (GDM). Thus we assessed serum levels of visfatin

in pregnant women with varying degrees of glucose
tolerance.
Materials and methods Fasting visfatin levels were mea-
sured at 28 weeks of gestation in 51 women divided
according to their response to a 50-g glucose challenge test
(GCT) and a 75-g OGTT: control subjects (n=20) had
normal responses to both a GCT and an OGTT; the
intermediate group (IG; n=15) had a false-positive GCT,
but a normal OGTT; the GDM group (n=16) had abnormal
GCTs and OGTTs.
Results There were no age or BMI differences between
analysed groups. Across the subgroups there was a
progressive increase in glucose and insulin at 120 min of
the OGTT (p<0.01). This was accompanied by an increase
in visfatin, from 76.8±14.1 ng/ml in the control subjects, to
84.0±14.7 ng/ml in the IG group and 93.1±12.3 ng/ml in
the GDM group (p<0.01 for GDM vs control subjects).
There was a positive correlation between visfatin and
fasting insulin (r=0.38, p=0.007) and insulin at 120 min
of the OGTT (r=0.39, p=0.006).
Conclusions/interpretation An increase in fasting visfatin,
the levels of which correlate with both fasting and post-
glucose-load insulin concentrations, accompanies worsen-
ing glucose tolerance in the third trimester of pregnancy.
However, the significance of these findings, and in
particular the role of visfatin in the regulation of insulin
sensitivity during pregnancy, remains to be elucidated.
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Introduction

Visfatin, a 52 kDa cytokine, also known as pre-beta cell
colony enhancing factor, is highly expressed in visceral
fat, and exerts insulin-mimicking effects through activa-
tion of an insulin receptor, although in a manner distinct
from that of insulin [1]. The role of visfatin in human
physiology and pathophysiology remains to be elucidated,
while, according to some authors, plasma concentrations of
visfatin are elevated in obesity [2] and type 2 diabetes [3],
which are states characterised by insulin resistance (IR) and
typically also observed in gestational diabetes mellitus
(GDM). There are also, however, data pointing to possible
lower visfatin levels in obese subjects [4], and to visfatin’s
role in NAD biosynthesis [5]. Therefore, we hypothesised
that concentrations of visfatin may be altered in GDM,
possibly as a result of increased IR, typical for GDM.
Hence we examined serum concentrations of visfatin in
women with various degrees of glucose intolerance in
pregnancy.

Subjects and methods

In our practice, all women at 28 weeks of gestation are
screened for GDM and are evaluated with a 50-g glucose
challenge test (GCT). Women with plasma glucose
<7.8 mmol/l at 1 h after the GCT are regarded as normal
and subjected to routine antenatal care. Women with plasma
glucose ≥7.8 mmol/l after the GCT are subjected to a 75-g
OGTT (for details of subjects and methods see the
Electronic Supplementary Material [ESM]). GDM is diag-
nosed according to WHO criteria [6]. A cohort of 51
matched pregnant women was included in the present study
and was taking no medication. Women were divided into
three groups: matched control subjects (n=20, age 32±
4.0 years, BMI 26±4.0 kg/m2 [mean±SD]) had normal
responses to both a GCT and an OGTT; an intermediate
group (IG) (n=15, age 33±4.0 years, BMI 27±4.2 kg/m2)
had a false-positive GCT, but normal OGTT; while the
GDM group (n=16, age 33±3.9 years, BMI 28±4.1 kg/m2)
had both abnormal GCTs and OGTTs (see ESM).

Our Ethics Committee approved our study, and having
obtained informed consent we measured serum levels of
fasting visfatin as well as glucose and insulin during the
OGTT, with samples taken onto ice immediately, centri-
fuged and stored at −80°C. Serum visfatin was measured

by an ELISA kit (Phoenix Pharmaceuticals, Burlingame,
CA, USA; CV <6%). Insulin was measured by ELISA
(DakoCytomation Ltd, Ely, Cambs, UK).

IR was assessed by homeostasis model assessment
(HOMA) [7] (where HOMA=[fasting insulin (pmol/l)]×
[fasting glucose (mmol/l)]/22.5, i.e. with insulin expressed
in SI units (pmol/l instead of mU/ml) and the insulin
resistance index (IRI) [8] (see ESM).

Statistical analysis The data were analysed by means of
simple descriptive statistics and non-parametric tests of
significance: the Mann–Whitney U test for comparison
of distributions in two independent groups and the
Kruskal–Wallis in the case of more than two groups (see
ESM). In all analyses, statistical significance was consid-
ered achieved at a value of p≤0.05. All the calculations
were derived by means of Statistica v6.0 software.

Results

Results of the study are summarised in Table 1 and Fig. 1,
as well as in ESM Table 1 and Fig. 1. There was no
evidence of pregnancy-related complications at the time of
the study. There were no differences in age or BMI between
the analysed groups (ESM Table 1). All women with GDM
had glucose levels at 120 min of the OGTT >7.8 mmol/l.
There was an increase in fasting insulin and HOMA index
in both IG and GDM groups in comparison with the normal
glucose tolerance control subjects (p<0.01); however, there
were no statistical differences in fasting insulin, fasting
glucose and HOMA between the IG and GDM groups (p>
0.10; Table 1). In contrast, there was no difference in IRI
between control and IG groups (p=0.23). There was,
however, a marked difference in the value of the IRI
between the GDM and IG (p=0.015), and between the
GDM and control group (p<0.001; Table 1).

Worsening of glucose tolerance was accompanied by an
increase in fasting visfatin, from 76.8±14.1 ng/ml in
control subjects, to 84.0±14.7 ng/ml in IG and 93.1±
12.3 ng/ml in the GDM group (p<0.01 for GDM vs control
subjects, with a trend towards higher visfatin levels for IG
vs control subjects [p=0.07] and GDM vs IG [p=0.08])
(Table 1, Fig. 1). There were positive correlations between
serum visfatin concentrations and fasting insulin (rs=0.38,
p=0.007), insulin levels at 120 min of the OGTT (rs=0.39;
p=0.006) (ESM Fig. 1a,b), glucose at 120 min of the
OGTT (rs=0.35; p=0.012), HOMA (rs=0.35, p=0.012)
and IRI (rs=0.32, p=0.02). In the multiple regression model
the covariates including fasting insulin, insulin at 120 min of
the OGTT and glucose at 120 min of the OGTT explained
only 18% of variability of serum visfatin concentration.
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Discussion

In this paper, we demonstrate an increase in fasting visfatin
concentrations with a worsening degree of glucose intoler-
ance, with higher levels in women with GDM (see ESM).
During the preparation of our paper, Krzyzanowska et al.
[9] reported raised visfatin levels in GDM. In contrast to
their data, we found a significant correlation between
visfatin and fasting insulin and HOMA. Furthermore, we
are the first to demonstrate a significant correlation between
visfatin and insulin during the OGTT.

Pregnancy is associated with alterations in insulin
resistance and sensitivity, the latter declining with increas-
ing gestation. Given its reported insulin mimetic effects
[1, 5], visfatin may well counteract the high glucose levels,
particularly in GDM. However, the results of our study
show that such an interpretation, although theoretically
correct, is more complex. First, the variations of insulin and

Fig. 1 Visfatin levels (means±SEM) in control, intermediate (i.e.
false-positive GCT) and GDM groups. **p<0.01, significantly higher
in comparison with the control group (Mann–Whitney U test)

Table 1 Descriptive statistics for the levels of insulin and glucose parameters as well as HOMA and IRI in the three groups of women: control;
intermediate (i.e. false-positive GCT); and GDM

Variable and group n Mean 95% CI Median SD Minimum Maximum Differences
between groups

p valuea

Glucose: OGTT 0 min (mmol/l)
Control 20 4.1 3.9–4.3 4.1 0.4 3.6 4.9
Intermediate 15 4.2 4.1–4.4 4.2 0.3 3.7 4.7 0.03
GDM 16 4.6 4.1–5.1 4.4 1.0 3.6 8.0 **C
Glucose: OGTT 120 min (mmol/l)
Control 20 5.7 5.1–6.3 5.7 1.2 3.7 7.7
Intermediate 15 6.4 5.8–7.0 6.7 1.0 4.4 7.6 0.0001
GDM 16 9.5 8.9–10.2 9.6 1.0 8.0 11.6 ***C, ***IN
Insulin: OGTT 0 min (pmol/l)
Control 20 36.7 25.8–47.5 31.2 232 14.4 118.2
Intermediate 15 63.8 42.1–85.6 50.8 39.2 25.1 163.3 **C 0.0012
GDM 16 61.2 48.2–74.2 56.8 24.4 22.9 119.5 ***C
Insulin: OGTT 120 min (pmol/l)
Control 20 303.7 238.8–368.5 274.2 138.5 95.3 566.5
Intermediate 15 485.3 334.1–636.4 417.2 261.8 106.1 1081.6 *C 0.0003
GDM 16 719.8 494.8–944.8 576.3 422.2 313.3 1820.4 ***C
HOMA (pmol/l × mmol/l)
Control 20 6,88 4.56–9.20 5.55 4.95 2.30 24.69
Intermediate 15 12,30 7.78–16.82 9.73 8.16 4.36 31.94 **C 0.0014
GDM 16 13,29 8.62–17.96 11.95 8.76 3.63 42.50 ***C
IRI
Control 20 0.68 0.57–0.80 0.65 0.25 0.3 1.10
Intermediate 15 0.93 0.77–1.09 0.93 0.29 0.31 1.38 0.001
GDM 16 1.67 1.29–1.70 1.69 0.38 0.91 1.97 ***C, *IN
Visfatin (ng/ml)
Control 20 76.8 70.2–83.4 79.2 14.1 42.5 93.8
Intermediate 15 84.0 75.9–92.2 88.3 14.7 56.2 98.9 0.009
GDM 16 93.1 86.2–99.9 90.3 12.3 67.0 113.3 **C

C, compared with control group; IN, compared with intermediate group.
Significant differences in mean values in two groups, assessed by means of a Mann–Whitney test, are indicated by asterisks: *p≤0.05, **p≤0.01,
***p≤0.001.

a p value represents the significance level of the Kruskal–Wallis test for comparison of distributions of these characteristics in three independent
groups.
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glucose explain only 18% of the variation of serum visfatin
in the multivariate model. This implies that other, yet
unidentified, factors are likely to determine most of the
variation of serum visfatin in pregnancy. Second, there are
major differences in the assessment of IR. For example, if
one takes into account only fasting glucose and insulin
(HOMA), then women with GDM and those in the IG
group are more IR than control subjects, with no significant
difference between GDM and IG groups. On the other
hand, if post-glucose-load glycaemia and insulinaemia are
accounted for (IRI), then this reveals a marked difference
between the GDM group and both the IG and control
groups. Therefore, mathematical models (HOMA vs IRI)
used to calculate IR indices in pregnancy may give
discrepant results, and thereby a relationship between
visfatin and calculated IR indices.

Very recently, unlike our findings and those by
Krzyzanowska et al. [9], Chan et al. [10] have reported lower
visfatin levels in women of Chinese origin with GDM. The
precise reason for these differences is unclear. However, the
study design by Chan et al. was different: the time of GDM
testing was about 24 instead of 28 weeks; different criteria
were used to diagnose GDM; and no fasting or post-OGTT
glucose values or insulin resistance parameters were
assessed in their study. Furthermore, subjects of Far Eastern
origin have significant differences in insulin sensitivity in
comparison with subjects of Europid origin [11], and
therefore it is not possible to directly compare the results
of our study with the study by Chan et al. [10].

Currently the data on a relationship between visfatin and
insulin sensitivity in humans are conflicting. Some authors
report a lack of correlation between plasma visfatin and
insulin/HOMA [2, 4], while others [3], like us [12], have
observed a significant correlation between plasma visfatin
and fasting insulin and HOMA. Moreover, Haider et al.
[13] report a significant decrease of plasma visfatin
concentrations in obese subjects after gastric banding,
where individual changes in insulin resistance and visfatin
were significantly associated (r=−0.43, p<0.05). In addi-
tion, in the present study we describe for the first time a
significant correlation between visfatin and insulin, and
visfatin and glucose concentrations at 120 min of the
OGTT in pregnant women. Given that our subjects with
GDM had a more pronounced rise in glucose after OGTT
than both IG and control groups, this raises the possibility
that higher visfatin levels in GDM could be related to the
visfatin response to hyperglycaemia. Such a hypothesis is
supported by the results of Haider et al. [14], who
demonstrated that glucose infusion (under clamp condi-
tions) could increase visfatin concentrations. Recently, it
has also been shown that subjects with established type 2
diabetes have significantly raised visfatin levels when
compared with newly diagnosed type 2 diabetic subjects

[15]. These findings are of interest, as GDM, like type 2
diabetes, is characterised by relative hyperglycaemia and
the metabolic defects of insulin resistance [16].

Limitations of our study include its cross-sectional
design, and therefore to ascertain the association between
the worsening of glucose tolerance during the pregnancy
paralleled by the raise of visfatin, a longitudinal study
design is necessary with additional data such as any
correlation with cord blood visfatin and birthweight.
Finally, it is unclear as to the precise source of visfatin
and the mechanisms regulating its production; it would be
useful to test the hypothesis of inflammation and insulin
resistance in GDM and their impact on visfatin.

In summary, our study demonstrates significantly higher
serum visfatin levels in women with GDM as well as a
positive correlation between serum visfatin and both fasting
and post-glucose-load insulin. The precise significance of
our findings remains to be elucidated, and it remains to be
established whether visfatin may also be involved in
regulation of insulin sensitivity during human pregnancy.

Duality of interest The authors have no duality of interest with
regard to this study.
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