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esistin, an adipocyte secreted hormone, 
has been suggested to link obesity 
with type 2 diabetes and insulin resis-
tance in rodent models, but its relev-
ance to human diabetes remains uncer-

tain. The aim of this study was to investigate the 
relationship between serum resistin concentra-
tions with markers of insulin resistance and ob-
esity in type 2 diabetes and non-diabetic obese 
subjects. 
Materials and Methods: In this cross sectional 
study, consisting of 35 obese subjects with type 2 
diabetes (16 women and 19 men, age 44.63±1.08 
yr) and 35 obese non-diabetic subjects (19 wom-
en and 16 men, age 43.54±1.54 yr), fasting lipid 
profiles were measured by enzymatic methods; 
NycoCard HbA1c system was used to measure 
HbA1c. Serum resistin, insulin and glucose le-
vels were measured by an enzyme immunoas-
say, and glucose oxidase methods respectively. 
Insulin resistance index was calculated from 
fasting glucose and insulin according to homeos-
tasis model assessment (HOMA-IR).  
Results: Mean insulin resistance index (HOMA-
IR), HbA1c, diastolic blood pressure, triglyce-
rides and fasting glucose in diabetics were sig-
nificantly higher than in non-diabetic subjects 
(p<0.05). There was no significant difference in 

resistin levels between non-diabetic (7.16±3.72 
ng/ml) and diabetic (6.40±3.66 ng/ml) obese sub-
jects. Resistin levels in diabetic (7.46±3.98 vs. 
5.51± 3.20 ng/mL) and non-diabetic (8.15±4.60 vs. 
5.97±2.31 ng/mL) women were significantly 
higher than men in both groups. A significant 
negative correlation between diastolic blood 
pressure and resistin (r= -0.381; p=0.024) was ob-
served only in the control groups. 
Conclusion: Based on the results, it appears that 
resistin links between obesity and type II di-
abetes in humans is still a controversial topic 
and requires further investigation. 
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Introduction 

Obesity and associated diabetes mellitus 
are epidemic through the world; obese indi-
viduals characteristically manifest with insu-
lin resistance and hyperinsulinemia, which 
predispose to glucose intolerance, diabetes, 
and cardivascular disease.1 Type 2 diabetes 
mellitus is a heterogeneous and polygenic 
disease associated with abnormal insulin se-
cretion or defects of insulin action.2,3 Insulin 
resistance, which implies a defect of insulin 
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signaling in the target tissues, is a common 
cause of type 2 diabetes and is related to ob-
esity. The mechanisms underlying insulin re-
sistance are not completely understood. 
However, adipose tissue plays an important 
role in insulin resistance through production 
and secretion of adipose-derived proteins 
“adipocytokines” such as tumor necrosis fac-
tor-α (TNF-α), plasminogen activator inhibi-
tor-1 (PAI-1), leptin, angiotensinogen, adi-
ponectin and resistin.4-6 

Resistin, also called adipocyte-secreted 
factor (ADSF), found in inflammatory zone 3 
(FIZZ3), is a novel hormone secreted by adi-
pocytes; resistin has been implied to link ob-
esity with insulin resistance and diabetes.6,8,9 
Resistin belongs to a family of cysteine-rich 
C-terminal proteins, termed RELMs (Resis-
tin-Like Molecule), which include RELM-α /
FIZZ 1, RELM-β / FIZZ 2 and a recently 
discovered RELM-γ, with each member hav-
ing a unique differential tissue distribution.7-

10

Initial studies in mice suggested that resis-
tin mediates insulin resistance by antagoniz-
ing insulin action and modulating one or 
more steps in the insulin-signaling path-
ways.6,11 However, conflicting animal data 
have since been presented, regarding whether 
in obesity resistin, production is increased6,11 
or decreased.12-14 More importantly, the re-
levance and physiological role of resistin in 
humans remain relatively unknown. Given 
the incomplete homology (59%) between 
human and mouse resistin9 and the absence 
in humans, of one of the three murine resistin 
isoforms, resistin in humans may have a dif-
ferent physiological role than that in mice. 
Moreover, several human studies have shown 
that resistin is unlikely to be an important 
factor linking human obesity to insulin resis-
tance because of its low expression in human 
adipocytes.15-17 In spite of this fact, resistin 
protein is abundantly present in circulating 
human monocytes and could possibly be re-
leased from these cells into the human se-
rum.15,16 Over the last few years several stu-
dies have investigated the pathophysiological 

significance of changes in circulating resistin 
levels. Although initial studies in rodents6

and the one human study by Silha et al.18 
suggested a potential link of circulating resis-
tin level and insulin resistance, more recent 
studies have demonstrated that resistin level 
is not related to markers of insulin resistance 
and adiposity in humans.19-24 Thus, it seems 
that further studies are needed to understand 
the relationship between serum levels of re-
sistin and insulin resistance in obese diabetic 
patients. The aim of this study was to inves-
tigate serum resistin level in type 2 diabetes 
and non-diabetic obese subjects and any rela-
tionship these levels may have with markers 
of insulin resistance and obesity. 

 
Materials and Methods 
Study patients 

We studied 35 middle-aged obese indi-
viduals with type 2 diabetes (16 women and 
19 men, age 44.63±1.08 yr, BMI: 34.89 
±0.67 kg/m2), who consecutively visited the 
out-patient clinics for diabetes mellitus, en-
docrine and metabolic diseases. Exclusion 
criteria included 1. Subjects with known dis-
eases associated with disordered glucose me-
tabolism 2. Subjects taking medications alter-
ing glucose metabolism 3. Subjects with 
chronic kidney disease 4. Smoking and 5. 
Alcoholism. In the present analysis, the 
American Diabetes Association criteria were 
used to diagnose diabetes mellitus, from ca-
sual capillary glucose levels.25 Diabetic pa-
tients were treated with oral hypoglycemic 
agents (metformin, n=11, glibenclamide, 
n=5, and metformin plus glibenclamide, 
n=10); none received thiazolidinediones. The 
control group consisted of 35, middle-aged, 
non-diabetic obese individuals (19 women 
and 16 men, age 43.54±1.54 yr, BMI: 
35.54±0.68 kg/m2), who had undergone an-
nual health check-ups. To select non-diabetic 
control individuals, the following inclusion 
criteria were used: 1. No diabetes in their 
first degree relatives. 2. Fasting serum glu-
cose concentration less than 110 mg/dL. 3. 
Body mass index (BMI) ≥ 30. 4. Hemoglobin 
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A1C concentration less than 5.8%. 5. No 
smoking and 6. No alcoholism. Written in-
formed consent was obtained from each sub-
ject and the institutional review board at Ta-
briz University of Medical Sciences ap-
proved the study protocol according to the 
Helsinki Declaration.  
 
Anthropometric and blood pressure 
measurements 

After obtaining written informed consent, 
the individuals were asked to complete ques-
tionnaires on anthropometric characteristics, 
general health, smoking, alcohol consump-
tion, and present medications, including 
hormone replacement, oral hypoglycemic 
agents and oral contraceptive treatment. Ob-
esity was defined as BMI≥30 kg/m2. Anthro-
pometric measurements were performed in 
all study participants before breakfast, with 
the subject wearing light clothing without 
shoes. For all subjects, weight and height were 
measured to the nearest 0.5 kg and 0.5 cm, re-
spectively, and BMI was calculated as weight 
(kilograms) divided by height squared (square 
meters). Waist and hip circumference were 
measured with a soft tape in the standing posi-
tion following normal expiration. Waist cir-
cumference was defined as the smallest girth 
midway between the lowest rib margin and 
the iliac crest. Hip circumference was meas-
ured at the level of the greater trochanter, all 
parameters being measured by well-trained 
dietitians. Waist to hip ratio (WHR) was cal-
culated as waist circumference divided by hip 
circumference, anthropometric indices being 
measured by the same investigator so, as to 
minimize inter-observer variability mea-
surements. Systolic and diastolic blood pres-
sures were measured twice for each individu-
al.  

 
Blood Collection 

Venous blood samples (5ml) were col-
lected from all individuals after an overnight 
fast (≥ 10 h) between 8:30 and 9:30 AM. 
Blood was drawn from the antecubital vein. 
Sera, separated immediately after centrifuga-

tion with 3000 x g for 10 min, were stored at 
-70 °C until biochemical analyses were per-
formed. 

 
Biochemical Analysis 

Fasting blood glucose concentration was 
measured by the glucose oxidase method 
(Pars Azmun. Tehran, Iran). Total cholesterol, 
triglycerides (TGs) and high-density lipoprote-
in-Cholesterol (HDL-C) were measured enzy-
matically using commercially available kits 
(Pars Azmun Co.Tehran, Iran). Low-density li-
poprotein-Cholesterol (LDL-C) was estimated 
indirectly using the Friedwald formula for 
subjects with a serum TG concentration <400 
mg/dL. Glycosylated hemoglobin was meas-
ured according to boronate affinity assay by 
NycoCard HbA1c System (Norway, with the 
coefficient of variation (CV) below 5%). 
Based on HbA1c percent, the diabetic group 
was sub grouped into the “well controlled” 
(n=24, patients with HbA1c below 8%) and 
“poorly controlled” (n=11, patients with 
HbA1c above 8%) subjects. Serum insulin 
concentration was measured by the Enzyme-
Linked-Immuno Sorbent Assay (ELISA) using 
commercially available kits (Q1-DiaPlus, 
USA, Lot Number: 24Q1 L6). The sensitivity 
of the insulin assay was 0.5 µIU/mL. Intra-
and inter-assay coefficients of variation were 
6.45 and 6.45%, respectively. 

 
Measurement of Resistin 

Serum resistin was measured enzymatically 
using a commercially available kit, human re-
sistin ELISA kit (BioVendor GmbH, Heidel-
berg, Germany; Cat.No:RD191016100, intra-
and interassay coefficients of variation, 3.4 and 
6.9 %, respectively). Before assay, sera were 
diluted 3-fold and, then 100µl of diluted sera, 
calibrator and quality control samples of hu-
man resistin were applied to 96-well micro ti-
ter plates. After incubation at room tempera-
ture for 60 min, the well was washed and in-
cubated for 60 min; then following another 
washing step, it was incubated for 60 min 
with horseradish peroxidase conjugate. After 
the last washing step, the remaining conju-
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gate was allowed to react the substrate H2O2-
tetramethylbenzidine. Then, 100µL of acidic 
solution was added to each well to stop the 
reaction, and the absorbance at 450 nm was 
measured.  

 
Homeostatasis Model Assessment 

Since it plays a role in the development of 
atherosclerosis and diabetes mellitus, it is 
important to measure insulin resistance. Al-
though the hyperinsulinemic euglycemic 
clamp26 and steady-state plasma glucose val-
ue27 are gold standards to estimate insulin re-
sistance, they are used in complicated proce-
dures. The Homeostasis Model Assessment 
(HOMA-R) is a convenient means to eva-
luate insulin resistance,28 and was hence 
used; the HOMA model was used to assess 
pancreatic β-cell function (HOMA β-cell) , 
insulin resistance (HOMA-IR) and quantita-
tive insulin sensitivity check index (QUICKI) 
using fasting insulin and glucose concentra-
tions by the formula: HOMA β-cell=20× 
[fasting insulin (µIU/mL)÷[fasting glucose 
(mmol/L)–3.5], HOMA-IR = [fasting insulin 
(µIU/mL)×fasting glucose (mmol/L)÷22.5 
and QUICKI=1/[log (glucose, mg/dL)+log 
(insulin, µIU/mL)].29 

 
Statistical analysis 

All continuous data are expressed as 
Mean±SD. Based on a pilot study, using an α
value of 0.05 and a β value of 0.2 (80% pow-
er), the minimum sample size required was 
32 samples per group. Statistics were ana-
lyzed using SPSS for windows version 14 
software. Resistin levels of non-diabetic and 
diabetic group were compared using Stu-
dent's t-test for independent samples. Correla-
tions of resistin level with the other parame-
ters were evaluated by Pearson correlation 

coefficient. For the comparison of the resistin 
levels among subgroups that had well and 
poorly controlled diabetes mellitus, the Stu-
dent’s unpaired t-test was used. For all statis-
tical assessments, a value of p<0.05 was con-
sidered as statistically significant. 

 
Results 

Table 1 summarizes the anthropometric, 
metabolic and biochemical characteristics of 
non-diabetic and type 2 diabetes mellitus sub-
jects. Serum resistin concentrations were not 
different between diabetic (6.40±0.61 ng/mL) 
and non-diabetic subjects (7.16±0.62 ng/mL). 
However, in sex adjusted analysis, the mean 
concentrations of serum resistin in diabetic 
(7.46±0.29 vs. 5.51±0.73 ng/mL) and non-
diabetic females (8.15±1.01 vs. 5.97±0.57 
ng/ml) was significantly higher than in males 
of both groups (p<0.001). As expected, aver-
age HOMA insulin sensitivity was highest in 
non-diabetic subjects and lowest in diabetic 
ones (p=0.004, age and BMI adjusted data, 
(Table 1). In addition, HOMA calculations 
showed that type 2 diabetic subjects had a sig-
nificant increase in insulin resistance 
(p=0.002). HOMA-β cell function was mar-
kedly lower in the poorly controlled diabetic 
subgroup (88.12±80.90 vs. 125.61±99.26), 
suggesting that this subgroup had more severe 
deterioration of their beta cell function than 
the other subgroup (Table 1). HOMA-β was 
also markedly lower in males compared to 
females in the well and poorly controlled 
subgroups (109.95±87.35 vs. 142.57±112.10 
and 59.74±47.04 vs. 130.69±109.17, respec-
tively). The duration of diabetes was 1 to 5 
years (mean, 2.80±2.34 yr). Regarding medi-
cation usage for control of glucose, 10 pa-
tients used metformin, 5 patients used gli-
benclamide, and 10 used both drugs.  
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Table 1. Anthropometric characteristics and metabolic parameters of the diabetic and non-diabetic 
groups 
Variables Diabetics Non-diabetic controls p value 
Age (years) 44.6±6.3 43.1±9.1 NS 
Weight (kg)  92.9±13.63.3 95.5±15.1 NS 
Height (cm)  164.6±8.9 163.7±10.8 NS 
BMI (kg/m2) 34.2±3.9 35.5±4.07 NS 
Waist (cm)  106.6±10.0 109.4±11.3 NS 
Hip (cm)  113.42±10.0 117.2±6.5 NS 
Waist to hip ratio  0.93±0.07 0.92±0.08 NS 
SBP(mmHg)  130.8±15.1 124.5±13.9 NS 
DBP(mmHg) 86.2±10.3 79.1±11.2 0.007 
Fasting plasma glucose(mg/dL)  159.6±68.0 90.9±11.8 0.001 
Total cholesterol (mg/dL) 180.4±47.7 205.4±55.1 0.047 
Triglycerides (mg/dL)  192.6±55.4 168.2±36.1 NS 
LDL cholesterol (mg/dL)  108.2±45.6 133.6±51.4 0.032 
HDL cholesterol (mg/dL)  34.3±5.7 38.3±7.6 0.016 
HbA1c (%) 7.3±2.3 5.1±0.6 0.001 
Resistin (ng/mL)  6.4±3.6 7.1±3.7 NS 
Insulin (µIU/mL)  19.7±11.4 18.5±10.8 NS 
HOMA-IR  7.7±5.8 4.2±2.8 0.002 
QUICKI  0.29±0.02 0.31±0.0 0.004 
HOMA-B (%) 114.9±94.7 254.5±128.7 0.001 
Data are means±SD; p≤0.05 is considered significant compare within group. BMI, body mass index; 
SBP,sytolic blood pressure; DBP, diastolic blood pressure; mmHg, millimeters of mercury; LDL, Low- den-
sity lipoprotein; HDL, high-density lipoprotein; HbA1c, Hemoglobin A1c; HOMA-IR, Homeostatasis Model 
Assessment for insulin resistance; QUICKI, Quantitative insulin sensitivity check index; HOMA-B, Homeos-
tatasis Model Assessment for β-cell function 

 
Table 2. Pearson correlation coefficients of resistin with anthropometric and metabolic parameters in 
diabetic and non-diabetic group 
Variables Diabetic  Non-Diabetic 

r p r p
Age (years) 0.04 0.80  0.08 0.63 
Weight (kg) 0.17 0.31  -0.01 0.93 
Height (cm) -0.11 0.49  -0.19 0.26 
BMI (kg/m2) 0.31 0.06  0.21 0.2 
Hip (cm) 0.31 0.06  0.27 0.11 
Waist/hip (ratio) -0.11 0.51  -0.06 0.71 
SBP (mmHg) -0.27 0.11  -0.18 0.28 
DBP (mmHg) -0.30 0.07  -0.38 0.02 
Fasting glucose (mg/dL) -0.16 0.34  -0.17 0.31 
Total cholesterol (mg/dL) 0.12 0.47  -0.01 0.99 
Triglycerides (mg/dL) -0.26 0.11  -0.16 0.34 
LDL- cholesterol (mg/dL) 0.17 0.31  0.01 0.95 
HDL- cholesterol (mg/dL) 0.10 0.54  0.07 0.65 
HbA1c (%) -0.19 0.25  0.18 0.27 
Fasting insulin (µIU/mL) 0.30 0.07  0.20 0.25 
HOMA-IR 0.21 0.16  0.16 0.35 
QUICKI -0.15 0.68  -0.12 0.47 
HOMA-B (%) 0.18 0.29  0.74 0.05 
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Pearson’s correlation analysis was used to 
evaluate the relationship between serum re-
sistin levels with obesity and insulin resis-
tance markers. We found a trend correlation 
between resistin and BMI in both groups 
(Fig.1) In diabetic subjects, we found no cor-
relation between serum resistin levels and 
any markers of obesity or insulin resistance. 
In addition, there was no association between 
resistin levels and lipid profiles (Table 2).  

In non-diabetic subjects, the only correla-
tion seen was between serum resistin and di-
astolic blood pressure (r=0.381, p=0.032). 
When we compared diabetic and non-diabetic 
groups, based on males and females separate-
ly, the following results were found: There 
was a significant and positive correlation be-
tween serum resistin with weight (Fig. 2) 
(r=0.456, p=0.050), BMI (r=0.473, p=0.041) 
and hip circumference (r=0.540, p=0.017) in 
males of diabetic group (data not shown). 
There was a positive and significant correla-
tion between serum resistin with waist to hip 
ratio (r=0.509, p=0.044) and HbA1c 
(r=0.636, p=0.008) only in males of the non-
diabetic control group (data not shown). 

However in females of the non-diabetic 
group no significant correlation was seen be-
tween serum resistin and BMI (Fig. 3). 

There was no significant correlation be-
tween serum resistin and any variables in fe-
males of either group. In the 24 diabetic sub-
jects, mean HbA1c was 6.12±0.72%, whe-
reas for eleven diabetic subjects this was 
10.43±2.09%. The resistin level of 11 sub-
jects who had poorly controlled diabetes was 
5.03±2.24 ng/mL, while 24 well controlled 
diabetic subjects had a resistin level of 
6.96±4.00 ng/mL (p>0.05). In order to de-
termine the possible clinical factors influen-
cing the levels of resistin, we performed bi-
variate regression analyses of resistin and 
several anthropometric and metabolic factors 
using the combined data of the non-diabetic 
and diabetic groups. Although, dBP (β= -
0.375, p=0.001), insulin(β=0.295, p=0.007), 
hip (β= 0.280, p=0.01)and age (β=0.216, 
p=0.049) were significant independent de-
terminants of serum resistin levels, there was 
no relationship between resistin and other 
metabolic or anthropometric markers of insu-
lin resistance and obesity. 

 

Fig. 1. Relationship between Resistin and BMI in non-diabetic and diabetic groups 
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Fig. 2. Relationship between Resistin and BMI in males of non-diabetic and diabetic groups 

 

Fig. 3. Relationship between Resistin and BMI in females of non-diabetic and diabetic groups 
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though there was a significant difference in se-
rum resistin concentrations between males and 
females. Although we found no significant cor-
relation between serum resistin and BMI in the 
two groups, we did find a positive and signif-
icant correlation between serum resistin and 
BMI in the males of diabetic group. The rea-
son for the increase or decrease in serum re-
sistin levels in type 2 diabetes is unclear. It is 
possible that a more sensitive clinical marker 
of insulin resistance may correlate signifi-
cantly with resistin, or alternatively serum re-
sistin levels may be determined by some un-
derlying factors associated with diabetes mel-
litus, other than insulin resistance, serum glu-
cose level or obesity. 

It has been proposed that resistin, secreted 
by adipocytes may be a factor that links insu-
lin resistance and type 2 diabetes.37 This pro-
posal is based mainly on the results of in vivo 
studies in rodent models and investigation of 
the murine 3T3-L1 adipose cell line. Inter-
pretation of these studies however, has been 
complicated by contradictory findings on the 
expression and regulation of resistin.6,37 In 
contrast to rodent models, studies in humans 
have found low levels of resistin mRNA ex-
pression15-17 and have been unable to estab-
lish a clear link between resistin and insulin 
resistance. These findings suggest that the 
physiological and pathophysiological role of 
resistin in humans may be different from that 
in rodents. Evidence to support this possibili-
ty is that humans and murine resistin have 
only 59% homology at the amino acid level9 
and that in humans the predominant site of 
resistin expression is monocytes with low 
expression in adipocytes.15,16 Furthermore, in 
humans, resistin lies on chromosome 19p13.3, 
a region that has not been linked with suscep-
tibility to obesity or insulin resistance.37 

Over the past few years, several studies in 
human have examined the relationship be-
tween circulating resistin levels and obesity 
or diabetes.18-24,39 The results of these studies 
have been difficult to interpret and contradic-
tory as a consequence of differences in eth-
nicity and clinical background of the subjects 

investigated, or the target epitopes used in the 
resistin assays. Several studies investigating 
the relationship between circulating resistin 
and obesity have shown that levels are in-
creased in obese subjects but are not asso-
ciated with markers of insulin resistance or 
adiposity.20-22 In contrast, Silha et al.18 re-
ported a significant correlation between resis-
tin and HOMA-R. With regard to diabetes, a 
number of studies have described higher cir-
culating resistin levels in diabetic as com-
pared with non-diabetic subjects, but this in-
crease was not associated with markers of in-
sulin resistance or adiposity,19,23,24 while oth-
er studies reported that the serum resistin 
concentrations were not significant different 
between diabetic and non-diabetic obese sub-
jects.25,30-33 Whereas, the results of our study 
are in general agreement with the latter stu-
dies, the reason for the lack of association be-
tween resistin and clinical markers of di-
abetes remains unanswered. These earlier 
studies also showed that plasma glucose24

and C-reactive protein23 were independent 
determinants of resistin levels. We also 
showed that the insulin, hip circumference, 
diastolic blood pressure and age were inde-
pendent determinants of resistin levels in the 
combined data of the non-diabetic and di-
abetic groups. 

Furthermore, studies of resistin mRNA 
and protein expression in adipose tissue of 
humans have provided additional support that 
resistin may not play a role in insulin resis-
tance or obesity in humans. Resistin mRNA 
and protein expression are increased in ab-
dominal fat depots40,41 and whole adipose tis-
sue of obese individuals, but isolated human 
adipocytes have very low resistin mRNA le-
vels.42 In addition, previous studies have re-
ported no differences in resistin expression in 
human fat and muscle cells when healthy, in-
sulin resistant, and T2DM subjects were 
compared,43 and no correlation between re-
sistin gene expression in human adipocytes 
and insulin resistance44 or BMI.42 Finally, 
studies on the resistin gene and obesity or in-
sulin resistance have revealed inconsistent 
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results.45-47 Thus, human studies have not 
provided consistent evidence that tissue resis-
tin expression plays a key role in the devel-
opment of insulin resistance.48 

Although our data do not support the 
theory that circulating resistin plays a crucial 
role in insulin resistance and/or obesity in 
humans, it remains possible that resistin act-
ing in a paracrine or autocrine manner may 
play a relatively more important role. Future 
research on the biology of circulating resistin 
in humans and the role of adipose tissue ex-
pression of resistin and RELMs in adipoge-
nesis, obesity, and insulin resistance would 
be effective in elucidating resistin physiology 
in humans. Interventional studies including 
recombinant human resistin administration in 
the context of well-designed clinical trials or 
the identification and detailed study of hu-
mans with congenital resistin deficiency 
would definitely be invaluable.  

In conclusion, this study demonstrated 
that the serum resistin concentration differed 
between diabetic and non-diabetic obese sub-
jects, but this difference was not significant. 
No significant correlation was observed be-
tween serum resistin concentration and insu-
lin resistance or obesity indices. In addition, 
as calculated by the HOMA model, diabetic 
subjects had a marked insulin resistance and 
impaired insulin secretion, which suggests a 
relative insulin deficiency. Therefore further 
studies are required to determine the biologi-
cal function, distribution and cellular source 
of human serum resistin. 
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