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Abstract: Obesity is a dangerous health concern; and nowadays it becomes epidemic. It is a target factor for many diseases 

including type 2 diabetes mellitus (T2DM). Adepokines are factors secreted from adipose tissue that affect many organs' function. 

One of these adepokines is resistin. Resistin acts as a proinflammatory adepokine as it induces secretion of "tumor necrosis factor 

alpha and interlukin-6" and mediates insulin resistance. In this study the level of fasting serum resistin, insulin, and C-reactive 

protein (CRP) has been estimated, and the insulin resistance has been calculated by HOMA-IR for three groups: group one “thirty 

obese patients who had T2DM”, group two “thirty obese healthy persons”, and group three “thirty healthy individuals with normal 

body weight”. Serum resistin was higher in diabetic obese individuals than other two groups, and was positively correlated with 

body mass index (BMI), insulin resistance, and CRP . In conclusion serum resistin links between the T2DM and inflammation. 

Understanding the mechanism by which this link occurs, may help in clarification the role of resistin in the pathogenesis and 

treatment of T2DM. 
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INTRODUCTION 

“Type 2 diabetes mellitus” (T2DM) is serious, common chronic 

disease resulting from complex interactions between genes and 

environmental factors (1). It has a multistage processes, the 

whole mark process is insulin resistance, that characterized by 

body inability properly using the own insulin of it, which leads 

to depletion of the pancreatic β cells that produce insulin, 

causing hyperglycaemia (2). There are several risk factors for 

the occurrence of T2DM including family history ,obesity, 

inherited factors and sedentary life style; however, the most 

serious one is obesity, as obese individuals are more likely to 

develop T2DM than non-obese persons (3). positively Central 

obesity  is regarding with insulin resistance in T2DM patient 

(4). Nowadays it is clear that adipose tissue is very active 

endocrines that secrete a range of active substances known as 

‘adipokines’ (5).Cysteine-rich resistin is one of these 

adipokines  (6). Resistin, a new adipokine discovered in mice 

in 2001, and named for its ability to" resist or interfere with" 

insulin action (7). It belongs to the cysteine-rich proteins family 

known as RELMs (resistin-like molecules) and is also called 

ADSF (adipocyte- specific secretory factor) (8), or FIZZ3 

found in inflammatory zone (9). Rodent resistin is produced 

predominantly in adipocytes, while human resistin is mainly 

expressed in inflammatory cells mainly microphages rather 

than adipocyte (10). In the beginning proposed that resistin was 

to be involved in insulin resistance and T2DM only. Recent 

studies found that resistin is also involved in inflammation. 

Resistin works as a link factor between inflammation and 

metabolism (11). The exact role of resistin in response to insulin 

resistance in T2DM patients is still obscure since the precise 

resistin receptor structure in different tissues is still obscure 

(11). Resistin acts mainly on insulin signaling pathways thus 

induce insulin resistance, through its effect on the response of 

the hypothalamus and peripheral tissues to insulin. In 2013 a 

study by Benomar et al. (12), showed that central infusion of 

resistin inside the ventricle of a normal rat’s brain and in human 

SH-SY5Y neuronal tissue cells inhibited insulin-dependent 

phosphorylation of insulin receptor (IR) and IR family proteins, 

such as protein kinase B "AKT " and extracellular kinase (the 

last two are connected in the pathway of insulin transduction); 

and this leads to a decrease in the expression of IR and 

upregulation of suppressors such as “cytokine signaling-3” and 

“phosphothyrosine phosphatase 1B,” which are two negative 

insulin signaling regulator. In addition, central resistin plays a 

role in activation of both “serine kinases” and “p38 mitogen-

activated protein kinase”, those two enzymes enhance the serine 

phosphorylation of " insulin receptor substrate-1" which 

promotes the expression of the proinflammatory cytokine like 

"interleukin-6" in the hypothalamus and the peripheral insulin- 

sensitive tissues that leads to decrease insulin receptor 

expression (12). Therefore, resistin plays a part in the 

development of insulin resistance in T2DM, for these reasons 

founding drugs that lower serum resistin in T2DM subjects can 

provide better therapeutic approach (13). 

Resistin participates in the inflammatory response (13, 14, 15, 

16). The molecular mechanisms by which resistin enhance 
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inflammation are still not very well understood but studies show 

that resistin modulates the synthesis, secretion, and expression 

of key proinflammatory cytokines such as tumor necrosis 

factor-α (TNF-α), IL-6, and IL-12, which are known to inhibit 

insulin signal transduction (17). C-reactive protein (CRP), an 

indicator of inflammation, was reported to be correlated with 

resistin concentrations in several pathophysiological conditions 

including T2DM (18,19,20,21). In a study done at 2005 by Bo 

et al. (22) in north-western Italy showed that serum levels of 

resistin are directly correlated to CRP, highly associated to 

metabolic abnormalities, and inversely to oxidative stress 

nitrotyrosine (NT) suggesting that resistin may be secreted in 

response to mild chronic inflammation, as that occur in T2DM 

and obesity, and be a part of oxidative stress. 

Some studies showed that there is strong correlations between 

resistin and increase body weight > 

30. The fundamental belief that in support of this theory is that 

serum resistin concentrations will elevate with the increments 

of adiposity (23, 24, 25). Conversely, serum resistin 

concentrations have been found to decrease with reducing 

adiposity by medical therapy as in a study done at 2003 by 

Valsamakis et al. (26). Central obesity (waistline adipose 

tissue) assumed considered the most important region of 

adipose tissue that’s contributes to the elevation of serum 

resistin levels (27). However, other researches demonstrates 

that there is no significant differences between plasma levels of 

resistin in patients with morbid obesity have appeared, and 

these levels do not change after a significant reduction in 

bodyweight after bariatric surgery (28,29,30). This study aimed 

to measure the level of serum resistin, insulin and CRP in the 

blood of obese T2DM patients, and to calculate insulin 

resistance by HOMA-IR equation (31), then establish a 

comprehensive relationship between serum resistin, insulin 

resistance, and CRP of obese T2DM patients in Mosul city / 

Iraq. 

MATERIALS AND METHODS 

Ethical clearance was obtained from the Nineveh Health 

Institute and from Al Wafaa Health Center for Diabetes in 

Mosul city, Iraq. The participants were informed about the 

research procedures and an informed consents are signed by 

each individual enrolled in this study. A total of 90 subjects are 

involved in this study, their ages ranged from 20 to 76 years old 

(36 male and 54 female), and they were divided into three 

groups, group one consist of 30 obese subjects with T2DM who 

fulfilled the" American Diabetes Association criteria 2019" 

(28), and with body mass index (BMI)   > 30. Group two 

consists of 30 non-diabetic obese subjects with BMI > 30. 

Group three consist of 30 apparently non-obese healthy control 

group (BMI < 25), they have no history of T2DM or any other 

chronic disease and matching patients group approximately by 

age and gender. A special Questionnaire Form of relevant 

clinical data was completed for each subject enrolled in this 

study. Under aseptic technique 5 milliliters of blood were 

collected from each patient that is overnight fast in the morning 

after an and the same for control individuals. The blood sample 

was then centrifuged and the sera collected then kept frozen at 

20°C in labeled eppendrofes tubes. 

The main inclusion criteria are: all patients with T2DM who 

fulfilled the" American Diabetes Association criteria 2019" 

(31) as having one of their criteria like their HbA1C level of 6.5 

or higher or 2- hour plasma glucose level of 200 mg/dL (11.1 

mmol/L) or higher after 75 g oral glucose tolerance test, or 

random plasma glucose level 200 mg/dL 11.1 mmol/L) or 

higher with classical symptoms of hyperglycemia ( polyuria, 

polydipsia, polyphagia, weight loss). All patients should be 

more than 6 month diagnosed as T2DM and their BMI more 

than 30.While the exclusion criteria were 

: any patient with type one diabetes mellitus, their BMI less than 

30, and even patients with newly diagnosed T2DM less than 6 

month. 

The main laboratory tests done were: ELISA test to estimate 

serum resistin levels using a commercially available Resistin 

ELISA kit (Demeditec Diagnostics GmbH, Germany) 

according to the instructions of manufacturer. The base of the 

assay is the detection of circulatory homodimeric resistin by 

rabbit polyclonal antihuman resistin antibody. Human insulin 

was measured with an insulin kit (Demeditec Diagnostics 

GmbH, Germany) the manufacturer’s instructions. Latex 

agglutination is used for measuring CRP. Fasting blood 

glucose, HbA1C taken from patients records. 

HOMA insulin resistance was calculated as follows: 

 

 

insulin resistance = fasting serum insulin (μU/mL) × fasting 

plasma glucose (mmol/L)/22.5 (31). 

 

Statistical analysis: 

For statistical analysis of the results were presented by using 

"statistical package for social sciences" (SPSS) version 25 for 

window 10 and the results were expressed as mean ± standard 

deviation (SD). Correlation between variables was evaluated by 

Persons Correlation Coefficient factor (r). One way ANOVA 

and post-hock Dunkan tests were used for determination of 

differences between variables of three groups. P value less than 

0.05 considered significant. Pie charts, bars, figures and tables 

were used for data expression using Excel 2010 (32). 

RESULTS 

Most of the obese persons with T2DM were in the sixth and 

seven decade of life at a frequency (26.6 %, 36.6%) respectively 

as shown in Fig. (1). The majority were females (17.8 %) while 

the male were (15.6 %) . 
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Figure 1: Age groups distribution among obese T2DM subjects. 

The Mean ± Standard deviation of various parameters in obese T2DM patients and controls was shown in Table (1). 

Table 1. The Mean ± Standard Deviation Of Various Parameters In The Three Studied Groups. 

 

Parameters 

Obese, diabetic 

patients n=30 

Obese 

individual n=30 

Non-obese, non- diabetic 

individual n=30 

 

P value 

Age (Years) 56.40 ± 12.04 44.73 ± 11.61 44.40 ± 10.59  

BMI (kg/m²) 33.60 ± 3.59 32.64 ± 1.91 22.26 ± 1.27 < 0.05 

HbA1C (%) 7.72 ± 3.29  

S. resistin (ng/mL) 14.23 ± 3.79 11.79 ± 2.98 6.12 ± 2.21 < 0.05 

S. insulin (ϻIU/mmol) 98. 67 ± 9.24 91.07 ± 7.28 42.64 ± 32.81 < 0.05 

HOMA (insulin resistance) 45.31 ± 9.03 19.61 ± 3.78 8.42 ± 6.53 < 0.05 

 

 

 

CRP 

 

 

 

15.56 ± 8.74 

 

 

 

12.33 ± 7.89 

 

 

 

3.13 ± 1.07 

< 0.05 between obese T2DM group and 

non- obese healthy control group 

> 0.05 between obese T2DM group and 

obese non-diabetic 

group 

 

Fasting serum resistin mean level increased in increasing 

manner in the three groups, the highest level among obese 

diabetic patients (14.23 ± 3.79 ng/ mL) and lowest level among 

non-obese non diabetic healthy control (6.12 ± 2.21 ng/ mL ). 

There was a significant difference in the serum resistin level by 

one way ANOVA test at a P value < 0.001 in favorable for the 

obese diabetic group than the other two groups and in obese non 

diabetic group than normal body weight group at a P < 0.05. 

Serum resistin mean concentration was correlated positively 

with (BMI, FBS, serum insulin, insulin resistance, and CRP) 

measured by Pearson correlation factor (r) among obese, T2DM 

group as shown in Table (2). There was no correlation between 

serum resistin and HbA1C in patients group. 

 

 

 

Table 2. Serum Resistin Mean Concentration For The Three 

Groups Was Correlated With (BMI, FBS, serum insulin, 

HOMA, and CRP). 

Variables r value P value 

BMI 0.5 < 0.05 (P=0.0049) 

CRP 0.6 < 0.05 ( P=0.000457) 

FBS 0.6 < 0.05 (P=0.000457) 

S. insulin 0.7 < 0.05 (P=0.000017) 

HOMA 0.2 < 0.05 (P=0.00289) 

 

CRP is significantly greater in T2DM and obese group than 

normal body weight group at a P < 0.05, but there was no 

significant difference between CRP of T2DM and obese group. 

Insulin resistance measured by HOMA- IR equation was 

significantly higher in T2DM and in obese non diabetic group 

than normal body weight group at a P < 0.05 as shown in Table 

(3). 

Table 3. Insulin Resistance Measured by HOMA-IR Equation In The Three Studied Groups 

Studied groups Mean Standard Deviation (SD) Minimum Maximum 

T2DM patient 

No.= 30 

 

45.31 

 

9.034 

 

30 

 

61 

Obese non- diabetic 

No.= 30 

19.61 3.780 15 31 

Healthy normal body weight group 8.42 6.530 1 23 
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No.= 30 

 

DISCUSSION 

This case – control study reports serum resistin level in three 

groups: obese subjects with T2DM, non-diabetic obese group, 

and healthy subjects with normal BMI from Mosul city / Iraq. 

There was a significant differences in serum resistin level in 

between the three groups at a P value < 0.05. In diabetic obese 

subjects serum resistin level is elevated and directly correlated 

to insulin resistance their mean value (14.23 ± 3.79 ng/ mL). 

This was in agreement with other studies like that of Zaidi and 

Sherwani (23) 2015, who discover human resistin-insulin 

resistance correlation in diabetic group and obese non diabetic 

subjects , People with resistance levels are higher in people with 

severe insulin resistance compared to people with normal 

insulin action. Therefore, this study may add another approve 

that obesity may be a predictor of higher serum resistin level 

and subsequently more insulin resistance (23,24,25,27,33). 

Nerveless some other studies showed no correlation between 

obesity, insulin resistance and serum resistin level like that of 

Heilbornn et al 2004 (28). The differences in the results of the 

various researches may be due to the differences in the duration 

of T2DM disease, presence of complications from T2DM or 

not, BMI and even the way for measuring serum resistin with 

different kit specific cutoff levels. 

This study demonstrated a positive correlation between high 

CRP (in both obese diabetic mean value 15.56 ± 8.74 and obese 

non diabetic groups mean value12.33 ± 7.89 ) and serum 

resistin at a P value < 0.05, suggesting resistin may play a role 

in obesity related inflammation and insulin resistance, this is 

due to the fact that obesity and T2DM are both had chronic 

inflammation and resistin enhance secretion of IL-6 and even 

TNF-α (17,18). The results are consistent with reports which 

indicates that resistin level is higher in T2DM patients with high 

CRP (17,18,19,20,21,33) so this will conform strong 

correlation. 

In conclusion, hyperresistinemia occurs in T2DM and obese 

subjects, and serum resistin level is significantly related with 

insulin resistance and inflammatory marker CRP. 

Further studies are recommended to be done about the effect of 

serum resistin and other adepokines like (leptin and 

adeponectine) in other obesity related diseases like 

(hypertension, hyperlipidemia, cardiovascular diseases) as 

resistin may preclude these diseases occurrence. Also it is 

recommended to evaluate resistin gene expression in T2DM 

obese patients to know the exact role of this adepokine in 

T2DM pathogenesis. 
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