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Serum Resistin and Adiponectin Relationships with Glucometabolic Control in
Patients with Type 2 Diabetes Mellitus
OI[HOC CCPYMCKOT PE3UCTHHA U a/IMIIOHCKTHHA U FHyKOMeTa6OHHqKa KOHTpPOJIa KO

OosecHUKa ca 11jabeTecoM MEJIUTYCOM THUIa 2

SUMMARY

Introduction/Objective Adiponectin and resistin are
important adipokines that play important role in the
regulation of blood sugar, beta-oxidation in muscle
and insulin resistance.

The aim of this study was to assess and compare the
relationships of resistin and adiponectin concentrations
with glucometabolic control in patients with Type 2
diabetes mellitus (T2DM).

Methods: A total of 191 subjects were studied. Final
selection included 107 patients with type 2 DM (67
males, 40 females) and 84 healthy control subjects (45
males, 39 females). Fasting venous blood samples
were analyzed for glucose (FBG), glycosylated
hemoglobin (HbALc), insulin, lipids (total cholesterol-
TC, triglycerides—TG), adiponectin and resistin levels.
Body composition was evaluated in all subjects: Body
Mass Index (BMI) and Waist hip ratio (WHR).
Results: BMI, WHR, FBG, HbAlc, Insulin resistance
(IR), TC and TG were significantly higher in individu-
als having diabetes compared to healthy volunteers.
Serum resistin levels were significantly higher
(p=0.0259) and serum adiponectin levels were signifi-
cantly lower (p=0.0001) in type 2 diabetes patients,
than in control subjects. Adiponectin levels were si-
gnificantly lower (p=0.0411) in diabetes patients with
poor glycemic control, compared to those with good
glycemic control, while the difference was nonsigni-
ficant for resistin (p=0.8899). Serum adiponectin lev-
els were discordant with HbAlc (r=-0.274, p=0.004).
Linear by linear association showed significant trend
of better glycemic control at increasing quartiles of
adiponectin levels (p=0.042), while the trend was not
significant for resistin levels (p=0.904). Multiple
regression analysis revealed FBG, insulin, HOMAIR
and HbAlc as significant predictors of adiponectin.
Conclusions: Type 2 DM patients have significantly
higher resistin and lower adiponectin levels, when
compared to healthy controls. Adiponectin levels were
significantly lower in patients with poor glycemic
control.

Key Words: Adiponectin, Resistin, dyslipidemia,
diabetes mellitus type 2

INTRODUCTION

CAXETAK

Yeoa/llnsb ATWNOHEKTHH W PE3UCTHH CY AOUITIOKUHH
KOjU WTpajy BaXKHy YJIOTy y peryimcamy mrehepa y
KpBH, O0eTa-OKCHAAIMH Y MUMINNNMA U WHCYJHMHCKO]
PE3UCTEHITH]C.

Hum oBe crymuje je OMO nma MPOICHU W' YIOPEIH
OJHOCE KOHIICHTpAIIHja PE3NCTHHA U aAUIIOHCKTHHA ca
TIIyKOMEeTabOJTMYKOM KOHTPOJIOM KOZ OoJecHHWKa ca
meheprom 6omectu Tuna 2 (LIBT2).

Mertone VcnutuBaHo je ykymHo 191. mcnuTtanuxa.
Konauna ceneknuja ooyxsatuia je 107 6onecHuka ca
HIBT2 (67 mymxkapana u 40 xeHa) U 84 31paBuX,
KOHTpONHHUX ocoba (45 mymkapama u 39 >xeHa).
AHanu3upaHu Cy Y30pLH BEHCKE KPBH 3a. TIYKO3Y
(BI'), rumko3wiaoBaHH - xeMmorinoown  (XOAl),
UHCYNHH, Junuae  (yKymHH  XosecTepoi—YX,
Tpurnuiepuar—TI), aAUNOHEKTHH W PEe3UCTHHA.
I'paha rema ouemeHa je kox cBux u To WHnekc
tenecHe Mace (UTM) m omHOC cTpyk-kykoBH (OCK).
Pesyaratu: UTM, OCK, BI, X0Alu, wmHCynHHCKa
pesucrenija (UP), YX u TT 6unu cy 3HadajHo Behu
Kol ocoba ¢ mmjabetecoMm y mopehemy ca 3apaBuM
nobpoBosbiuMa. HuBo pesucteHa y cepymay Ouo je
3Hauajuo Bumu (P=0.0259), a HHBO CcepyMCKOT
anAmoHekTHHa 3Hadajuo HmwkH (P=0.0001) kox
IIFTB, Hero kox KOHTPONHUX CcyOjekara. Hwuowm
aIuMoOHeKTHHa Ccy 3HaTtHO HIkU (P=0.0411) xoxg
OoJieCHMKa Ca JIMIIOM KOHTPOJIOM TJIMKeMHje, Yy
nopeherby ca oOHUMA ca J0OPOM TJIMKEMH)jCKOM
KOHTPOJIOM, JIOK je pa3jiiKka HHBOA pPEe3UCTHUHA Ouiia
O0c3nagyajaa (p=0.8899). HuBom amumoHEKTHHA Y
cepyMy HUCy y Kopemamuju ca XO0Alm (p=-0.274,
p=0.004). JIuneapHa Kopenalyja nokasaa je 3Hauajan
TpeH1 O0Jbe KOHTpOJIE TIIIMKeMHuje KoJ mnoBehama
HuBoa aaunoHektuHa (P=0,042), nox Tpena Huje 61o
3Ha4yajaH 3a HuBoe pesuctuHa (P=0,904). MynTurmie
perpecrnona ananmza otkpwia je ®bI, nacymuH, P u
X0A111 ka0 3HaYajHE IPETUKTOPE ATUITOHEKTHHA.
3akspyuak: bomecammu ca IIBT2 wumajy 3HaTHO
NOBHUILIEH pPE3UCTEH M CHIDKEH aJHUIIOHEKTHH Yy
nopehewy ca  3apaBUM ocobama. Huson
AIMTIOHEKTUHA CYy 3HATHO HWKM KOJi OOJIeCHHKa ca
CJTabOM KOHTPOJIOM TITUKEMH]E.
Kipyune peun: a/INTIOHEKTHH,
TUCITUIHIeMH]a, ehepHa 6oect Trm 2

PE3UCTHUH,

It is well known that obesity, increases the risk of developing type 2 diabetes mellitus [1].

Adipose tissue is a complex endocrine organ with potential implications on insulin resistance, obesity

and diabetes. Many researches have resulted in identification of a large group of adipocyte specific

proteins, such as adiponectin, acylation stimulating protein, resistin, leptin which are involved in the
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regulation of glucose & lipid metabolism and insulin resistance in obesity and diabetes [2,3] [1, 2].
Therefore, high visceral fat and insulin resistance, have been reported to be independently associated
with prediabetes and T2DM [4]. Adipose tissue dysfunction is characterized by ectopic fat deposition
in the abdominal viscera and liver, inflammatory and adipokine dysregulation, and insulin resistance
which may be an important mediator of diabetes development than total fat mass per se [5, 6].

Adipocyte specific proteins, such as adiponectin, acylation stimulating protein, registin and
leptin [7], have recently been identified. Resistin and adiponectin are important adipokines. that
regulate insulin sensitivity. Adiponectin,—synthesized in the adipose tissue, appears to/play an
important role in inflammatory mechanisms, glycemic and lipid control, which cluster together to
markedly increase the atherosclerotic risk in diabetes subjects. Plasma adiponectin concentrations are
reported to be decreased in patients with obesity [8], T2DM [9], insulin resistance syndromes [10],
dyslipidemia [11] and coronary artery disease (CAD) [12]. Resistin is secreted by. adipocytes and
leads to insulin resistance in vivo and in vitro and is considered to be an important link between
obesity and diabetes [13].

Lower levels of adiponectin in obese subjects are associated-with higher levels of resistin and
are considered to contribute to insulin resistance and accelerated--atherogenesis [14]. Plasma
adiponectin levels correlate negatively with adiposity and serum adiponectin levels and WHR are
independent predictors of hsCRP levels in normoglycemic subjects [15,16,17] Since, both adiponectin
and resistin have important biological activity on glucose and lipid metabolism. However, the
comparison of these adipokines on glucometabolic control need further investigations. Therefore, the
aim of this study was to assess and compare the relationships of resistin and adiponectin

concentrations with glucometabolic control in patients with T2DM.

METHODS

This case control study was-carried out in the Department of Physiology and Medicine, College
of Medicine & King Khalid University Hospital, King Saud University, Riyadh. The study was
approved by-institutional review board (IRB) of College of Medicine. A total of 191 subjects were
selected for the study. Final analysis included 107 patients with T2DM having 67 males & 40
females. Control group included 84 healthy subjects (45 males & 39 females) matched for age, gender
& weight, recruited from the staff members and patients companions. All patients were diagnosed
cases of type 2 DM based on American Diabetes Association (ADA) criteria and were in stable
metabolic condition with at least one year of duration of T2DM [18]. Patients with acute diabetes
states, acute or chronic renal problems, thyroid diseases, acute & chronic infections, stroke, taking
oral contraceptives or steroids were excluded. Clinical and Demographic data from all participants
was recorded on a predesigned proforma which included weight, height, BMI, Waist hip ratio (WHR)
measurements and exercise habits. Patients were divided into good and poor glycemic control group
based on a cutoff HbAlc value of 7.5% [18]. After 10-12 hours of overnight fasting, venous blood
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samples were analyzed for total cholesterol (TC), triglycerides (TG), low density lipoprotein (LDL)
and high density lipoprotein (HDL), fasting blood glucose (FBG), glycosylated hemoglobin (HbALc),
basal insulin, adiponectin and resistin levels. Human insulin, adiponectin and resistin immunoassays
were carried out by quantitative standard sandwich ELISA technique using monoclonal antibody
specific for resistin with kits supplied by R&D Systems, (Abingdon, United Kingdom). Insulin
resistance was calculated by Homeostasis model assessment of Insulin resistance (HOMA-IR) using
the formula HOMA-IR = (FPI (mU/L) x FPG (mmol/L))/22.5 [19].

Bioelectrical impendence analysis was used to measure body composition with InBody3.0,
(Biospace, Korea) body analyzer according to manufacturer’s instructions. All assessments were
made in early morning fasting state, light clothing and after emptying of urinary bladder. The machine
calculated the amount of each tissue with the difference in electrical impedance [20].

The data was analyzed by computer software program Statistical Package for Social Sciences
(SPSS Version 19, Chicago, IL). Descriptive characteristics of the study patients were calculated as
mean + SD (Standard Deviation). The tests applied for statistical analysis.was Student’s t test for
normally distributed data and Mann-Whitney U test for skewed data. We applied and used linear by
linear association p-value for significant difference at different quartiles of adiponectin and resistin
levels in diabetes patients. Spearman’s correlations and multiple regression analysis were done to see

the predictors of adiponectin and resistin levels. A p value of <0.05 was taken as statistically

significant.
Table 1: Comparison of descriptive characteristics and
biochemical profile between control and patients with RESULTS
T2DM (Mean % SD).
Control DM This study reveals relationships
n=84 n=107 P . . -

M/E 45/39 67/40 between  adiponectin  and  resistin
Age (years) 50.16+12.58  52.20+11.07  0.2735  concentrations with glycemic and lipid
Height (cm) 166.80£8:52  165.71+13.93 0. 2641 . . .
Weight (kg) 77.66+14.78  84.23+20.60 0.0515  control in patients with T2DM. Table 1
WHR 0.94+0.12 1.11+0.09 0.0001 . S
BMI (kg/m2) 28134480 29724527 00227  Shows  comparison  of - descriptive
FBG (mmol/dl) 5.06+0.99 8.88£3.29  0.0001  characteristics and biochemical profile
HbA1c (%) 5.01+0.56 7.67£1.53  0.0001 _ _
Insulin (UIU/mI) . 22.6946.12  24.81+9.19  0.0708  between control and diabetes patients.
HOMA-IR 5.20+2.46 9.73+5.08 0.0001
TC mmol/L 4251096  448:112 00515 oMb WHR, FBG, HbALe, HOMA-IR,
TG mmol/L 1.41£1.19 2.04+1.44 0.0463  TC and TG were significantly higher in
LDL mmol/L 2.68+0.86 2.62+0.91 0.1264 L . .
HDL mmol/L 1.17+023  1.04+031 01020 individuals having diabetes compared to
TC miol/L 4254096 448112 00515  peqiihy volunteers. Exercise prevalence in
Exercise n (%)
No 45 (42.66) 52 (54.34) 0.4949 each group was also compared and it was
Yes 39 (41.34) 55 (52.66) ' o _
BMI-body mass index, WHR-waist hip ratio, FBG—fasting non-significant (Tablel). T2DM patients
blood glucose, HbAlc—glycosylated hemoglobin, TC—total were divided into good and poor glycemic
cholesterol, TG-triglycerides , LDL—low density lipoprotein,
HDL-high density lipoprotein. control group based on a cutoff HbAlc
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value of 7.5%. Table 2 expresses Comparison of descriptive characteristics and biochemical profile
between good and poor glycemic control in T2DM patients. BMI (p=0.0257), HOMA-IR (p=0.0002)
and TG (p=0.0006) were significantly in poor glycemic control group than in the good glycemic

control.

Table 2: Comparison of descriptive characteristics and
biochemical profile between good and poor glycemic control
in T2DM patients (Mean =+ SD).

HbA1c<7.5 HbA1c¢>7.5

n=50 n=57
M/F 28/22 30/27
Age (years) 53.90+£10.51 51.32+11.15 0.2283
Height (cm) 167.63+6.01  164.48+17.53 0.2474
Weight (kg) 79.94+15.10 84.78+£17.17  0.1342
WHR 0.99 +0.07 1.01+0.09 0.1613
BMI (kg/m?) 28.46+4.97 30.77£5.26  0.0257
FBG (mmol/dl) 7.10+1.64 10.20+3.61  0.0001
HbAlc (%) 6.58+0.44 9.66+2.58 0.0001
Insulin (uIU/ml) 23.91+£7.51 25.24+10.68 0.4705
HOMA-IR 7.66+3.47 11.19£5.49  0.0002
TC mmol/L 4.19+0.84 4.58+1.26 0.1279
TG mmol/L 1.47+0.69 2.36+1.30 0.0006
LDL mmol/L 2.54+0.85 2.75+0.93 0.3307
HDL mmol/L 1.00+0.24 1.08+0.49 0.3783

BMI-body mass index; WHR-waist hip ratio; FBG—fasting
blood glucose; HbAlc—glycosylated hemoglobin; TC—total
cholesterol, TG-triglycerides , LDL—low density lipoprotein,
HDL-high density lipoprotein.

Box plot represents serum
adiponectin & resistin a levels in
control, all subjects with diabetes, and
in those with good and poor glycemic
control  (Figure 1, 2). Serum resistin
levels were _significantly . higher
(p=0.0259) (Figure 1) .and serum
adiponectin levels significantly lower
(p=0.0001) (Figure 2) in type 2 diabetes
patients;. than . healthy subjects. We
observed that serum adiponectin levels
were significantly lower (p=0.0411) in
diabetes patients with poor glycemic
control, compared to those with good

glycemic control, but the difference was

300.00+ 6.00-
250,00 5.00-
200007 p=0.0001 4.007

p=0.0411
15000 3.00

- - =
50.00 1.001

00— .00+

Adiponectin ng/ml
Resistin ng/ml

0.0259 ke
p=0.025

T T T T
Control All Diabetics HbAle<75 HbALe2T.5

Groups

T T T T
Control All Diabetics HbA1c<7.5 HbA1c=7.5

Groups

Figure 1: Comparison of adiponectin levels Figure 2: Comparison of resistin levels between
between control, all patients with Type 2 Diabetes control, all patients with Type 2 Diabetes Mellitus
Mellitus and those with good (HbA1c<7.5) and and those with good (HbAlc<7.5) and poor
poor Glycemic (HbA1c>7.5) control. Glycemic control (HbA1c>7.5).

nonsignificant for resistin (p=0.8899). Scatter plot in figure 3 shows the relationship of adiponectin

(a) and resistin (b) with glycemic control. Serum adiponectin levels were discordant with HbAlc (r= -
0.274, p=0.004). No relationship of HbAlc was observed with resistin levels (r=0.017, p=0.866).

Linear by linear association of HbA1c% at different quartiles of adiponectin and resistin levels in

diabetes patients was also determined. There was a significant trend of better glycemic control at
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Figure 3: Scatter plot showing the association of circulating levels of Adiponectin (a) & Resistin (b) with
Glycosylated hemoglobin (HbA1c).

increasing levels of adiponectin levels (p=0.042), while the trend was not significant for resistin levels
(p=0.904) which was depicted by linear by linear association of HbA1c% at different quartiles

of adiponectin and resistin levels in diabetes patients as shown in figure 4.

- 3-S5 OO OSRGOSO Rt SO <ty OSSO OO

0<25% B25 - 50 % 8§50 -75% &> 75%

p=0:042 p=0.904

7.5

N

HbAlc %

W | W

6.5 N

Adiponectin Resistin
Figure 4: Linear by linear association of HbA1c% at different quartiles of adiponectin and resistin
levels in diabetes patients. There is a significant trend of better glycemic control at increasing levels of
adiponectin levels (p=0.042) while the trend was not significant for resistin levels (p=0.904).

Multiple regression analysis was performed keeping adiponectin and resistin as dependent
variables to determine their predictive factors (Table 3). The significant predictors of adiponectin
levels were FBS, insulin, HOMAIR and HbAlc. For resistin none of the variable was significant.
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Table 3: Multiple regression analysis for prediction of adiponectin and Table 4 expresses the

resistin levels in T2DM patients. proportion of patients using

Adiponectin Resistin
ng/ml P ng/ml P of medications for diabetes
Standardized Standardized

Beta Coefficients Beta Coefficients iditi i H
FBS (mmol/L) 1498 G 181 =07 and comorbidities in patients
Insulin (ulU/ml) 1.524 .018 518 493 with T2DM.
HOMA-IR -2.317 .016 -.855 450
HbAlc (%) -.237 014 284 182
TG (mmol/L) -.150 315 -.201 .268 DISCUSSION
TC (mmol/L) -.260 122 153 448
HDL (mmol/L) 074 618 -.089 .620 The present study aimed
LDL (mmol/L) 133 A72 -.401 .079
Duration (years) 268 063 -.186 283  to assess and“compare. the

BMI-body mass index; WHR-waist hip ratio; FBG—fasting blood glucose;  |a|ationshins of “resistin  and
HbAlc—glycosylated hemoglobin; TC—total cholesterol, TG—triglycerides , P
LDL-low density lipoprotein, HDL-high density lipoprotein. adiponectin concentrations

with glycemic and lipid control

Table 4: Use of medications for diabetes in patients with type 2 DM. We observed that Type 2 DM

and comorbidities in patients with T2DM.

Medicines for Diabetes n (%) patients have significantly higher resistin and lower
* Biguanides 14 (13.1) . i levels. THe eff £l . I

o Sl 25 (23.4) adiponectin levels. The effect of glycemic control on
e Glinides 11 (10.3) resistin levels was not significant. However adiponectin
e Alpha-glucosidase inhibitors 21 (11.2) N . . . .
« Thiazolidinedione 23(21.5)  Was significantly lower in patients with poor glycemic
Lipid lowering medicines 25(234) control, compared to those with good glycemic control.

Similar to a report by Schulze et al. [21] our study supports the hypothesis that increased adiponectin
levels might be associated with better lipid /and glycemic control with reduced inflammation in
patients with T2DM. Measures that could increase adiponectin levels might be valuable targets for
decreasing the higher CAD risk/in diabetes.

In another similar study adiponectin was found to be significantly decreased in type 2 diabetes
patients as compared to normal control subjects. Adiponectin levels were negatively associated with
hs-CRP, LDL-C, HbAlc, TG, and total cholesterol (TC) and positively with HDL-C. HbAlc had a
negative correlation with serum adiponectin. This shows that adiponectin may play an important role
in the pathogenesis of diabetes, and may emerge as an independent predictor of the development of
type 2 diabetes [22]. Nayak et al showed that Adiponectin decreases with increasing adiposity and
insulin resistance regardless of diabetes status. Among non-obese subjects, adiponectin correlated
negatively with TG, IL-6, HOMA-IR and positively correlated with HDL. Diabetes status, tumor
necrosis factor-a (TNF-a) and BMI were identified as independent predictors of adiponectin. Glucose
and adiponectin were useful indicators of type 2 diabetes. Moreover, Insulin mediated glucose
turnover was significantly affected by adiponectin and TNF-a [23]. Adiponectin negatively correlated
with BMI after adjusting for age, sex and diabetes status [24]. In an interesting study Lau et al.
proposed a novel adiponectin-resistin (AR) index by taking into account both adiponectin and resistin

levels to provide a better indicator of the metabolic homeostasis and metabolic disorders. A novel
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insulin resistance (IRAR) index was derived to provide an improved diagnostic biomarker of insulin
sensitivity [25].

Adipocytokines that have been implicated in the pathogenesis of metabolic syndrome, include
TNF-a, interleukin-6 (IL-6), angiotensinogen, leptin, plasminogen activator inhibitor-1 (PAI-1) and
resistin [26]. The present study supports the evidence that resistin plays an important role in the
pathogenesis of obesity and insulin resistance. We reported previously that higher resistin-levels in
T2DM have a significant positive correlation with body fat mass [27]. However, in the present study
although T2DM patients had higher resistin levels, but the effect of glycemic control on resistin levels
was not significant. In a study on Chinese T2DM patients 16 weeks of liraglutide administration led to
increased adiponectin and decreased resistin levels compared to glimepiride-treated subjects, while
inducing similar glycemic changes [28]. Adiponectin, leptin, and resistin levels are affected by use of
anti diabetes drugs among which glimepiride shows more effect on adiponectin and resistin levels,
while leptin gets affected more by metformin. It shows that the adipokine levels are not affected by
diabetes only, suggesting that their alterations in T2DM may be due to.obesity. Therefore, there might
be important links between adiposity and insulin resistance [29]. The limitation of the present work is
its cross sectional design and small sample size. We recommend that.further, prospective studies at
large scale are required to further explore the true homeostatic roles of adiponectin and resistin in
patients with T2DM. Since they are related to /glucose and lipid metabolism it would be worth
studying them as an integrate approach in relation to different pharmacological interventions and
physical fitness programs. They may prove to be useful integrated biomarkers to predict metabolic

dysregulation and cardiovascular risk in T2DM .

CONCLUSION

Type 2 DM patients have .significantly higher resistin and lower adiponectin levels, when
compared to healthy controls. Adiponectin levels were significantly lower in patients with poor

glycemic control. However, the effect of glycemic control on resistin levels was not significant.
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