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SUMMARY

Introduction/Objective Adiponectin and resistin are important adipokines that play an important role
in the regulation of blood sugar, beta-oxidation in muscles, and insulin resistance. This study aimed 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. The final selection included 107 patients with T2DM (67
males and 40 females) and 84 healthy control subjects (45 males and 39 females). Fasting venous blood
samples were analyzed for glucose (FBG), glycosylated hemoglobin (HbA1c), insulin, lipids, adiponectin
and resistin levels. Body composition was evaluated in all subjects by the body mass index (BMI) and
waist-hip ratio (WHR).

Results BMI, WHR, FBG, HbA1c, homeostatic model assessment of insulin resistance (HOMA-IR), total
cholesterol, and triglycerides were significantly higher in individuals with T2DM compared to healthy
volunteers. Serum resistin levels were significantly higher (p = 0.0259) and serum adiponectin levels
were significantly lower (p = 0.0001) in T2DM patients than in control subjects. Adiponectin levels were
significantly lower (p = 0.0411) in diabetes patients with poor glycemic control, compared to those with
good glycemic control, while the difference was non-significant for resistin (p = 0.8899). Serum adipo-
nectin levels were discordant with HbA1c (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, HOMA-IR, and HbAc as significant predictors of adiponectin.

Conclusions T2DM patients have significantly higher resistin and lower adiponectin levels compared
to healthy controls. Adiponectin levels were significantly lower in patients with poor glycemic control.
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INTRODUCTION

It is well known that obesity increases the risk
of developing type 2 diabetes mellitus (T2DM)
[1]. Adipose tissue is a complex endocrine or-
gan with potential implications on insulin re-
sistance, obesity and diabetes. Many researches
have resulted in identification of a large group
of adipocyte-specific proteins, such as adipo-
nectin, acylation-stimulating protein, resistin,
leptin, which are involved in regulating glucose
and lipid metabolism and insulin resistance
in obesity and diabetes [1, 2, 3]. Therefore,
high visceral fat and insulin resistance have
been reported to be independently associated
with prediabetes and T2DM [4]. Adipose tis-
sue dysfunction is characterized by ectopic fat
deposition in the abdominal viscera and liver,
inflammatory and adipokine dysregulation,
and insulin resistance, which may be a more
important mediator of diabetes development
than total fat mass as such [5, 6].
Adipocyte-specific proteins, such as adipo-
nectin, acylation-stimulating protein, resistin
and leptin, have recently been identified [7].

Resistin and adiponectin are important adipo-
kines that regulate insulin sensitivity. Adiponec-
tin,-synthesized in the adipose tissue, appears to
play an important role in inflammatory mecha-
nisms, glycemic and lipid control, which cluster
together to markedly increase the atherosclerot-
ic risk in diabetes subjects. Plasma adiponectin
concentrations are reported to be decreased in
patients with obesity, T2DM, insulin resistance
syndromes, dyslipidemia, and coronary artery
disease [8-12]. Resistin is secreted by adipo-
cytes 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 sub-
jects are associated with higher levels of resis-
tin and are considered to contribute to insulin
resistance and accelerated atherogenesis [14].
Plasma adiponectin levels correlate negatively
with adiposity, and serum adiponectin levels
and waist-hip ratio (WHR) are independent
predictors of high-sensitivity C-reactive protein
levels in normoglycemic subjects [15, 16, 17].
Hence, both adiponectin and resistin have im-
portant biological activity on glucose and lipid
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metabolism. However, the comparison of these adipokines
on glucometabolic control needs further investigation.
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 at the Depart-
ment of Physiology and Medicine, College of Medicine,
and King Khalid University Hospital, King Saud Univer-
sity, Riyadh. The study was approved by the Institutional
Review Board of the College of Medicine. A total of 191
subjects were selected for the study. Final analysis included
107 patients with T2DM (67 males and 40 females). The
control group included 84 healthy subjects (45 males and
39 females) matched for age, sex, and weight, recruited
from staff members and the patients’ companions. All the
patients were diagnosed with T2DM based on American
Diabetes Association 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 and chronic infections,
stroke, taking oral contraceptives or steroids, were exclud-
ed. Clinical and demographic data from all the partici-
pants was recorded on a predesigned form, which included
weight, height, the body mass index (BMI), WHR mea-
surements, and exercise habits. The patients were divided
into a good and a poor glycemic control group based on
a cut-off glycosylated hemoglobin (HbA1c) value of 7.5%
[18]. After 10-12 hours of overnight fasting, venous blood
samples were analyzed for total cholesterol (TC), triglycer-
ides (TG), low-density lipoprotein (LDL) and high-density
lipoprotein (HDL), fasting blood glucose (FBG), HbAlc,
basal insulin, adiponectin, and resistin levels. Human in-
sulin, adiponectin, and resistin immunoassays were car-
ried out by quantitative standard sandwich enzyme-linked
immunosorbent assay (ELISA) technique using a mono-
clonal antibody specific for resistin with kits supplied by
R&D Systems, (Abingdon, United Kingdom). Insulin resis-
tance 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 InBody 3.0 (Biospace Inc., Seoul,
Korea) body analyzer according to the manufacturer’s in-
structions. All assessments were made with the respon-
dents being in the early morning fasting state, wearing
light clothes, and after emptying of the urinary bladder.
The machine calculated the amount of each tissue with
the difference in electrical impedance [20].

Statistical analysis
The data was analyzed by IBM SPSS Statistics for Windows,
Version 19.0 (IBM Corp., Armonk, NY, USA). Descrip-

tive characteristics of the study patients were calculated as
mean + standard deviation. The tests applied for statistical
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analysis were Student’s t-test for normally distributed data
and Mann-Whitney U-test for skewed data. We applied
and used the linear-by-linear association p-value for sig-
nificant difference at different quartiles of adiponectin and
resistin levels in diabetes patients. Spearman’s correlations
and multiple regression analysis were performed to show
the predictors of adiponectin and resistin levels. A p-value
of < 0.05 was taken as statistically significant.

RESULTS

This study reveals relationships between adiponectin and
resistin concentrations with glycemic and lipid control in
patients with T2DM. Table 1 shows comparison of descrip-
tive characteristics and biochemical profile between control
and diabetes patients. BMI, WHR, FBG, HbAlc, HOMA-
IR, TC, and TG were significantly higher in individuals
with diabetes compared to healthy volunteers. Exercise
prevalence in each group was also compared and it was
non-significant (Tablel). T2DM patients were divided into
good and poor glycemic control group based on a cut-off
HbAlc value of 7.5%. Table 2 expresses the 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 higher in the poor glycemic control
group than in the good glycemic control group.

Box plot represents serum adiponectin and resistin
levels in controls, all subjects with diabetes, and in those
with good and poor glycemic control (Figures 1 and 2).
Serum resistin levels were significantly higher (p = 0.0259)
(Figure 1) and serum adiponectin levels significantly lower
(p =0.0001) (Figure 2) in T2DM patients than in healthy

Table 1. Comparison of descriptive characteristics and biochemical
profile between controls and T2DM patients (mean + SD)

_— Controls T2DM
Characteristics h=84 n=107 p
Male/Female 45/39 67/40 /
Age (years) 50.16 £12.58 | 52.20+£11.07 0.2735
Height (cm) 166.80 £8.52 | 165.71 £13.93 0.2641
Weight (kg) 77.66 £ 14.78 | 84.23 +20.60 0.0515
WHR 0.94+0.12 1.11£0.09 0.0001
BMI (kg/m?) 28.13 £4.80 29.72 £5.27 0.0227
FBG (mmol/dI) 5.06 + 0.99 8.88 +3.29 0.0001
HbA1c (%) 5.01£0.56 7.67t1.53 0.0001
Insulin (uIU/ml) 22.69+6.12 2481 £9.19 0.0708
HOMA-IR 520 +2.46 9.73+£5.08 0.0001
TC (mmol/L) 4.25+0.96 448 £1.12 0.0515
TG (mmol/L) 1.41£1.19 2.04+144 0.0463
LDL (mmol/L) 2.68 +0.86 2.62£0.91 0.1264
HDL (mmol/L) 117 £0.23 1.04 £0.31 0.1020
TC (mmol/L) 4.25 +0.96 448 +1.12 0.0515
Exercise n (%)
No 45 (42.66) 52 (54.34) 0.4949
Yes 39 (41.34) 55 (52.66)

BMI - body mass index; WHR - waist-hip ratio; FBG - fasting blood glucose;
HbA1c - glycosylated hemoglobin ; TC - total cholesterol; TG - triglycerides;
LDL - low-density lipoprotein; HDL — high-density lipoprotein
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Table 2. Comparison of descriptive characteristics and biochemical
profile between good and poor glycemic control in T2DM patients

(mean = SD)

Characteristics Hbﬁ1=c5<o7.5 Hbﬁ1=c5277.5 p
Male/Female 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) 710+ 1.64 10.20 + 3.61 0.0001
HbA1c (%) 6.58 + 0.44 9.66 + 2.58 0.0001
Insulin (UIU/ml) 2391751 2524 £10.68 0.4705
HOMA-IR 7.66 + 3.47 11.19+5.49 0.0002
TC (mmol/L) 419+0.84 458+ 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; FBS - fasting blood glucose;
HbA1c - glycosylated hemoglobin; TC - total cholesterol; TG - triglycerides;
LDL - low-density lipoprotein; HDL - high-density lipoprotein
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Figure 1. Comparison of adiponectin levels between control sub-
jects, all patients with type 2 diabetes mellitus, and those with good

(HbA1c < 7.5) and poor glycemic control (HbA1c > 7.5)
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Figure 2. Comparison of resistin levels between controls, all patients
with type 2 diabetes mellitus, and those with good (HbA1c < 7.5) and
poor glycemic control (HbA1c > 7.5)
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Figure 3. Scatter plot showing the association of circulating levels of
adiponectin (a) and resistin (b) with glycosylated hemoglobin (HbA1c)
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Figure 4. Linear-by-linear association of HbA1c% at different quar-
tiles 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)

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 gly-
cemic control, but the difference was non-significant for
resistin (p = 0.8899). Scatter plot in Figure 3 shows the
relationship of adiponectin (a) and resistin (b) with gly-
cemic control. Serum adiponectin levels were discordant
with HbAlc (r = -0.274, p = 0.004). No relationship be-
tween HbA1c and resistin levels was observed (r = 0.017,
p = 0.866). Linear-by-linear association of HbAlc% at
different quartiles of adiponectin and resistin levels in
diabetes patients was also determined. There was a sig-
nificant 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), 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.

Multiple regression analysis was performed keeping adi-
ponectin and resistin as dependent variables to determine
their predictive factors (Table 3). Significant predictors
of adiponectin levels were FBS, insulin, HOMA-IR, and
HbAlc. For resistin, none of the variables was significant.
Table 4 expresses the proportion of patients using medica-
tions for diabetes and comorbidities in patients with T2DM.

DISCUSSION

The present study aims to assess and compare the rela-
tionships of resistin and adiponectin concentrations with
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Table 3. Multiple regression analysis for prediction of adiponectin and
resistin levels in T2DM patients

hellpened Resistin (ng/ml)
Parameter Letnll p Standardized p

Standardized Beta Coefficients

Beta Coefficients

FBS (mmol/L) 1.498 0.015 0.481 0.507
Insulin (UIU/ml) 1.524 0.018 0.518 0.493
HOMA-IR -2.317 0.016 -0.855 0.450
HbA1c (%) -0.237 0.014 0.284 0.182
TG (mmol/L) -0.150 0.315 -0.201 0.268
TC (mmol/L) -0.260 0.122 0.153 0.448
HDL (mmol/L) 0.074 0618 -0.089 0.620
LDL (mmol/L) 0.133 0472 -0.401 0.079
Duration 0.268 0063 -0.186 0283
(years)

BMI - body mass index; WHR — waist-hip ratio; FBS - fasting blood glucose;
HbA1c - glycosylated hemoglobin; TC - total cholesterol; TG - triglycerides;
LDL - low-density lipoprotein; HDL - high-density lipoprotein

Table 4. Use of medications for diabetes and comorbidities in patients
with T2DM

Medicines for diabetes n (%)

Biguanides 14 (13.1)
Sulphonylureas 25(23.4)
Glinides 11(10.3)
Alpha-glucosidase inhibitors 21(11.2)
Thiazolidinedione 23 (21.5)
Lipid-lowering medicines 25(23.4)

glycemic and lipid control in patients with T2DM. We
observed that T2DM patients have significantly higher
resistin and lower adiponectin levels. The effect of glyce-
mic control on resistin levels was not significant. However,
adiponectin was significantly lower in patients with poor
glycemic 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 con-
trol with reduced inflammation in patients with T2DM.
Measures that could increase adiponectin levels might be
valuable targets for decreasing the higher coronary artery
disease risk in diabetes.

In another similar study, adiponectin was found to be
significantly decreased in T2DM patients as compared to
normal control subjects. Adiponectin levels were nega-
tively associated with high-sensitivity C-reactive protein,
LDL-C, HbAlc, TG, TC, and positively with HDL-C.
HbAlc had a negative correlation with serum adiponec-
tin. 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 T2DM [22].
Nayak et al. [23] showed that adiponectin decreases with
increasing adiposity and insulin resistance regardless of
diabetes status. Among non-obese subjects, adiponectin
correlated negatively with TG, interleukin-6, and HOMA-
IR, and correlated positively 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 T2DM. Moreover,
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insulin-mediated glucose turnover was significantly af-
fected by adiponectin and TNF-a [23]. Adiponectin nega-
tively correlated with BMI after adjusting for age, sex, and
diabetes status [24]. In an interesting study, Lau et al. [25]
proposed a novel adiponectin-resistin (AR) index by tak-
ing into account both adiponectin and resistin levels to
provide a better indicator of the metabolic homeostasis
and metabolic disorders. A novel insulin resistance (IRAR)
index was derived to provide an improved diagnostic bio-
marker of insulin sensitivity.

Adipocytokines that have been implicated in the patho-
genesis of metabolic syndrome include TNF-aq, interleu-
kin-6, angiotensinogen, leptin, plasminogen activator
inhibitor-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 report-
ed 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, 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 com-
pared to glimepiride-treated subjects, while inducing simi-
lar glycemic changes [28]. Adiponectin, leptin, and resistin
levels are affected by the use of anti-diabetes drugs among
which glimepiride shows more effect on adiponectin and
resistin levels, while leptin gets affected more by metfor-
min. 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-section-
al design and small sample size. We recommend further
large-scale prospective studies to additionally explore the
true homeostatic roles of adiponectin and resistin in pa-
tients with T2DM. Since they are related to glucose and
lipid metabolism, it would be worth studying them as an
integrated approach in relation to different pharmaco-
logical interventions and physical fitness programs. They
may prove to be useful integrated biomarkers to predict
metabolic dysregulation and cardiovascular risk in T2DM.

CONCLUSION

T2DM patients have significantly higher resistin and lower
adiponectin levels when compared to healthy controls. Ad-
iponectin 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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OAHOC CepyMCKOr pe3uCTMHA U aAUNOHEKTMHA U IYKOMETab0aMYKa KOHTpona
Ko 6onecHuKa ca gnjaberecom menmTycom Tuna 2

Xanug A. en Peranvej', Cajeg LLl. Xa6u6', Jejna en Joxwn', AHBap A. Llamax?, Moxameg M. CybxaH?
'YHuBep3uTeT Kparba Cayaa, MeauumHcku koney, Kateapa 3a dusnonorujy, Pujag, Cayaujcka Apabuja;
2YHnBep3uTeT kparba Cayaa, MeanumHcku konel, Kateapa 3a meauumHy, Prjap, Cayamjcka Apabuja;
3YHuBep3uTeT y MnumyTy, GakynteT brioMeAULIMHCKIX 1 33PaBCTBEHNX HayKa, [aumyT, Benvka bputaHuja

CAXETAK

Yeoa/LUnrb AQMNOHEKTUH 1 PE3UCTUH Cy aiUMOKNHW KOjyi Ur-
pajy BaxkHy ynory y perynucamy wehepa y Kpsu, 6eTa-okcmpaa-
uyjn y Muwmnhuma 1 HCYNMHCKOj Pe3nCTeHLuju.

Linm oBe cTyauje je 610 fAa NPOLIEHN 1 YNOPeam OfHOCE KOH-
LieHTpaLMja pe3ncTnHa 1 afUNnoHeKTHa ca rnyKomeTabonuy-
KOM KOHTPOJIOM Kop, 6onecHuKa ca wehepHom 6onewwhy Tuna
2 (LLBT2).

MeTtoge VcnutaH je ykynHo 191 ncnutaHuk. KoHauHa cenek-
uuja obyxsaTuna je 107 6onecHuKa ca LWBT2 (67 mywwkapaLa
1 40 xxeHa) 1 84 3apaBuX, KOHTPOJIHKX 0coba (45 myLuKapaLa
1 39 KeHa). AHanM3rpaHu Cy y30pLy BEHCKe KPBY 3a r1yKo3y
(Br), rnnko3mnoBaHu xemornobux (HbATc), uHcynux, nunuan
(ykynHu xonectepon - YX, Tpurnvuepugn — TI), aAMnoHeKT!H
1 pe3uncTuH. Mpaha Tena ouereHa je KoA CBUX U TO MHAEKCOM
TenecHe mace (UITM) n ogHocom cTpyk-KykoBu (OCK).
Pesyntatu: ITM, OCK, BI, HbATc, MHCynuHCKa pe3ucteHuuja
(WP), YX n TT 6unu cy 3HauajHo Behu Kop ocoba ¢ AnjabeTecom
y nopehetby ca 3apaBrm o6poBosbLMMa. HMBO pesuctuHa y
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cepymy 610 je 3HauajHo BuLwK (p = 0,0259), a HMBO cepymcKor
aAUMNOHEKTMHA 3HayajHO HVXK (p = 0,0001) kog LLIBT2 Hero kog,
KOHTPONHUX cy6jekaTa. HuBon aprnoHekTMHa 6unu cy 3Havaj-
Ho HUXK (p = 0,0411) Kof 6onecHUKa ca IOLWOM KOHTPOJIOM
rnrKemuje y nopeherby ca oHMMa ca JOOPOM FNKEMUjCKOM
KOHTPOJIOM, 0K je pa3niKa HBOA pe3ncTuHa buna 6e3HavajHa
(p=0,8899). HuBOM afMNOHEKTVHa Y Cepymy HUCY Y Kopenaumju
caHbATc (p=-0,274, p = 0,004). JlnHeapHa Kopenayuja nokasa-
na je 3HavajaH TpeHa 6orbe KoHTpone ryKemuje Kog noseharba
HVBOA afnMOHEKTUHA (p = 0,042), ROK TPeHA Huje 610 3HayajaH
3a HuBOe pe3uctrHa (p = 0,904). Myntnna perpecnmoHa aHa-
nu3a otkpuna je BI, nHcynuH, P n HbATc Kao 3HavajHe npe-
AVKTOPE aANMOHEKTUHA.

3aksyuak: bonecHuuy ca LLIBT2 nmajy 3HaTHO MoBULLEH pe3unc-
TEH W CHVKEH afUNOHEKTYH Y nopefery ca 3apaBrm ocobama.
HrBoW agnnoHeKTMHa Cy 3HaTHO HIKK KOA 6onecHMKa ca cna-
60M KOHTPOJIOM FIMKeMUje.

KrbyuHe peun: agunoHeKTVH; Pe3nCTuH; gucnnnuaemuja;
wehepHa 6onecT Tvn 2
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