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Abstract 

Background: Type 2 Diabetes Mellitus (T2DM) is a common health problem characterised by 

chronically elevated blood glucose along with associated metabolic disorders. New research 

articles suggest that Vitamin D may impact both the release of insulin as well as how the body 

reacts to insulin. Objective: To measure HbA1c (a marker for long term blood sugar control) 

and serum Vitamin D levels in people with T2DM and to explore any relationship between 

them. Materials and Methods: A comparative cross-sectional study with unmatched controls 

conducted among 50 individuals with T2DM and 50 individuals without diabetes mellitus in a 

tertiary care center. Glycaemic control was assessed by HbA1c and Vitamin D status was 

determined by measuring serum 25-hydroxy Vitamin D [25(OH)D] concentrations using 

standard techniques. Results: Vitamin D levels in those with diabetes (17.76 ± 5.29 ng/mL) 

were significantly lower than controls (44.31 ± 11.87 ng/mL, p<0.001). The mean HbA1c 

values were also higher in the diabetic group (11.43 ± 1.88%) than controls (5.41 ± 0.58%, 

p<0.001). In the diabetic subjects, 74% were deficient in vitamin D. Diabetic patients also had 

higher levels of fasting and postprandial glucose, total cholesterol and triglycerides and lower 

HDL cholesterol (p<0.001). There was a weak negative correlation between Vitamin D and 

HbA1c (r = -0.186), fasting blood sugar (r = 0.003) and postprandial blood sugar (r = -0.083) 

but these were not statistically significant. Conclusion: Although the diabetic group had poorer 

glycaemic profiles and lower Vitamin D, there was no significant association between Vitamin 

D status and glycaemic control in this study.  
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Graphical Abstract 

 

 

Introduction 

Diabetes mellitus, Type 11 (T2DM) 

is an important non-communicable disease 

worldwide and a major public health 

challenge in India. Diabetes is rising due to 

rapid urbanisation, sedentary lifestyles, 

changing diets, obesity, an ageing 

population and genetic factors. The ICMR-

INDIAB study has revealed a massive 

burden of metabolic diseases in India, with 

nearly 101 million people having diabetes 

and 136 million having prediabetes [1]. 

HbA1c- Glycated haemoglobin is a 

well-recognised marker of glycaemic 

control on a long-term basis, which reflects 

the mean blood glucose level over the last 3 

months. It is often used in diagnosis, 

monitoring and management of diabetes. 

The ADA - American Diabetes Association 

suggests a HbA1c threshold of 6.5% or 

more for the diagnosis of DM, and this 

marker is used to assess both treatment 

adequacy and the risk of chronic 

complications in people with diabetes [2]. 

Vitamin D is recognised less for its 

function in bone and calcium metabolism, 

than its extra-skeletal functions. The 

presence of receptors for Vitamin D in the 

pancreatic beta cells and other insulin 

responsive tissues stresses that there is a 

possibility of an effect on insulin secretion 

and sensitivity. Vitamin D may influence 

glucose metabolism through various 

mechanisms such as regulation of insulin 

receptor expression, promotion of calcium-

mediated insulin secretion, decrease of 

inflammation, and enhancement of 

peripheral insulin sensitivity [3–5]. 

Vitamin D deficiency is frequently 

reported in individuals with T2DM. Several 

observational studies and systematic 

reviews have shown an association of lower 

levels of serum 25-hydroxyvitamin D with 

poorer glycaemic control, higher HbA1c 

and increased insulin resistance [6-8]. This 

is particularly the case in India, where, 

several factors such as reduced sun 

exposure, darker skin pigmentation, 
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traditional clothing, poor dietary intake and 

insufficient food fortification influence the 

Vitamin D deficiency prevalence [9]. 

Previous studies have shown that in 

T2DM patients, serum Vitamin D is 

inversely related to HbA1c, suggesting that 

those with lower Vitamin D have poorer 

glycaemic control [7,8]. However, results 

are not completely consistent because the 

association might be influenced by 

variables such as age, duration of diabetes, 

obesity, kidney function, medications, 

sunlight exposure and dietary patterns. 

Recent meta-analyses also suggest that 

Vitamin D supplementation may improve 

fasting blood glucose, HbA1c and insulin 

resistance in individuals with T2DM, 

though more population specific research is 

needed [10]. 

Therefore, the estimation of HbA1c 

and vitamin D among patients with 

Diabetes Mellitus (Type II) in tertiary care 

hospitals is of clinical significance. This 

approach can help to estimate the Vitamin 

D deficiency prevalence and examine their 

relationship with glycaemic control which 

may support more comprehensive diabetes 

management by highlighting modifiable 

nutritional factors. 

 

Aim 

To evaluate HbA1c levels and 

serum Vitamin D in patients with Type 2 

Diabetes Mellitus in a tertiary care hospital. 

 

Objectives  

• To assess the levels of HbA1C and 

Vitamin D among patients with and 

without T2DM. 

• To assess the relationship between 

serum Vitamin D levels and glycaemic 

status (HbA1c) in patients with and 

without T2DM. 

 

Methodology  

Study Design 

A comparative cross-sectional study 

with unmatched controls was done in the 

Department of Biochemistry in a tertiary 

care teaching hospital in Salem. 

 

Study Setting 

Participants were recruited from the 

Diabetology and General Medicine 

outpatient clinics and among the inpatients 

at Government Mohan Kumaramangalam 

Medical College Hospital, Salem. 

 

Study Period 

Data collection was conducted from 

April 2020 to September 2020. 

 

Study Population 

The study population included the 

adult patients diagnosed with Type 2 

Diabetes Mellitus who visited the tertiary 

care hospital during the study period and 

non-Diabetic visitors accompanying the 

study recruits. 

 

Inclusion Criteria  

Adults aged 30 or above. 

With established Diagnosis as 

Diabetes Mellitus (Type II) according to 

ADA Criteria [1]. 

Willing to participate and give 

written informed consent. 

 

Exclusion Criteria 

Type I Diabetes Mellitus  

Pregnancy 

Vitamin D supplements in the past 6 

months. 

Chronic kidney or liver disease. 

Known malabsorption syndromes.  

Concurrent intake of medications 

known to have interactions with 

metabolism of Vitamin D (e.g., 
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anticonvulsants, glucocorticoids, anti-

tubercular drugs). 

 

Sample Size 

A convenient sample of 50 patients 

with Type 2 Diabetes Mellitus who fulfilled 

the inclusion criteria was recruited during 

the study period. The control group 

comprised 50 accompanying 

caregivers/attendants or visitors of patients 

attending the hospital who had no prior 

diagnosis of diabetes mellitus. Controls 

were selected concurrently during the same 

study period and were not matched to cases. 

Individuals with a history of diabetes 

mellitus, pregnancy, chronic liver disease, 

chronic kidney disease, malabsorption 

syndromes, recent Vitamin D 

supplementation, or medications known to 

affect Vitamin D metabolism were 

excluded from the control group. 

 

Data collection 

After obtaining consent, 

demographic and clinical data including 

age, sex, duration of diabetes, treatment 

history, body mass index (BMI) and co-

existing conditions were collected via a 

structured questionnaire. 

 

Sample Collection 

An overnight fasted 5 mL blood 

sample was collected aseptically from each 

participant. Blood for estimation of HbA1c 

was collected in EDTA tube. Blood for 

estimation of Vitamin D was collected in a 

plain tube. Serum was separated by 

centrifugation and either analysed 

immediately or stored at −20°C until 

required. 

 

 

 

 

Laboratory Tests 

HbA1c was estimated by HPLC- 

High Performance Liquid Chromatography 

or immunoturbidimetric technique (as per 

laboratory standard operating procedures) 

[2]. 

Vitamin D Serum 25-hydroxy 

Vitamin D [25(OH)D] concentration was 

determined by the Chemiluminescence 

Immunoassay (eCLIA) method [3]  

Vitamin D status was classified as 

follows:  

Sufficient: ≥30ng/Ml 

Insufficient: 20-29 ng/mL 

Deficient: < 20 ng/ml 

 

Primary Outcome 

Serum Vitamin D in patients with 

T2DM. 

 

Secondary Outcomes 

HbA1c levels in the same patient 

group; correlation between Vitamin D and 

HbA1c values; relationship between 

Vitamin D deficiency and glycaemic 

control. 

 

Statistical Analysis 

All data collected were entered into 

MS Excel and analysed using SPSSv16.0. 

Continuous variables were summarised as 

mean ± standard deviation (SD) and 

categorical variables as counts and 

percentages. An independent Student’s t-

test was used to compare group means and 

a chi-square test was used for categorical 

variables. Statistical significance was 

defined as a p-value of < 0.05. 

 

Results 

The mean age of the individuals 

with Type 2 Diabetes Mellitus (T2DM) in 

this study was 48.38 ± 8.26 years while the 

mean age in the control group was 50.66 ± 
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7.84 years. No statistically significant 

differences in age were found between the 

groups (p = 0.160). The diabetic cohort had 

a higher proportion of female participants 

(58.0%) compared to males (42.0%). In the 

control group males and females were 

equally represented (50% males, 50% 

females) (Table 1). 

 

Table 1. Distribution of Continuous variables 

Variable Cases: Mean ± SD Controls: Mean ± SD p value 

Age 48.38 ± 8.26 50.66 ± 7.84 0.160 

FBS 161.22 ± 42.04 87.82 ± 9.76 <0.001 

PPBS 233.64 ± 52.31 150.40 ± 24.42 <0.001 

Total cholesterol 211.60 ± 33.05 157.54 ± 18.94 <0.001 

Triglycerides 205.74 ± 67.15 115.46 ± 19.84 <0.001 

HDL 23.84 ± 7.94 50.88 ± 6.97 <0.001 

Vitamin D 17.76 ± 5.29 44.31 ± 11.87 <0.001 

HbA1c 11.43 ± 1.88 5.41 ± 0.58 <0.001 

The fasting blood sugar (FBS) 

levels were significantly higher in diabetic 

group (161.22 ± 42.04 mg/dL) than in 

controls (87.82 ± 9.76 mg/dL) and this 

difference was highly statistically 

significant (p < 0.001). A similar trend was 

observed in the post prandial blood sugar 

(PPBS) values, where the mean PPBS 

values for T2DM participants were higher 

(233.64 ± 52.31 mg/dL) when compared to 

controls (150.40 ± 24.42 mg/dL; p < 0.001) 

(Table 2). 
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Table 2. Vitamin D Levels among study participants 

Vitamin D status Cases Controls Chi-square 

value 

p-value 

Deficient <20 ng/mL 37 0 

86.48 <0.001 Insufficient 20–29.9 ng/mL 12 3 

Sufficient ≥30 ng/mL 1 47 

Lipid profile analysis revealed that 

T2DM subjects had higher mean total 

cholesterol (211.60 ± 33.05 mg/dL vs. 

157.54 ± 18.94 mg/dL), triglycerides 

(205.74 ± 67.15 mg/dL vs. 115.46 ± 19.84 

mg/dL) and lower HDL cholesterol (23.84 

± 7.94 mg/dL vs. 50.88 ± 6.97 mg/dL) than 

healthy controls. All differences were 

significant (p<0.001) (Table 3). 

 

Table 3. Correlation analysis 

Association r value p value 

Vitamin D vs HbA1c -0.186 0.196 

Vitamin D vs FBS 0.003 0.984 

Vitamin D vs PPBS -0.083 0.567 

 

Serum Vitamin D concentrations 

were significantly lower in the diabetic 

group (17.76 ± 5.29 ng/mL) compared to 

controls (44.31 ± 11.87 ng/mL; p < 0.001). 

The mean HbA1c was also significantly 

higher in diabetics (11.43 ± 1.88%) than in 

controls (5.41 ± 0.58%; p < 0.001), 

confirming poor glycaemic control in the 

diabetic population. 

Vitamin D status was deficient in 

74%, insufficient in 24% and sufficient in 

2% of patients with T2DM. In contrast, 

none of the controls were deficient, with 

most (94%) being sufficient in Vitamin D 

and 6% being insufficient. The difference in 

vitamin D status between groups was 

highly significant (χ 2 = 86.48, p < 0.001). 

Correlation analysis revealed a 

weak negative relation between serum 
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Vitamin D and HbA1c among diabetic 

patients (r = -0.186, p = 0.196). Weak 

nonsignificant correlations were also found 

between Vitamin D and fasting blood sugar 

(r = 0.003, p = 0.984) and postprandial 

blood sugar (r = -0.083, p = 0.567). These 

findings suggest that serum Vitamin D is 

not significantly associated with long- or 

short-term glycaemic control in this study 

cohort. 

 

Discussion 

In this study, T2DM patients 

presented significantly lower serum 

Vitamin D levels than controls, consistent 

with the previous findings of Kostoglou-

Athanassiou et al. who also reported an 

inverse association between Vitamin D and 

HbA1c levels [11]. Vitamin D deficiency 

was found in 74% of diabetic subjects in the 

present study, which is in agreement with 

Olt’s finding of a 98.3% deficiency rate in 

diabetic patients [12]. 

Mean HbA1c among diabetics in 

the present study (11.43 ± 1.88%) was 

significantly higher than controls. Similar 

observations were also reported by Zhang 

et al., who reported higher HbA1c levels 

and a significant negative correlation 

between HbA1c and Vitamin D in patients 

with deficiency of Vitamin D [13]. 

In this study, we did see a weak 

negative correlation between Vitamin D 

and HbA1c, but it was not statistically 

significant. In the presence of a high 

prevalence of deficiency, Olt et al. similarly 

reported no significant association between 

Vitamin D levels and glycaemic control 

[12]. Similarly, Dutta et al. reported high 

prevalence of Vitamin D deficiency in both 

diabetic and non-diabetic Indian 

populations, but no significant association 

between Vitamin D and either HbA1c or 

insulin resistance, in agreement with these 

findings [14]. 

In contrast, some studies such as 

that of Kostoglou-Athanassiou et al. 

showed a significant inverse association 

between Vitamin D and HbA1c, indicating 

that lower Vitamin D concentrations may be 

associated with poor glycaemic control 

[11]. Vitamin D deficiency was also an 

independent predictor for higher HbA1c 

levels after adjusting for confounders, as 

was found by Zhang et al. [13]. Differences 

in findings may be due to differences in 

sample size, ethnicity, obesity rates, 

duration of diabetes, dietary and sun 

exposure patterns, or other clinical 

characteristics. 

Moreover, a significant increase in 

cholesterol and triglyceride levels and a 

significant decrease in HDL levels were 

observed in diabetics supporting the 

concept that Vitamin D deficiency is often 

related to metabolic perturbations and 

dyslipidaemia in T2DM that could elevate 

the overall cardiometabolic risk [13]. 

These observations are in line with 

previous evidences that reported a high 

prevalence of Vitamin D deficiency among 

T2DM patients. However, no significant 

association between Vitamin D and 

glycaemic control was found in this cohort, 

although a weak negative trend was 

observed [12,14]. 

Although a high prevalence of 

Vitamin D deficiency was observed among 

patients with Type 2 Diabetes Mellitus, no 

statistically significant correlation was 

found between serum Vitamin D levels and 

HbA1c in the present study. Several factors 

may explain this finding. First, the 

relatively small sample size may have 

limited the statistical power to detect a 

weak association. Second, glycaemic 

control in T2DM is influenced by multiple 
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factors, including duration of diabetes, 

medication adherence, dietary practices, 

obesity, physical activity, and genetic 

predisposition, which may have a greater 

impact on HbA1c than Vitamin D status 

alone. Third, the high prevalence of 

Vitamin D deficiency among diabetic 

participants may have reduced variability in 

Vitamin D levels, making it difficult to 

demonstrate a significant relationship. In 

addition, unmeasured factors such as 

sunlight exposure, nutritional intake, and 

seasonal variation in Vitamin D status may 

have acted as confounders. Therefore, 

while Vitamin D deficiency appears to be 

highly prevalent in individuals with T2DM, 

its independent influence on glycaemic 

control remains uncertain and warrants 

further investigation through larger 

prospective studies incorporating 

adjustment for potential confounding 

variables. 

 

Conclusion 

This study showed significantly 

lower serum Vitamin D levels in individuals 

with Type 2 DM, as well as higher HbA1c, 

fasting and postprandial blood glucose, 

triglycerides, total cholesterol and lower 

HDL cholesterol levels when compared to 

healthy controls. There was a higher 

vitamin D deficiency prevalence in the 

group with diabetes, with about three-

quarters of them classified as deficient. A 

weak inverse relationship between Vitamin 

D and glycaemic parameters was noted, 

however the association was not 

statistically significant. Despite a high 

prevalence of Vitamin D deficiency among 

patients with T2DM and association with 

poorer metabolic profiles, this study did not 

demonstrate a significant relationship 

between serum Vitamin D and glycaemic 

control. Larger, prospective interventional 

works are required to define the role of 

Vitamin D in diabetes pathogenesis and 

management. 

 

Limitations 

The study was conducted at a single 

tertiary care centre with a relatively small 

sample size, and no formal a priori sample 

size calculation was performed, which may 

have limited the power to detect modest 

associations between Vitamin D status and 

glycaemic parameters. The control group 

consisted of unmatched accompanying 

caregivers/attendants, which may have 

introduced selection bias, and the analyses 

were based on unadjusted comparisons and 

correlation tests; therefore, potential 

confounding factors such as body mass 

index, duration of diabetes, dietary habits, 

sunlight exposure, physical activity, and 

other metabolic variables were not 

accounted for. Therefore, the findings 

should be interpreted with caution and 

validated through larger prospective studies 

with comprehensive adjustment for 

potential confounders. 
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