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 Chapter 2 To study the role of Resistin in Type 2 Diabetes 

To study the role of Resistin in Type 2 Diabetes. 

 

     2.1 Introduction  

T2D is marked by peripheral insulin resistance in the liver, muscle and adipose tissue (AT) 

[Samuel and Shulman, 2012]. ER stress, mitochondrial dysfunction and obesity are some of 

the factors associated with T2D. Adipose tissue is an energy depository that secretes 

bioactive molecules called adipokines. They modulate appetite, satiety, insulin sensitivity, 

lipid metabolism and glucose metabolism. They also stimulate other biological processes 

like cell adhesion, angiogenesis, hypertension, adipogenesis and bone morphogenesis [Di 

Raimo et al., 2015; Pramanik et al., 2018]. The pro-inflammatory and anti-inflammatory 

adipokines are in a state of equilibrium and are involved in glucose homeostasis in the 

healthy state. Resistin, a pro-inflammatory adipokine, is secreted by the infiltrating 

macrophages into the adipose tissue [Pramanik et al., 2018]. Resistin gene is located on 

chromosome 19p13.2 and its levels are reported to be significantly elevated in both genetic 

and diet-induced models of obesity [Jamaluddin et al., 2012]. Elevated resistin protein 

levels in T2D pathogenesis inhibit the insulin signalling pathway. Resistin activates SOCS-3 

leading to IRS1/2 degradation and induction of insulin resistance. Moreover, resistin binds 

to ACAP1 to activate the cAMP/PKA signalling pathway, which further induces NF-kB 

activation and transcription of downstream inflammatory cytokines [Steppan et al., 2005].  

The putative role of resistin in the pathogenesis of human obesity and diabetes led to genetic 

association studies in different populations [Engert et al., 2002; Ma et al., 2002; Pizzuti et 

al., 2002; Osawa et al., 2004]. GWAS studies have identified prominent SNPs in the resistin 

promoter region that contribute to the circulating resistin protein levels. However, a few 

reports suggested contradictory results. Promoter polymorphisms of resistin have indicated 

the increased risk to T2D susceptibility by elevating circulating resistin levels [Engert et al., 

2004; Osawa et al., 22004]. High circulating resistin levels have increased the risk of 

obesity, insulin resistance and T2D [Tuttolomondo et al., 2010; Chen et al., 2009; Gharibeh 

et al., 2010]. Besides T2D, promoter polymorphisms of resistin are linked with NAFLD 

[Zhang et al., 2015], chronic kidney disease [Axelsson et al., 2006], CAD [Tang et al., 

2008], PCOS [Urbanek et al., 2003] and hypertrophic cardiomyopathy [Hussain et al., 

2010]. 
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Hence, in the current study, resistin genetic variants in polymorphic sites (rs34861192 G/A, 

rs1862513 C/G and rs3219175 G/A) were studied and correlated with alterations in its 

protein levels. Alongside, a genotype-phenotype correlation with various metabolic 

parameters was also performed to understand their association. 

     

     2.2 Materials and Methods 

2.2.1 Study subjects 

The study was abided by the principles of the Helsinki Declaration and approved by 

Institutional Ethical Committee for Human Research (IECHR), Faculty of Science, The 

Maharaja Sayajirao University of Baroda, Vadodara, Gujarat, India (FS/IECHR/2016-9). The 

importance of the study was explained to all the participants and a written consent was taken 

from each individual. We recruited age, sex and ethnically matched 502 controls (252 males 

and 250 females) and 469 T2D patients (253 males and 216 females) for the study. T2D 

patients with FBG>125mg/dL and not suffering from any other diseases were recruited for the 

study. The diabetes awareness camps were conducted for Gujarati community. Age-matched 

controls were randomly selected from the Gujarati community by community screening 

program over the same period. Controls showed FBG <110 mg/dL with no prior history of 

T2D.  

2.2.2 Anthropometric parameters, Lipid profiling and DNA extraction 

BMI was calculated by quantifying height and weight of all the study participants. Participants 

were subjected to overnight (12 h) fasting and FBG was measured by TRUEresult glucometer 

(Nipro Diagnostics, India). The venous blood samples (3ml) for biochemical analysis were 

obtained in K3EDTA coated tubes (J. K. Diagnostics, Rajkot, India). Plasma was separated and 

lipid profile [TC (Total Cholesterol), TG (Triglycerides) and HDL (High-Density Lipoprotein)] 

was assayed by commercially available kits (Reckon Diagnostics P. Ltd, Vadodara, India). 

LDL (Low-Density Lipoprotein) was calculated using Friedewald’s (1972) formula. Genomic 

DNA was extracted from the whole blood using a QIAamp DNA Blood Mini Kit (Qiagen, 

Germany). DNA purity was measured by calculating the ratio of absorbance at 260/280 nm by 

Cary 60 UV-Vis spectrophotometer (Agilent, California, USA). The integrity of DNA was 

checked by 0.8 % agarose gel electrophoresis. The DNA was stored at -20°C until further 

analysis.  
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2.2.3 Genotyping of resistin gene polymorphisms  

Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) was 

used for genotyping of resistin gene three polymorphisms. The primer details of resistin gene 

SNPs are shown in Table 2.1. The reaction mixture (20μl) consisted of 3μl (50ng) of genomic 

DNA, 11μl of NFW, 2.0μl of 10X PCR buffer, 2.0μl of 2.5mM dNTPs (Sigma Chemical Co, 

St.Louis, Missouri, USA), 1.0μl each of 10μM forward and reverse primers (MWG Biotech, 

India) and 0.2μl of 5U/μlTaq Polymerase (Bangalore Genei, India). Amplification was 

executed using Applied Biosystems 96 well Thermal cycler (California, USA) as per the 

procedure of initial denaturation at 95°C for 5 minutes followed by 39 cycles each at 95°C for 

30 seconds, 59-67°C (product specific; given in Table 2.1) for 30 seconds and 72°C for 

30seconds, followed by final extension at 72°C for 10 minutes. The information of the 

restriction enzymes (REs) (Thermo Fisher Scientific, Wilmington, DE, USA) and digested 

products are mentioned in Table 2.1. The amplified products (15μl) were digested with 1U of 

the corresponding RE in a total reaction volume of 20μl as per the manufacturer’s instruction.  

The amplified PCR products (5μl) and digested products (20μl) were assessed by 

electrophoresis on a 3.5% agarose gel stained with ethidium bromide (EtBr) along with a 

50bp/100bp DNA ladder (MBI Fermentas, St.Leon-Rot, Germany). All the gels were 

visualized under UV transilluminator using Gel Doc EZ System (Bio Rad Laboratories, 

California, USA). 

 

Table 2.1 Primers and restriction enzymes (REs) used for genotyping of resistin gene 

polymorphisms. 

SNP/ 

Primer 

        Sequence  

        (5’ to 3’) 

Annealing 

Temp 

Amplicon 

Size (bp) 

RE Digested 

products 

(bp) 

rs34861192 

resistin 

-638 A/G 

FP: TGAGCCACCG 

GCCATAAAC  

RP: CCTCTTGCTA 

GGCATGGTGC  

59°C 267 TaqI 178+89 

rs1862513 

resistin 

-420 C/G 

FP: GGGCTCAGCT 

AACCAAATCC  

RP: GCCTCCTTA 

GTAGCTGGGACT  

64°C

 

  

391 BbsI 199+192 

rs3219175 

resistin 

-358 A/G 

FP: CTTGTCCGCA 

CCATGCCTAG  

RP: CCTCTTGGGG 

TGGGGCTTC  

67°C 304 AluI 221+84 

FP: Forward Primer; RP: Reverse Primer; bp: base pair 
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2.2.4 Determination of plasma resistin protein levels 

The plasma levels of resistin were estimated by the enzyme-linked immunosorbent assay 

(ELISA) kit for human resistin (RayBio, Norcross, GA, USA) with the sensitivity of 2ng/ml. 

All the plasma estimations were carried out in duplicate to ensure % Coefficient of Variation 

(CV) below 10%. The readings were measured to estimate the protein levels against a standard 

curve using MultiSkan reader (Thermo Fischer, USA).  

2.2.6 Statistical analyses 

The clinical characteristics (metabolic and lipid profile) and resistin protein levels were 

compared using the t-test or Mann Whitney test between controls and T2D patients followed 

by one-way ANOVA for multi-group comparison. Evaluation of the Hardy-Weinberg 

equilibrium (HWE) was performed for all the resistin polymorphisms in patients and controls 

by comparing the observed and expected frequencies of the genotypes using chi-square 

analysis. The distribution of the genotypes and alleles frequencies of the studied 

polymorphisms for patients and control subjects were compared using the chi-square test with 

2x2 contingency table. p-values less than 0.025 for genotype and allele distribution were 

considered as statistically significant as per Bonferroni’s corrections. Odds ratio (OR) with 

respective confidence interval (95% CI) for disease susceptibility was also calculated. 

Haplotypes, Linkage Disequilibrium (LD) coefficients (D’= D/Dmax) and r2 values for the pair 

of the most common alleles at each site were obtained using http://shesisplus.bio-

x.cn/SHEsis.html [Yong et al., 2005]. For the genotype-phenotype association analysis, 

primarily all the parameters were checked for the normality test and accordingly further 

analyses were carried out. All the genotype-phenotype correlation analyses were carried out in 

T2D patients after adjusting for the disease susceptibility. Correlation analysis was performed 

by Spearman’s correlation test. All the analyses were carried out in Prism 6 software 

(GraphPad, USA). 

2.3 Results: Baseline characteristics  

Clinical parameters were assessed, which showed a significant difference between controls 

and patients (Table 2.2). Patients had significantly elevated FBG levels (p<0.0001) 

compared to healthy controls. Moreover, obesity related parameters like BMI (p<0.0001), 

TC (p=0.0025) and TG (p<0.0001) were significantly increased, while HDL was 

significantly reduced in T2D patients (males: p=0.0097, females: p<0.0001) as compared to 

controls. LDL/HDL ratio, a marker for cardiovascular disease (CVD), was significantly high 

in T2D female patients as compared (p=0.0007) to control females. However, a similar trend 

http://shesisplus.bio-x.cn/SHEsis.html
http://shesisplus.bio-x.cn/SHEsis.html
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was not observed in T2D male patients. On the other hand, the TC/HDL ratio was 

significantly high in both T2D male and female patients than controls (males: p=0.0260, 

females: p<0.0001). 

 

Table 2.2 Clinical characteristics of the controls and T2D patients. 

 Controls (n=502) Patients (n=469) p value 

Age (years) 39.64±16.35 55.92±10.53 - 

Sex:  Male 

         Female 

252 (50.2%) 

250 (49.8%) 

253 (53.94%) 

216 (46.06%) 

 

- 

FBG (mg/dl) 100.8 ±8.993 155.4±62.14 <0.0001 

BMI (Kg/m2) 24.29±5.094 27.24±5.810 <0.0001 

TC (mg/dl) 160.9 ±42.22 166.7 ± 37.88 0.0025 

TG (mg/dl) 124.4 ±63.06 187.7±94.46 <0.0001 

HDL (mg/dl):Male 

                      

Female 

36.50±9.519 

42.94±9.036 

34.00±8.465 

38.46±9.587 

0.0097 

<0.0001 

LDL (mg/dl) 95.32±41.79 95.10±37.52 0.9322 

LDL/HDL:  Male 

                    Female 

3.089±1.307 

2.515±1.014 

3.223±1.376 

2.939±1.398 

0.2074 

0.0007 

TC/HDL: Male 

                Female 

4.733±1.0823 

3.881±1.354 

5.045±1.878 

4.631±1.804 

0.0260 

<0.0001 

Onset age (years) NA 50.65 ± 10.10 - 

Duration of disease 

(years) 
NA 8.06 ± 7.3 - 

Family history NA 64 (14%) - 

Data are presented as Mean±SD; Statistical significance was considered at p<0.05.  

2.3.1 Genetic analysis of the resistin gene polymorphisms 

The three resistin SNPs were genotyped using PCR-RFLP and the representative gel images 

are shown in Figure 2.1. The genotype and allele frequencies of the explored resistin 

polymorphisms are summarized in Table 2.3. The distribution of genotype frequencies for 

all the polymorphisms investigated was consistent with Hardy-Weinberg equilibrium in both 

patient and control groups (p>0.05). Resistin rs1862513 C/G was significantly associated 

with T2D individuals (genotype and allele frequencies, p<0.0001). The CG genotype of 

resistin rs1862513 was associated with increased risk for T2D with an Odds Ratio (OR) of 

0.3975, while the mutant homozygous TT genotype increased the risk by 0.26-fold. There 

was no difference in genotype and allele frequencies of resistin (rs3219175 A/T) among 

diabetic patients and controls. None of the polymorphisms of rs3219175 A/T were found to 

be associated with T2D (p>0.05) and hence discontinued after an initial assessment of 250 

samples. Resistin rs34861192 G/A was found to be monomorphic in controls as well as T2D 

patients and was therefore discontinued for further analysis.  
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Figure 2.1 Representative gel images of resistin promoter SNPs. A) PCR-RFLP analysis 

of resistin rs3219175 A/G polymorphism on 3.5% agarose gel: lanes 1 and 5 show 

homozygous (GG) genotypes; lanes 2 and 3 show heterozygous (GA) genotypes; AA 

genotype was not observed. Lane 4 shows a 50bp DNA ladder. B) PCR-RFLP analysis of 

resistin rs1862513 C/G polymorphism on 3.5% agarose gel: lane 1 shows homozygous 

(GG) genotype; lanes 2 and 6 show homozygous (CC) genotypes; lanes 3, 4 and 5 show 

heterozygous (GC) genotypes. Lane 7 shows a 50 bp DNA ladder. C) PCR-RFLP analysis 

of resistin rs34861192 G/A polymorphism on 3.5% agarose gel: lanes 1, 2, 4 and 5 show 

homozygous (GG) genotypes. Lane 3 shows a 50 bp DNA ladder. 

Table 2.3 Genotype and allele frequencies distribution of resistin polymorphisms in 

controls and T2D patients.  

SNP 
Genotype 

/allele 
Controls Patients 

p for 

association 
OR 

95% 

CI 

Resistin 

(rs34861192) 

G/A 

 100 100 

NA NA NA 

GG 100 

(100.00) 

100 

(100.00) 

GA 0 

(0.00) 

0 

(0.00) 

AA 0 

(0.00) 

0 

(0.00) 

G 200 

(1.00) 

200 

(1.00) 
NA NA NA 

A 0 

(0.00) 

0 

(0.00) 

Resistin 

(rs1862513) 

C/G 

 n=38 2 n=469    

CC 63  

(16.89) 

172 

(34.13) 
R 

- 

 
 

CG 
188 

(48.82) 

204 

(48.58) 

0.0001a 

 

0.3975 

 

0.2800 

to 

0.5641 

GG 
131 

(34.69) 

93 

(17.29) 

0.0001a 

 
0.2600 

0.1756 

- 

0.3850 

C 314  

(0.41) 

573 

 (0.58) 
   

G 450  425  0.0001b 0.5175 0.4275 
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(0.59) (0.42) - 

0.6266 

 

 

 

 

Resistin 

(rs3219175) 

G/A 

 n=250 n=250    

GG 220 

(93.72) 

209 

(91.08) 
R - - 

GA 
15 

(6.18) 

21 

(8.71) 
0.3448a 1.377 

0.7073 

- 

2.681 

AA 0 

(0.10) 

0 

(0.21) 
- - - 

G 455 

(0.97) 

439 

(0.95) 
   

A 
15 

(0.03) 

21 

(0.05) 
0.3456b 1.343 

0.7067 

- 

2.599 

n: number of patients/controls, R: reference group, CI: Confidence Interval, Odds Ratio: the 

allele frequency distribution, P: patients, C: controls, aPatients vs Controls (genotype) by the 

chi-square test with 2×2 contingency table. bPatients vs Controls (allele) by the chi-square 

test with 2×2 contingency table. Statistical significance was considered at p<0.025 as per 

Bonferroni's correction. 

2.3.2 Haplotype analysis of the resistin polymorphisms 

The estimated frequencies of the haplotypes for resistin SNPs (global p=0.049) did not vary 

significantly between T2D patients and controls (Table 2.4). 

Table 2.4 Distribution of haplotype frequencies of resistin in controls and T2D patients. 

Haplotype 

(rs1862513 

C/G, 

rs3219175 

G/A) 

Patients 

(Freq. %; 

n=382) 

Controls 

(Freq. 

%;n=502) 

p for 

Association 
p(global) 

Odds Ratio 

[95%CI] 

CA 
12.64 

(0.022) 
6.73 (0.021) - 

0.049 

- 

CG 
267.36 

(0.485) 
132.27 (0.408) 0.030 

1.359 [1.029-

1.796] 

GA 6.36 (0.011) 6.27 (0.019) - - 

GG 
282.64 

(0.482) 
178.73(0.552) 0.030 

0.736 [0.557-

0.972] 

CI represents the Confidence Interval. (Frequency<0.03 in both control & patients has been 

dropped and was ignored in the analysis). 

2.3.3 Linkage Disequilibrium analysis of the resistin polymorphisms 

The LD analysis shown that resistin SNPs (rs1862513 C/G; rs3219175 G/A) were in 

moderate linkage (D’=0.64, r2= 0.01) (Figure 2.2). 
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Figure 2.2 Linkage Disequilibrium (LD) block: LD block with respect to resistin 

rs1862513 and rs3219175 polymorphisms in Gujarat population. 

2.3.4 The association of the resistin polymorphisms with the metabolic profile 

Resistin rs1862513 CC genotype was associated with increased FBG (p=0.0035), BMI 

(p=0.0004) and TC levels (p=0.0190) but not associated with TG, LDL and HDL levels 

(p>0.05). While resistin rs3219175 G/A did not show association with the metabolic profile 

(p>0.05) (Table 2.5). 

Table 2.5 Genotype-phenotype association analyses of resistin polymorphisms with 

metabolic profile. 

Genotype FBG 

mg/dl 

BMI 

kg/m2 

TG 

mg/dl 

TC 

mg/dl 

LDL 

mg/dl 

HDL 

mg/dl 

Male 

HDL 

mg/dl 

Female 

Resistin rs1862513 C/G 

CC 140.8 

(58.1) 

27.2 

(6.3) 

169.8 

(35.6) 

174.9 

(97.3) 

105.7 

(28.7) 

34.9 

(9.1) 

39.7 

(10.4) 

CG 97.7 

(8.6) 

25.0 

(5.2) 

168.6 

(38.7) 

164.2 

(22.1) 

108.2 

(32.9) 

36.2 

(9.8) 

40.1 

(10.0) 

GG 100.1 

(8.1) 

25.3 

(4.9) 

171.4 

(44.5) 

152.2 

(77.4) 

111.1 

(34.0) 

34.1 

(9.7) 

38.1 

(10.0) 

p value 0.003 0.0004 0.9430 0.0190 0.4219 0.088 0.216 

Resistin rs3219175 G/A 

GG 119.9 

(46.2) 

25.4 

(5.2) 

155.5 

(89.1) 

156.6 

(35.6) 

105.6 

(30.9) 

36.6 

(9.2) 

36.5 

(11.3) 

GA 131.2 

(65.7) 

25.9 

(6.1) 

151.2 

(87.9) 

155.1 

(37.8) 

106.9 

(34.9) 

34.1 

(8.2) 

39.9 

(11.1) 

AA - - - - - - - 

p value 0.967 0.4321 0.5678 0.6567 0.8977 0.361 0.6888 

    Data are presented as Mean ±SE. Statistical significance was considered at p<0.05. 

2.3.5 Plasma resistin protein levels and their association with resistin polymorphisms 

and metabolic profile 
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Plasma resistin protein levels were monitored in 40 controls, and 40 patients and a 

significant increase (p=0.0129) was observed in T2D patients (Figure 2.3A). Our results 

showed no association of resistin polymorphisms with plasma resistin protein levels. 

(p>0.05) (Figure 2.3B). Spearman's correlation analysis revealed no correlation between 

resistin protein levels and the metabolic profile parameters (p>0.05) (Table 2.6). 

 
Figure 2.3 Plasma resistin protein levels in A) controls vs patients. A significant increase 

in plasma resistin protein levels in T2D patients (p=0.0129) as compared to controls was 

observed (controls n=40; T2D patients n=40). B) Association of resistin polymorphisms 

with plasma resistin protein levels. Resistin polymorphisms showed no association with 

resistin protein levels (p>0.05) 

Table 2.6 Correlation analysis of plasma resistin protein levels with the metabolic 

profile.  

Parameters r2 p value 

BMI (Kg/m2) 0.0107 0.9314 

FBG (mg/dl) 0.0200 0.8986 

Triglycerides (mg/dl) -0.1306 0.3656 

Total Cholesterol (mg/dl) 0.0000 0.9998 

HDL (mg/dl): Male 

Female 

0.2527 

0.0914 

0.2335 

0.6372 

LDL (mg/dl) 0.0624 0.6908 

p>0.05, non-significant; n=40 

2.4 Discussion 

Investigating genetic variants for T2D in the Indian population is essential due to its high-

risk for T2D and related metabolic traits. However, research carried out was restricted, often 

limited to a replication of GWAS. Though previous GWAS did not identify resistin 

rs1862513 as a T2D susceptible locus, it has been shown that the gene contributes towards 

T2D risk in multiple population studies. This risk may be attributed to factors such as 

epigenetic effects and ethnic differences. 
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The genetic variants of resistin and resistin levels in T2D patients suggest resistin 

rs1862513 CC genotype and higher plasma resistin levels to be associated with T2D. 

Resistin rs34861192 GG genotype was the only genotype present in all the samples in the 

studied cohort. Neither we found any association of resistin 3219175 G/A with T2D nor 

with any other parameters. A similar trend was reported in the Malaysian population 

[Apalasamy et al., 2015]. An earlier study in Japanese subjects reported increased resistin 

levels to be associated with resistin rs1862513 C/G polymorphism [Osawa et al., 2004; 

Osawa et al., 2005; Osawa et al., 2007]. These were further supported by studies in Korean 

individuals [Cho et al., 2004] and Iranian women [Takhshid et al., 2015] but not in 

Caucasians [Hivert et al., 2009; Menzaghi et al., 2006].  

Association of resistin genetic variants and correlation of resistin protein levels with BMI, 

FBG, and plasma lipid profile were also assessed. We have found CC of resistin rs1862513 

C/G SNP to be significantly associated with metabolic risk factors noticeable by elevated 

FBG, BMI and TC levels in T2D patients. The CC genotype is associated with other factors, 

as observed in the various populations (Table 2.7). 

 

Table 2.7 Association of resistin rs1862513 CC genotype with various disorders. 

Genotype Associated with Population References 

CC Insulin resistance, hyperglycemia 

and hypertriglyceridemia  

Finnish Ukkola et al., 2008 

CC Increased FBG and HbA1c  

levels, T2D 

Iranian Solaleh et al., 2009 

CC CAD, T2D Iranian Emamgholipour et 

al., 2010 

 

The elevated resistin protein levels due to resistin rs1862513 C/G polymorphism is through 

specific binding of transcription factors Sp1 and Sp3 to the promoter element. This binding 

leads to enhanced promoter activity, as explained by Osawa et al. [Osawa et al., 2005]. 

Apparently, rs1862513 C/G seems to be a vital decisive polymorphic site for resistin gene 

transcription. Furthermore, DNA methylation (DNAm), an epigenetic modification, plays a 

crucial role in regulating gene expression. Resistin rs1862513 C/G is CpG SNP that 

modulates the CpG sequence, thereby regulating resistin protein levels [Osawa et al., 2005]. 

Thus DNAm, along with the binding of the transcription factors, explain increased resistin 

protein levels. Accordingly, increased resistin protein levels were observed in obesity 

induced T2D individuals [Steppan et al., 2002; Gokhale et al., 2014].  
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Many studies have indicated an association between resistin protein levels and lipid profile 

[Owecki et al., 2009; Jové et al., 2003; Asano et al., 2010; Chen et al., 2005]. Evidently. 

elevated resistin protein levels contribute to the progression/development of T2D. We have 

observed increased plasma FFA and TNF-α levels in the same T2D patients. Interestingly, 

resistin is shown to elevate TNF-α levels [Silswal et al., 2005; Aquilante et al., 2008]. 

Previous studies suggested FFA mediated elevated TG and Very Low-Density Lipoprotein 

(VLDL) production related to diabetic dyslipidemia It is shown that TNF-α creates a surge 

of hepatocellular TG levels [Julius et al., 2003; Bays et al., 2013]  

Further, it is also shown that the influence of FFA on hepatic TG production leads to an 

elevated hepatic release of VLDL, which encompasses apolipoprotein B (apo B) [Julius et 

al., 2003; Bays et al., 2013]. ApoB is a crucial protein factor of VLDL, and any 

irregularities related to the metabolism of ApoB contribute towards the development of 

dyslipidemia and the associated increased risk of CVD [Packard et al., 2000]. Direct 

involvement of resistin in the synthesis of apoB has been shown to influence hepatic lipid 

and lipoprotein levels [Costandi et al., 2011]. Besides, resistin is also known to reduce the 

expression and secretion of other adipokines such as adiponectin and leptin, affecting 

hepatic lipoprotein regulation [Kim et al., 2004]. Our lab studies on TNF-α and adiponectin 

conform to these results [Patel et al., 2019; Palit et al., 2020]. Thus, the present study shows 

an association between resistin rs1862513 C/G SNP, plasma resistin protein and lipid levels 

in the Indian population and contributes to understand resistin's role in dyslipidemia, obesity 

and T2D. 

Hence, the current data suggest that lifestyle, diet and ethnic differences play a significant 

role in the pathogenesis of T2D. An overall mechanism involving resistin genetic 

polymorphisms and its protein levels in obesity and dyslipidemia associated with T2D is 

shown schematically (Figure 3.4).  
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Figure 2.4 Role of resistin in T2D: Resistin rs1862513 C/G polymorphism is associated 

with the risk of T2D while CC genotype is associated with increased BMI, FBG and TC 

levels. Besides, in T2D individuals, resistin protein levels are increased. Altogether, 

rs1862513 CC contributes to the increased risk of T2D in Gujarat population. However, 

rs3219175 is not associated with risk of T2D.  
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