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ABSTRACT
Introduction: Visfatin and nesfatin are active proteins that are involved in the regulation of physiological 

functions such as glucose metabolism and inflammatory response. This study aimed to assess the influence 

of visfatins and nystatins gene variants on the occurrence of the full metabolic syndrome or its components.

Material and methods: The research cohort comprised 285 diabetic patients, 132 men and 153 women. 

Specific DNA segments were amplified and labelled, and the rs 4730153 gene of visfatin and the rs 1330 

gene of nesfatin were analysed. Real-Time PCR was conducted using fluorescence-labelled probes.

Results: The AA genotype of visfatin (rs 4730153) shows a positive association with glucose concentration 

or pharmacological treatment in patients with type 2 diabetes, compared to AG and GG genotypes. The 

GG genotype of nesfatin (rs 1330) shows a positive association with incidents of metabolic syndrome, 

compared to the AA genotype.

Conclusions: Visfatin polymorphism in rs 4730153 may be associated with inappropriate glucose concen-

tration. Nesfatin polymorphism in rs 1330 may be associated with metabolic syndrome. Further studies in 

a larger group of patients are necessary to completely assess this association.
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Introduction

The prevalence of obesity-related metabolic syn-
drome is rapidly increasing. This negatively affects the 
quality of affected patients’ lives and raises healthcare 
system costs [1].

Visfatin, also known as PBEF1 — pre-B-cell col-
ony-enhancing factor, is a protein belonging to the 
class of adipocytokines. The protein is encoded by 
the PBGEF gene located on chromosome 7. In addi-
tion to adipose tissue, visfatin is also present in bone 
marrow, liver, skeletal muscle, bone, macrophages, 
lymphocytes, and neutrophils [2]. Its uncontrolled 
production can be observed in obesity and other 
diseases. Plasma visfatin level can serve as a marker 
predicting the incidence of type 2 diabetes (T2DM), 

obesity, metabolic syndrome and cardiovascular 
disease [3, 4]. Additionally, this adipocytokine may 
be a valuable marker of inflammation associated with 
atherosclerosis complications [5, 6]. However, its great-
est importance is its hypoglycaemic effect. It stimulates 
insulin secretion, improves pancreatic beta-cell func-
tion, and modulates the expression of genes involved 
in maintaining glucose homeostasis [7].

Based on studies demonstrating a positive cor-
relation between serum visfatin levels and metabolic 
syndrome or its certain components, particularly T2DM, 
it was hypothesized that genetic polymorphisms within 
the visfatin gene could affect the frequency of above 
mentioned medical conditions.

The second molecule of interest in this study is nes-
fatin-1. It is formed from precursor protein nucleobindin-2  
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(NUCB2). It is a part of the melanocortin signalling 
pathway in the hypothalamus and plays a role as an 
appetite-regulating molecule. It is characterized by 
its anorexigenic and anti-hyperglycaemic effects. The 
potential role of NUCB2 in the maintenance of homeo-
stasis was evaluated in a study conducted on rat mod-
els. Intracerebroventricular injection of nesfatin-1 resulted 
in decreased food intake, whereas injection of an anti-
body-neutralizing nesfatin-1 stimulated rat appetite [8].

Protein nucleobindin-2/Nesfatin-1 is expressed 
widely in various tissues and organs in the body, includ-
ing the gastrointestinal tract. The presence of nesfatin 
has been proven in adipocytes, gastric endocrine cells, 
and islet cells. Nesfatin participates in many processes 
regulating energy homeostasis. It is involved in glucose 
metabolism [9]. Recent research on the function of 
NUCB2/Nesfatin-1 in peripheral tissues has found its 
presence in islet β-cells and has been shown to enhance 
glucose-induced insulin secretion [10].

Several single nucleotide polymorphisms had 
been associated with obesity phenotype for different 
adipokinins. Because of nesfatin’s functions, it was 
hypothesized that genetic polymorphisms in the 
NUCB2 gene may influence the development of obesity 
and metabolic syndrome.

The study aimed to investigate the association 
between different variants of the visfatin gene in rs 
4730153 and nesfatin gene rs 1330 with metabolic 
syndrome. To determine this serum concentration of 
glucose, triglyceride and HDL cholesterol were mea-
sured and also blood pressure and waist size were 
monitored in the study cohort.

Material and methods

The blood samples were collected from patients who 
have resided in southern Poland and who presented 
to the primary care clinic. The total number of patients 
included in the research was 285 (153 women and 
132 men) and everybody gave written consent. The 
average age of those patients was 53 years.

Metabolic syndrome was diagnosed in patients who 
have met at least three of the following criteria:

	— waist size equal or bigger than 80 cm in women or 
equal or bigger than 94 cm in men,

	— concentration of triglyceride greater than 1.7 mmol/L 
or current treatment of hypertriglyceridemia,

	— concentration of HDL-C less than 1.0 mmol/L in 
men and less than 1.3 mmol/L in women or current 
treatment of this lipid disorder,

	— blood pressure Systolic equal to or greater than 
130 mmHg or diastolic equal to or greater than 85 mm  
or successfully controlled previously diagnosed hy-
pertension,

	— concentration of glucose equal to or more than 
100 mg/dL or normal level in patients pharmaco-
logically treating type 2 diabetes.
As the next step, isolation of the DNA from collect-

ed blood samples, which up to this point were stored 
at –70°C was performed using the column method. 
Determined was the concentration of genetic material 
and adjusted it to 15 ng/μL by mixing DNA with water 
according to the established dilution protocol. The final 
level of dilution was verified using the spectrophotom-
eter denoviX.

Subsequently, allelic discrimination was performed 
using fluorescently labelled probes, according to the 
producer protocol. The PCR reaction was accom-
plished with the use of Roche Lightcycler 96. Alleles 
were labelled A in VIC and G in FAM. The assay was 
performed separately for (rs 4730153) and nesfatin (rs 
1330) genes.

Having completed the laboratory part, a statistical 
analysis was performed. The first step was to assess the 
data distribution by the Shapiro-Wilk test. The authors 
determined statistically significant differences in the 
distribution of genotypes (AA, AG, GG), gender, and 
prevalence of criteria for metabolic syndrome recog-
nition by using the Anova Kruskala-Wallisa rank test 
with multiple comparisons. The Mann-Whitney U test 
was performed to compare valuable data between the 
two groups.

Results

There were no significant differences between vis-
fatin genotypes (rs 4730153) and all but one criterion 
of metabolic syndrome (Tab. 1).

Specifically, the AA genotype of visfatin (rs 
4730153), as opposed to AG and GG genotypes, 
does have a positive association with serum glucose 
levels or pharmacological treatment in type 2 diabetes 
patients. (Tab. 2). 

Associations between nesfatin genotypes (rs 1330) 
and individual diagnostic criteria of metabolic syndrome 
did not reach statistical significance (Tab. 3). However 
there was a statistical significance between the GG 
genotype of nesfatin (rs 1330) with metabolic syndrome 
in general, in comparison association to AA genotype 
(Tab. 4). 
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Table 1. Comparison of visfatin genotypes (rs 4730153) distributions in patients with and without criteria of metabolic syndrome

Genotype visfatin rs 4730153 P-value

AA AG GG

Gender n % n % n %

Women 25 16.34% 67 43.79% 61 39.87%

Men 23 17.42% 60 45.45% 49 37.12%

Waist size (waist circumference > 80 cm for 
women, > 94 cm for men)

n % n % n % 0.4741

Yes 38 79.17% 89 70.08% 81 73.64%

No 10 20.83% 38 29.92% 29 26.37%

Triglyceride (concentration > 1.7 mmol/L or 
treatment of hypertriglyceridemia)

n % n % n % 0.9572

Yes 23 52.08% 64 50.39% 55 50%

No 25 47.91% 63 49.61% 55 50%

HDL-C (concentration < 1.0 mmol/L in men and 
< 1.3 mmol/L in women or treatment of this lipid 
disorder)

n % n % n % 0.7583

Yes 28 58.33% 80 62.99% 71 64.54%

No 20 41.67% 47 37.01% 39 35.45%

Blood pressure (systolic ≥ 130 mmHg or diastolic 
≥ 85 mm or treatment of previously diagnosed 
hypertension)

n % n % n % 0.3262

Yes 30 62.5% 84 66.14% 63 57.27%

No 18 37.5% 43 33.86% 47 42.73%

Glucose (concentration ≥ 100 mg/dL or 
pharmacological treatment of type 2 diabetes)

n % n % n % 0.0176

Yes 13 27.08% 17 13.39% 11 10%

No 35 72.92% 110 86.61% 99 90%

Metabolic syndrome n % n % n % 0.8042

Yes 28 58.33% 70 55.12% 58 52.72%

No 20 41.67% 57 44.88% 52 47.27%

Table 2. The result of the Mann-Whitney U-test 
demonstrating the difference between genotypes of 
visfatin (rs 4730153) and glucose (concentration  
≥ 100 mg/dL or pharmacological treatment of type 2 
diabetes), showing statistical difference p < 0.05

Compared group P-value Z

AA-GG 0.006150 2.739679

AA-AG 0.026498 2.218845

Discussion

Previous studies have shown an association of 
visfatin with metabolic syndrome, including metabolic 
factors that contribute to its development, such as 

obesity, impaired glucose or lipid metabolism, and ele-
vated blood pressure [3, 5, 11–16]. A study conducted 
by Masood et al. [17] showed that the frequency of mu- 
tant alleles of the visfatin gene (rs 2302559 and rs 
1215113036) was significantly higher in individuals with 
metabolic syndrome compared to those without the 
condition. The findings suggest that individuals with 
any genetic variations in visfatin may be at an increased 
risk of developing metabolic syndrome.

In the study of the visfatin gene rs 4730153, the 
authors observed a correlation between the AA gen-
otype and the occurrence of T2DM or elevated blood 
glucose levels. The findings align with those of a study 
conducted by Larrad et al. [12], which revealed a sig-
nificant association between the AA genotype of the 
rs 4730153 SNP and fasting glucose, fasting insulin, 
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Table 3. Comparison of nesfatin genotypes (rs 1330) distributions in patients with and without criteria of metabolic syndrome

Genotype nesfatin rs 1330 P-value

AA AG GG

Gender n % n % n %

Women 66 51.97% 77 55.80% 10 50%

Men 61 48% 61 44.20% 10 50%

Waist size (waist circumference > 80 cm for women, > 94 cm  
for men)

n % n % n % 0.9152

Yes 94 74.02% 100 72.46%

No 33 25.98% 38 27.54%

Triglyceride (concentration > 1.7 mmol/L or treatment of 
hypertriglyceridemia)

n % n % n % 0.2750

Yes 57 44.88% 73 52.90% 12 60%

No 70 55.12% 65 47.10% 8 40%

HDL-C (concentration < 1.0 mmol/L in men and < 1.3 mmol/L 
in women or treatment of this lipid disorder)

n % n % n % 0.3332

Yes 75 59.06% 89 64.49% 15 75%

No 52 40.94% 49 35.51% 5 25%

Blood pressure (systolic ≥ 130 mmHg or diastolic ≥ 85 mm or 
treatment of previously diagnosed hypertension)

n % n % n % 0.1696

Yes 72 56.69% 90 65.22% 15 75%

No 55 43.31% 48 34.78% 5 5%

Glucose (concentration ≥ 100 mg/dL or pharmacological 
treatment of type 2 diabetes)

n % n % n % 0.2365

Yes 20 15.75% 16 11.59% 5 25%

No 107 84.25% 122 88.41% 15 75%

Metabolic syndrome n % n % n % 0.0296

Yes 60 47.24% 81 58.70% 15 75%

No 67 52.76% 57 41.30% 5 25%

Table 4. Result of Mann-Whitney U test between genotypes 
of nesfatin (rs 1330) and occurrence of metabolic 
syndrome, showing statistical difference p < 0.05

Compared group P-value Z

GG-AA 0.0216271 2.296864

and HOMA-IR. Additionally, the GG genotype of the 
visfatin gene rs 4730153 was found to positively regu-
late glucose and lipid metabolism by enhancing tissue 
insulin sensitivity and reducing triglyceride levels [15]. 
Furthermore, research conducted on individuals with 
non-alcoholic fatty liver disease (NAFLD) demonstrat-
ed an association between the rs 4730153 visfatin 
polymorphism and lipid metabolism as well as insulin 
resistance [14].

On the contrary, a study conducted by Soltanzadeh 
et al. [18] found no association between the polymor-
phism of the visfatin gene rs 61330082 and T2DM or in-
sulin resistance. Similar findings were noted in a cohort 
of 112 individuals, where no statistically significant as-
sociation was found between glycaemia, triglycerides, 
HDL cholesterol levels, and body mass index in relation 
to the various alleles of the rs 4730153 visfatin gene [19]. 
The impact of a single nucleotide polymorphism may 
vary depending on the specific locus of change in its 
gene. Further research on the different polymorphisms 
of the visfatin gene is necessary to comprehensively 
evaluate their influence on glucose metabolism.

In the case of nesfatin genes, a previous study 
conducted by Zegers et al. [20] shows the association 
between 3 SNPs (rs 1330, rs 214101, and rs 757081) 
and obesity in the male population only. Moreover, the 
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effects of those SNPs were equally affected by BMI, 
weight, and fat-free mass in linear regression analy-
sis. Additionally, a study of 578 T2DM patients and 
1,609 healthy controls conducted by Li et al. [21] showed 
an association between five NUCB2 SNPs (rs 10832756, 
rs 1330, rs 10766383, rs 10832757, rs 11024251) and 
increased risk for type 2 diabetes. Among those single 
nucleotide polymorphisms, rs 11024251 statistically 
was most strongly affecting T2DM (lowest P-value). The 
risk of developing T2DM was different among genders.

Also, a study conducted by Wang et al. [22] popula-
tion showed that carriers of G allele in rs 757081(C > G 
mutation) were associated with a decreased risk of 
developing T2DM. GG genotype was significantly asso-
ciated with decreased levels of BMI and fasting plasma 
glucose in patients with T2DM. Another study’s results 
showed that the NUCB2 variant rs 757081 C > G is as-
sociated with childhood adiposity. Children ages 5 and 
8 being GG carriers were characterized by lower weight 
for height and body mass index scores. The non-obese 
subjects were more likely to have the homozygous GG 
genotype [23].

The authors have not observed previously sug-
gested associations between nesfatin genotypes and 
particular diagnostic criteria for metabolic syndrome. 
The current research, however, does show the associ-
ation between the GG nesfatin genotype (rs 1330) and 
the prevalence of metabolic syndrome as a general 
diagnosis. Further studies in a larger group of patients 
are necessary to completely assess this association.

The main limitations of this study are:
1)	 serum levels of nesfatin and visfatin molecules were 

not measured;
2)	 a small number of patients who were carriers of GG 

genotype of visfatin have been found in the study. 
The association that was observed in patients with 
the GG genotype may differ in larger groups.

Conclusion

The obtained results suggest that SNP in the rs 
1330 nesfatin gene may be associated with the occur-
rence of metabolic syndrome. Results from the current 
study showed a significant association of the GG gen-
otype with the incidence of metabolic syndrome, as 
compared to the AA genotype (p = 0.0216271). 

The authors have not found a significant difference 
between SNP in rs 4730153 visfatin gene and meta-
bolic syndrome. On the other hand, the results show 
that the AA genotype of visfatin (rs 4730153) shows 
an association with higher glucose concentration or 

pharmacological treatment of type 2 diabetes com-
pared to AG (p = 0.026498) and GG (p = 0.006150) 
genotypes.

Article information

Acknowledgements: The authors would like to thank 
the genetic laboratory of the Department of Internal 
Medicine, Diabetology and Nephrology in Zabrze for 
the idea and for helping them. The authors wish to 
show their appreciation for Nikola Szweda-Gandor 
who supported them in every part of the research. 
Furthermore, the authors thank for the support in the 
laboratory: Wanda Trautsolt and Sylwia Górczyńska-
Kosiorz.
Statement of competing interests: The authors 
report no competing interests.
Data availability statement: The data that support 
the findings of this study are not openly available 
due to reasons of sensitivity and are available from 
the corresponding author upon reasonable request.
Ethics statement: The study was reviewed and 
approved by an Ethics Committee and participants 
provided their written informed consent to participate 
in this study.
Author contributions: Every co-author participated 
in every step of making this research and writing 
this article.
Funding: Funds were from the own funds of 
the Department and Clinic of Internal Medicine, 
Diabetology and Nephrology, Medical University of 
Silesia, SPSK No 1, Zabrze.
Conflict of interest: The authors report no compet-
ing interests.

References

1.	 Saklayen MG. The global epidemic of the metabolic syndrome. Curr 
Hypertens Rep. 2018; 20(2): 12, doi:  10.1007/s11906-018-0812-z, 
indexed in Pubmed: 29480368.

2.	 Jasińska A, Pietruczuk M. Adipocytokiny — białka o wielokierunkowym 
działaniu. J Lab Diagn. 2010; 46(3): 331–338.

3.	 Chang YH, Chang DM, Lin KC, et al. Visfatin in overweight/obesity, 
type 2 diabetes mellitus, insulin resistance, metabolic syndrome and 
cardiovascular diseases: a meta-analysis and systemic review. Dia-
betes Metab Res Rev. 2011; 27(6): 515–527, doi: 10.1002/dmrr.1201, 
indexed in Pubmed: 21484978.

4.	 Liu SW, Qiao SB, Yuan JS, et al. Association of plasma visfatin 
levels with inflammation, atherosclerosis and acute coronary 
syndromes (ACS) in humans. Clin Endocrinol (Oxf). 2009; 71(2): 
202–207, doi:  10.1111/j.1365-2265.2008.03453.x, indexed in Pub-
med: 19178507.

5.	 Zhong M, Tan Hw, Gong Hp, et al. Increased serum visfatin in patients 
with metabolic syndrome and carotid atherosclerosis. Clin Endocrinol 
(Oxf). 2008; 69(6): 878–884, doi: 10.1111/j.1365-2265.2008.03248.x, 
indexed in Pubmed: 18363885.

6.	 Zheng LY, Xu X, Wan RH, et al. Association between serum visfatin 
levels and atherosclerotic plaque in patients with type 2 diabetes. Dia-

http://dx.doi.org/10.1007/s11906-018-0812-z
https://www.ncbi.nlm.nih.gov/pubmed/29480368
http://dx.doi.org/10.1002/dmrr.1201
https://www.ncbi.nlm.nih.gov/pubmed/21484978
http://dx.doi.org/10.1111/j.1365-2265.2008.03453.x
https://www.ncbi.nlm.nih.gov/pubmed/19178507
http://dx.doi.org/10.1111/j.1365-2265.2008.03248.x
https://www.ncbi.nlm.nih.gov/pubmed/18363885


Małgorzata Poręba et al., Visfatin (rs 4730153) and Nesfatin (rs 1330) polymorphism influences on metabolic syndrome

47www.journals.viamedica.pl/medical_research_journal

betol Metab Syndr. 2019; 11: 60, doi: 10.1186/s13098-019-0455-5, 
indexed in Pubmed: 31367237.

7.	 Kim J, Oh CM, Kim H. The interplay of adipokines and pancreatic 
beta cells in metabolic regulation and diabetes. Biomedicines. 2023; 
11(9): 2589, doi:  10.3390/biomedicines11092589, indexed in Pub-
med: 37761031.

8.	 Oh-I S, Shimizu H, Satoh T, et al. Identification of nesfatin-1 as a satiety 
molecule in the hypothalamus. Nature. 2006; 443(7112): 709–712, 
doi: 10.1038/nature05162, indexed in Pubmed: 17036007.

9.	 Cao X, Liu XM, Zhou LH. Recent progress in research on the distribu-
tion and function of NUCB2/nesfatin-1 in peripheral tissues. Endocr 
J. 2013; 60(9): 1021–1027, doi: 10.1507/endocrj.ej13-0236, indexed 
in Pubmed: 23955480.

10.	 Nakata M, Manaka K, Yamamoto S, et al. Nesfatin-1 enhances glu-
cose-induced insulin secretion by promoting Ca(2+) influx through 
L-type channels in mouse islet β-cells. Endocr J. 2011; 58(4): 305–313, 
doi: 10.1507/endocrj.k11e-056, indexed in Pubmed: 21325742.

11.	 Esteghamati A, Alamdari A, Zandieh A, et al. Serum visfatin is associa-
ted with type 2 diabetes mellitus independent of insulin resistance and 
obesity. Diabetes Res Clin Pract. 2011; 91(2): 154–158, doi: 10.1016/j.
diabres.2010.11.003, indexed in Pubmed: 21122936.

12.	 Larrad MM, Anchuelo AC, Pérez CF, et al. Obesity and cardiovascular 
risk: variations in visfatin gene can modify the obesity associated 
cardiovascular risk. Results from the segovia population based-stu-
dy. Spain. PLoS One. 2016; 11(5): e0153976, doi: 10.1371/journal.
pone.0153976, indexed in Pubmed: 27166797.

13.	 Javanmard SH, Dehghananzadeh R, Rafiee L, et al. Genetic asso-
ciations of the visfatin G-948T polymorphism with obesity-related 
metabolic traits in an Iranian population. J Res Med Sci. 2016; 21: 
105, doi: 10.4103/1735-1995.193177, indexed in Pubmed: 28250782.

14.	 Marjani S, Nezhadali M, Hekmat A, et al. Investigating polymor-
phism with insulin resistance and non-alcoholic fatty liver diseases 
in iranian population. Iran J Public Health. 2022; 51(5): 1143–1151, 
doi: 10.18502/ijph.v51i5.9429, indexed in Pubmed: 36407748.

15.	 Lai A, Chen W, Helm K. Effects of visfatin gene polymorphism 
RS4730153 on exercise-induced weight loss of obese children 
and adolescents of Han Chinese. Int J Biol Sci. 2013; 9(1): 16–21, 
doi: 10.7150/ijbs.4918, indexed in Pubmed: 23289013.

16.	 Yu PL, Wang C, Li W, et al. Visfatin level and the risk of hypertension 
and cerebrovascular accident: a systematic review and meta-analy-
sis. Horm Metab Res. 2019; 51(4): 220–229, doi: 10.1055/a-0867-1333, 
indexed in Pubmed: 31022738.

17.	 Masood S, Khan T, Baloch A, et al. Association of Visfatin gene polymor-
phism with obesity related metabolic disorders among Pakistani popu-
lation; a case control study. 2003, doi: 10.21203/rs.3.rs-2775945/v1.

18.	 Soltanzadeh F, Nezhadali M, Pishkar L. The effect of Visfatin 
rs61330082 gene polymorphism on serum level of visfatin, type 2 
diabetes and insulin resistance in an iranian population. Iranian Journal 
of Diabetes and Lipid Disorder. 2023; 23(3): 151–159.

19.	 Ferrari G, Rodrigues J, Fernandes I, et al. Association between 
rs4730153 gene SNP and fasting glucose, triglyceride, HDL and body 
mass index levels iin overweight Brazilian adults. International Journal 
of Cardiovascular Sciences. 2016; 29(6): 471–476, doi: 10.5935/2359-
4802.20160067.

20.	 Zegers D, Beckers S, Mertens IL, et al. Association between polymor-
phisms of the nesfatin gene, NUCB2, and obesity in men. Mol Genet 
Metab. 2011; 103(3): 282–286, doi:  10.1016/j.ymgme.2011.03.007, 
indexed in Pubmed: 21459029.

21.	 Li XS, Yan CY, Fan YJ, et al. NUCB2 polymorphisms are associated with 
an increased risk for type 2 diabetes in the Chinese population. Ann 
Transl Med. 2020; 8(6): 290, doi: 10.21037/atm.2020.03.02, indexed 
in Pubmed: 3235573

22.	 Wang C, Wang Y, Hu W. Association of the polymorphism in NUCB2 
gene and the risk of type 2 diabetes. Diabetol Metab Syndr. 2017; 9: 
39, doi: 10.1186/s13098-017-0235-z, indexed in Pubmed: 28533821.

23.	 Chen YY, Chan RM, Tan KM, et al. The association of a nucleobindin 2 gene 
(NUCB2) variant with childhood adiposity. Gene. 2013; 516(1): 48–52,  
doi: 10.1016/j.gene.2012.12.017, indexed in Pubmed: 23266808.

http://dx.doi.org/10.1186/s13098-019-0455-5
https://www.ncbi.nlm.nih.gov/pubmed/31367237
http://dx.doi.org/10.3390/biomedicines11092589
https://www.ncbi.nlm.nih.gov/pubmed/37761031
http://dx.doi.org/10.1038/nature05162
https://www.ncbi.nlm.nih.gov/pubmed/17036007
http://dx.doi.org/10.1507/endocrj.ej13-0236
https://www.ncbi.nlm.nih.gov/pubmed/23955480
http://dx.doi.org/10.1507/endocrj.k11e-056
https://www.ncbi.nlm.nih.gov/pubmed/21325742
http://dx.doi.org/10.1016/j.diabres.2010.11.003
http://dx.doi.org/10.1016/j.diabres.2010.11.003
https://www.ncbi.nlm.nih.gov/pubmed/21122936
http://dx.doi.org/10.1371/journal.pone.0153976
http://dx.doi.org/10.1371/journal.pone.0153976
https://www.ncbi.nlm.nih.gov/pubmed/27166797
http://dx.doi.org/10.4103/1735-1995.193177
https://www.ncbi.nlm.nih.gov/pubmed/28250782
http://dx.doi.org/10.18502/ijph.v51i5.9429
https://www.ncbi.nlm.nih.gov/pubmed/36407748
http://dx.doi.org/10.7150/ijbs.4918
https://www.ncbi.nlm.nih.gov/pubmed/23289013
http://dx.doi.org/10.1055/a-0867-1333
https://www.ncbi.nlm.nih.gov/pubmed/31022738
http://dx.doi.org/10.21203/rs.3.rs-2775945/v1
http://dx.doi.org/10.5935/2359-4802.20160067
http://dx.doi.org/10.5935/2359-4802.20160067
http://dx.doi.org/10.1016/j.ymgme.2011.03.007
https://www.ncbi.nlm.nih.gov/pubmed/21459029
http://dx.doi.org/10.21037/atm.2020.03.02
https://www.ncbi.nlm.nih.gov/pubmed/32355734
http://dx.doi.org/10.1186/s13098-017-0235-z
https://www.ncbi.nlm.nih.gov/pubmed/28533821
http://dx.doi.org/10.1016/j.gene.2012.12.017
https://www.ncbi.nlm.nih.gov/pubmed/23266808

