
INTRODUCTION
Diabetes mellitus type 1 (DM1) is a chronic,

autoimmune disease that leads to the slow destruction of
the β cells of the Langerhans islets and consequently to
the loss of insulin secretion. Approximately 10% of all
cases of diabetes is DM1. Etiopathogenesis of the disease
is still not fully understood, involves the interaction between
polygenic genetic predisposition and environmental factors
that are involved in the process of breaking tolerance to
self-antigens and trigger cellular and humoral auto immu-
nity to β cells selected structures [1,7].

At pres ent it seems that adi pose tis sue plays an im por -
tant role in the patho gene sis of many meta bolic dis or ders.
It is no longer seen only as an en ergy stor age, but through
the se cre tion of pro teins called adi po cy to ki nes ac tively

par tici pate in the body me tabo lism, in flam ma tion and im -
mune re sponse [2,10,15,19].

Among the adi po cy to ki nes par ticu lar in ter est is di -
rected to wards the adi po nectin. It is one of the most
abun dant pro teins in cir cu la tion, with con cen tra tions be -
tween 3 to 30 μg/ml, and ac counts for 0.01% of to tal
plasma pro tein con tent [20,24]. It was dis cov ered and de -
scribed in 1995-1996 by four in de pend ent re search
groups, there fore, in lit era ture it is known un der four
names: ACRP 30 (adi po cyte com ple ment re lated pro tein
of 30 kDa), Adi poQ (C1q and col la gen do main con tain -
ing), APM1 (adi pose tis sue bridge abun dant gene
tran script) and GBP28 (gelatin- binding pro tein of
28kDA) [2,10,12].  

Adi po nectin in adi po cytes and blood is pres ent in the
dis tinct mul ti meric forms of dif fer ent mo lecu lar weights,
as it has been shown that its mono mers are ca pa ble of
form ing the oligo meric struc tures. High mo lecu lar weight 
(HMW) domi nates among all and it’s also most ac tive
form, and most closely as so ci ated with in su lin sen si tiv ity.

Serum adiponectin concentration in patients with type 1 diabetes 
ARLETA MALECHA-JĘDRASZEK1*, AGATA BURSKA3, HELENA DONICA1, 

BEATA MATUSZEK2, ANDRZEJ NOWAKOWSKI2

1 De part ment of Bio chem is try Di ag nos tics, Medi cal Uni ver sity of Lublin, Po land
2 De part ment of En do cri nol ogy, Medi cal Uni ver sity of Lublin, Po land
3 Institute of Molecular Medicine, University of Leeds, UK

ABSTRACT
Adiponectin (AdipoQ) is known as one of the major mediators of adipose tissue metabolism with beneficial effects on
carbohydrates and lipids. The effect of low concentrations of adiponectin on the development of obesity, insulin resistance, type 2
diabetes and cardiovascular disease is quite well understood. However, there is still little research available defining the role of
adiponectin in the pathogenesis of type 1 diabetes (DM1) and its’ complications. Therefore, it seems appropriate to undertake
research aiming to evaluate serum levels of adiponectin in the blood of patients with DM1 and to evaluate the correlations between
this adipocytokine concentration and selected clinical data as well as biochemical parameters evaluated in routine diagnosis and
monitoring of diabetes. The study included 40 patients aged 41.9±12.7 years, diagnosed with type 1 diabetes and group of healthy
controls (n=26) with mean age of 41.2±15.3 years. In serum samples of all patients single-time determination of adiponectin,
glucose, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, urea, creatinine, glycated hemoglobin levels and alanine
aminotransferase and aspartate aminotransferase activity were performed. The mean AdipoQ concentration was significantly
higher in the study group than in healthy subjects (16.2±11.7 μg/ml vs. 7.3±2.0 μg/ml; p<0.001). Significantly higher levels of
AdipoQ in women than in men with DM1 (23.1±14.0 μg/ml vs. 11.0±5.8 μg/ml; p<0.001) were found. AdipoQ was directly
correlated with disease duration (r=0.539, p=0.003) as well as inversely with patients’ body mass (r=-0.423, p=0.025). Observed
increased levels of AdipoQ in patients with DM1 with concomitant vascular complications as compared to patients without the
complications, however not statistically significant, suggests that this protein may play important role in the pathogenesis of
diabetic angiopathy.

Keywords: adiponectin, adipose tissue, diabetes, type 1 diabetes, vascular complications

Corresponding author
* Department of Biochemistry Diagnostics, Medical University of Lublin,
   11 Staszica St., 20-081 Lublin, Poland
   e-mail: a.malecha@wp.pl

2012  Curr. Issues Pharm. Med. Sci. Vol. 25, No. 4, Pages 360-366    

Current Issues in Pharmacy and Medical Sciences
Formerly ANNALES UNIVERSITATIS MARIAE CURIE-SKLODOWSKA, SECTIO DDD, PHARMACIA

on-line: www.umlub.pl/pharmacy



The di rect ef fects of adi po nectin iso forms of lower mo -
lecu lar weight like low mo lecu lar weight (LMW), and
mid dle mo lecu lar weight (MMW) are still un de fined and
mecha nisms that regu late for ma tion and dis tri bu tion of
these iso forms re main poorly de fined so far [10,15]. Adi -
po nectin in ad di tion to the ef fects on the adi pose tis sue
struc ture and me tabo lism plays well- documented role in
en hanc ing in su lin sen si tiv ity of pe riph eral tis sues. This
pro tein apart of anti-dia betic func tion has also a pro found
anti-ather ogenic, anti- inflammatory, pro tec tive to the en do -
the lium, and anti- proliferative ef fects [9,10,17,19,20,24]. 

Adiponectin levels are significantly related to the type
of diabetes [12,18,24]. The effect of low concentrations of 
adiponectin on the development of obesity, insulin
resistance, type 2 diabetes (DM2) and cardiovascular
disease is quite well understood [2,10,11,15,20]. However,
there is still little research available defining the role of
adiponectin in the pathogenesis of type 1 diabetes and its’
complications. It seems that adiponectin, being a mediator 
of the peripheral tissues insulin resistance may
simultaneously have direct or indirect effect on the
residual insulin secretion in DM1. Available data indicate
that adiponectin is elevated in patients with DM1,
however, changes in the secretion of this protein are still
poorly understood is in these disease [9,12,24]. Therefore, 
it seems appropriate to undertake research aiming to
evaluate serum levels of adiponectin in the blood of
patients with DM1 and to evaluate the correlations
between this adipocytokine concentration and selected
clinical data as well as biochemical parameters evaluated
in routine diagnosis and monitoring of diabetes.

MATERIAL AND METHODS
Par tici pants. The study in cluded 40 pa tients aged

41.9±12.7 years, di ag nosed with type 1 dia be tes, re cruited 
from the De part ment of En do cri nol ogy of the Medi cal
Uni ver sity of Lublin.  The stud ied group consisted of 18
women (mean age 46.6±13.2 years) and 22 men
(38.3±11.5 years). The mean du ra tion of the dis ease from
on set was 16.3±10.8 years. All pa tients un der went clini -
cal ex ami na tion. The preva lence and the de gree of
se ver ity of chronic vas cu lar com pli ca tions of the dis ease
were clini cally evalu ated. Macro- and micro vas cu lar
com pli ca tions were found in 22 (55%) cases; hy per ten -
sion in 16 (73%), ischemic heart dis ease in 7 (32%),
re tino pa thy in 7 (32%), neph ro pa thy in 6 (27%), neu ro pa -
thy in 7 (32%), dia betic foot in 2 (9%) cases.  Av er age
body mass in dex (BMI) of the pa tients was 23.8±4.4
kg/m2.

The study also in cluded a small group of healthy con -
trols (n=26), who were re cruited from healthy popu la tion
who re ported for the rou tine health checks to the De part -
ment of Labo ra tory Di ag nos tics SPSK No. 1 in Lublin.

The con trol group con sisted of 14 women and 12 men
with mean age of 41.2±15.3 years and with nor mal BMI
<25 kg/m2. 

Writ ten in formed con sent was ob tained from every pa -
tient quali fied to en ter the study. The study pro to col was
ap proved by the lo cal Eth ics Com mit tee of Medi cal Uni -
ver sity in Lublin. 

Blood sam pling and meas ure ments. All in ves ti ga tions
were per formed in the morn ing (be tween 8-10 am) fol -
low ing an over night fast. Ve nous blood was drawn from
an an te cu bi tal vein into 5 ml K3EDTA tube for HbA1c
and sepa rate se rum tube for adi po nectin and bio chemi cal
parame ters. Clot ted blood af ter 30 min utes was cen tri -
fuged for 10 min at 2000 rpm. Ob tained se rum was
ali quoted to clean eppen dorfs and stored at -20°C pend ing 
analy sis. 

In sam ples of all pa tients single- time de ter mi na tion of
glu cose (GLU), to tal cho les terol (T-CH), HDL cho les -
terol (HDL-CH), tri glyc erides (TG), urea, cre ati nine,
gly cated he mo glo bin (HbA1c) lev els and al anine ami no -
trans fe rase (ALT) and as par tate ami no trans fe rase (AST)
ac tiv ity were per formed with use of stan dard labo ra tory
methods on the bio chemi cal auto ana lyser Co bas 6000
(Roche, Basel, Swit zer land). LDL cho les terol (LDL-CH)
was cal cu lated with the Frie de wald for mula: T-CH-TG/5- 
HDL-CH. 

Serum adi po nectin (Adi poQ) was meas ured with the
use of com mer cial rea gent kit Hu man Adi po nectin
ELISA (BioV en dor Com pany, Czech Re pub lic). Inter-
 assay co ef fi cient of varia tion (CV) was 8.2% at a con cen -
tra tion of 5.27 μg/ml, 7.3% at 17.78 μg/ml, while the
intra- assay CV was 7.0% at 7.14 μg/ml and 6.4% at a con -
cen tra tion of 21.17 μg/ml. The sensitivity of the Hu man
Adi po nectin ELISA kit was 210 ng/ml in a 50 μl vol ume
of 30- fold di luted sam ple. 

All pa tients un der went meas ure ments of height and
weight for body mass in dex (BMI) cal cu la tions ac cord ing
to the for mula BMI= body weight (kg)/body height (m2)
(kg/m2). Meas ure ments were per formed with pre ci sion of
1cm for body height and 0.1 kg of body weight. 

Sta tis ti cal analy sis. All sta tis ti cal analy ses were con -
ducted with the Stat Soft STATISTICA 10.0 sta tis ti cal
pack age. All vari ables in the study group and con trols are
pre sented as the ele ments of de scrip tive sta tis tics (mean
X, stan dard de via tion, SD, me dian Me, per cen tile range of
25-75%). Dis tri bu tion of the vari ables was tested us ing
the Shapiro-Wilk’s test. Nor mally dis trib uted vari ables
were com pared with use of Stu dent’s t- test, and vari ables
with skewed dis tri bu tion were com pared with the use of
non para met ric Mann-Whit ney U test. The cor re la tions
be tween vari ables were tested us ing Pear son or Spear man
tests re spec tively of the type of dis tri bu tion. Sta tis ti cal
sig nifi cance for all analy ses was set at p ≤ 0.05.
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RESULTS
Bio chemi cal char ac ter is tics and adi po nectin con cen -

tra tion in the study and the con trol group are pre sented in
Ta ble 1.

The mean adi po nectin con cen tra tion was sig nifi cantly
higher in the study group than in healthy sub jects
(16.2±11.7 μg/ml vs. 7.3±2.0 μg/ml; p<0.001). Ad di tion -
ally as ex pected sig nifi cantly higher con cen tra tions of
glu cose, creatinine and urea were found in DM1 group
(p<0.001 for both). The other bio chemi cal pa rame ters
con cen tra tions as T-CH, HDL-CH, LDL-CH, TG and
ALT and AST did not show sig nifi cant dif fer ences be -

tween groups. The mean value of HbA1c in the DM1
group was 8.2±1.3%.

Sig nifi cantly higher lev els of adi po nectin in women
than in men with DM1 (23.1±14.0 μg/ml vs. 11.0±5.8
μg/ml; p<0.001) were found. There was no ad di tional
gen der re lated sig nifi cant dif fer ences in con cen tra tions of
other bio chemi cal pa rame ters in DM1 group. Re sults of
all bio chemi cal pa rame ters in re la tion to gen der are
shown in Table 2.

Bio chemi cal char ac ter is tics and adi po nectin con cen -
tra tions in the DM1 group de pend ing on the pres ence of
mi cro- and mac ro vas cu lar com pli ca tions are shown in
Table 3.
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Table 1. Bio chemi cal char ac ter is tics of se lected bio chemi cal pa rame ters and adi po nectin con cen tra tion in the study and the con trol
group

Parameters
Study group n=40 Control group n=26

X±SD Me 25–75% X±SD Me 25–75%
AdipoQ (μg/ml) 16.2±11.7‡ 12.4 8.0-21.9 7.3±2.0 7.1 6.0-8.4
Glucose (mg/dl) 222±100.2‡ 186 136-320 82.6±10.4 80.5 74.3-88
HbA1c (%) 8.2±1.3 8.1 7.5-9.0 – – –
T-CH (mg/dl) 195.3±50.5 186 153-228 188.3±35.4 184.5 158-212.2
HDL-CH (mg/dl) 61.2±16.3 66.4 46.4-75.5 57.1±12.7 56.5 50.4-62
LDL-CH (mg/dl) 110.8±41.4 108.2 81.8-133.1 109.8±31.6 110.9 85.4-130.8
TG (mg/dl) 116.6±59.1 100 69-169 106.7±63.7 89.5 60-133
Urea (mg/dl) 37.1±12.7‡ 33.3 28.2-48.3 30.9±8.2 29.1 25-33.9
Creatinine (mg/dl) 1.0±0.4‡ 1.0 0.8-1.2 0.8±0.2 0.7 0.6-0.9
ALT (U/l) 22.4±6.8 22 16-26.5 26.6±14.7 23.7 15.6-38
AST (U/l) 23.2±5.7 21.5 19.5-27 23±9.8 20.1 19-25

n – number of sub jects
‡ p<0.001

Table 2. Bio chemi cal char ac ter is tics and con cen tra tion of adi po nectin in women and men with DM1

Parameters
Study group n=40

Women n=18 Men n=22
X±SD Me 25-75% X±SD Me 25-75%

AdipoQ (μg/ml) 23.1±14‡ 22 12.6-26 11±5.8 9.5 6.8-12.3
Glucose (mg/dl) 229.2±86.4 204 156-288 216.5±111.9 176 120-328
HbA1c (%) 8.2±1.7 8.1 6.8-9.6 8.3±1.1 8.0 7.5-8.8
T-CH (mg/dl) 211±56 213 179.5-229 183.6±44.2 179.5 150.5-221.5
HDL-CH (mg/dl) 66.5±17 73.5 56.9-77 57.2±15 55 46.6-70.9
LDL-CH (mg/dl) 120.1±47 114.3 85-138.9 103.8±36.7 94.6 74.9-122.9
TG (mg/dl) 121.9±61.7 100 80.5-167 112.6±58.8 89 69-169
Urea (mg/dl) 38.1±15.4 37.7 26.1-50 36.2±10.3 31.9 28.2-41.5
Creatinine (mg/dl) 1.0±0.3 0.85 0.75-1.25 1.1±0.4 1.1 0.9-1.2
ALT (U/l) 20±4.4 20.5 16-23 24.3±7.7 25.5 17.5-29
AST (U/l) 23.6±5.0 21.5 20.5-27.5 22.9±6.4 21.5 18.5-27

n- number of sub jects
‡ p<0.001

Ta ble 3. Bio chemi cal char ac ter is tics and Adi poQ con cen tra tion in DM1 pa tients with and with out mi cro- and mac ro vas cu lar
com pli ca tions

Parameters
Study group n=40

Patients without complications n=18 Patients with complications n=22
X±SD Me 25-75% X±SD Me 25-75%

AdipoQ (μg/ml) 13.4±7.0† 10.6 8.1-18.8 18.3±14.1 12.6 9.3-24.2
Glucose (mg/dl) 235.7±111.1 192 164-288 211.5±93 176 136-320
HbA1c (%) 8.6±1.4 8.7 7.7-9.3 8.0±1.3 7.6 7.0-8.3
T-CH (mg/dl) 189±62.5 173 151-228 199.4±42.7 205 177-228
HDL-CH (mg/dl) 56.1±18.6 46.8 40-76 64.5±14.1 69.8 54-75
LDL-CH (mg/dl) 110.6±52.7 92.4 80.6-136 111±34 113.8 83-130.2
TG (mg/dl) 111.7±72 80 69-152 119.7±51.2 100 73-179
Urea (mg/dl) 34.1±10.9 31.6 28.5-39.4 38.9±13.5 39.6 27.2-50.3
Creatinine (mg/dl) 1.0±0.2 0.9 0.8-1.1 1.1±0.4 1.1 0.7-1.4
ALT (U/l) 24.3±7.8 26 19-28 21.2±5.9 22 16-25
AST (U/l) 24.2±6.3 27 20-28 22.5±5.4 21 19-23

n – numer of subjects
† p>0.05



DM1 pa tients with com pli ca tions had higher adi po -
nectin lev els as com pared to pa tients with out the
com pli ca tions, how ever the dif fer ence did not reach sta -
tis ti cally sig ni ficance. There were no fur ther sig nifi cant
dif fer ences in lev els and ac tiv ity of other bio chemi cal pa -
rame ters ex am ined in the study group in re gard to the
pres ence of chronic com pli ca tions. The re la tion ship be -
tween adi po nectin and the ba sic demo graphic, an thropo-
met ric and se lected bio chemi cal pa rame ters in the group
of DM1 are pre sented in Ta ble 4.

Ta ble 4. As so cia tion of adi po nectin lev els with an thro pomet ric
and bio chemi cal pa rame ters in DM1 pa tients

Parameters
Study group n=40

Correlation coeff. r p value
Age (years)  0.308 0.111
Time from onset (years)  0.539 0.003
Body mass (kg) -0.423 0.025
BMI (kg/m2) -0.097 0.622
Glucose(mg/dl)  0.199 0.292
HbA1c (%)  0.127 0.520
T-CH (mg/dl)  0.107 0.589
HDL-CH (mg/dl)  0.314 0.104
LDL-CH (mg/dl) -0.012 0.950
TG (mg/dl) -0.002 0.992
Urea (mg/dl)  0.338 0.085
Creatinine (mg/dl)  0.040 0.841
ALT (U/l) -0.252 0.196
AST (U/l)  0.127 0.519

n – number of sub jects
p<0.05

Adiponectin was directly correlated with disease
duration (r=0.539, p=0.003) as well as inversely with
patients’ body mass (r=-0.423, p=0.025), while there was
no significant correlation between serum adiponectin
levels and the patients’ age and BMI, glucose, T-CH,
HDL-CH, LDL-CH, TG, urea, creatinine, and HbA1c as
well as ALT and AST activities.

DISCUSSION
Adi po nectin is known as one of the ma jor me dia tors of

adi pose tis sue me tabo lism with bene fi cial ef fects on car -
bo hy drates and lip ids [9,10,12,15,20]. Mul ti ple stud ies
have shown that low lev els of adi po nectin in the blood se -
rum are closely as so ci ated with in su lin re sis tance [15], the 
pres ence of meta bolic syn drome [2], in creased risk of de -
vel op ing type 2 dia be tes [11] and car dio vas cu lar dis ease
[20].

The pres ent study yielded simi lar re sults to ob tained by 
oth ers authors (Celi F. et al. [3], Gal ler A. et al. [6], Had -
jadj S. et al. [9], Im ma gawa A. et al. [12], Mo rales A. et al. 
[18],  Sara he imo M. et al. [23], Schalk wijk C.G et al. [24]) 
show ing ele vated adi po nectin con cen tra tions in se rum of
DM1 pa tients. The mean con cen tra tion of se rum adi po -
nectin in DM1 in this study was sig nifi cantly higher as
com pared to the con trol group (16.2±11.7 μg/ml vs
7.3±2.0 μg/ml; (p<0.001). Ima gawa A. et al. [12] ob -
served higher adi po nectin lev els among pa tients with

short dis ease du ra tion of ap proxi mately 3 years with lev -
els of 13.6 μg/ml in males and 16.1 μg/ml in fe males as
com pared with matched for BMI healthy con trols (6.9
μg/ml in males and 10.0 μg/ml in fe males; p<0.01). Study
by Per se ghin G. et al. [22] re vealed higher adi po nectin
lev els de tected in in su lin re sis tant pa tients with DM1 (25
μg/ml) than in con trols (16 μg/ml, p=0.05) or pa tients
with DM2 (7 μg/ml, p=0.01), and non- diabetic, in su lin re -
sis tant off spring of par ents with DM2 (11 μg/ml, p=0.03).

The cause of ele vated con cen tra tions of adi po nectin in
pa tients with DM1 is not en tirely clear [12]. In creased
lev els may be caused by changes in the syn the sis, se cre -
tion or deg ra da tion of this pro tein [10,15]. Glu cose and
in su lin are one of prob able regu la tors of adi po nectin syn -
the sis and se cre tion, but due to the fact that hy per gly-
ce mia is a com mon fea ture of DM1 and DM2 it is not
a key de ter mi nant of the adi po nectin lev els in vivo
[10,12,17,18,23]. Ex peri men tal stud ies have shown that
in su lin sub stan tially in hib its the ex pres sion of the adi po -
nectin gene [4]. Based on this data, it can be con cluded
that in su lin de fi ciency con trib utes to the ele vated adi po -
nectin lev els in DM1. It can not be also ex cluded that
treat ment with ex oge nous in su lin can in flu ence adi po -
nectin se cre tion [3,12,17,24]. In ter est ing re sults were
pub lished by Szal ecki M. et al. [26] who found high est
adi po nectin lev els in chil dren treated with con tinu ous
sub cu ta ne ous in su lin in fu sion, lower lev els in the group
treated with con ven tional in su lin ther apy whilst the low -
est con cen tra tions were ob served the group treated with
in ten sive in su lin ther apy.

Other authors ex plain that the dif fer ences in the adi po -
nectin con cen tra tion be tween DM1 and DM2 (with lower
lev els in DM2) are due to vis ceral fat con tent which is
higher in DM2 [17,18]. On the other hand, ac cord ing to
Gal ler A. et al. [6] adi po cytes in dif fer ent types of dia be tes 
are con trolled dif fer ently, with adi po nectin level at base -
line be ing the strong est pre dic tor of adi po nectin lev els at
the end of their study in pa tients with DM1. De spite of
above cited data the mecha nisms re spon si ble for sig nifi -
cant adi po nectin ele va tion in DM1 pa tients are yet to be
fully elu ci dated.

The re sults of our re search have shown higher lev els of
adi po nectin in women com pared to men with DM1. Simi -
lar data were ob tained by Schalk wijk C.G et al. [24] as
well as low cir cu lat ing adi po nectin lev els as so ci ated with
male sex were pre vi ously re ported [2,11]. An dro gens re -
duce adi po nectin lev els what may be the ex pla na tion of
re duced plasma pro tein lev els ob served among men, as
well as some of the in creased risk of in su lin re sis tance and 
athe ro scle ro sis in these in di vidu als, com pared with
women popu la tion [19]. A gender- stratified Cox model
used in study by Kol ler its B. et al. [13] re vealed that adi -
po nectin in men is a sig nifi cant pre dic tor of pro gres sion of 
chronic kid ney dis ease (CKD) af ter ad just ment for age,
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glom eru lar fil tra tion rate, and pro te in uria. Male pa tients
with adi po nectin lev els above op ti mal cut- off (4 μg/ml)
had a sig nifi cantly faster pro gres sion of CKD than pa -
tients with lev els be low. Al though oth ers authors (Celi F.
et al. [3], Gal ler A. et al. [6], Had jadj S. et al. [9], Mo rales
A. et al. [18]) in their stud ies did not ob served gen der re -
lated dif fer ences in adi po nectin con cen tra tions.

The re sults of this study con firmed di rect re la tion ship
of se rum adi po nectin lev els with  DM1 du ra tion (r=0.539,
p=0.003), which was on av er age 16.3±10.8 years from the 
on set. This is con sis tent with pre vi ous stud ies con ducted
by Lind strom T. et al. [16] and Frystyk J. et al. [5]. Lind -
strom T. et al. [16] also found lower mean adi po nectin
con cen tra tion (8.1 μg/ml) in DM1 last ing for less than ten
years as com pared to pa tients with dis ease du ra tion over
10 years (14.7 μg/ml). Other authors, how ever, did not re -
port sig nifi cant cor re la tion be tween adi po nectin and the
mean dis ease du ra tion [6,21,26]. Ad di tion ally we did not
find as so cia tion be tween adi po nectin and age in our study
group, which is con sis tent with the data avail able in the
lit era ture [6,26].

Data from lit era ture have shown that se rum adi po -
nectin lev els are de creased in pa tients with obe sity and
type 2 dia be tes and are in versely as so ci ated with pa rame -
ters of over all adi pos ity (eg. body mass in dex (BMI), fat
mass, and per cent age of body fat). The para dox of higher
adi po nectin con cen tra tions in the se rum of lean peo ple
than in obese re mains un clear. This is in con trast to most
of other adi po cy to ki nes, whose lev els are in creased in
obe sity, al though adi po nectin ex pres sion is ac ti vated dur -
ing adi po gene sis it is pos si ble that there is a feed back loop 
in hib it ing its pro duc tion dur ing the obe sity de vel op ment
[2,11]. In this study adi po nectin showed nega tive cor re la -
tion with the body weight (r=-0.423, p=0.025) in the
group of DM1 pa tients with nor mal BMI<25 kg/m2. Un -
clear is lack of cor re la tion with BMI in our group of
pa tients, which is con sis tent with re sults pub lished by
Szad kowska A. [25]. This author ex am ined over 300
DM1 pa tients and did not found any cor re la tions of adi po -
nectin with an thro pomet ric pa rame ters of body fat
con tent. How ever, sig nifi cant nega tive cor re la tion of adi -
po nectin with BMI in DM1 was re ported by Gal ler A. et
al. [6] and Schalk wijk C.G et al. [24]. Ac cord ing to
Martos- Moreno G.A. et al. [17] BMI is not a sig nifi cant
fac tor in flu enc ing the lev els of adi po nectin in DM1, and
in creased its con cen tra tion should be re garded as the
body's ad ap ta tion to a dis tur bances in meta bolic pro -
cesses.

Gly co sy lated he mo glo bin (HbA1c) level is a bio -
chemi cal pa rame ter rou tinely as sessed in pa tients with
DM1 as an in dex of the de gree of dia be tes meta bolic com -
pen sa tion. In this study we did not find sta tis ti cally
sig nifi cant re la tion ship be tween adi po nectin and HbA1c
lev els, which re mains con sis tent with the re sults of other

authors [6,21]. How ever, Celi F. et al. [3] have dem on -
strated the im pact of gly ce mic con trol on adi po nectin
lev els as con firmed by posi tive cor re la tion of adi po nectin
with gly co sy lated he mo glo bin lev els. Ac cord ing to these
authors, in su lin in hib its the syn the sis of adi po nectin and
its’ higher lev els in peo ple with DM1 can be caused by in -
ef fi cient and in ade quate in su lin ther apy. 

Lit tle is known about the deg ra da tion of cir cu lat ing
adi po nectin. Kid neys are most likely to be in volved in this 
pro cess as the con cen tra tion of this pro tein was found  sig -
nifi cantly higher in pa tients with chronic kid ney dis ease
[23]. To evalu ate kid ney func tion we used com monly
meas ured pa rame ters as en doge nous con cen tra tions of
urea and cre ati nine in se rum and we ana lyzed the adi po -
nectin con cen tra tion in re la tion these re nal func tion
pa rame ters. Al though urea and cre ati nine were sig nifi -
cantly higher in DM1 as com pared to healthy con trols, yet 
no sig nifi cant cor re la tion pa rame ters with se rum adi po -
nectin was de tected. How ever, Schalk wijk C.G et al. [24]
in their study ob served in creased adi po nectin lev els in
DM1 pa tients with re nal fail ure and fur ther dem on strated
a nega tive cor re la tion be tween adi po nectin lev els and
GFR (glom eru lar fil tra tion rate). It is still not en tirely
clear why pa tients with im paired re nal func tion have in -
creased lev els of adi po nectin. The authors sug gest that
poor re nal func tion, as vi tal or gans for bio de gra da tion and 
ex cre tion of va ri ety of pro teins and hor mones may be re -
spon si ble for the ac cu mu la tion of adi po nectin. It is also
pos si ble that kid ney fail ure can be a fac tor that stimu lates
adi po nectin syn the sis.

In the pres ent study there was no sig nifi cant cor re la tion 
be tween se rum adi po nectin and pa rame ters of lipid me -
tabo lism and ac tiv ity of AST and ALT in DM1 pa tients,
which is con sis tent with avail able lit era ture [3,16]. How -
ever it should be noted, that in this study we fo cused on
to tal adi po nectin con cen tra tion and none of the iso forms
were ana lysed. Among three mul ti meric forms in cir cu la -
tion HMW ap pears to be the ma jor, bio logi cally ac tive
form [20]. Lack of cor re la tions be tween to tal adi po nectin
and lipid pro file in DM1 was also de scribed by Leth H. et
al. [14]. They found stronger cor re la tions of lipid pa rame -
ters and meta bolic com pen sa tion as sessed by HbA1c with 
HMW adi po nectin than with to tal adi po nectin con cen tra -
tion. These authors con cluded that HMW adi po nectin
sig nifi cantly con trib utes to the in creased con cen tra tion of
to tal adi po nectin in DM1. 

Many stud ies in di cate that adi po nectin acts as an anti-
 inflammatory fac tor and in hib its athe ro scle rotic pro cesses 
in the blood ves sels walls [15, 20]. For this rea son we ana -
lyzed the lev els of adi po nectin in DM1 pa tients based on
the pres ence and the ab sence of vas cu lar com pli ca tions
(mi cro- and mac ro vas cu lar). Lev els of adi po nectin were
higher in DM1 pa tients with com pli ca tions as com pared
to pa tients with out the com pli ca tions, how ever the dif fer -
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ence was not sta tis ti cally sig nifi cant. Our re sults also
con firm re cent re ports pub lished by Ha beeb N.M. et al.
[8], who found ele vated lev els of adi po nectin in pa tients
with DM1 with com pli ca tions such as: neph ro pa thy, re -
tino pa thy, neu ro pa thy and car dio myo pa thy. Simi larly,
Frystyk J. et al. [5] in their study ob served higher se rum
lev els of adi po nectin in pa tients with type 1 dia be tes and
micro vas cu lar com pli ca tions in com pari son to pa tients
with out com pli ca tions. These stud ies also con firm use ful -
ness of adi po nectn as a bio marker of vas cu lar
com pli ca tions of DM1. Fur ther more, Had jadj S. et al. [9]
hy pothe sized that ele vated lev els of adi poki nes ob served
in pa tients with mi cro- and mac ro vas cu lar com pli ca tions
of DM1 may in di cate the al tered regu la tion of the adi po -
nectin syn the sis in this group of pa tients. Ad di tion ally
in ter est ing ob ser va tions were pub lished by Schalk wijk
C.G. et al. [24], who found posi tive cor re la tion be tween
adi po nectin and the solu ble ad he sion mole cule VCAM-1
con cen tra tion, which is a com mon in di ca tor of the risk of
vas cu lar en do the lial dys func tion.

Con tra dic tory re sults were ob tained by Pec zyńska J. et
al. [21], who ob served lower adi po nectin con cen tra tions
in DM1 pa tients with the micro vas cu lar com pli ca tions.
Authors ex plained that as adi po nectin in hib its vas cu lar re -
mod el ing hence may be a risk fac tor for the de vel op ment
of micro vas cu lar com pli ca tions in DM1. 

Cur rently, in type 1 dia betic pa tients, the re la tion ship
be tween adi po nectin and the pres ence of vas cu lar com pli -
ca tions is largely un known. Dis cus sion is still open,
whether ele vated adi po nectin lev els seen in pa tients with
DM1, are phe nome non re lated to the de vel op ment of
micro vas cu lar com pli ca tions of dia be tes, or it is a coun -
ter bal ance mecha nism which rather pro tects against the
de vel op ment of vas cu lar com pli ca tions in this dis ease [5].

In con clu sion the role of adi po nectin in DM1 is sig nifi -
cant and un der stand ing of adi po nectin clini cal rele vance
may be use ful for the treat ment of DM 1 and pre ven tion of 
de vel op ment of its com pli ca tions. In light of con flict ing
stud ies and dis cussed re sults the adi po nectin im pli ca tions
in the de vel op ment of DM1 com pli ca tions are not yet
fully con vinc ing.  Knowl edge in this area is still in suf fi -
cient and nu mer ous im por tant ques tions about
adi po nectin role in DM1 patho gene sis await fur ther study.

CONCLUSION
1. Higher se rum lev els of Adi poQ are ob served in DM1

pa tients as op posed to the healthy con trols.
2. Higher con cen tra tions of se rum Adi poQ are seen in

women than in men with DM1. 
3. Con cen tra tion of Adi poQ is nega tively cor re lated with

body mass and posi tively with the du ra tion of dis ease
in study group.

4. Ob served in creased lev els of Adi poQ in pa tients with
DM1 with con comi tant vas cu lar com pli ca tions sug -
gests that this pro tein may play im por tant role in the
patho gene sis of dia betic an gio pa thy.
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