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in patients with type 2 diabetes mellitus 

Muntaha Abdulmajeed Arif *1, Manal Kamal Rasheed2, Ammar Adil Ismaeel3 

 

ackground: Insulin resistance (IR) is a major contributor to type 2 diabetes mellitus (T2DM) and is 

associated with various metabolic disorders. Vitamin D deficiency (VDD) has been linked to an 

increased risk of T2DM, but the relationship between vitamin D status and IR in T2DM patients 

remains unclear. This study explores this association in a male population with T2DM in Baghdad, Iraq. 

Methods: A case-control study was conducted on 190 male participants: 40 healthy controls and 150 patients 

categorized into different groups; 40 diabetic patients, 55 with coronary artery disease (CAD) and T2DM 

(CAD+DM), and 55 with only CAD. Physicians diagnosed them, and they were evaluated by physical and full 

medical history. All the sample set parameters were measured in the fasting state for each group. The 

biochemical tests included body mass index (BMI), vitamin D levels, insulin levels, fasting tests glucose 

(FBG), and HbA1c were measured. Insulin resistance was calculated using the HOMA-IR model. 

Results: Vitamin D levels were significantly lower in all diabetic groups (DM, CAD+DM) compared to the 

control group (p<0.001). All diabetic patients had insulin resistance. BMI was significantly higher in the CAD 

and CAD+DM groups compared to controls (p<0.00001, p<0.004). FBG, HbA1c, insulin levels, and HOMA-IR 

were all significantly higher in diabetic patients compared to controls (p<0.001 for all). Furthermore, 

increased HbA1c, fasting insulin, and homeostatic model assessment for insulin resistance (HOMA-IR) were 

associated with CAD progression in T2DM patients (p < 0.001). 

Conclusion: This study suggests that vitamin D deficiency may contribute to insulin resistance in male T2DM 

patients in Baghdad, Iraq. Maintaining optimal vitamin D levels may be beneficial in diabetes management in 

this population. Incorporating vitamin D screening into routine check-ups for T2DM patients could aid in 

early detection and prevention of insulin resistance-associated complications. 
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Introduction 

Insulin resistance (IR) represents a pathological state 

marked by decreased sensitivity to insulin and 

increased resistance to its effects. IR is associated with 

various metabolic ailments, including obesity, type 2 

diabetes mellitus (T2DM), and cardiovascular disease 

[1]. Genetic and environmental factors, such as obesity, 

may be important contributors to the etiology of IR [2]. 

One of the main factors in the pathophysiology of 

T2DM is IR, where compensatory insulin secretion 

fails, resulting in high blood glucose levels [3]. 

Exploring the underlying mechanisms of IR could 

significantly impact efforts to prevent the occurrence 

of T2DM. 

Vitamin D (VD) is a fat-soluble vitamin, can be 

obtained through two main sources: synthesis in the 

skin upon exposure to sunlight and dietary intake from 

sources rich in VD like fatty fish [4]. It has been 

implicated in the regulation of various mechanisms 

such as cell proliferation, immunological response, 

glucose metabolism, and inflammatory processes [5]. 

Multiple investigations have highlighted the 

implication of VD in various metabolic diseases, 

including T2DM. Additionally, growing evidence has 

suggested a correlation between VD levels and the 

likelihood of diabetes mellitus (DM). VDD is 

hypothesized to be a potential contributor to the 

development of IR and T2DM, potentially affecting 

insulin secretion and sensitivity. Through vitamin D 

receptors (VDR) located in pancreatic beta cells, VD 

affects the release of insulin [6,7]. 

According to a meta-analysis, in diabetic patients, an 

inverse association was observed between VD levels 

and BMI, glucose homeostasis impairment, and HOMA-

IR. Observational studies, involving animal models and 

human subjects, have reported an association between 

VDD and both IR, and T2DM, suggesting a beneficial 

impact of VD in obesity, IR, and T2DM [8]. There are 

several ways in which VD can affect insulin sensitivity, 

some of which are still not fully understood. According 

to several pieces of research, VD enhances the 

transcription and quantity of insulin receptors in 

tissues that respond to insulin by interacting with VDR. 

Additionally, VD can affect the extracellular calcium 

concentration and flow through the insulin-responsive 

cell, which in turn activates the glucose transporters 

and improves the cell’s responsiveness to insulin [9]. 

Furthermore, VD may inhibit the impact of 

inflammatory cytokines on insulin signaling by 

suppressing the release of inflammatory cytokines and 

modulating the immune system [10]. However, the 

protective function of VD in preventing IR remains 

ambiguous. So, the objective of this work is to explore 

the underlying mechanisms and potential of VDD in IR. 

Methods 

Subjects and design 

This case-control study included 190 Male; 40 (21.1%) 

as health control, and 150 patients classified into three 

groups; 40 (21.1%) diabetic patients, 55 (28.9 %) 

patients with CAD, and 55 (28.9 %) patients had DM 

and CAD. Participants were collected from those 

admitted to The Specialized Center for Endocrinology 

and Diabetes, Iraqi during the period from Feb 2022 to 

Nov 2022.  

Sample collection 

Blood samples were obtained via vein puncture 

following a 12-hour fasting period, with 4 ml collected 

from each subject. Of this, 2 ml was placed in an EDTA 

tube for subsequent HbA1c analysis. The remaining 2 

ml was collected in a tube and left at room 

temperature. Following a clotting period of 10 minutes, 

the sample was centrifuged at 2000 rpm. The separated 

serum stored at −20 °C for VD level, insulin, and FBG 

analysis. HbA1c was estimated by an HPLC method 

using Bio-Rad method [11]. The serum 25-Hydroxy 

Vitamin D3 was measured following the manufacturer 

protocol of ELISA kit (My BioSource, USA, Cat. No 

MBS580159) [12]. The serum 25-Hydroxy Vitamin D3 

concentration > 30 ng/mL, between 20–30 ng/mL, and 

< 20 were considered as sufficient, insufficient, and 

deficient respectively [13]. Insulin concentrations in 

serum were measured using  (ELISA) kit from ALPCO 

(Salem, NH, USA), serum glucose levels were measured 

using kit (Shinyang, Busan, Korea) and  HOMA-IR was 

calculated with a standard formula from fasting glucose 

and insulin levels [14].  

Inclusion criteria  

Men aged from 41to 75 with confirmed diagnosis of 

T2DM based on medical records or clinical assessment. 

will be enrolled in this in this research. 

Exclusion criteria  

Men with other types of diabetes, chronic kidney 

disease, liver disease, hyperparathyroidism, or those 

utilizing VD supplements or medications that impact 

VD level. 

Ethical approval 

Authors have been signing on an ethical 

consideration’s approval, and the project was approved 

by the local ethical committee Iraqi Ministry of Health, 

- Medical City / National Center for Educational 

Laboratories. Medical City / Iraqi Center for Heart 

Disease according to the code number (ISU.134 – Date 

23.1.2022). 

Statistical analysis  
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The SPSS software, version 26, was utilized for 

statistical analysis (SPSS Inc., Chicago, IL, USA). The 

expression for continuous variables was mean ± 

standard deviation (SD). Frequencies and percentages 

are used to represent categorical variables. Continuous 

data were compared using the ANOVA test [15]. 

Results 

As shown in Figure 1, the study included 190 

participants divided into 4 groups; 40 health control, 40 

diabetic patients, 55 patients with CAD, and 55 patients 

had DM and CAD. 

 
Figure 1: A pie chart illustrating the distribution of participants 

across the studied groups. Fig 1: highlights that CAD and CAD with 

DM groups had the highest prevalence among the participants. 

As shown in Figure 2, the Mean age of included 

patients was 56.06 ± 7.22, with a range of (41-75) yrs. 

regarding the age groups, 48.9% of included patients 

were aged 51-60 yrs., 30.0% were aged 41-50 yrs., 17.4% 

were 61-70 yrs. and 3.7% were ≥ 71 yrs. the mean age in 

each group was 55.00±5.90, 55.15±8.49, 58.49±7.19 and 

48.85±5.83 in DM, CAD, CAD with DM and control group 

respectively.

 
Figure 2: A bar chart illustrating the age distribution of 

participants across the studied groups. Fig 2: reveals that nearly 

half of the participants fall within the age range of 51-60 years. 

Table 1 shows the basic characteristics of the study 

participants including the BMI, VD status, glycemic 

control, and insulin sensitivity in all participants. 

According to BMI of participants, 16.3% had normal 

BMI, 55.8% were overweight and 27.9% were obese. 

According to VD levels, 16.8% had VDD, 65.3% had VD 

insufficiency and 17.9% had normal VD level. According 

to HbA1c, 37.4% had good glycemic control and 16.8% 

had poor control and 45.8% had excellent control. All 

the study participants had insulin resistance of which 

31.6% had early resistance. 

Parameter Group Description  N % 

BMI group normal BMI 31 16.3 

overweight BMI 106 55.8 

obese 53 27.9 

Vitamin D level vitamin D deficiency 32 16.8 

vitamin D insufficiency 124 65.3 

Normal vitamin D level  34 17.9 

Glycemic control 

HbA1c 

excellent glycemic control 87 45.8 

good glycemic control 71 37.4 

poor glycemic control 32 16.8 

Insulin sensitivity early resistance 60 31.6 

insulin resistance 130 68.4 

Total 190 100.0 

Table 1: Basic characteristics of the study participants. 

Table 2 shows the difference between the studied 

variables including Mean of BMI, VD levels, insulin 

level, HOMA-IR, FBS and HbA1c between the 4 groups. 

Our results showed a statistically significant difference 

in BMI, VD level, insulin level, HOMA-IR, FBS, and 

HbA1c between the studied groups p<0.0001. 

Regarding BMI, Control individual had significantly 

lower BMI than in CAD and CAD with DM, p-value 

0.00001, 0.004. CAD patients had a significantly higher 

BMI than DM patients, < 0.001. CAD with DM patients 

had a significantly higher BMI in comparison to DM 

patients, p-value of 0.004.  

Regarding VD levels, control individual had 

significantly higher VD levels than CAD and CAD with 

DM patients, p-value < 0.001 and < 0.001. CAD patients 

had significantly higher VD than those in the DM group, 

p-value < 0.001. CAD with DM patients had a 

significantly higher VD in comparison to those in the 

DM group, 0.003. The control individual had a 

significantly higher VD in comparison to the other 

groups, < 0.001, < 0.001 and < 0.001. CAD patients had 

significantly lower VD levels in comparison to the DM 

patients, < 0.001.  

The control individual had significantly lower insulin 

levels in comparison to the other groups, < 0.001, < 

0.001 and < 0.001. CAD patients had significantly lower 

insulin levels in comparison to CAD with the DM and 

DM patients, < 0.001 and < 0.001. CAD with DM patients 

had a significantly higher insulin in comparison to DM 

patients, p-value < 0.001.  

Regarding HOMA-IR, the control individual had 

significantly lower HOMA-IR in comparison to CAD 

with the DM and DM patients, < 0.001 and < 0.001. CAD 

patients had significant lower HOMA-IR in comparison 
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to CAD with the DM and DM patients, < 0.001 and < 

0.001. CAD with DM patients had a significantly higher 

HOMA-IR in comparison to DM patients, p-value < 

0.001. In terms of FBG, the control group had 

significantly lower FBG in comparison to CAD with the 

DM and DM group, < 0.001 and < 0.001. CAD patients 

had significantly lower FBG in comparison to CAD with 

the DM and DM patients, < 0.001 and 0.009. CAD with 

DM patients had a significantly higher FBG in 

comparison to the DM patients, p-value < 0.001. In 

terms of HbA1c, the control group had significantly 

lower HbA1c in comparison to CAD with DM and DM 

group, 0.003 and < 0.001. CAD patients had significantly 

lower HbA1c in comparison to CAD with the DM and DM 

patients, 0.009 and < 0.001. CAD with DM patients had a 

significantly higher HbA1c in comparison to CAD 

patients, p-value < 0.001.  

Parameter groups Mean ± SD SE p-value  

BMI Control a, b 25.82 ± 1.74 0.30 < 0.0001* 

CAD group a, e 29.88 ± 4.11 0.55 

CAD with DM b, f 29.16 ± 3.23 0.43 

DM group e, f 26.97 ±1.94 0.30 

Vitamin D Control a, b, c 37.02 ± 6.97 1.10 < 0.0001* 

CAD group a, e 15.47 ± 5.68 0.76 

CAD with DM b 12.77 ± 5.78 0.77 

DM group c, e 21.86 ± 3.73 0.59 

Insulin control a, b, c 9.18 ± 1.70 0.26 < 0.0001* 

CAD group a, d, e  15.88 ± 5.91 0.79 

CAD with DM b, d, f 32.76 ± 9.39 1.26 

DM group c, e, f 22.77 ± 3.35 0.53 

HOMA-IR control  b, c 2.16 ± 0.43 0.06 < 0.0001* 

CAD group d, e  3.77 ± 1.55 0.20 

CAD with DM b, d, f 15.03 ± 7.05 0.95 

DM group c, e, f 9.15 ± 1.88 0.29 

FBS control b, c 97.85 ± 11.10 1.75 < 0.0001* 

CAD group d, e 95.09 ± 9.32 1.25 

CAD with DM b, d, f 183.29 ± 46.17 6.22 

DM group c, f 164.20 ± 28.03 4.43 

HbA1c control  b, c 5.17 ± 0.64 0.10 < 0.0001* 

CAD group d, e 5.87 ± 6.40 0.86 

CAD with DM  d 8.85 ± 2.02 0.27 

DM group  c, e 8.05 ± 1.03 0.16 

a: control and CAD group, b: control and CAD with DM group, c: 

control and DM group, d: CAD group and CAD with DM group e: 

CAD group and DM group, f: CAD with DM group and DM group.  

Table 2: The results of ANOVA test for the difference between 

variables in case and control groups, showing the mean, SD, SE 

and p-value. 

Discussion 

Type 2 diabetes mellitus (T2DM) represents a growing 

global public health concern characterized by 

increasing prevalence rates and considerable health 

burdens. Insulin resistance (IR), a pivotal aspect of 

T2DM, is central to its development and progression, 

marked by reduced responsiveness of peripheral tissues 

to insulin's actions, resulting in impaired glucose 

metabolism. Despite advances in understanding the 

multifactorial etiology of IR, there is ongoing interest 

in identifying factors that can be modified to prevent or 

manage it effectively [16]. VD, a fat-soluble steroid 

hormone, has attracted attention for its potential 

traditional function  in bone health and calcium 

regulation. Recent research suggests that VD may 

influence glucose metabolism and IR in ways yet to be 

fully elucidated [17]. Observational studies have 

reported at a relation between VDD and increased risk 

of IR, T2DM, and associated complications [18]. 

However, the precise mechanisms driving this 

relationship and its clinical implications remain 

unclear. There is a need for further investigation into 

how VD level relates to IR in individuals with T2DM. 

This study aims to explore the association between 

VDD and  IR in T2DM patients.  From our results, CAD 

and CAD with DM showed a significantly elevated BMI 

than healthy control (p < 0.00001, p < 0.004). These 

findings align with prior research that has established a 

positive correlation between increased BMI and an 

elevated risk of CVD incidence. Overweight and obese 

patients constitute a substantial proportion of CAD 

patients, with individuals having a higher BMI being 

more prone to developing coronary artery disease [19–

21]. VD levels showed a significant decline in all groups 

DM and CAD a well as CAD with DM compared to 

healthy controls (p < 0.001). These findings are 

supported by numerous reports that have shown a 

higher risk of developing diabetes in individuals with 

VDD [22,23]. VD can play significant roles in improving 

glucose metabolism and IR in DM by enhancing 

secretion and sensitivity of insulin, as well as 

mitigating inflammation in T2DM [24]. VDD has been 

linked to poor glycemic control and IR in patients with 

T2DM, as well as complications of DM [25]. 

Additionally, VD administration has significantly lower 

the incidence of T2DM  and enhance the rate at which 

prediabetes reverts to normoglycemia [26,27]. 

Furthermore, recent studies coincide with our findings, 

revealing that increased HbA1c, fasting insulin, and 

HOMA-IR are associated with CAD progression in 

patients with T2DM  [28,29], suggesting that they may 

have value as predictors of the severity of CAD. The 

results of the study indicate that low levels of vitamin 

D are linked to heightened insulin resistance among 

diabetic individuals in Baghdad, Iraq. Poorly controlled 

diabetes is often correlated with insufficient levels of 

vitamin D. Maintaining optimal vitamin D levels may 

effectively reduce the incidence of insulin resistance. 

Therefore, incorporating vitamin D screening as a 

routine check-up for T2DM patients is advisable. 

Limitation 

The small sample size was limitation point in the 

current study; a larger number is needed to generalize 

the current finding on Iraqi population.  
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