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Summary
Objectives: The aim of the present study was to compare serum concentrations of a recently identified namely –
visfatin between pregnant women with normal glucose tolerance (NGT) and gestational diabetes mellitus (GDM),
as well as non-pregnant healthy subjects.
Materials and methods: Serum visfatin concentration was measured in 61 patients with GDM, 63 pregnant sub-
jects with NGT and 36 non-pregnant healthy women by means of an immunoassay. 
Results: Median visfatin levels did not differ in the women with GDM (14.8 [10.8-17.3] µg/l) and NGT (15.3 [11.8-
19.4] µg/l), but were significantly higher than those found in the non-pregnant women (11.4 [8.6-15.2] µg/l,
p=0.0008 vs NGT and p=0.008 vs GDM group). Visfatin concentrations correlated significantly with fasting insulin
(R=0.20, p=0.01), HOMA-IR (R=0.19, p=0.02) and HOMA-%B (R=0.23, p=0.004). Stepwise regression analysis
revealed that serum visfatin levels were significantly predicted only by HbA1c values (b=0.21, p=0.04). 
Conclusions: Serum visfatin concentrations are elevated in pregnant women, irrespectively of their glucose toler-
ance status. This elevation may be caused by an additional secretion of visfatin from the placenta, however other
possible sources of visfatin should also be taken into account.
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Wst´p

Visfatin was originally identified as pre-B cell colony-
enhancing factor (PBEF) – a 52-kilodalton protein expressed
in lymphocytes that synergized with interleukin-7 and stem
cell factors to promote the growth of B cell precursors [1]. 

Visfatin mRNA and protein is expressed in subcutaneous
fat tissue (SAT) [2, 3], visceral fat tissue (VAT) [2, 3], as well as
in the liver [1], muscle [1], macrophages [4], placenta and foetal
membranes [5, 6]. The same gene was also identified as a
cytosolic enzyme micotinamide 5-phosphoribosyl-1-
pyrophosphate transferase (Nampt) that catalyzes the rate-
limiting step in nicotinamide adenine dinucleotide (NAD)
biosynthesis [7]. 

Insulin-mimetic effects, initially ascribed to visfatin, have
not been confirmed in recent studies but visfatin is involved in
glucose metabolism at the beta-cell level by regulating insulin
secretion via the NAD pathway [8]. However, clinical data
linking circulating visfatin to the parameters of glucose
metabolism and insulin resistance are contradictory, since
both increased [9, 10, 11, 12, 13, 14] and decreased levels [15]
have been observed in patients with type 1 and type 2 diabetes.
Conflicting results have been also obtained in obese subjects
[2, 16, 17, 18]. 

It has been demonstrated that circulating visfatin levels are
elevated in pregnant women with intrauterine growth retarda-
tion (IUGR) [19] and preeclampsia [20], whereas significantly
lower [21, 22] or higher [23, 24] visfatin concentrations have
been shown in patients with gestational diabetes mellitus
(GDM) when compared with healthy pregnant controls.
Therefore, in the present study we investigated serum visfatin
concentrations in pregnant women with various degree of glu-
cose intolerance in order to establish its relation to a range of
anthropometric and metabolic factors conferring glucose
metabolism and insulin resistance.

Materials and methods

The group studied consisted of 61 patients with GDM and
63 pregnant women with NGT, between 24 and 31 week of
gestation, attending the gynaecological out-patient clinic of
the Medical University of Bialystok: GDM was diagnosed
according to the WHO criteria [25]. 

Blood samples for visfatin assay were collected before the
initiation of diet or insulin therapy. All subjects were non-
smokers and had not taken any drugs known to affect carbo-
hydrate metabolism in the previous 3 months. Patients with
abnormal glucose readings before pregnancy, as well as with
pregnancy induced hypertension (PIH), preeclampsia and
other pregnancy complications (except GDM), were not
included. All pregnancies were singletons. The estimation of
pregnancy duration was based on routine ultrasonographic
examination preformed between 10 and 12 weeks of gestation.
The control group consisted of 36 non-pregnant healthy
women, nine of whom had one or more pregnancies without
a history of GDM and 27 had no previous pregnancy. Written
informed consent was obtained from all participants, and the
protocol was approved by the local ethics committee (Medical
University of Bialystok). 

For each patient body mass index (BMI) was calculated at
the time of blood collection as weight in kilograms divided by
height in meters squared. Medical records were also analyzed
to collect information concerning subjects’ weight shortly
before conception, and prepregnancy BMI was calculated as
described above. 

Plasma glucose concentration was measured using oxidase
method (CORMAY, Poland), fasting serum insulin level was
assayed by immunoradiometric method (Biosource Europe
SA, Belgium) and glycated haemoglobin (HbA1c) was evalu-
ated by a high performance liquid chromatography technique
(HPLC VariantTM, BIO-RAD Laboratories, Germany). 

Serum visfatin concentration was measured using com-
mercial Visfatin-C Terminal Human Enzyme Immunoassay
kit (Phoenix Pharmaceuticals, Inc., USA) with the detection
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Streszczenie
Cel pracy: Celem pracy by∏o porównanie st´˝eƒ wisfatyny w osoczu kobiet ci´˝arnych z prawid∏owà tolerancjà
glukozy i cukrzycà cià˝owà oraz zdrowych kobiet nie b´dàcych w cià˝y.
Materia∏ i metody: St´˝enie wisfatyny oznaczono metodà immunoenzymatycznà w osoczu 61 pacjentek z cukrzy-
cà cià˝owà, 63 ci´˝arnych z prawid∏owà tolerancjà glukozy oraz 36 kobiet nie b´dàcych w cià˝y. 
Wyniki: St´˝enia wisfatyny nie ró˝ni∏y si´ istotnie w grupie kobiet z cukrzycà cià˝owà (mediana 14,8 [10,8-
17,3]µg/l) i prawid∏owà tolerancjà glukozy (15,3 [11,8-19,4] µg/l), by∏y jednak znamiennie wy˝sze ni˝ w grupie ko-
biet nie b´dàcych w cià˝y (11,4 [8,6-15,2] µg/l, p=0,008 vs cukrzyca cià˝owa i p=0,0008 vs prawid∏owa tolerancja
glukozy). Stwierdzono istotnà korelacj´ pomi´dzy st´˝eniem wisfatyny i insuliny (R=0,20, p=0,01), HOMA-IR
(R=0,19, p=0,02) i HOMA-%B (R=0,23, p=0,004). 
Regresja wieloraka wykaza∏a, ˝e jedynym czynnikiem wp∏ywajàcym znamiennie na st´˝enia wisfatyny w osoczu by∏a
wartoÊç HbA1c (b=0,21, p=0,04). 
Wnioski: St´˝enie wisfatyny w osoczu wzrasta u kobiet w cià˝y, niezale˝nie od wspó∏istniejàcych zaburzeƒ toleran-
cji glukozy, prawdopodobnie wskutek dodatkowej sekrecji tej adipokiny przez tkank´ ∏o˝yska.

S∏owa kluczowe: wisfatyna / cià˝a / cukrzyca cià˝owa /



limit of 0.1µg/l. The intraassay and interassay coefficients of
variation (CVs) were less than 5.0% and 14.0%, respectively. 

HOMA2 (the Homeostasis Model Assessment 2) Calcula-
tor was used to estimate steady state beta cell function (%B)
and insulin resistance (HOMA-IR) according to the updated
HOMA2 model (www.OCDEM.ox.ac.uk).

Statistical analysis was performed using the STATISTICA
7.0 for Windows software package (StatSoft.Inc, Tulsa, USA).
Non-normally distributed variables were expressed as medians
and interquartile ranges (IR). The differences between the
groups were compared by Mann - Whitney U test. Multivari-
ate least–square regression procedures were used to estimate
mean case–control differences in plasma visfatin concentra-
tions after allowing for potential confounders. Relationships
between variables were tested by Spearman’s rank correla-
tions. Multivariate linear regression analysis was performed to
establish which of the metabolic and anthropometric factors
(age, gestational age, BMI, glucose, insulin, HbA1c) were sig-
nificantly and independently associated with the variance in
plasma visfatin concentration. P value less than 0.05 was
regarded as statistically significant. 

Results

Clinical and biochemical characteristics of the groups
studied are summarized in Table I. There were not significant
differences in the mean age, parity, gestational age, current
BMI (except non-pregnant subjects) and HbA1c values
between the groups. The patients with GDM had markedly
higher fasting and post-load glucose than the women with
NGT (p<0.0001), as well as significantly higher pre-pregnan-
cy BMI (p=0.01), fasting insulin (p=0.02), HOMA-IR
(p=0.007) and HOMA-%B (p=0.007) in comparison with the
control group. The pregnant women with NGT had signifi-
cantly lower fasting glucose levels (p<0.0001), but higher fast-
ing insulin (p=0.035) and HOMA-%B values (p<0.0001) in
comparison with the non-pregnant women. 

Serum visfatin concentrations were comparable in the
NGT and GDM groups but significantly higher than those
found in the non-pregnant subjects (p=0.0008 vs NGT group
and p=0.008 vs GDM group, Table I). 

After an adjustment for glucose and insulin values, the dif-
ferences in visfatin levels between the control group and the
pregnant women remained statistically significant (p=0.003 vs
NGT group and p=0.009 vs GDM group).
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Table I. Clinical and biochemical characteristics of the population studied.



When all the women studied were divided into two groups
according to their  prepregnancy BMI values (Table II), there
was no significant difference in serum visfatin levels between
the subjects with BMI < and ≥25kg/m2 both in the whole pop-
ulation studied, as well as in the subgroups with NGT and
GDM, whereas in the control group serum visfatin concentra-
tions were apparently lower in obese than in slim subjects
(p=0.047, Table II).

In a pooled analysis serum visfatin levels correlated signif-
icantly with fasting insulin (R=0.20, p=0.01), HOMA-IR
(R=0.19, p=0.02) and HOMA-%B (R=0.23, p=0.004). How-
ever, when the three subgroups were analysed separately, vis-
fatin levels were not associated with any of the clinical or
metabolic parameters studied. Stepwise multiple regression
analysis with visfatin as a dependent value (independent val-
ues: age, gestational age, BMI, glucose, insulin, HbA1c)
revealed that in the whole group of pregnant women HbA1c
was the only significant predictor (b=0.26, p=0.005), explain-
ing about 7% of the variance in serum visfatin concentration.
In the subgroup with GDM visfatin levels were also signifi-
cantly predicted by HbA1c values (b=0.29, p=0.03), whereas
in the subjects with NGT visfatin concentrations were not
associated with any of the parameters analyzed (age, gesta-
tional age, BMI, glucose, insulin, HbA1c). In the control
group stepwise multiple regression analysis showed that vis-
fatin concentrations were significantly related to BMI values
(b=0.47, p=0.01).

Discussion
In the present study we showed that patients with GDM

had markedly higher fasting glucose than women with NGT,
as well as significantly higher fasting insulin and the index of
insulin resistance as compared with the control group, where-
as pregnant women with NGT demonstrated markedly lower
fasting glucose and higher insulin concentrations in compari-
son with the non-pregnant group. These findings correspond
to the well-known metabolic changes that occur in normal and
diabetic pregnancy, since non-diabetic pregnancy produces an
“accelerated starvation” in the fasting state, with an earlier
and more profound hypoglycaemia and an increased fasting
insulin level, whereas women with GDM demonstrate eleva-
ted fasting insulin concentrations i the first place [26]. 

Serum visfatin levels in the NGT and GDM groups were
comparable, but markedly higher than those found in the non-
pregnant women. Because of the differences observed in glu-
cose and insulin values, an adjustment for these covariates was
made, but the differences in visfatin concentrations between
the pregnant and the non-pregnant subjects remained statisti-
cally significant. Our findings are in part consistent with the
results obtained by Mastorakos et al. [27] who demonstrated
that serum visfatin concentrations increased during healthy
pregnancy, especially between the 1st and the 2nd trimester, in
parallel with b-cell secretion indices, probably compensating
for a gradual increase in insulin resistance. Moreover, serum
visfatin concentration in the 1st trimester was a significant pre-
dictor of insulin sensitivity during the 2nd trimester, however
later this close association disappeared, possibly because of an
increase in visfatin secretion by an additional source other that
adipose tissue, namely the placenta [27]. 

The results concerning circulating visfatin obtained by
other authors in different populations with GDM are contra-
dictory since Chan et al. [21] and Haider et al. [22] demon-
strated significantly lower serum visfatin levels in patients with
GDM, whereas Krzyzanowska et al. [23] and Lewandowski et
al. [24] reported that median visfatin concentrations were sig-
nificantly elevated in women with GDM when compared with
healthy pregnant controls. The reasons for this discrepancy
may be related to differences regarding sampling time during
pregnancy, various diagnostic criteria or even racial differ-
ences, nevertheless they remain unclear. The mechanisms con-
trolling visfatin secretion in humans are also under discussion.
Haider et al. [28] showed that glucose induces an increase in
visfatin release, whereas insulin can suppress this effect in vitro
and in vivo, however it has no influence on basal visfatin con-
centrations. In clinical studies concerning pregnant women
various factors, potentially influencing circulating visfatin le-
vels, have been noted. Haider et al. [22] demonstrated a signi-
ficant correlation between fasting glucose and visfatin con-
centrations in subjects with both NGT and GDM, whereas
Krzyzanowska et al. [23] found no association between plas-
ma visfatin and fasting glucose, insulin, HOMA-IR, HbA1c
or BMI. In women with GDM visfatin correlated significant-
ly only with the week of gestation at the time of sampling [23].
On the contrary, Chan et al. [21] observed no relationship
between circulating visfatin and gestational age. 
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Table II. Serum visfatin concentrations with respect to prepregnancy BMI values.



Finally, Lewandowski et al. [24] found positive correla-
tions between serum visfatin concentrations and fasting
insulin and HOMA-IR, which is consistent with our findings.
In our population serum visfatin levels correlated significant-
ly with fasting insulin, HOMA-IR and HOMA-%B – an indi-
rect index of beta cell function. However, stepwise multiple
regression analysis revealed that in the whole population stud-
ied, as well as in the subgroup with GDM, HbA1c was the
only significant predictor, explaining less than 7% of the vari-
ance in serum visfatin concentration. In the non-pregnant
group visfatin concentrations were significantly related to
BMI values. The association between circulating visfatin and
BMI was also demonstrated by Berndt et al. in a large popu-
lation – based study, but in a subgroup of women with a wide
range of obesity and insulin sensitivity the correlation did not
reach statistical significance [2].

Conclusion
In conclusion, our results suggest that serum visfatin con-

centrations are elevated in pregnant women when compared
with non-pregnant healthy subjects. This elevation was not
related to the coexisting disturbances of glucose tolerance,
however multiple regression analysis revealed that HbA1c – a
metabolic parameter reflecting retrospectively mean plasma
glucose levels - was the only significant predictor of serum vis-
fatin values both in the whole population studied, as well as in
the subgroup with GDM. The elevation of circulating visfatin
during pregnancy may be caused by its additional secretion
from the placenta, however other possible sources should be
also taken into account. In fact, more research work is needed
to determine the mechanism(s) regulating visfatin secretion
and action during pregnancy – both physiological and com-
plicated by GDM.
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