
IN TRO DUC TION
Ges ta tional dia be tes mel li tus (GDM) is any car bo hy -

drate intol er ance (im paired fast ing glu cose, im paired
glu cose tol er ance or dia be tes) di ag nosed for the first time
dur ing preg nancy [24]. Cur rent data in di cate that GDM is
a slowly de vel op ing form of type 2 dia be tes in the stage of 
in creas ing in su lin re sis tance aris ing from the hor mo nal
ac tiv ity of the pla centa. GDM usu ally sub sides af ter preg -
nancy but it re mains a type 2 dia be tes risk fac tor for the
mother in the fu ture as a woman once di ag nosed with
GDM has a sev en fold in creased risk of de vel op ing type 2
dia be tes [10].

The key role of in su lin re sis tance, which is the patho -
genic mecha nism com mon for obe sity, type 2 dia be tes
and GDM, points to the need to find char ac ter is tic al tera -
tions in the fac tors that af fect this phe nome non. It has
been proven that a cru cial  role in the regu la tion of in su lin
sen si tiv ity in tis sues is played by adi poki nes i.e. com -

pounds se creted by the vis ceral adi pose tis sue [6]. Among 
many dis cov ered adi poki nes, in re cent years adi po nectin
(Adi poQ) has been an ob ject of great in ter est. Adi poQ is
the main adi pokine of adi pose tis sue largely known for its
in su lin sen si tiz ing prop er ties [7]. It has been re ported that
low Adi poQ in se rum cor re lates with ele vated in su lin re -
sis tance and de vel op ment of meta bolic dis or ders,
in clud ing  type 2 dia be tes and car dio vas cu lar com pli ca -
tions [12]. Cur rent lit era ture pro vides not only lit tle but
also con tra dic tory in for ma tion on the role of Adi poQ in
the course of GDM and the changes af ter de liv ery. Ret -
nakaran et al. have shown a de cline in its con cen tra tion
ac com pa nied with in creased in su lin re sis tance dur ing
ges ta tion, which would cor robo rate the fact that this cy to -
kine par tici pates in the patho gene sis of in su lin re sis tance
[26]. How ever, the stud ies of oth ers dem on strate that the
con cen tra tion of Adi poQ may de pend on the se ver ity of insu-
lin re sis tance and car bo hy drate me tabo lism dis or ders [28].

Therefore, the aim of the study was to measure AdipoQ 
concentration in blood of women with GDM and to search 
for correlations of this adipokine with selected clinical
and biochemical parameters.
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AB STRACT
Current literature provides contradictory information on the role of adiponectin (AdipoQ) in the course of gestational diabetes
(GDM). The aim of the study was to measure AdipoQ concentration in blood of women with GDM and to find relationships
between this adipokine and clinical and biochemical parameters. The study group included 50 women diagnosed with GDM
between 24 and 28 weeks of gestation who underwent routine prenatal tests for GDM in compliance with the guidelines of the
Polish Diabetes Association. All patients underwent clinical and laboratory evaluation at GDM diagnosis. Laboratory tests
included serum AdipoQ concentration, fasting glucose, fasting insulin, OGTT and lipid parameters in serum. AdipoQ
concentrations did not differ significantly between the groups during gestation (p=0.7054). In the subgroup (2h glucose level in the
OGTT 200 mg/dl) the concentration of AdipoQ tended to be decreased as compared to the remaining patients from the study and
control groups, though the decline was insignificant (p=0.0541). The concentration of AdipoQ in the subgroup was about 20%
lower than in the other patients from the study group. No correlations, except with the neonatal weight (r= - 0.29, p<0.05), were
found between AdipoQ and the studied  parameters. The GDM group showed significantly elevated fasting glucose, insulin,
HOMA-IR values, total cholesterol, LDL-cholesterol and triglicerydes, as compared with the control group (p.05).  These results
lead to the conclusion that women with newly diagnosed and promptly treated GDM have normal adiponectin level. A negative
correlation between AdipoQ level and the birth weight may suggest that this adipokine plays a role in the control of the birth weight
especially in the incidence of macrosomia. 
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MATERIALS AND METHODS
Pa tients. The study was con ducted on preg nant women 

from the Lublin re gion who un der went rou tine pre na tal
tests for GDM in com pli ance with the guide lines of the
Pol ish Dia be tes As so cia tion [24]. The study group in cluded
50 women di ag nosed with GDM be tween 24 and 28 weeks
of ges ta tion. The con trol group com prised 21 healthy preg-
nant women with a nor mal OGTT. The pa tients en rolled
into the study gave writ ten in formed con sent to par tici pate 
and filled out a ques tion naire which in cluded the fol low -
ing in for ma tion: pa ti ent’s age, height, preges tational
weight, medi cal, fam ily and ob stet ric his tory. The study
pro to col was ac cepted by the Bio eth ics Com mit tee of the
Medi cal Uni ver sity in Lublin.

Study de sign. All pa tients un der went clini cal and labo -
ra tory evalua tion at GDM di ag no sis i.e. be tween 24 and
28 weeks of ges ta tion. An thro pomet ric meas ure ments
were ob tained from all par tici pants. The weight was taken 
in light clothes while the height with out shoes. Body mass 
in dex BMI was cal cu lated ac cord ing to the for mula:
weight (kg)/height (m2). Ad di tion ally, a ret ro spec tive
analy sis of an thro pomet ric meas ure ments was per formed
be fore ges ta tion. Labo ra tory evalua tion at GDM di ag no -
sis in cluded rou tine labo ra tory tests (fast ing glu cose,
fast ing in su lin, to tal cho les terol, HDL cho les terol and
triglyc erides in se rum). Adi poQ con cen tra tion was meas -
ured in se rum at GDM di ag no sis.

The as says were per formed with the use of a rou tine
labo ra tory method with a bio chemi cal ana lyzer ADVIA
1650 with the Sie mens’ Ad via Chem is try rea gent sets.
The athero genic in dex was cal cu lated based on the con -
cen tra tion of triglyc erides and HDL cho les terol [5]. The
in dex above 0.5 in di cated an in creased risk of car dio vas -
cu lar com pli ca tions. The LDL cho les terol con- cen tra tion
was cal cu lated with the Frie de wald equa tion [21]. Ad di -
tion ally, the in di rect in dex of in su lin re sis tance –
HOMA–IR (Ho meo sta sis Model As sess ment – In sulin
Re sis tance) was cal cu lated [16]. Adi po nectin con cen tra-
tion meas ure ment was per formed with the use of Hu man
Adi po nectin ELISA, High Sen si tiv ity from BioV en dor
ac cord ing to the rec om men da tions of the manu fac turer.
The re sults were read on a mi cro titer plate reader ELx 800
(Bio- Tek Co Ltd, USA). The labo ra tory analy ses were
car ried out in the Cen tral Labo ra tory of the Clini cal Hos -
pi tal no. 4 (SPSK4) and the De part ment of Labo ra tory
Di ag nos tics of the Medi cal Uni ver sity in Lublin. 

RESULTS

Clinical characteristics of the study and control groups 
Ta ble 1 shows the clini cal char ac ter is tics of the study

and con trol groups. No sig nifi cant dif fer ences were found
be tween the groups in terms of the pa tients’ weight and
BMI be fore and dur ing preg nancy i.e. at GDM di ag no sis.

The GDM group in cluded more mul ti para women than
the con trol group. No sig nifi cant dif fer ences were found
be tween the study and con trol groups in terms of the neo -
na tal weight and medi cal his tory con cern ing the number
of mis car riages and dia be tes in pre vi ous preg nan cies.
More pa tients had fam ily his tory of dia be tes in the study
than in the con trol group.

Ta ble 1. Clini cal char ac ter is tics of the study and con trol groups
Studied parameter Study group Control group 

Age (years) 31.0 (29.0-32.0) 29.0 (26.0-33.0)
Height (m)     1.63 (1.6-1.67) 1.64 (1.6-1.69)

Weight (kg)
before gestation 61.5 (58.0-66.0) 58.0 (54.7-61.7)
during gestation 71.0 (66.7-75.0) 69.0 (63.2-75.0)

BMI (kg/m2)
before gestation   23.0 (21.6-25.8) 21.6 (20.7-23.2)
during gestation 26.9 (24.8-30.0) 25.6 (24.0-28.1)

Pregnancy

first   20 (40%)* 15 (72%)
second 19 (38%) 4 (19%)
third 
and subsequent 11 (22%) 2 (9%)

Birth weight (g) 3205.0
(3100.0-3650.0)

3300.0
(3245.0-3475.0)

Gestational age (weeks) 26.0 (25.0-28.0) 28.0 (24.0-28.0)

History 
of miscarriage

no 31 (62%) 15 (72%)
one 15 (30%) 6 (28%)
two 4 (8%) 0 (0%)

History 
of GDM

no 43 (86%) 21 (100%)
yes   7 (14%) 0 (0%)

Family history 
of diabetes

no   22 (44%)* 18 (85.7%)
yes 28 (56%) 3 (14.3%)

Quan ti ta tive vari ables – me dian (in ter quar tile range)
Quali ta tive vari ables – number of ob ser va tions (per cent age)
* p<0.05 in com pari son with the con trol group 

Evalua tion of meta bolic pa rame ters in the study 
and con trol groups

The evalua tion of gly ce mia, in su lin re sis tance and lip -
ids in both groups is shown in Ta ble 2.  At GDM di ag no sis 
the study group showed sig nifi cantly ele vated fast ing glu -
cose, fast ing in su lin and HOMA-IR val ues as com pared
with the con trol group. Sig nifi cant changes in the lipid
pro file were found in the study group dur ing preg nancy as
com pared to the con trol group. What is more, the con cen -
tra tion of to tal, LDL cho les terol and tri glyc erides was
higher while HDL cho les terol was sig nifi cantly lower
than in the healthy sub jects.

Ta ble 2. Evalua tion of meta bolic pa rame ters in the study and
con trol groups at 24-28 week of ges ta tion

Studied parameter Study group Control group 
Fasting glucose (mg/dl) 87.0 (79.0-93.0)* 78.0 (74.0-81.0)
Fasting insulin (mU/l) 10.9 (7.0-15.0)* 6.5 (5.4-7.3)
HOMA-IR         2.4 (1.9-3.5)*          1.2 (1.1-1.4)

glucose in OGTT
(mg/dl)

0 min. 87.0 (79.0-93.0)* 78.0 (74.0-81.0)
120 min. 167.0 (156.0-189.0) –

Cholesterol (mg/dl) 268.0 (250.0-289.0)* 210.0 (194.5-230.7)
LDL cholesterol  (mg/dl) 150.1 (134.6-165.0)*     105.0 (91.5-113.0)
HDL cholesterol (mg/dl)      70.1 (65.0-76.0)*       80.0 (70.7-86.5)
Triglycerides (mg/dl) 245.0 (223.0-268.0)* 180.0 (167.25-198.5)

Quan ti ta tive vari ables – me dian (in ter quar tile range) 
* p<0.05 in compari son with the con trol group

Evalua tion of adi po nectin con cen tra tion in the study
and con trol groups

No sig nifi cant dif fer ences were found in terms of Adi -
poQ con cen tra tion in preg nancy be tween the groups.
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Fig ure 1. shows the me dian with the in ter quar tile range
for the study and con trol groups 15.8 (12.8-17.8) μg/ml
and 15.9 (10.4-18.4) μg/ml re spec tively.

Evalua tion of the cor re la tions be tween adi po nectin
con cen tra tion and clini cal fea tures in the study 
and con trol groups

Ta bles 3 and 4 pres ent re la tions be tween adi po nectin
con cen tra tion and the stud ied pa rame ters in the study and
con trol groups. In the GDM group Adi poQ con cen tra tion
sig nifi cantly nega tively cor re lated with the neo na tal
weight (r=-0.29, p.05); no other cor re la tions be tween the
adi po nectin con cen tra tion and the stud ied clini cal fea -
tures were found in the study and con trol groups (Ta ble
3). In both groups dur ing preg nancy no sig nifi cant cor re -
la tions were ob served be tween the con cen tra tion of
Adi poQ and gly ce mia and HOMA-IR val ues. No dif fer -
ences were de tected be tween the stud ied adi pokine and
the lipid pa rame ters (Ta ble 4.). 

Ta ble 3. Evalua tion of the cor re la tions be tween adi po nectin
con cen tra tion and clini cal fea tures in the study and con trol
groups

Studied parameter Study group Control group 
Age (years) -0.221   0.025
Height (m)  0.149 -0.286
Weight (kg) at 24-28 weeks  0.213 -0.043
BMI (kg/m2) at 24-28 weeks  0.015   0.095
Sequence of pregnancy -0.038 -0.208
Birth weight  -0.290* -0.012
Week of gestation  0.070  0.053
History of miscarriage  0.057 -0.183

History of GDM
no 15.8 (12.8-17.9) -
yes 16.6 (13.2-16.9) -

Family history
of diabetes

no 14.3 (11.9-16.9) -
yes 16.6 (13.9-18.4) -

With yes/no cate go ries the Mann–Whit ney U test was used to com pare the val ues
*   p<0.05 in the Spear man’s rank cor re la tion

Ta ble 4. Evalua tion of the cor re la tions be tween adi po nectin
con cen tra tion and meta bolic pa rame ters in the study and con trol
groups dur ing ges ta tion in the Spear man’s rank cor re la tion test

Studied parameter Study group Control group 
Fasting glucose (mg/dl)  0.065 -0.253
Fasting insulin (mU/l) -0.053 -0.213
HOMA-IR  0.053 -0.290

glucose in OGTT
(mg/dl)

0 min.  0.065 -0.253
120 min. -0.040 –

Cholesterol (mg/dl) -0.124  0.319
LDL cholesterol  (mg/dl) -0.120  0.261
HDL cholesterol (mg/dl) -0.050  0.287
Triglycerides (mg/dl) -0.054  0.224

DISCUSSION
De spite the fact that many authors have em pha sized the 

mul ti di rec tional role of Adi poQ in obe sity, dia be tes type 2,
meta bolic syn drome or GDM, es pe cially the link be tween
hy poadi po necti ne mia and those dis or ders, pa tho physio -
logi cal im pli ca tions of this adi pokine have not been fully
ex plained [2,8,31]. Cur rent stud ies show that Adi poQ
con cen tra tion in se rum of women with GDM does not dif -
fer from its level in healthy preg nant sub jects, which
cor robo rates the find ings of some authors [19,28] but
contradicts the re sults of oth ers [17,26]. Thy fault et al. ex -
plic itly showed that Adi poQ con cen tra tion may de pend
on the se ver ity of in su lin re sis tance and carbo hy drate me -
tabo lism dis or der [28]. In the lit era ture to date, the re sults
of Adi poQ de ter mi na tion are not clear. Some authors who 
showed hy poadi po necti ne mia of ten dem on strated a slightly
dif fer ent meta bolic phe no type of the popu la tion with
GDM. Hy poadi po necti ne mia sig nifi cantly cor re lated
with in su lin re sis tance pa rame ters and con se quently with
the se ver ity of carbohy drate me tabo lism dis or ders [18,
26]. What is more, the authors of the Hy per gly ce mia and
Ad verse Preg nancy Out come Study also dem on strated
de pressed Adi poQ con cen tra tion with ac com pa ny ing
increased ma ter nal glu cose level [15]. No clear- cut cri te -
ria, nei ther the di ag nos tic, nor the treat ment ones, may
un der lie the dis crep ancy in the re sults of the stud ies from
vari ous parts of the globe, which means that the popu la -
tions of GDM women are het ero ge ne ous and me ta boli-
cally in com pa ra ble. In both Ameri cas this dis or der is di -
ag nosed with at least two ab nor mal val ues of the 100g 3h
oral glu cose tol er ance test. Whereas im paired glu cose tol -
er ance (IGT) is di ag nosed when only one value is
ab nor mal.  There fore, a group of GDM di ag nosed this
way is more ho mo ge ne ous me tab oli cally than the preg -
nant women in Po land where the doc tors fol low the WHO
guide lines modi fied by the Pol ish Dia be tes As so cia tion.
Ac cord ing to these rec om men da tions, GDM is di ag nosed
when any im paired car bo hy drate metabo lism is found, in -
clud ing IGT. That is why this group has a het ero ge ne ous
meta bolic phe no type. It is worth em pha siz ing the as pect
of com pletely dis simi lar di ag nos tic thresh olds for glu cose 
tested while fast ing and af ter glu cose load. Ret nakaran et

260 Current Issues in Pharmacy & Medical Sciences

Beata Matyjaszek-Matuszek, Monika Lenart- Lipińska, Grzegorz Rudzki

Fig. 1. Comparison of adiponectin levels in the study and control
groups in gestation (p=0.7054)



al. re vealed high het ero ge ne ity of the group of IGT preg -
nant women as the pa tients with ab nor mal glu cose level
af ter one hour had meta bolic fea tures simi lar to those of
the GDM pa tients, while af ter two and three hours the re -
sults were close to those of the healthy preg nant women
[25]. Di Ci anni et al. dem on strated par al lel cor re la tions
and showed that the pa tients with one ab nor mal glu cose
tol er ance test value placed some where be tween nor mal
glu cose tol er ance and GDM are char ac ter ized by im -
paired in su lin se cre tion and de creased in su lin sen si tiv ity,
which makes them me tab oli cally close to the phe no type
of GDM [4]. 

Thus, it seems that in ter na tional uni fi ca tion of di ag nos -
tic cri te ria in GDM pro posed by the In ter na tional
As so cia tion of the Dia be tes and Preg nancy Study Groups
based on the re sults of the HAPO Study could help make
the popu la tions of preg nant women with GDM more ho -
mo ge ne ous in terms of meta bolic mark ers and there fore
make the ob ser va tions of re search ers and the work of
clinicians more ef fi cient [14]. In or der to ad dress the
prob lem of di verse Adi poQ con cen tra tions in popu la tions
from dif fer ent parts of the world, the authors sug gest that
ethnic ity may con di tion adi po necti ne mia in preg nant women. 
Non- Caucasian women (Afro- Americans) had sig nifi -
cantly lower Adi poQ con cen tra tion than the Cau ca sian
ones. What is more, the lat ter group of women with GDM
ex pe ri enced no changes in Adi poQ con cen tra tion ir re -
spec tive of the treat ment type. How ever, the stud ied
hy poadi po necti ne mia was found only in the non-
 Caucasian women with GDM [28]. Many authors have
ad dressed the is sue of eth nic ity in preg nant women and
have been proven that Asian sub jects have higher risk of
de vel op ing GDM than their Cau ca sian equiva lents. Con -
se quently, eth nic back ground seems to be a fac tor modu-
lating the se ver ity of in su lin re sis tance in preg nant women 
[27,32]. Our stud ies were con ducted only on Cau ca sian
women, while in the study by Mazaki- Tovi et al. they
com prised only 5% of the stud ied popu la tion, while the
black women domi nated, which may have af fected the fi -
nal Adi poQ con cen tra tion [18]. Though, it should be
noted that the eth nic ity may be an in sig nifi cant fac tor
blur ring the evalua tion of Adi poQ level in GDM as the re -
sults in non- pregnant women did not cor robo rate the
dif fer ences in the level of this adi pokine be tween the
Caucasian and Afro- American women [9].

The study group of women with GDM had typi cal bio -
chemi cal dis or ders es pe cially in terms of im paired
car bo hy drate and lipid me tabo lism as well as in su lin sen -
si tiv ity pa rame ters com pared to healthy preg nant women.
The ob served changes most proba bly re flected al ready
ex ist ing meta bolic dis or ders which arose from GDM
[1,2]. In terms of the body weight we found that preges ta -
tional and ges ta tional BMIs were com pa ra ble, which may

sug gest a simi lar growth of adi pose tis sue dur ing preg -
nancy in both groups. This phe nome non may serve as an
ad di tional ar gu ment for the lack of dif fer ences be tween
Adi poQ con cen tra tions in preg nant women since a nega -
tive cor re la tion be tween this adi pokine and BMI has been
sug gested by other authors, in clud ing with re gard to non-
 pregnant women [13,33]. In su lin re sis tance de ter mined
with the rise in the HOMA-IR val ues in the study group of 
pa tients with GDM, which most cer tainly was af fected by
higher glu cose lev els and fast ing hyper in su line mia, did
not cor re late with Adi poQ con cen tra tions or with the
above pa rame ters in the study group. Owecki et al. ob -
tained com pa ra ble re sults from a group of obese adults
[23]. Nev er the less, there have been many re ports which
con firm a strong cor re la tion be tween hy poadi po necti ne -
mia and in su lin re sis tance in GDM [3, 30].

Car bo hy drate me tabo lism dis or ders in women with
GDM may be short- term thanks to quick di ag no sis and ef -
fec tive treat ment. How ever, it seems that these types of
dis or ders may not be re flected in Adi poQ con cen tra tions
or they may mani fest them selves ade quately to the se ver -
ity of in su lin re sis tance and car bo hy drate me tabo lism
dis or ders. There fore, it should be stressed that posi tive
GDM di ag no sis fol low ing the Pol ish guide lines trans lates 
into a quick thera peu tic in ter ven tion; at first only with diet 
man age ment or en riched with in su lin to pro vide a nor mal
ma ter nal and fe tal glu cose lev els.

An in ter est ing and im por tant re la tion fol low ing from
our study is a nega tive cor re la tion be tween ma ter nal Adi -
poQ con cen tra tion and birth weight, which has been
con firmed by the re sults of other par al lel stud ies in clud ing 
ours [15,29]. It may sug gest an im por tant role of ma ter nal
Adi poQ in birth weight con trol. If the rise of fe tal Adi poQ
level is also taken into con sid era tion, the above cor re la -
tion may point to two sources of adi pose tis sue deve-
lop ment in the fe tus and the new born and also to other dis -
or ders in adult life [11]. Nanda et al. pro posed that
Adi poQ con cen tra tion in early preg nancy, de ter mined be -
tween 11 and 13 weeks, could serve as a prac ti cal marker
for predicting mac ro somia in new borns [20]. None the -
less, this de pend ence re quires fur ther and more de tailed
analy sis to com pre hend this dis or der as some authors
have not con firmed it, but have sug gested the body length
of a new born as a po ten tial fac tor in ter fer ing with Adi poQ
level in Japa nese ba bies [22]. 

In the light of con tra dic tory find ings about the role of
Adi poQ in GDM and its pre dic tive func tion in the in ci -
dence of type 2 dia be tes, there is a need for fur ther and
more de tailed re search in this field. It is nec es sary to find
im por tant me dia tors which play a role in in su lin re sis -
tance patho gene sis whose analy sis would al low us to
com pre hend the na ture of the dis or ders un der ly ing GDM. 
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CONCLUSIONS
Based on the conducted studies we may conclude that

women with newly diagnosed and promptly treated GDM
have normal adiponectin level. A negative correlation
between AdipoQ level and the birth weight may suggest
that this adipokine plays a role in the control of the birth
weight, especially in the incidence of macrosomia.
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