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Abstract   [12 pt, Bold – heading]
Vitamin D deficiency has been linked to insulin resistance and impaired glycemic control. This cross-sectional study evaluated serum 25-hydroxyvitamin D concentrations and glycated hemoglobin in 200 adults with type 2 diabetes mellitus attending the diabetes outpatient clinic of a teaching hospital in Najaf, Iraq, between January and June 2025. Participants were classified as vitamin D deficient (< 50 nmol/L), insufficient (50–74 nmol/L) or sufficient (≥ 75 nmol/L). Half of the participants (50.0%) were deficient. Mean glycated hemoglobin was 8.6 ± 0.14% in deficient, 7.9 ± 0.17% in insufficient and 7.3 ± 0.15% in sufficient participants (P < 0.001), and poor glycemic control (glycated hemoglobin ≥ 7.0%) was found in 78.0%, 60.0% and 42.2% of the three groups, respectively. Vitamin D deficiency was common and associated with poorer glycemic control, supporting routine assessment of vitamin D status in patients with type 2 diabetes.  [11 pt – abstract text]
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2. Introduction  [12 pt, Bold – heading]
Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by hyperglycemia resulting from insulin resistance and progressive β-cell dysfunction (1).  [11 pt – main text]
The global burden of diabetes continues to rise; an estimated 537 million adults aged 20–79 years were living with diabetes in 2021, and the number is projected to increase substantially by 2045, with a large share in low- and middle-income countries including the Middle East (2).
Beyond its classical role in calcium and bone metabolism, vitamin D has been implicated in glucose homeostasis (3,4). Vitamin D may influence glycemic control through two main mechanisms:
a. By enhancing insulin secretion through vitamin D receptors and calcium-dependent signaling in pancreatic β-cells (4).
b. By reducing systemic inflammation and improving peripheral insulin sensitivity in muscle and adipose tissue (4).
However, randomized trials of vitamin D supplementation have produced inconsistent results for the prevention and control of T2DM (5).
Vitamin D deficiency is highly prevalent in the Middle East despite abundant sunshine, owing to limited sun exposure, skin coverage and dietary factors (6). Vitamin D status is usually assessed by serum 25-hydroxyvitamin D [25(OH)D] concentration (7).
This study was conducted at Jabir ibn Hayyan University for Medical and Pharmaceutical Sciences to evaluate the relationship between vitamin D status and glycemic control in adults with T2DM in Najaf.

3. Materials and Methods  [12 pt, Bold – heading]
A cross-sectional study was conducted at the diabetes outpatient clinic of a teaching hospital in Najaf, Iraq, from January to June 2025. Adults aged 30–70 years with T2DM for at least one year were enrolled consecutively. Patients receiving vitamin D or calcium supplements and those with chronic kidney or liver disease were excluded. The study was approved by the Ethics Committee of the College of Medicine (approval no. [….]), and written informed consent was obtained from all participants.
Serum 25(OH)D was measured by electrochemiluminescence immunoassay; vitamin D status was classified as deficient (< 50 nmol/L), insufficient (50–74 nmol/L) or sufficient (≥ 75 nmol/L) (7). Glycated hemoglobin (HbA1c) was measured by high-performance liquid chromatography, and HbA1c ≥ 7.0% was considered poor glycemic control (1). Data were analyzed using SPSS version 26; results are presented as mean ± standard error (SE), and groups were compared using one-way analysis of variance and the chi-square test. P < 0.05 was considered significant.
4. Results and Discussion  [12 pt, Bold – heading]
A total of 200 patients (mean age 54.6 years) were included. Vitamin D deficiency was found in 100 patients (50.0%), insufficiency in 55 (27.5%) and sufficiency in 45 (22.5%). Mean HbA1c decreased progressively from the deficient to the sufficient group (Figure 1).
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Figure 1: Mean glycated hemoglobin (HbA1c, %) according to vitamin D status (error bars: standard error)  [11 pt, Bold – table/figure title]


Table 1 shows the distribution of participants by age group and vitamin D status. Deficiency was most frequent in patients aged 50–59 years.
Poor glycemic control (HbA1c ≥ 7.0%) was significantly more frequent among vitamin D deficient patients (78.0%) than among insufficient (60.0%) and sufficient (42.2%) patients (P < 0.001) (Table 2).







Table 1: Distribution of patients with type 2 diabetes mellitus by age group and vitamin D status (n = 200)
	Age group (years)  [10 pt – table text]
	Vitamin D status (n)
	Total (n)

	
	Deficient
	Insufficient
	Sufficient
	

	30–39
40–49
50–59
60–70
	10
22
38
30
	8
15
20
12
	7
13
17
8
	25
50
75
50



Table 2: Glycemic control according to vitamin D status in patients with type 2 diabetes mellitus
	Vitamin D status
	Patients (n)
	HbA1c ≥ 7.0% (n)
	Proportion (%)

	Deficient
Insufficient
Sufficient
Total
	100
55
45
200
	78
33
19
130
	78.0
60.0
42.2
65.0




The present findings indicate an inverse association between vitamin D status and glycemic control, in agreement with the proposed effects of vitamin D on insulin secretion and insulin sensitivity (3,4). The high prevalence of deficiency is consistent with previous reports from the Middle East (6).
Although supplementation trials have not consistently shown glycemic benefit (5), correcting deficiency remains clinically relevant because of its skeletal and possible metabolic effects.
Improving glycemic control is important, as intensive glucose control has been shown to reduce microvascular complications in patients with T2DM (8).
This study has limitations: its cross-sectional design does not allow causal inference, seasonal variation in vitamin D was not assessed, and potential confounders such as physical activity, sun exposure and diet were not fully controlled.
Table 3 shows the mean HbA1c and fasting plasma glucose in each group. Both parameters were highest in the deficient group and lowest in the sufficient group (P < 0.001).
No significant differences in age or sex distribution were observed between the three groups.
Conclusions   [12 pt, Bold – heading]
Vitamin D deficiency is common among patients with T2DM in Najaf and is associated with poorer glycemic control. Routine assessment of vitamin D status may be considered in diabetes care, and prospective studies are needed to clarify causality.
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Table 3: Glycated hemoglobin and fasting plasma glucose according to vitamin D status (mean ± SE)
	Vitamin D status
	Patients (n)
	HbA1c (%) mean ± SE
	Fasting plasma glucose (mmol/L) mean ± SE

	Deficient
Insufficient
Sufficient
Total
	100
55
45
200
	8.6 ± 0.14
7.9 ± 0.17
7.3 ± 0.15
8.1 ± 0.10
	10.2 ± 0.25
9.1 ± 0.28
8.0 ± 0.24
9.4 ± 0.16
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