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ABSTRACT 
 

Introduction and Aim: A worldwide epidemic, type 2 diabetes affects 382 million people. Nephropathy, 

neuropathy, and retinopathy are examples of microvascular consequences. According to estimates, 1 billion people, 

or close to 15% of the world's population, are vitamin D deficient. There is proof that inadequate vitamin D levels 

are linked to poor glycaemic management. However, there is a dearth of information from India on a potential 

connection between a vitamin D deficit and microvascular problems. Therefore, the purpose of our study was to 

determine if individuals with microvascular consequences of diabetes are more likely to suffer from vitamin D 

insufficiency. 
 

Materials and Methods: This cross-sectional study was done on 72 diabetic subjects availing the inpatient services 

of Father Muller Medical College Hospital. Diabetes was diagnosed as per American Diabetes Association 

guidelines. Subjects were examined for presence of neuropathy, nephropathy and retinopathy by nerve conduction 

study, urine protein creatinine ratio and fundus examination respectively. Serum vitamin D levels were assessed. 

Data was recorded and statistically analysed. 
 

Results: Seventy-two patients fulfilling the selection criteria were recruited for this study. 77.8% of subjects had 

poorly controlled diabetes and  66.66% had vitamin D deficiency. 39 (54.16%) of subjects had microvascular 

complications of which  28 (38.8%) had neuropathy, 14 (19.4%) had retinopathy and 28 (38.9%) had nephropathy. 

71% of patients with microvascular complications had vitamin D deficiency.  
 

Conclusion: Poor glycemic control is strongly correlated with vitamin D insufficiency. Individuals who suffer from 

microvascular problems tend to have inadequate levels of vitamin D more frequently than people without such 

difficulties. 
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INTRODUCTION 
 

 worldwide epidemic, type 2 diabetes mellitus 

affects 382 million individuals (1). Chronic 

microvascular and macrovascular 

consequences of Type 2 Diabetes mellitus include 

diabetic retinopathy, nephropathy, neuropathy, 

cardiovascular, cerebrovascular, and peripheral 

vascular disease (2). One billion people, or around 

15% of the world's population, are thought to be 25-

hydroxyvitamin D deficient (3).   
 

Vitamin D can regulate glucose metabolism by 

improvement in insulin exocytosis, by stimulating the 

insulin receptor directly, by decreasing insulin 

resistance and by improving glucose uptake in 

peripheral tissues. Studies revealed that the insulin 

receptor gene promoter contains a vitamin D sensitive 

element. By regulating the production and activity of 

cytokines, vitamin D can reduce systemic 

inflammation. It also has immune regulating actions 

that are unrelated to cytokines (4-6). 
 

The development of diabetes' microvascular problems 

is frequently linked to vitamin D. According to recent 

research, inadequate vitamin D levels may contribute 

to poor glycaemic management. However, there is a 

paucity of South Indian research on the origins of 

vascular problems of diabetes caused by a lack of 25-

hydroxyvitamin D. We conducted this study to 

investigate the relationship between vitamin D 

insufficiency and T2DM microvascular consequences. 

The objectives of the study were to measure levels of 

25 hydroxy vitamin D in patients with T2DM; 

evaluate the severity of microvascular complications 

in patients with T2DM and ascertain whether there is 

a relationship between those levels of 25-hydroxy 

vitamin D and microvascular complications in T2DM 

patients. 
 

MATERIALS AND METHODS 
 

This 19-month cross-sectional study involved 72 

T2DM patients who received IP/OP care at Father 

Muller Medical College Hospital.  After receiving 

approval from the institutional ethics committee and 

obtaining the participants' written informed 

agreement, the patients were added to the research. 
 

Inclusion criteria 
 

All patients aged more than 18 years with type 2 

A 
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diabetes mellitus who fulfilled ADA criteria. 
 

Exclusion criteria 

1. Disorders which affect vitamin D metabolism 

including CKD, chronic liver disease. 

2. Patients on vitamin D, calcium supplementation, 

steroids, antiepileptics 

3. Pre-existing parathyroid disorders. 

4. Patients with a history of cerebrovascular 

accidents. 
 

Methods 
 

Patients who fulfilled inclusion and exclusion criteria 

were recruited for the study.  
 

Physical examination and investigations were done 

including:  

• Blood pressure measurement. 

• Examination for anaemia and oedema. 

• Dilated fundus examination by ophthalmologist. 

• Peripheral neuropathy was checked by SWM 

examination. 

• Presence or absence of neuropathy was confirmed 

by nerve conduction study of both feet performed 

by a qualified neurologist with the machine 

NIHON KOHDEN NEUROPACK. 

• Urine was tested for protein creatinine ratio. Urine 

PCR ≥0.3 was considered to be indicative of 

nephropathy and those with ≤0.2 was considered 

normal. 

• 25 Hydroxy vitamin D levels were analysed by 

Electrochemiluminescence method with machine 

COBAS 6000. 

• Vitamin D levels were considered normal when 

they were ≥30 ng/ml and insufficient when 

between 20-29 ng/ml. However, for this study we 

considered vitamin D deficiency as <20 ng/ml. 

• The data was analysed by mean standard 

deviation; frequency percentage; chi square test. 

 

RESULTS 
 

The research comprised a total of 72 patients who met 

the eligibility requirements. With a range of ages from 

33 to 77, the average age was 58.15 ±10.35. In all, 

40.27% of the participants were between the ages of 

61 and 70. Of the participants, 50 (69.4%) were men 

and 22, or 30.6%, were women. 1:0.44 was the male 

to female ratio.  
 

Inadequate vitamin D status was associated with an 

average age of 57.9± 10.85, and levels below 20 ng/ml 

of vitamin D were associated with an average age of 

58.67 ±9.49.  
 

Thirty-one males (62%) and 17 females (77.27%) had 

vitamin D deficiency. This difference was statistically 

not significant. (P value 0.768). The mean BMI of 

subjects was 24.08±2.83. Mean BMI of subjects with 

vitamin D deficiency was 23.64±3.01, and of those 

with ≥20 ng/dl was 24.96±2.26 - this difference was 

not statistically significant. 

 

Table 1: Glucose level and vitamin D 
Parameters Vitamin D<20  Vitamin D≥ 20 P value 

FBS mg/dL 209.38±87.39 160.83±49.05 0.004 

PPBS mg/dL 246.58±101.39 175.54±56.64 <0.001 

HbA1c % 10±3.3 8.33±2.27 0.029 

 

56 (77.8%) of our subjects had a glycosylated haemoglobin of >7 and most (41/73.21%) of them had vitamin D 

deficiency.  
 

 
Fig. 1: HbA1c and vitamin D levels 
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The average duration of diabetes in our subjects was 

7.51±6.37 years. 28(38.9%) had diabetes for less than 

5 years. The number of patients with vitamin D 

deficiency tended to increase when the duration of 

diabetes was more than 5 years. However, this result 

did not reach statistical significance (p – 0.113). Mean 

vitamin D level of our subjects was 17.28 ±7.8.  

48(66.66%) subjects had vitamin D deficiency 

compared to 24 subjects who had vitamin D level more 

than 20 ng/ml.  
 

Of the 39(54.16%) subjects with microvascular 

complications, most 28(71%) had vitamin D 

deficiency. 

 

Table 2: Vitamin D and microvascular complications 
Variables Vitamin D<20 Vitamin D≥ 20 Total 

No microvascular complications 20 13 33 

Some microvascular complications  28 11 39 

Total  48 24 72 
 

SWM test detected neuropathy in 27(37.5%) subjects. 

NCS was slightly more sensitive and detected 

neuropathy in 28 (38.8%) subjects. Out of the 28 

subjects with neuropathy 75% Vitamin D deficiency 

(p value 0.231). 

 

 
Fig. 2: Neuropathy and vitamin D 

 

Out of 72 subjects, 14 patients had retinopathy, 10 of 

these subjects had mild NPDR (non-proliferative 

diabetic retinopathy), 1 moderate NPDR and 3 had 

PDR. Out of the 10 mild NPDR subjects, 8 had 

Vitamin D deficiency and all moderate NPDR and 

PDR (proliferative diabetic retinopathy) subjects had 

Vitamin D deficiency. However these values did not 

reach statistical significance (p value 0.092). 
 

Table 3: Diabetic retinopathy and vitamin D 
Retinopathy grading Vitamin D <20 Vitamin D≥20 Total  

No retinopathy 36 22 58 

Mild NPDR 8 2 10 

Moderate NPDR 1 0 1 

Severe NPDR 0 0 0 

PDR 3 0 3 

Total 48 24 72 

Twenty-eight (38.8%) of subjects had nephropathy. Of these 71.42 % had vitamin D deficiency (p value 0.494). 
 

 
Fig. 3: Nephropathy and vitamin D 
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DISCUSSION 
 

Numerous studies have been done on the role that 

vitamin D deficiency plays in diabetes and its control. 

Although it has been established that vitamin D 

insufficiency plays a part in the development of 

diabetes, there is currently no conclusive evidence 

linking this condition to the microvascular 

complications of diabetes. Our study aimed to 

determine whether Vitamin D deficiency and the 

microvascular complications of diabetes are linked. 
 

We compared vitamin D levels in patients with and 

without microvascular complications. 66.66% of our 

subjects had vitamin D deficiency. Vitamin D 

deficiency was significantly associated with poor 

glycaemic control. We found that the odds of patients 

with microvascular complications having vitamin D 

deficiency was higher, though this did not reach 

statistical significance. Additionally most patients 

with diabetic retinopathy had vitamin D deficiency 
 

Our study indicated that 66.66% of T2DM participants 

had vitamin D insufficiency, which is comparable to 

an Indian study's finding that the prevalence was 

59.49% (7).  Comparatively, research by Zoppini et 

al., (8) found that 36.66% of people had the condition. 

In our investigation, the incidence of insufficiency was 

much greater, which might be attributed to increased 

skin pigmentation impairing vitamin D absorption (9). 

A variation in the vitamin D binding protein gene (10) 

may also be a contributing factor to the greater 

frequency of vitamin D insufficiency in those with 

dark skin. 
 

Among our study subjects 62 % males and 77.27% 

females had Vitamin D deficiency. This difference 

was not statistically significant. Though there were 

more male diabetics in our study, the percentage of 

female subjects with vitamin D deficiency was greater.  

Similar results were observed in other research (11). 

This gender predisposition is not universal, with some 

studies showing that males had a higher prevalence of 

vitamin D deficiency probably due to low intake of 

milk, central obesity and lack of vitamin D 

supplementation (12,13). 
 

Elderly people produce less vitamin D through their 

skin and kidneys, which exacerbates the effects of 

inadequate levels of vitamin D in this group as a whole 

(14). In light of this, it is sensible to assume that 

vitamin D deficiency would be more prevalent among 

the elderly, and some studies support this (11).  In our 

research, the older age group had somewhat greater 

vitamin D levels. In the group with insufficient levels 

of vitamin D, the mean age was 57.9 ±10.85, whereas 

it was 58.67 ±9.49 in the group with adequate levels. 

Given the significance level of 0.768, this difference 

was not statistically significant. Other published 

works (12) show similar outcomes.  
 

We found no significant difference in the BMI of 

subjects with or without Vitamin D deficiency (BMI 

23.64 when vitamin D < 20, BMI 24.96 when vitamin 

D ≥ 20, p value: 0.069). Most published research 

shows that vitamin D deficiency is more common in 

the overweight and obese (15,16). Vitamin D 

deficiency in obese subjects is perhaps due to 

accumulation of vitamin D in body fat, resulting in 

decreased bioavailability (17). This result in our study 

is difficult to explain, but may be related to varying 

body fat percentages in different ethnicities. We did 

not measure body fat percentage in our subjects.  

Vitamin D deficiency may be more related to the body 

fat percentage and not the actual BMI (18). 
 

We found a statistically significant association 

between Vitamin D deficiency and higher HbA1c, 

higher fasting, postprandial sugars. This association 

has been seen in numerous studies as well (19,20). A 

statistically significant negative correlation was found 

between glycaemic control and Vitamin D deficiency 

in pregnant women (21). However, in adults without 

diabetes, correction of Vitamin D deficiency does not 

affect blood glucose or insulin sensitivity (22). 

Vitamin D supplementation also did not further 

improve glycaemic control in adults with well 

controlled diabetes (23). 
 

We found no association between duration of diabetes 

and vitamin D deficiency. This is similar to  results 

observed in studies done by Zoppini et al., (8). 

However other studies showed that duration of 

diabetes and vitamin D levels are inversely 

proportional (24). 
 

Thirty-nine (54.16%) of our subjects had 

microvascular complications. The global prevalence 

of microvascular complications has been reported as 

18.8%, of which – neuropathy has a prevalence of 

7.7%, CKD – 5 %, albuminuria 4.3% (25). A higher 

percentage of our patients with complications may be 

explained by the longer mean duration of diabetes in 

our study – 7.51 years as opposed to 4.1 in the above 

quoted study. 
 

Twenty-eight (38.8%) of our subjects had neuropathy 

either alone or in combination with other 

microvascular complications. There was a vitamin D 

deficiency in 21 of these (75%). A lack of vitamin D 

has also been linked in other studies to diabetes-related 

peripheral neuropathy (26). Vitamin D deficiency not 

only predicts the occurrence of neuropathy, it is related 

to the severity as well (27). However, Vitamin D 

supplementation did not improve neuropathy as 

measured by NCS (28).  
 

Fourteen (19.4%) study subjects had retinopathy. 

Though there was no statistically significant 

association between Vitamin D deficiency and 

retinopathy (p-0.092), we found that Vitamin D 

deficiency tended to correlate with the severity of 

retinopathy, with 100% of patients with moderate 

NPDR and PDR having Vitamin D deficiency. Other 

published literature confirms the association of 
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Vitamin D deficiency with the presence and severity 

of diabetic retinopathy (29). This association is not 

invariable, however, with some studies showing no 

correlation (30). 
 

Twenty-eight (38.8%) of our subjects had 

nephropathy. 71.42 % of these had vitamin D 

deficiency. However, we did not find a significant 

difference in vitamin D levels between those with or 

without nephropathy. This is in contrast to studies  by 

Bonakdaran  et al., (31). This discrepancy is difficult 

to explain.  
 

Limitations of the study 
 

This study was limited by the fact that we correlated 

only vitamin D deficiency (< 20 ng/ml) and not 

insufficiency (between 20 and 30 ng/ml) with the 

presence or absence of complications.  
 

Most of our subjects had poor glycaemic control, 

which may have influenced the results.  
 

Additionally, we did not correlate the severity of 

neuropathy and nephropathy with vitamin D 

deficiency. We measured only BMI and did not check 

body fat percentage, which might have yielded further 

information. Although a correlation between vitamin 

D deficiency and microvascular problems was found 

due to the observational approach of the study, a 

causal link could not be established. 
 

CONCLUSION 
 

In spite of these limitations, some important 

conclusions can be drawn from this study namely that 

vitamin D deficiency is significantly associated with 

poor glycaemic control in Type 2 DM. It  is more 

common in patients with microvascular  complications 

than in those without, and  was present in all patients 

with moderate NPDR and PDR in our study. Hence, 

estimation and correction of vitamin D deficiency may 

be beneficial in patients with early type 2 DM to 

prevent microvascular complications.  
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