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ABSTRACT

One of the most frequent non-communicable diseases in the world is Diabetes Mellitus (DM). Diabetes mellitus affects one out of every eleven
persons worldwide (90 percent having type 2 diabetes mellitus). Adiponectin is the most common peptide secreted by adipocytes, and its
decline is linked to obesity-related disorders such as insulin resistance, diabetes mellitus, and heart disease. Single Nucleotide Polymorphisms
(SNPs) in the adiponectin gene (4ADIPOQ) have been linked to diabetes in several meta-analysis studies. The ADIPOQ gene's 1s2241766,
15266729 and 151501299 polymorphisms have been identified as the most prevalent SNPs linked to the development of DM across the formats.
Despite the fact that all three SNPs are heavily correlated to DM, two common SNPs 152241766 and rs266729 are linked to Type 1 Diabetes
Mellitus (T,DM), Type 2 Diabetes Mellitus (T,DM) and Gestational Diabetes Mellitus (GDM), whereas rs1501299 is associated with T; DM
and T, DM but not with GDM.
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INTRODUCTION
The Metabolic Syndrome (MS) is a new wave of diseases that has afflicted the human population in recent decades. It has spread globally, with
obesity and Diabetes Mellitus (DM) being lumped together under the MS banner, affecting millions of individuals all over the world [1]. DM is
a severe public health problem that affects over 400 million individuals around the world. Diabetes mellitus is one of humanity's oldest
disorders. It was first recorded over 3000 years ago in an Egyptian manuscript [2]. Diabetes is caused by a lack of insulin secretion, pancreatic

cell damage, or insulin resistance due to a lack of insulin use. The continued rise in the number of diabetic patients worldwide,
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Which is anticipated to reach 366 million in 2030 in the older population (>65 years), may be due to an inclination to unhealthy lifestyles [3].
Nephropathy, neuropathy, cardiovascular and renal problems, retinopathy, and food-related diseases are among the many consequences linked
with DM [4,5]. Type 1 diabetes mellitus (T;DM) and Type 2 Diabetes Mellitus (T,DM) have been classified for decades based on the presence
(T,DM) or lack (T,DM) of autoantibodies against pancreatic islet-cell antigens and age at diagnosis [6]. T{DM is an autoimmune disease that
affects pancreatic cells, causing insulin production to be reduced or impaired [7]. T,DM, also termed as non-insulin dependent diabetes
mellitus, is the most prevalent type of diabetes mellitus, characterized by hyperglycaemia, insulin resistance, and insulin insufficiency [8].
Prevalence of diabetes in pregnancy has been rising in lockstep with the global obesity pandemic. Not only is the prevalence of type 1 and type
2 diabetes rising among women of reproductive age, but also the reported rates of Gestational Diabetes Mellitus (GDM) are skyrocketing [9].
GDM affects roughly 5% of pregnancies however the percentage varies significantly depending on the demographic parameters of the

community [10].

LITERATURE REVIEW
Adipokines (both pro-inflammatory and anti-inflammatory) secreted by adipose tissue are essential regulators of metabolic homeostasis [11].
The metabolism community has shown a lot of interest in adiponectin over the last 20 years since its discovery, and a lot of effort has gone into
dissecting the molecular mechanisms of its action [12]. Adiponectin is a type of adipokine that is well known for its anti-diabetic, anti-
inflammatory, anti-atherogenic, and cardio protective effects [13]. Adiponectin is a 244 amino acid protein hormone that circulates in high
concentrations (5-30 pg/mL) in the blood and accounts for 0.01 percent of total serum proteins. Adiponectin is generated as a 28-30 kDa
monomer that is assembled into homooligomers with different molecular weights [14]. Adiponectin is found in the liver, heart, pancreatic cells,
kidney, and maybe muscle cells, among other tissues. Adiponectin inhibits genes involved in glucose synthesis, thus suppressing hepatic
gluconeogenesis. Adiponectin enhances insulin sensitivity and so improves whole-body energy homeostasis by acting locally in critical
metabolic regions. By regulating cell death, decreasing inflammation, and boosting cell survival, adiponectin provides substantial protection

against a variety of pathogenic events in diverse cells [12].

The protein adiponectin is encoded by the APM,;/ADIPOQ gene, which has three exons and two introns and is found on chromosome 3q27
[15] which have been linked to a susceptibility locus for metabolic syndrome, diabetes mellitus and cardiovascular disease. As a result,
APM,/ADIPOQ is a candidate gene for metabolic syndrome and diabetes study [16]. The rs2241766, rs266729 and rs1501299 are essential loci
in the ADIPOQ gene. The polymorphism rs2241766 is found in exon 2 of the gene, and it may affect the shearing or stability of precursor
mRNA, as well as the protein level. The rs1501299 is found in the ADIPOQ gene's second intron, and its polymorphism may alter the function
of the neighbouring exon, while rs266729 is found in the promoter. ADIPOQ polymorphisms rs17366743, rs10937273, rs17300539, rs182052,
1s822396, 1s266729, rs17846866, rs822393 and rs3774261 have also been linked to DM [17]. Although a number of SNPs have been identified
to be involved in the pathogenesis of DM, this study, however, aimed to sort out the prime SNPs involved in the development of all three forms

of diabetes namely T;DM, T,DM and GDM.

Association of adiponectin gene polymorphisms in Diabetes Mellitus (DM)

Obesity, insulin resistance, and diabetes all have low plasma adiponectin levels, according to population-based human studies.
Individuals with low adiponectin levels had a 9.3-fold higher chance of developing DM than patients with high adiponectin
levels, according to a follow-up research [18]. These findings suggest that adiponectin plays a key role in the pathophysiology of
DM and that low adiponectin levels are a predictor of insulin resistance and DM. Quite a lot of cross-sectional and genetic
studies conducted worldwide suggest the association of polymorphisms in adiponectin gene (ADIPOQ) with the pathogenesis of
different types of diabetes including type 1, type 2 and gestational diabetes in pregnant women. According to the literatures, a

number of ADIPOQ SNPs such as rs2241766, rs1501299, rs17300539 and rs266729 have been shown to be linked to T;DM
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[17, 19]. T,DM, the predominant form of the disease, is also evidenced to be inclined to a number of including rs1501299,
rs2241766, 1s266729, rs17366743, rs17300539, rs182052, rs822396, rs17846866, rs3774261, rs10937273 and rs822393 [17,
20]. Moreover, experimental studies imply that rs2241766 and rs266729 SNPs are comprehensively allied to GDM [17,21]. On
the basis of these background studies, our observation suggests that three SNPs rs1501299, rs2241766 and rs266729 in
adiponectin gene are extensively associated with the pathogenesis of diabetes across the formats. While all three SNPs are
significantly linked to DM, two common SNPs rs2241766 and rs266729 are linked to all forms of diabetes, whereas rs1501299
is associated with T;DM and T,DM but not with GDM.

Role of ADIPOQ rs2241766 single nucleotide polymorphisms in Diabetes Mellitus (DM)

T,DM is substantially associated with ADIPOQ 12241766 (+45 G 15 G (T/G)) among Swedish Caucasians [22]. This SNP creates a block of
haplotypes that can be found all over the world, and the SNP was found to be significantly linked with T;DM in both single marker and
haplotype analysis. A number of studies have identified a link between rs2241766 and 45 T/G and T,DM [23]. Polymorphism of the
adiponectin gene at position 45 has been linked to an increased incidence of T,DM in the Japanese population. As a result, people with the

genotype G/T or G/G at position 45 have a much higher risk of T,DM [24].

Both genotypes may predispose to low adiponectin concentrations of the TNF-OL and SNP 45 G allele of the adiponectin gene, thereby
favouring the development of impaired glucose tolerance or T,DM in Spanish individuals [25]. T,DM prevalence is closely associated with the
adiponectin 152241766 (SNP 45 T>G) polymorphism in the South Indian population [26] and Singaporean Chinese adults [27]. In the Iraqi
population, the rs2241766 SNP (SNP 45 T/G) of the adiponectin gene is a risk factor for the development of T,DM [28]. Individuals with
impaired glucose tolerance who have the G-allele of SNP >45 are more likely to develop T,DM [29]. In Asians and whites, however, a recent
meta-analysis found no significant links between the SNPs+45 T>G (rs2241766) with T,DM. One possibility is that distinct populations may
have been exposed to a wide range of environmental influences during their existence. Furthermore, differences in lifestyle as well as study
sample size may have contributed to this disparity. Low, et al. [30] reported that a significant association was found between 152241766 and 45
T/G and GDM, In Iranian GDM population the rs2241766 (+45 T/G) polymorphism of the adiponectin gene has been linked to circulating

adiponectin levels [31].

Malaysian gestational diabetes patients with the TG/GG genotype in adiponectin gene polymorphism rs2241766 (SNP45) exhibited lower
plasma adiponectin levels than other groups, showing that adiponectin SNP rs2241766 has a role in circulating plasma adiponectin levels and
subsequent risk of GDM [30]. In patients with GDM, the genotype GT/GG and G-allele of SNP rs2241766 (+45 T>QG) in the adiponectin gene
were more prevalent than in non-GDM patients [31]. The adiponectin SNP rs2241766 may be linked to the epidemic of GDM in women in the
Nantong area of China. Pregnant women with the adiponectin SNP 152241766 genotype TG+GG have lower plasma adiponectin levels and are
more likely to suffer microsomal and neonatal hypoglycaemia. Reduced plasma adiponectin levels and the worst pregnancy outcomes could be
linked to the adiponectin gene allele +45 G [32]. Patients with GDM who have the 152241766 G allele or TG/GG genotype have a significantly
higher proportion of adiponectin than healthy people who have the T allele or TT genotype [33]. During the first trimester, gestational diabetes

patients have somewhat lower plasma adiponectin levels than healthy people.

Role of ADIPOQ rs266729 single nucleotide polymorphisms in Diabetes Mellitus (DM)
The adiponectin promoter polymorphism rs266729 (-11377 C/G) has been linked to Diabetic Nephropathy (DN) in female T;DM patients
[34]. However, the study found no evidence of a genetic link between ADIPOQ gene variants and DN in male T\DM patients. The trend of

decreasing creatinine and cystatin levels in DN patients with the GG genotype relative to TT and TG carriers was a critical element in both
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male and female patients [35]. According to evidence, genetic variation in the promoter region of this gene may play a role in the risk of DN, in
part via affecting ADIPOQ plasma levels. Furthermore, investigations have shown that the 11377 C>G polymorphism can change the sequence
of one of four SP, binding sites in the ADIPOQ promoter region, lowering ADIPOQ promoter transcription activity [36].

The polymorphism of the adiponectin promoter rs266729 (—11377 C>G) is also linked to T,DM [37]. The G allele of adiponectin-11377 has
been linked to a greater risk of T,DM in the Chinese population; hence the G allele is being regarded as a potential SNP for T,DM [37,38]. At
this position, the G allele contributes to the development of T,DM. T,DM is more common in those who have the G allele than in people
who don't [37]. In French Caucasians, two SNPs in the promoter region of the adiponectin gene, rs17300539 (SNP-11391) and rs266729 (SNP-
11377), were found to be strongly linked to the development of hypoadiponectinemia and T,DM [39]. In population-based case—control
studies, significantly elevated risks for dominant model and G versus C allele of 11377 C>G (rs266729) were observed this could be due to the
ethnicity of the study populations, which were mostly white other causes could be different sample size [40]. Beltcheva, et al. [41] reported that
the polymorphism of the adiponectin promoter rs266729 (—11377 C>G) is linked to GDM.

In pregnant and non-pregnant women's adipocytes, the sequence changed by rs266729 could play a different role. As a result, it's plausible that
the G allele, which many people have to lower ADIPOQ expression in non-pregnant people, makes the promoter less susceptible to inhibition
when combined with gestation [41]. The ADIPOQ 15266729 gene polymorphism and GDM had a statistically significant connection [42].
Among women with GDM, the G allele (genotypes GG and CG) was shown to be more prevalent. AG allele in rs266729 (-11377 C>G) is an
independent risk factor for GDM, according to a multivariate logistic regression analysis that took into account age, pregnancy BMI, previous
pregnancies, and the gene polymorphism ADIPOQ 1s266729. Variation of ADIPOQ rs266729 may raise the risk of GDM in Asian and

European countries, according to a meta-analysis of SNPs in the adiponectin gene [43].

Role of ADIPOQ rs1501299 single nucleotide polymorphisms in Diabetes Mellitus (DM)

The 151501299 (+276 G/T) adiponectin gene polymorphism in the ACDC gene is linked to T;DM in Swedish Caucasians, but not to
nephropathy in T,DM [22]. While comparing to a healthy individual, the relative risk of the prevalence of SNP +276 G/T for T,DM patients is
found higher. The adiponectin gene's rs1501299 (SNP+276) polymorphism is linked to insulin resistance and T,DM etiology [44]. In a
Japanese population, +276 G>T (rs1501299) was shown to be strongly linked to T,DM susceptibility [24]. However, this is not the case in
French or Swedish. In Chinese populations, 276 GG is linked to a higher risk of T,DM [45].

In Asians and whites however a recent meta-analysis found no significant links between the +276 G>T (rs1501299) and T,DM. When
compared to those with the T/T genotype, those with the G/G genotype at position 276 had lower plasma adiponectin levels, a higher insulin
resistance index, and a higher chance of developing T,DM [24]. In various ethnic groups, the rs1501299 in the adiponectin gene has been
linked to insulin resistance and susceptibility to T,DM [23, 39,46]. In German and American Caucasians, the exon 2 variant rs1501299, alone
or in combination with rs2241766 as a haplotype, has been associated to obesity and insulin resistance [23,46,47]. Individuals with impaired

glucose tolerance who had the T-allele of SNP rs1501299 are also more likely to develop T,DM.

CONCLUSION
Adiponectin is a fat-derived hormone that has attracted a lot of research in recent years because of its many protective benefits against insulin
resistance/diabetes and atherosclerosis. It's been examined extensively in both human and animal models. Reduced adiponectin levels in
humans are thought to play a key role in the development of diabetes, obesity, and cardiovascular disease. The importance of adiponectin as a
physiological regulator of insulin sensitivity, glucose, and lipid metabolism, as well as cardiovascular homeostasis has been reliably proven in

human and rodent model. Polymorphisms in the adiponectin gene were found to be associated with all types of diabetes,
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including T,DM, T,DM, and GDM. A significant number of SNPs in the adiponectin gene, such as rs2241766, rs266729, rs1501299,
rs17366743, rs17300539, rs182052, rs822396, rs17846866, rs10937273, rs3774261 and rs822393, have been linked to the etiology of DM. All
three types of diabetes have been linked to the two most common SNPs, 152241766 and rs266729. On the other hand, rs1501299 is linked to T,
DM and T, DM but not with GDM. However, the occurrence of a given SNP can differ amongst populations, and it may even be absent in a
group of people with DM. The genetics, environmental variables, and patients' lifestyles may all play a role in this difference. Thus, the
existence of a number of SNPs in the adiponectin gene, in addition to other known causes, could be regarded a risk factor for developing DM
among patients worldwide. Because obesity and related pathologies impede endogenous adiponectin production a viable therapeutic approach
is to use pharmacological or dietary interventions to restore adipose tissue's ability to secrete adiponectin. This unique concept has the potential

to be a fresh and revolutionary therapeutic approach for the treatment of metabolic diseases in the future.

REFERENCES

[1] Misra A., Shrivastava U. Nutri, 2013, 5(7):2708-2733.

[2] Ahmed A M. Saudi Med J, 2002, 23(4):373-378.

[3] Galaviz K I., Narayan K V., Lobelo F., et al., Am J Lifestyle Med, 2018, 12(1):4-20.

[4] Kotlarsky P., Bolotin A., Dorfman K., et al., Intern Ophthalmol, 2015, 35(1):59-66.

[5] Palsson R., Patel U D. Adv Chron Kid Dis, 2014, 21(3):273-280.

[6] Association A D. Diab Care, 2014, 37: 81-90.

[7] Roep B O., Thomaidou S., van Tienhoven R., et al., Nat Rev Endocrinol, 2021,(3):150-161.
[8] Olokoba A B., Obateru O A., Olokoba L B. Oman Med J, 2012, 27(4):269.

[9] Hunt K J., Schuller K L. Obst Gynecol Clin North Am, 2007, 34(2):173-199.

[10] Omoy A., Becker M., Weinstein-Fudim L.,et al., Intern J Mol Sci, 2021, 22(6):2965.
[11] Pramanik S., Rathwa N., Patel R., et al., Curr Diab Rev, 2018, 14(3):201-221.

[12] Wang Z V., Scherer P E. J Mol Cell Biol, 2016, 8(2):93-100.

[13] Kern P A., Di Gregorio G B., Lu T., et al., Diab, 2003, 52(7):1779-1785.

[14] Kadowaki T., Yamauchi T. Endo Rev, 2005, 26(3):439-451.

[15] Gu H F. Biomar Insig, 2009, 4: 3453.

[16] Heid I M., Wagner S A., Gohlke H., et al., Diab, 2006, 55(2):375-384.

[17] Howlader M., Sultana M 1., Akter F., et al., Heliyon, 2021, 7(8):7851.

[18] Kistorp C., Faber J., Galatius S., et al., Circul, 2005, 112(12):1756-1762.

[19] Lin Z., Huang G., Zhang J., et al., Ren fail, 2014, 36(3):478-487.

[20] Li Z P., Zhang M., Gao J., et al., Gene, 2015, (3):512-519.

[21] Huang L T., Wu S L., Liao X., et al., World J Clin Cases, 2019, 7(5):572.

[22] MaJ., Mollsten A., Falhammar H., et al., J Diab Compli, 2007, 21(1):28-33.

[23] Menzaghi C., Ercolino T., Di Paola R., et al., Diab, 2002, 51(7):2306-2312.

[24] Hara K., Boutin P., Mori Y., et al., Diab, 2002, 51(2):536-540.

[25] Gonzalez-Sanchez J L., Martinez-Calatrava M.J., Martinez-Larrad M T., et al., Clin Chem, 2006, 52(1):97-103.
[26] Biswas D., Vettriselvi V., Choudhury J., et al., Ind J Clin Biochem, 2011, 26(2):172-177.
[27] Toy W C., LiuJ J., Cheng A K., et al., J Diab Metab. 2011, 2(152):2.

[28] Hussain M K., Deli F A., Algenabi A H., et al., Gene, 2018, 662:118-122.

[29] Zacharova J., Chiasson J L., Laakso M. Diabetes, 2005, 54(3):893-899.

[30] Low CF., Tohit E R., Chong P P., et al., Arch Gynecol obst, 2011, 283(6):1255-1260.

10


https://doi.org/10.1111/dme.12540
https://doi.org/10.1177/1559827615619159
https://doi.org/10.1007/s10792-014-0018-6
https://doi.org/10.1053/j.ackd.2014.03.003
https://doi.org/10.2337/dc14-s081
https://doi.org/10.1038/s41574-020-00443-4
https://doi.org/10.5001/omj.2012.68
https://doi.org/10.1016/j.ogc.2007.03.002
https://doi.org/10.3390/ijms22062965
https://doi.org/10.2174/1573399813666170112142837
https://doi.org/10.1093/jmcb/mjw011
https://doi.org/10.2337/diabetes.52.7.1779
https://doi.org/10.1210/er.2005-0005
https://doi.org/10.4137/bmi.s3453
https://doi.org/10.2337/diabetes.55.02.06.db05-0747
https://doi.org/10.1016/j.heliyon.2021.e07851
https://doi.org/10.1161/circulationaha.104.530972
https://doi.org/10.3109/0886022x.2013.868319
https://doi.org/10.3390/genes6030512
https://doi.org/10.12998/wjcc.v7.i5.572
https://doi.org/10.1016/j.jdiacomp.2006.03.002
https://doi.org/10.2337/diabetes.51.7.2306
https://doi.org/10.2337/diabetes.51.2.536
https://doi.org/10.1373/clinchem.2005.049452
https://doi.org/10.1007/s12291-011-0123-5
https://doi.org/10.1016/j.gene.2018.03.087
https://doi.org/10.2337/diabetes.54.3.893
https://doi.org/10.1007/s00404-010-1548-4

Hossain M., et al. Der Pharmacia Lettre, 2022, 14(1):06-11

[31] Takhshid M A., Haem Z., Aboualizadeh F. J Diab Metab Dis, 2015, 14(1):1-7.

[321 Han Y., Zheng Y L., Fan Y P, et al., Clin Exp Med, 2015,15(1):47-53.

[33] Feng Y., Jiang C D., Chang A M., et al., J Mat Fetal Neon Med, 2019, 32(2):339-347.

[34] Nomani H., Hesami O., Vaisi-Raygani A., et al., J Cell Biochem, 2019, 120(3):3574-3582.
[35] Zhang D., Efendic S., Brismar K., et al., BMC Med Gen, 2010, 11(1):1-7.

[36] Zhang D., Ma J., Brismar K., et al., J Diab Comp, 2009, 23(4):265-272.

[37] Sun P., Liu L., Chen J., et al., Med, 2017, 96.

[38]LiY Y., Yang Z J., Zhou C W, et al., Plos One, 2013, 8(4):61153.

[39] Vasseur F., Helbecque N., Dina C., et al., Human Mol Gen, 2002, 11(21):2607-2614.

[40] Han L Y., Wu Q H., Jiao M L., et al., Diab, 2011, 54(9):2303-2314.

[41] Beltcheva O., Boyadzhieva M., Angelova O., et al., Arch Gynecol Obst, 2014, 289(4):743-748.
[42] Pawlik A., Teler J., Maciejewska A., et al., J Assis Reprod Gene, 2017, 34(4):511-516.
[43] Bai Y., Tang L., Li L. Gene, 2020, 730:144302.

[44] Thirunavukkarasu A., Nithya R., Muthukumaran K., et al., J Env Res Dev, 2014, 8(3):563.
[45] Wang T., Feng X., Zhou J., et al., Sci Rep, 2016, 6(1):1-7.

[46] Stumvoll M., Tschritter O., Fritsche A., et al., Diab, 2002, 51(1):37-41.

[47] Achari A E., Jain S K. Intern J Mol Sci, 2017, 18(6):1321.

11


https://doi.org/10.1186/s40200-015-0156-z
https://doi.org/10.1007/s10238-014-0275-8
https://doi.org/10.1080/14767058.2018.1446207
https://doi.org/10.1002/jcb.27634
https://doi.org/10.1016/j.jdiacomp.2008.05.004
https://doi.org/10.1097/md.0000000000008745
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1371%252Fjournal.pone.0061153;h=repec:plo:pone00:0061153
https://doi.org/10.1093/hmg/11.21.2607
https://doi.org/10.1007/s00125-011-2202-9
https://doi.org/10.1007/s00404-013-3029-z
https://doi.org/10.1007/s10815-016-0866-2
https://doi.org/10.1016/j.gene.2019.144302
https://doi.org/10.1038/srep38937
https://doi.org/10.2337/diabetes.51.1.37
https://doi.org/10.3390/ijms18061321



