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Background: Vitamin D deficiency is highly prevalent in the Middle 

East region including Saudi Arabia. Emerging evidence links vitamin D 

status to glycemic control in diabetes. However, findings on the effects 

of vitamin D correction on HbA1c levels have been inconsistent. 

Objective: To assess the association between vitamin D correction and 

changes in HbA1c levels among adult diabetic patients in Ahsa, Saudi 

Arabia. 

Methods:The present study used quasi-experimental design, and 

evaluated 344 patients with vit D deficiency. Patients received vitamin 

D supplementation, dietary counseling, or sun exposure advice for 6 

months. HbA1c was measured at baseline and end-line. Change in 

HbA1c was compared between intervention groups using statistical 

analyses. 

Results:Improvements in vitamin D levels significantly reduced 

HbA1c, indicating vitamin D's role in insulin regulation(r = -0.452, p < 

0.001). However, direct vitamin D correction showed no statistically 

significant HbA1c changes (t: 0.898, p 0.37, CI (-0.071 -0.19)), 

suggesting individualized approaches may be needed. Multiple 

regression identified significant effects of sickle cell disease(t: 2.615, p 

=0.005) on glycemic control independent of vitamin D. 

Conclusions: While vitamin D may modulate insulin and glycemic 

control, diabetes management requires comprehensive strategies 

accounting for individual health profiles. Future research should 

explore personalized vitamin D interventions in diverse patient 

subgroups. 

 
Copy Right, IJAR, 2024,. All rights reserved. 
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Introduction:- 
Diabetes mellitus stands as a formidable challenge to global health, with its incidence not merely being a statistic but 

a harbinger of burgeoning healthcare dilemmas and economic burdens across the world[1]. This metabolic disorder, 

marked by persistently high levels of blood glucose, arises from either the body's inability to produce enough insulin 

or its failure to use insulin effectively[2]. The repercussions of diabetes are far-reaching, affecting various organs 

and leading to serious complications such as cardiovascular diseases, which are the leading cause of death among 

diabetic patients, kidney failure that necessitates dialysis or transplantation, blindness due to diabetic retinopathy, 

and lower limb amputations attributable to peripheral neuropathy and vascular disease[3]. The International 

Diabetes Federation's (IDF) projections serve as a clarion call to the imminent need for robust interventions and 
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policies aimed at curtailing this epidemic, enhancing early detection, and optimizing management strategies to avert 

these life-altering complications[4]. 

 

Within the Middle East and North Africa (MENA) region, the diabetes prevalence notably eclipses the global 

average, underscoring a crisis that is both immediate and escalating. Saudi Arabia, a key nation within this region, 

exemplifies this public health quandary with one of the highest national rates of diabetes[5,6]. This escalating 

prevalence is not merely a reflection of global trends but also of region-specific lifestyle changes, including dietary 

habits and physical inactivity, compounded by genetic predispositions[7]. The impact of diabetes in Saudi Arabia 

extends beyond the health of individuals to strain the national healthcare system and economy, with significant 

resources allocated to manage the condition and its complications[8]. This scenario necessitates a concerted effort 

from policymakers, healthcare professionals, and the community to implement comprehensive diabetes management 

and prevention strategies, tailored to the cultural and societal context of the MENA region and Saudi Arabia in 

particular[9]. Addressing these challenges is crucial for improving the quality of life of those affected and for the 

sustainable development of the region’s healthcare infrastructure and economy. 

The pivotal role of glycemic control in the management of diabetes cannot be overstated[10].  

 

By maintaining blood glucose levels within recommended ranges, individuals with diabetes can significantly reduce 

their risk of developing debilitating complications that are often associated with the disease[11]. These 

complications are broadly categorized into microvascular (such as retinopathy, nephropathy, and neuropathy) and 

macrovascular (including heart disease, stroke, and peripheral vascular disease) complications[12]. Poor glycemic 

control exacerbates the risk of these complications, leading to a decline in quality of life, increased healthcare costs, 

and elevated morbidity and mortality rates[13]. The American Diabetes Association (ADA) underscores the 

importance of individualized glycemic targets to accommodate the diverse needs and conditions of diabetic patients. 

Generally, it advocates for an A1C level below 7% for most non-pregnant adults, which has been shown to 

significantly lower the risk of complications[14]. This recommendation, however, is adjusted based on various 

factors including age, duration of diabetes, presence of cardiovascular diseases, and the risk of hypoglycemia, 

ensuring a balanced approach to diabetes management that minimizes risks while optimizing health outcomes[15]. 

 

Furthermore, achieving and maintaining glycemic control is a dynamic and complex process that requires a 

comprehensive management strategy encompassing lifestyle modifications, dietary adjustments, physical activity, 

and, when necessary, pharmacological intervention[16]. It involves regular monitoring of blood glucose levels to 

guide the adjustment of treatment modalities in response to fluctuations in glucose levels. Education on self-

management practices is also crucial, empowering patients to take an active role in managing their condition[17]. 

Healthcare professionals play a pivotal role in guiding patients through this process, providing personalized advice 

and support to navigate the challenges of diabetes management[18]. The emphasis on glycemic control is grounded 

in evidence-based medicine, highlighting its critical contribution to preventing the progression of diabetes-related 

complications and improving the overall prognosis of individuals with diabetes[19]. This underscores the 

significance of ongoing research and innovation in diabetes care, aiming to refine glycemic control strategies and 

enhance the quality of life for patients living with this chronic condition[20]. 

 

Vitamin D stands out in the pantheon of fat-soluble vitamins for its profound effects on various aspects of human 

health, far beyond its cardinal role in bone health maintenance[20]. It is instrumental in modulating the growth and 

differentiation of cells, playing a pivotal role in neuromuscular functions, bolstering the immune system, and 

exerting anti-inflammatory properties[21]. The vitamin's influence on calcium homeostasis and bone metabolism is 

well-documented, with Vitamin D facilitating the intestinal absorption of calcium and phosphorus, thereby 

preventing rickets in children and osteomalacia in adults[22]. Recent scientific inquiries have expanded the scope of 

Vitamin D's benefits, unveiling its involvement in cardiovascular health, cancer prevention, and the modulation of 

mood disorders. This broad spectrum of actions underscores Vitamin D's vital importance across various 

physiological processes, highlighting the potential consequences of its deficiency[23]. 

 

Emerging evidence has cast a spotlight on Vitamin D's significant yet nuanced role in modulating insulin secretion 

and sensitivity, bridging the gap between traditional bone health and metabolic disorders such as diabetes[24]. This 

connection is critical in understanding how Vitamin D influences glycemic control, the cornerstone of diabetes 

management. Studies suggest that Vitamin D enhances the pancreatic β-cell's function, thus improving insulin 

secretion[25]. Conversely, Vitamin D deficiency is posited to contribute to an increased risk of insulin resistance, a 

precursor for type 2 diabetes. This relationship suggests that sufficient levels of Vitamin D could potent ially mitigate 
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the risk of developing diabetes or could be leveraged to improve glycemic control in individuals already managing 

the disease[26]. Notably, observational studies have linked low Vitamin D levels with poor glycemic control and 

increased incidence of type 2 diabetes, underscoring the need for further research to elucidate the mechanisms at 

play and explore Vitamin D's potential as a modifiable risk factor or adjunct therapy in diabetes care[27]. This dual 

role of Vitamin D, both as a preventive measure against the onset of diabetes and as a possible therapeutic agent in 

improving outcomes for those with the disease, presents a compelling case for its inclusion in broader diabetes 

management and prevention strategies[28].However only studies done in Saudi Arabia assessing this association and 

none of them done in Al Ahsa, knowing the impact of vitamin D correction in this particular population with a low 

prevalence vitamin d levels is important to understand how much vitamin d correction could affect the management 

of diabetic patients [49].  

 

Aim of this study is to assess the association between Vitamin D changes in HbA1c levels, alongside overall 

glycemic control, among adult diabetic patients in Ahsa, Saudi Arabia. Specifically, the study seeks to evaluate how 

correction of Vitamin D deficiency impacts HbA1c levels and if this correlates with improved glycemic control in 

this population. 

 

Method:- 
Study Design 

This research was structured as a retrospective chart review cohort study, specifically employing pre-test and post-

test design to assess the effects of Vitamin D improvements on glycemic control, as indicated by HbA1c levels, in 

diabetic patients attending primary healthcare centers in Al-Ahsa, Saudi Arabia.  

 

Setting and Participantsrecruitments: 

Electronic patient files were reviewed on the unified electronic patient follow-up system for all governmental 

primary health centers in Al-Ahsa 

 

Participants were recruited through a systematic screening process of medical records os patients visiting the 

primary healthcare centers. The screening process aimed to identify diabetic patients who have complete data and 

met inclusion criteria.We have a list of 50,000 diabetic patient in Al Ahsa, we reviewed every 19
th
 patient to identify 

potential participants who met the study's inclusion criteria using a consecutive systematic sampling technique. 

Hence, 11,000 medical records were reviewed. 

 

Definitions: 

We followed the Endocrine Society set the 25(OH)D concentration to define deficiency, insufficiency, sufficiency 

and possible harm at <20 ng/ml (50 nmol/l), 21–29 ng/ml (52·5–72·5), 30–100 ng/ml (75–250 nmol/l) and >100 

ng/ml (>250 nmol/l), respectively [50].So we took less than 30 ng/ml as abnormal and more than 30 ng/ml as 

normal vitamin d levels. 

 

Definition of normal and abnormal hemoglobin A 1 C is as follows: we define non-diabetic range, the value must be 

below 6.4 %, while diabetes can be diagnosed with a HbA1c of 6.5% or higher [51]. 

 

Inclusion and Exclusion Criteria 

Inclusion criteria were: 

1. Adults aged 18 years and older with a clinical diagnosis of diabetes mellitus (Type 2). 

2. Documented Vitamin D levels were taken more than once within the past 6 months at least 3 months apart and 

was taken simultaneously with HgA1c levels. 

3. Regular attendance at the healthcare center for diabetes management (defined as at least two visits for the last 

one year). 

 

Exclusion criteria included: 

1. Patients with conditions known to affect Vitamin D metabolism or absorption, such as chronic kidney disease, 

liver cirrhosis, and granulomatous disorders. 

2. Pregnant or breastfeeding women, considering the specific nutritional and metabolic considerations in these 

groups. 
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Sample Size and Selection 

From the initial screening, 344 eligible patients were identified. This sample size was more than the determined 

based on a power calculation to detect a clinically significant difference in HbA1c levels before and after the 

Vitamin D correction intervention, with a power of 80% and an alpha level of 0.05. Patients who corrected vitamin 

D levels (exposed group: P1) = 0.68.Patients who didn't  correct vitamin D levels (unexposed group; P2) = 0.52.  

 

These parameters are used to determine the required sample size per group by subjecting them to the following 

formula: 

 

N =  
(Zα 

2 
+ Zβ)2 ×  P1 ×  1 −  P1 + P2  ×  1 −  P2  

(P1 − P2)2
 

When substituting z values in the equationthe sample size needed for each group is N ≈ 143 patients. The total 

number of patients recruited into the study is 2N = 2*143 = 286 patients. 

 

Groups: 
The patients were divided into two groups: a group whose vitamin D levels were improved by taking supplements, 

nutrition, or exposure to the sun, and a group that was unable to improve their vitamin D levels. 

 

Statistical analysis: 

This study analyzed data from participants using SPSS software (version 21). we described the characteristics of the 

groups (cases and controls) by reporting frequencies for categorical data (like gender) and means with standard 

deviations for continuous data (like age). To compare these groups, we used chi-squared tests for categorical 

variables and looked for correlations between changes in vitamin D and hemoglobin A1c using Spearman's rank 

correlation. Finally, we assessed the association between correcting vitamin D levels and hemoglobin A1c with a 

paired t-test, and employed regression analysis to identify any confounding factors. 

 

Ethical Considerations 

The study was conducted in accordance with the Declaration of Helsinki and received approval from the 

Institutional Review Board (IRB) of the king Fahad Hospital Al Ahsa. All patient information was anonymized, and 

confidentiality was maintained throughout the study.  

 

Result:- 
Table 1 presents the demographic and clinical characteristics of the study population, totaling 344 participants. The 

majority of participants fell within the age group of 40-59 years (53.5%), with a mean age of 55.52 ± 12.13 years, 

indicating a predominantly middle-aged cohort. A significant proportion of the participants were female (65.7%), 

reflecting the gender distribution of the study population. 

 

Comorbidities were common among the participants, with hypertension (HPN) being the most prevalent (62.5%), 

followed by dyslipidemia (65.7%) and obesity (56.3%). These conditions highlight the common comorbidities 

associated with diabetes and underscore the complex health profiles of the participants. Other notable comorbidities 

included hypothyroidism (8.7%), ischemic heart disease (IHD) (15.7%), heart failure (HF) (8.4%), and sickle cell 

disease (9.0%), with a smaller percentage having chronic kidney failure (CKF) (1.5%). A large majority of the 

participants (76.2%) were being treated with insulin, indicative of the severity of diabetes management in the cohort. 

This high rate of insulin usage underscores the advanced nature of diabetes care required for many individuals in 

this study population. 

 

Table 1:- Demographic data. 

 Demographic data N = 344 % 

Age groups 20-39 35 10.2  

40-59 184 53.5  

60-79 116 33.7 

80-100 9 2.6  
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Gender Male 118 34.3 

Female 226 65.7 

Comorbidities HPN 215 62.5 

HYPOTHYROIDISM 30 8.7 

CKF 5 1.5 

IHD 54 15.7 

HF 29 8.4 

Sickle cell disease 31 9.0 % 

Obesity 192 56.3 % 

Dyslipidemia 226 65.7 % 

Treatment (using of Insulin) 262 76.2 % 

Age (mean ±SD) 55.52±12.13 

 

Table 2 presents the paired-samples T-test results comparing HbA1c levels before and after the Vitamin D 

correction intervention among the study participants. The mean HbA1c level decreased marginally from 7.17% 

before the intervention to 7.11% after the intervention, with standard deviations of 1.81 and 1.63, respectively. This 

slight reduction, however, did not reach statistical significance, as indicated by a p-value of 0.37. The effect size of 

this change, measured by Cohen's d, was 0.0486, suggesting a small impact of Vitamin D correction on HbA1c 

levels within the studied population. The 95% confidence interval for the mean difference in HbA1c levels ranged 

from -0.071 to 0.19, further indicating the change was not statistically significant. 

Table 2:- Paired-samples T test results. 

 

  

Mean  SD 

t P value 
95% Confidence Interval   

Lower Upper Effect Size 

HbA1c 

Before 7.17 1.81 

0.898 0.37 -0.071 0.19 0.0486 After 7.11 1.63 

After 28.89 14.11 

 

Table 3 presents the relationship between changes in Vitamin D levels and differences in HbA1c among groups with 

varying Vitamin D status adjustments. A significant difference in HbA1c reduction was observed in participants 

whose Vitamin D levels remained uncorrected but improved naturally (p=0.019), indicating a potential association 

between spontaneous Vitamin D improvement and glycemic control. However, for participants who underwent 

Vitamin D correction or had initially high or decreased Vitamin D levels, no significant changes in HbA1c were 

noted (p=0.614, p=0.847, and p=0.551, respectively). 

Table 3:- Relationship between Vitamin D difference and HbA1c Difference for groups of vitamin D improvement. 

 HbA1c p 

 Improved Not improved 

Vitamin D not corrected 63 92 0.019 

Vitamin D corrected 39 31 0.614 

Vitamin D vitamin D was high from the 

beginning 

29 30 0.847 

Vitamin D dropped 23 19 0.551 

 

Relationship between Vit diff and HbA1c diff 
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The table illustrates a significant negative correlation (r = -0.452, p < 0.001) between changes in vitamin D levels 

(Vit D diff) and alterations in glycated hemoglobin levels (HbA1c diff). This indicates that as the difference in 

vitamin D levels increases or decreases, there is a tendency for the difference in HbA1c levels to decrease or 

increase, respectively. 

Table 4:- Relationship between Vit diff and HbA1c diff. 

  Vit D dif 

HbA1c diff r -0.452 

p-value <0.001 

 

Simple Linear Regression 

The presented findings in table 5 reveal a significant relationship between Vitamin D levels and glycemic control, as 

assessed through HbA1c levels. The results of a simple linear regression analysis demonstrate a moderate positive 

correlation (R = 0.452) between HbA1c difference and Vitamin D difference, explaining approximately 20.4% of 

the variance in HbA1c difference. The regression model is statistically significant (F = 15.632, p < 0.001), indicating 

that the observed association is unlikely to be due to chance. Specifically, for every unit increase in Vitamin D 

difference, there is an estimated decrease of 0.437 units in HbA1c difference (B = -0.437, p < 0.001). These findings 

suggest that variations in Vitamin D levels may influence changes in glycemic control. 

Table 5:- Simple linear regression results. 

Model R R² F 
Constant  

B t p 

1 0.452 0.204 15.632 -0.322 -0.437 -9.336 <0.001 

Dependent variable: HbA1c diff , Predictor: Vitamin D diff 

The regression equation can be written as: 

Predicted (HbA1c Diff) = -0.322 – 0.437 (Vitamin D difference) 

 

Table 6 represents the results of multiple linear regression, the overall model fit measures and specific coefficients 

for each predictor variable are reported. The analysis reveals that the model explains a statistically significant 

portion of the variance in the dependent variable, HbA1c difference, as indicated by the overall model test (F(10, 

312) = 2.001, p = 0.033). Notably, the regression coefficients for certain predictors demonstrate statistical 

significance in predicting HbA1c difference, including Sickle cell disease (B = 0.66117, SE = 0.25285, t = 2.615, p 

= 0.005) and the use of insulin treatment (B = -0.312, SE = 0.17689, t = -1.798, p = 0.073). Additionally, a 

significant negative association is observed between HbA1c difference and the difference in Vitamin D levels (B = -

0.012, SE = 0.00443, t = -2.64, p = 0.009). However, several predictors such as Hypertension (HPN) and Chronic 

Kidney Disease (CKF) do not demonstrate statistically significant associations with HbA1c difference. 

Table 6:- Multiple linear regression results. 

Model Fit Measures 

 Overall Model Test 

Model R R² F df1 df2 p 

1  0.246  0.060  2.001  10  312  0.033  

Dependent variable: HbA1c difference 

  

Predictors B SE t p 95% Confidence Interval 

Lower Upper 

Intercept -0.15234 0.18672 -0.816 0.415 -0.5196 0.21497 

HPN 0.02123 0.16435 0.129 0.897 -0.3021 0.34454 

CKF -0.49748 0.60179 -0.827 0.409 -1.6813 0.68635 

IHD 0.22943 0.24966 0.919 0.359 -0.2617 0.72056 

HF 0.09326 0.31423 0.297 0.767 -0.5249 0.71142 

Sickle 0.66117 0.25285 2.615 0.005 0.1638 1.15857 

Obesity 0.20701 0.14837 1.395 0.164 -0.0849 0.49888 
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Dislipidemia 0.20842 0.16531 1.261 0.208 -0.1168 0.53361 

Treatment (using of Insulin) -0.31804 0.17689 -1.798 0.073 -0.666 0.02994 

Diff Vit D -0.01189 0.00443 -2.231 0.009 -0.0186 -0.00117 

HYPOTHYROIDISM 0.02715 0.25556 0.106 0.915 -0.4756 0.52988 

 

Discussion:- 

The observed significant reduction in HbA1c levels among participants experiencing natural improvements in 

vitamin D status in our study underscores the potential role of this nutrient in enhancing glycemic control. This 

finding is particularly intriguing, suggesting that even without direct intervention, slight increases in vitamin D 

levels can positively affect blood glucose regulation. This phenomenon may be attributed to vitamin D's known 

roles in enhancing insulin sensitivity and promoting the efficient function of pancreatic β-cells. The vitamin 

facilitates calcium influx into pancreatic cells, a crucial process for insulin secretion, and may also influence insulin 

receptor expression and activity, thus improving glucose metabolism in peripheral tissues[29,30]. 

 

Our findings resonate with a body of research that links higher vitamin D levels to improved insulin function and 

glycemic control. For instance, studies have documented similar associations, suggesting that adequate vitamin D 

status may be beneficial in managing diabetes more effectively[31,32]. These studies, among others, provide a basis 

for understanding the positive impact of vitamin D on metabolic health, aligning with the hypothesis that vitamin D 

supplementation could serve as an adjunct therapy in diabetes management[33]. However, the literature also 

contains reports of studies where vitamin D supplementation did not significantly impact glycemic control, 

highlighting the complexity of its role in diabetes management and the possible influence of baseline vitamin D 

levels, the dose and duration of supplementation, and individual metabolic variations[34,35]. 

 

The discrepancies between studies on the impact of vitamin D on glycemic control highlight the need for a nuanced 

understanding of the relationship between vitamin D status and diabetes management[36]. Factors such as the 

heterogeneity of study populations, differences in vitamin D dosage, and variability in baseline vitamin D levels 

across studies could contribute to these inconsistencies[37]. Furthermore, the potential of vitamin D to improve 

glycemic control may be contingent upon reaching and maintaining optimal serum levels, suggesting that 

supplementation strategies might need to be personalized to achieve significant clinical benefits[38]. This underlines 

the importance of further research to elucidate the mechanisms through which vitamin D influences glucose 

metabolism and to determine the optimal strategies for its use in diabetes care[39]. 

 

In examining the outcomes of vitamin D correction strategies within our study, it was noted that there was no 

statistically significant improvement in HbA1c levels following intervention[40]. This observation challenges the 

expectation that direct vitamin D supplementation or enhancement through dietary adjustments and increased sun 

exposure would uniformly facilitate better glycemic control in diabetic patients[41]. The potential factors 

influencing these outcomes are multifaceted. Baseline vitamin D status, the severity of diabetes at the onset of the 

study, and the duration of the intervention are critical variables that could significantly impact the efficacy of 

vitamin D correction[42]. It is possible that patients with severe vitamin D deficiency or more advanced stages of 

diabetes may require longer or more intensive intervention to see measurable improvements in HbA1c levels. 

Furthermore, the optimal dose and method of vitamin D supplementation need further investigation to identify the 

most effective strategies for different patient subgroups[43]. 

 

The lack of significant improvement underscores the complexity of managing diabetes, a condition influenced by an 

interplay of numerous factors beyond simple nutrient supplementation[44]. This complexity necessitates a more 

tailored approach to treatment, highlighting the importance of personalized medicine in clinical practice. 

Personalized medicine in the context of vitamin D correction involves considering individual differences in response 

to supplementation, the presence of comorbidities, lifestyle factors, and genetic predispositions[45]. Such an 

approach would enable healthcare providers to design more effective, patient-specific strategies for vitamin D 

correction that align with the patient's overall diabetes management plan. This could include more nuanced dosing 

strategies, combinations of supplementation with lifestyle interventions, and closer monitoring of vitamin D levels 

and glycemic control markers over time[46]. 
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The complex nature of diabetes management is underscored by the multifactorial influences on glycemic control, as 

revealed through multiple regression analyses in our study. These analyses highlight the significant roles that 

comorbidities and insulin treatment play in determining changes in HbA1c levels, independent of vitamin D 

status[47]. This finding points to the critical need for a holistic approach in managing diabetes, where the overall 

health profile and existing comorbid conditions of the patient are taken into account. Recognizing the intricate 

interplay between various factors, including vitamin D levels, comorbidities, and treatment regimes, can lead to 

more effective, personalized diabetes management strategies that go beyond mere glycemic control to address the 

patient's comprehensive health needs[48]. 

 

Conclusion:- 
In conclusion, our study sheds light on the complex interplay between vitamin D status and glycemic control among 

adult diabetic patients in Al-Ahsa, Saudi Arabia, underscoring the multifaceted nature of diabetes management. The 

significant findings of improved glycemic control associated with natural vitamin D level improvements, without 

direct interventions, highlight the potential role of vitamin D in modulating insulin secretion and sensitivity. 

However, the absence of significant changes in HbA1c levels following direct vitamin D correction interventions 

calls for a deeper understanding of the mechanisms at play and suggests the need for a more personalized approach 

to diabetes management. 

 

The implications of our study extend beyond the clinical realm into public health policy and practice, particularly in 

regions like the Middle East and North Africa (MENA) where vitamin D deficiency is prevalent. Addressing this 

deficiency through public health initiatives and incorporating vitamin D screening and supplementation into routine 

diabetes care could potentially enhance glycemic control, reduce the burden of diabetes complications, and improve 

the quality of life for those affected. Our findings advocate for a holistic approach to diabetes management that 

considers the individual's overall health profile, including vitamin D status, to optimize treatment outcomes. 

 

Future research should focus on randomized controlled trials with larger sample sizes and longer follow-up periods 

to explore the effectiveness of various vitamin D correction strategies in different subsets of the diabetic population. 

Understanding the indirect effects of vitamin D through its anti-inflammatory and antioxidant properties, as well as 

its interaction with other lifestyle factors, will be crucial in developing comprehensive diabetes management 

strategies. Ultimately, by integrating findings from such research into clinical practice, we can move closer to a 

more effective, personalized approach to diabetes care that addresses not just glycemic control but the overall well-

being of individuals living with diabetes. 
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