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Aims One extremely important public health challenge worldwide is diabetes mellitus. Type 
2 diabetes mellitus is a rising concern around the globe. Early revealing of Type 2 diabetes 
mellitus is very significant in that morbidity associated with the condition can be decreased. 
Studies have proposed that insulin-like growth factor-1 has roles similar to that of insulin. 
The existing study was implemented to reveal the alliance of single nucleotide polymorphism 
rs10860860 of the IGF-1 gene with Type 2 diabetes mellitus.
Materials & Methods This case-control study was conducted in Merjan Hospital in Babylon 
Province, Iraq, in 2022. The available random sampling method selected two groups of 
healthy individuals (n=50 as control) and Type 2 diabetes mellitus patients (n=158 as study). 
The serum levels of glucose and zinc were determined by spectrophotometric method. The 
serum IGF-1 level was estimated using the sandwich ELISA technique. The students’ T and 
Chi-square tests were used to assess data in SPSS 21 software.
Findings The different levels of glucose, zinc, and IGF-1 were significant between the two 
groups. Genotyping frequencies of the IGF-1 gene deviated from Hardy Weinberg equilibrium 
in the control group (χ2=9.158; p=0.002) while were consistent in the study group (χ 2=2.482; 
p=0.115). The AT genotype was associated with lower odds of Type 2 diabetes mellitus than 
those of the wild genotype AA.
Conclusion The AT genotype of IGF-1 gene SNP rs10860860 negatively associates with Type 
2 Diabetes Mellitus.
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Introduction 
The metabolic ailment renowned as diabetes mellitus 
(DM) is a set of illnesses. It is defined by chronic 
hyperglycemia in a fed or a state of fasting and 
turbulences in carbohydrate, lipid, and protein 
metabolism resulting from faults in insulin deed 
and/or insulin secretion or both [1]. Type 2 Diabetes 
Mellitus (T2DM) is undeniably among the most 
prevalent metabolic conditions on a global scale. Its 
onset predominantly arises from a dual interplay of 
factors: malfunctioning insulin secretion by 
pancreatic β-cells and the resistance of insulin-
sensitive tissues towards insulin [2]. The World Health 
Organization (WHO) defines diabetes mellitus as a 
persistent metabolic disorder marked by heightened 
blood glucose levels, gradually harming the heart, 
blood vessels, eyes, kidneys, and nerves over time. 
Based on the International Diabetes Federation, it 
impacts nearly 1 in 11 adults globally, with type 2 
diabetes mellitus influencing over 90 percent of them 

[3]. Diabetes mellitus has emerged as a significant 
threat, posing risks to the well-being and lives of 
individuals on a global scale. The severe implications 
of DM primarily manifest in its capacity to trigger 
extensive vascular issues [4]. For instance, individuals 
diagnosed with T2DM face double the risk of 
cardiovascular disease compared to the general 
population, resulting in a notably unfavorable 
prognosis [5]. Moreover, approximately one-third of 
diabetic patients experience diabetic retinopathy, 
significantly impacting their overall health and 
quality of life [6]. These complications stand as the 
leading cause of both patient mortality and disability. 
Hence, actively investigating the underlying 
pathological mechanisms of DM and its associated 
complications is crucial in developing effective 
preventive strategies to mitigate and potentially 
reverse the detrimental effects of this condition. 
The progression of the disease is greatly influenced 
by a combination of genetic and environmental 
factors [2]. Among the genetic factors, single 
nucleotide polymorphisms (SNPs), the most 
prevalent form of genetic variation among 
individuals within a species, are recognized as robust 
markers for genetic mapping and comprehensive 
genome-wide association analyses [7]. Vascular 
problems are the DM's pathological trait. 
Hyperglycemia chronicity is associated with long-
term damage and deterioration of multiple organ 
systems [3].                                     
DM and unsuccessful glycaemic management are 
hazardous factors for DM complications, and the 
predisposition to such comorbidities is expanded by 
ethnic variability in the genotype of the individual [8]. 
T2DM is a multifactorial disease, with its etiology 
affected by multiple genes (i.e., polygenic) and 
environmental factors. Indeed, genome-wide 
association studies (GWASs) have linked aberrations 
in more than 40 genes with an increased risk of 

T2DM. These genes are involved in the regulation of 
various biological processes, including cellular 
development, differentiation, and physiological 
functions. Environmental factors associated with an 
increased risk of T2DM include age, obesity, and lack 
of physical activity [9]. 
The persistent hyperglycemia in DM can ultimately 
lead to adverse complications, such as neuropathy, 
retinopathy, nephropathy, and cardiovascular 
diseases (CVDs). As a compounding factor, there is a 
prolonged pre-detection period in T2DM, during 
which one-third to one-half of all patients may go 
undiagnosed due to a lack of clinical symptoms. 
Indeed, some patients are only diagnosed with T2DM 
after the manifestation of complications associated 
with T2DM-induced hyperglycemia [9]. 
In the expansion of DM vascular problems, growth 
factors are assumed to play a decisive role [10]. It was 
revealed that insulin-like growth factor-1 (IGF-1) can 
be connected to complications of delayed 
microvascular DM, comprising diabetic nephropathy 

[7]. The IGF-1 gene is placed on chromosome 12q22-
24.1, and the encoded IGF-1 protein exists as a single-
chain polypeptide comprising seventy amino acids 
[10]. The IGF-1 and its particular receptor (insulin-like 
growth factor 1 receptor), adding to their mitogenic 
influences, profoundly impact the metabolism of 
protein and glucose [11]. 
Zinc is widely spread. It is a substantial part of about 
10 percent of human proteins and is like a key in cell 
signaling. In humans, it exists in elevated levels in the 
pancreatic beta cells, where it plays an eloquent 
function in insulin and glucagon secretion [12]. The 
response to elevated levels of glucose primarily 
prompts the release of insulin. However, it's 
important to acknowledge that other factors, apart 
from glucose, also contribute to insulin release, such 
as amino acids, fatty acids, and various hormones [13]. 
When circulating glucose levels rise, β-cells primarily 
intake glucose through the glucose transporter 2 
(GLUT2), which acts as a glucose sensor for these 
cells. Once glucose enters, it initiates glucose 
breakdown, thereby increasing the ratio of ATP/ADP 
within the cell. This ATP/ADP ratio rise prompts the 
closure of ATP-dependent potassium channels in the 
cell's outer membrane. Consequently, the membrane 
depolarizes and triggers the opening of voltage-
dependent calcium (Ca2+) channels, allowing Ca2+ 
influx into the cell. The heightened concentration of 
intracellular Ca2+ then stimulates the preparation and 
fusion of insulin-containing granules with the cell's 
outer membrane, leading to insulin release through 
exocytosis [14, 15]. Zinc equilibrium abnormalities have 
been displayed to be shared in multiple non-
communicable diseases, like T2DM, age-mediated 
macular degradation, and liver disorders associated 
with alcohol [16]. 
In conclusion, exploring the correlation between 
single nucleotide polymorphisms in the IGF-1 gene 
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and T2DM remains an active study area within the 
genetics and diabetes research domain. 
Comprehending the genetic factors involved in T2DM 
may pave the way for personalized treatments or 
interventions for at-risk individuals, potentially 
enabling more precise strategies for preventing and 
managing this widespread metabolic disorder. So, 
since diabetes causes a serious threat to human 
health due to its complications, this study aimed to 
assess the association of IGF-1 gene single nucleotide 
polymorphism with T2DM. 

 
Materials and Methods 
This case-control study was conducted in Merjan 
Hospital in Babylon Province, Iraq, in 2022. Two 
groups of healthy individuals (n=50 as control) and 
T2DM patients (n=158 as study) were selected by the 
available random sampling method by specialist 
physicians. All samples signed the consent form to 
participate in the study. 
Specimens of venous blood were withdrawn from 
each participant posterior to overnight fasting via 
plastic syringes in the seated posture. The serum 
levels of glucose and zinc were determined by 
spectrophotometric method. The serum IGF-1 level 
was estimated using the sandwich ELISA technique.  
The DNA was extracted from blood [12], and 
genotyping of rs10860860 polymorphism of the IGF-
1 gene was done via polymerase chain reaction 
(PCR). The PCR was used for amplification of DNA by 
using particular primers (Forward primer: 5'-
AGGACCTGGCAAATGATG-3'; Reverse primer: 5'-
TATGGCAATTACATATTGGAATG-3') [13]. 
The thermal cycler was utilized to determine the SNP 
(initial denaturation for 5 minutes at 94°C, followed 
by 35 cycles under denaturation for 30 seconds at 
94°C, annealing for 30 seconds at 60°C, elongation for 
30 seconds at 72°C and then final elongation for 5 
minutes at 72°C). 
The products of PCR were analyzed on 2% agarose 
gel by electrophoresis. The PCR product fragment 
was 417bp. After the digestion of the PCR product by 
the restriction enzyme (FauND I) and following the 
analysis of the digestion restricts by electrophoresis, 
there were three possible forms of genotype for each 
DNA sample; the fragment with 417bp indicated the 
existence of the genotype TT, the fragments with 
272bp and 145bp pointed to the existence of the 
genotype AA, the fragments 417bp, 272bp and 145bp 
pointed out the presence of the genotype AT. 
The students’ T and Chi-square tests were used to 
assess data at a 0.05 significance level in SPSS 21 
software. 

 
Findings 
The mean age of the control group was 26.72±9.50 
years, and the study group was 54.61±13.53 years 
(p<0.05). The number of males was 28 (56%) in the 

control and 90 (56.9%) in the study group. The mean 
of T2DM duration was 10.49±6.99 years. 
The different levels of glucose, zinc, and IGF-1 were 
significant between the two groups (Table 1). 
 
Table 1. Comparing the biochemical parameters mean between 
the two groups (all significant at p<0.05 by student T-test) 
Parameters Control Study 
Glucose (mmol/L) 4.49±0.46 8.81±1.97 
Zinc (mol/L) 15.11±2.20 9.53±2.09 
IGF-1 (pg/mL) 478.50±402.68 365.33±288.43 

 
Genotyping frequencies of the IGF-1 gene deviated 
from Hardy Weinberg equilibrium in the control 
group (χ2=9.158; p=0.002) while were consistent in 
the study group (χ 2=2.482; p=0.115). The AT 
genotype was associated with lower odds of T2DM 
than those of the wild genotype AA. The TT genotype 
was not significantly different in the control and 
T2DM groups. The minor allele T was non-
significantly different in T2DM patients compared to 
the control group (Table 2). 
 
Table 2. Frequencies and distributions of genotypes and alleles of 
IGF-1 rs10860860 SNP in the two group 
Parameter Control Study OR CI 95% p-Value 
Genotypes 
AA 11 (22) 64 (40.5) Reference 
AT 35 (70) 80 (50.6) 0.392 0.185-0.834 0.015 
TT 4 (8) 14 (8.9) 0.601 0.166-2.168 0.437 
Alleles 
A 57 (57) 208 (66) Reference 
T 43 (43) 108 (34) 0.688 0.434-1.089 0.110 

 
Discussion 
Even though hyperglycemia is a feature of all kinds of 
DM, several differences in the pathogenic processes 
give rise to hyperglycemia [17]. This study investigated 
the association of IGF-1 gene single nucleotide 
polymorphism (SNP) with T2DM. 
The findings of this study showed a significant 
increase in glucose levels in the control group 
(healthy subjects) than in T2DM subjects (p<0.001). 
In this regard, Blonde et al. [18] found that many 
people with T2DM are not achieving good glycemic 
control, indicating that their glucose levels are higher 
than normal. 
In the pancreas, beta cells own the greatest zinc 
levels, and 70 percent of the overall zinc amount is 
present with insulin secretory granules. Zinc 
influences insulin liberation. Thus, zinc is 
fundamental for the natural pancreatic task [12], and 
its lack is related to insulin resistance [19].  Zinc has a 
necessary work in regulation and in forming active 
and stored insulin forms. It may be answerable for 
the conformational changes that permit insulin to 
join to its receptors. It has been submitted that zinc 
deficiency can participate in the pathogenesis of 
diabetes [20]. The findings showed a significant 
decrease in zinc levels in the diabetic subjects than in 
the control group (p<0.001). Based on our research 
outcomes, Hussein et al. [21] observed that both 
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diabetic patients with and without neuropathy 
exhibited notably lower average levels of serum zinc 
compared to healthy individuals. Additionally, 
Farooq et al. [22] identified zinc deficiency in diabetic 
patients in contrast to individuals without diabetes, 
establishing a connection between inadequate 
glycemic control and reduced zinc levels. 
Hyperzincuria and/or diminished gastrointestinal 
absorption might be the potential cause of 
hypozincemia found in diabetics [22]. This study 
agreed with the study of Masood N. et al. [23], but it 
disagreed with the study that was achieved by Saber 
et al. [20]. Zinc is related to growth hormone (GH) in 
cells, with IGF-1, and with insulin-like growth factor 
binding protein 3 (IGFBP-3) there is also a linkage [24]. 
In a systematic review and meta-analysis conducted 
by Jayawardena et al. [25] investigating the impact of 
zinc supplementation on Type 2 Diabetes Mellitus, 
the results highlighted a significant increase in 
insulin-like growth factor concentrations, 
particularly in patients with low levels of IGF-1. 
Nevertheless, the review noted substantial variability 
among the studies included. Similarly, aligning with 
these observations, Rocha et al. [26] demonstrated that 
supplementation with zinc led to a notable elevation 
in IGF-1 levels among human subjects. Concerning 
IGF1, zinc appears to be fundamental for IGF1 
promotion of cell proliferation, stimulation of IGF1 
receptor, and hepatic IGF1 gene expression [26].  
About fifty percent of constitutional similarity with 
insulin is possessed by IGF1. The liver, kidneys, 
bones, and fat produce and liberate IGF1, and it is 
ubiquitous in a variety of tissues. It binds to specific 
IGF-1 receptors. It has a certain cross-role with 
insulin receptors. It exhibits insulin-like metabolic 
roles [27]. The IGF-1 elicits nearly the same 
hypoglycemic response of insulin. This leads to an 
increase in peripheral glucose uptake and decreased 
hepatic glucose production, causing better insulin 
sensitivity. The liver is where IGF-1 is largely 
manufactured after GH stimulation and is usually 
bound to IGFBP-3 in circulation [28]. 
The findings showed a significant decrease in the 
mean IGF-1 level in T2DM subjects than in the control 
group (p=0.03). This finding is consistent with the 
outcomes of Mancuso et al. in which lower circulating 
IGF-1 levels had been correlated with T2DM [29] and 
in accordance with Teppala et al. study in which 
dropped serum levels of IGF-1 were interrelated with 
DM [30]. Towering levels of insulin may indirectly 
raise the bioavailability of IGF-1 by putting down the 
generation of insulin-like growth factor binding 
protein-1. In turn, raised IGF-1 bioavailability can 
reverse feedback impact on GH, leading to a drop in 
GH secretion and lower liver manufacturing of IGF-1 
and IGFBP-3 [31]. According to Drogan et al. [32], their 
unadjusted analyses revealed that the average levels 
of IGF-1 were lower in participants who eventually 
developed Type 2 Diabetes Mellitus compared to 
those in the random subcohort. However, when 

employing the multivariable-adjusted (basic) model, 
the study did not establish a significant association 
between serum IGF-1 concentrations and the risk of 
developing T2DM. The level of IGF1 decreases with 
age [33].  
The results of this study proposed that lowering 
serum zinc levels might impact IGF-1 levels. Zinc 
deficiency was joined by decreased circulating IGF-1. 
It was recorded that zinc deficiency causes a 
reduction in serum IGF-1[34]. Thus, multiple factors 
affect the serum level of IGF-1. The IGF-1 level in 
circulation may not accurately describe IGF-1 
bioactivity; hence, genetic-dependent research can 
be a substitute approximation [35]. The deviations 
from HWE may be attributed to the sample size, 
which is relatively small [36]; hence, a larger number 
of participants is requisite.  
In this study, the AT genotype was associated with 
lower odds of T2DM than the wild genotype AA; this 
outcome meant a negative association with the 
disease; hence, AT was not a risk factor or might be 
significantly protective against T2DM. This result 
disagreed with the outcome of Hegazi et al., who 
found that genotype AT was not significantly 
different in control and DM groups [37]. In the current 
study, the TT genotype was found not significantly 
different in control and T2DM groups, which is 
consistent with the outcome of Hegazi et al. [37]. The 
minor allele T was non-significantly different in 
patients compared to the control group. While 
various studies propose a potential link between the 
minor allele T and an elevated risk of Type 2 Diabetes 
Mellitus and its associated complications, along with 
a potential decrease in mean IGF-1 levels in 
individuals with T2DM compared to healthy 
individuals, the results obtained from investigations 
into the relationship between the minor allele T and 
T2DM have not been consistent. Consequently, 
further research is warranted to comprehensively 
elucidate the connection between the minor allele T 
and its impact on susceptibility to T2DM. 
 
Conclusion 
The AT genotype of IGF-1 gene SNP rs10860860 
negatively associates with Type 2 Diabetes Mellitus.  
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