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I N F O A B S T R A C T

Background: Vitamin D (VD) deficiency is linked to insulin activity 
and its release. It is associated with uncontrolled diabetes and more 
complications in diabetic patients. So, this study will prove importance 
of investigating serum VD level in Type 2 DM (T2DM) patients and its 
relation to complication of diabetic nephropathy. 

Materials and Methods: Total 1025 patients with Type 2 diabetes were 
enrolled in this study. Age limit was from 40 to 76 year. Investigations 
for serum VD, haemoglobin A1c (HbA1c), high-sensitivity C-reactive 
protein (hs-CRP) and urinary Albumin: Creatinine Ratio (ACR) were 
done in each patient. 

Result: It was found that most of the patient (77.89%) were having 
VD<29.88 ng/m along with significantly higher ACR and hs-CRP levels 
in these patients (P=0.012 and P=0.007, respectively). VD was observed 
significantly lesser in females than males P < 0.001. Those patients 
who were exposed to sunrays had significantly more VD values and 
lesser hs-CRP values in comparison to less-exposed ones, P-value 
(0.001 and <0.001), respectively. Physical activity significantly raises 
VD and decreases ACR levels in diabetic patients, P-value (0.045 and 
0.001), respectively. Except age (r=0.356 P=0.041) all other factors like 
BMI (r=−0.503 P=0.008), duration of disease (r=−0.489 P=0.004), ACR 
(r=−0.295 P=0.016) and HbA1c (r=−0.330 P=0.031) were negatively 
correlated with VD. 

Conclusion: This study concluded that Type 2 diabetes with VD deficiency 
are prone for the development of nephropathy. 
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Introduction
In recent years Vitamin D (VD) is known for its antiproliferative, 
immunomodulatory, anti-inflammation and stimulating cell 
differentiation functions.1 So that, it plays major role in 
protection of body health with infections, malignancies, 
autoimmune disorders, respiratory and Cardiovascular 
Diseases (CVDs).2 Recently, it was also reported that VD is 
associated with the progression of Type 2 Diabetes Mellitus 
(T2DM), as VD has direct role in pancreatic β-cell activity, 
insulin release and action.3

VD deficiency is found in most of the part of the world.4,5 It 
is estimated that about 1 billion peoples have VD deficiency 
worldwide6 and 50% of the adults in developing countries 
have absence of VD.7 While in developed nations, the 
prevalence rate of VD deficiency is about 41.6%.4 Factors 
associated with VD deficiency includes lesser sunlight 
exposure, dark skin, elderly, winter season, use of clothes 
covering most of the body, obesity and female gender.8,9 
Occurrence of VD deficiency in Type 1 and T2DM is already 
proven by some studies.5 Studies done in Sudan also found 
correlation of VD deficiency and development of T2DM. VD 
deficiency is more common in female diabetics.10

VD inhibits the endothelial destruction in the kidney. 
Damage of endothelium causes Microalbuminuria (MAU), 
due to its role in negative regulation of renin-angiotensin-
aldosterone system. So many reports are there correlating 
between MAU and VD deficiency in T2DM.11 As VD deficiency 
increases, albuminuria aggravates.12 

Early finding and correction of VD deficiency will prevent 
T2DM complications. So, the current study aimed to search 
whether VD has diagnostic and predictive role in defining 
nephropathy in T2DM subjects.

Material and Methods
This cross-sectional study was done on randomly selected 
subjects with confirmed diagnosis of Type 2 diabetes 
mellitus who were attending medicine outdoor patient 
department of King George’s Medical University, Uttar 
Pradesh, India. Consent was taken from each subject 
and blood was investigated for 1025 clinically diagnosed 
subjects including of 470 males and 555 females. Excluded 
T2DM patients were those with pre-existing inflammation, 
renal diseases, cardiovascular diseases, liver diseases and 
those who were on VD supplementation. Diagnosis of 
T2DM was made on behalf of history, previous records, 
clinical examinations and investigations. Questions about 
the patient’s age, sex, economic lifestyle, family history, 
education level and sunrays exposure were asked. Sugar 
status, BMI and VD values were compared for every 
subject. Those with Haemoglobin A1c (HbA1c) ≤8% were 
considered as sugar controlled and those with >8% as 

sugar uncontrolled. BMI was classified as normal weight 
18.5-25 kg/m,2 overweight >25-30 kg/m2 and obese >30 
kg/m.2 Meanwhile, VD values ≤30 ng/ml put as deficient 
and >30 ng/ml as adequate.

This study was approved by the Local Ethical Committee 
of hospital. Written pre-informed consent was taken from 
each study participants.

Calculation of BMI, VD, hsCRP, HbA1C and 
ACR Values
• Body Mass Index (BMI) was measured by dividing 

body weight in kilograms by body height in meters 
square (kg/m2).

• Serum VD values were estimated by competitive 
inhibition enzyme-linked immunosorbent assay or 
ELISA. 

• Serum levels of high-sensitivity C-reactive protein 
(hs-CRP) was estimated by the particle-enhanced 
immunoturbidimetric assay method Cobas C-311®. 
Human CRP agglutinates with latex particles which are 
already lodged with monoclonal anti-CRP antibodies. 
The formed precipitate was estimated turbidimetrically.

• As per the manufacturer, urine albumin and creatinine 
were calculated by Cobas C-311® fully automated 
analyser. Within the blood sample anti-albumin 
antibodies cross react with antigen and results in 
formation of antigen-antibody complexes which were 
analysed turbidimetrically. Reaction of creatinine to 
picrate in alkaline medium results in yellow-red product 
whose rate of synthesis is directly proportional to the 
creatinine value in the blood sample, which is further 
analysed by photometrically.

• HbA1c measurement was done in fully automated 
closed system - Roche Cobas C-311®. Total haemoglobin 
and HbA1c values were calculated after haemolysis 
of the anticoagulated whole blood sample. 
Spectrophotometer analysed total haemoglobin while 
HbA1c was measured by immune turbidimetrically. 
The ratio of both above values resulted in the final 
percentage of HbA1c. 

Statistical Analysis
Statistical analysis was performed using SPSS Statistics 
software. Base line characteristics were assessed with 
standard descriptive statistics. Data were presented in 
the form of frequencies, percentage, and means±standard 
deviation. The Student’s t-test was used to compare mean 
levels of study parameters between groups. Categorical 
variables were compared using Chi-square and multiple 
regression tests. Pearson’s correlation coefficient test used 
to calculate the correlation between continuous variables. 
p<0.05 was considered statistically significant.
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Result
Demographic and Baseline Features of Study 
Participants

Among total 1025 studied, 555 (54%) were female and 470 
(54%) were male. 805 (78.5%) had VD deficient while 220 
(21.5%) were having adequate VD. Maximum number of 
patients were with higher BMI values and were categorised 
in overweight 472 (46%), obese 317 (31%) and normal 
weight 236(23%) patients. Total 705(68.8%) subjects were 
with uncontrolled blood sugar level. Of all 1025 patients, 
893 (87.1%) were having sun bath of less than 5 hours. 
534 (52.1%) were having no any physical activity Table 1.

Association of Nonparametric Variables with 
Vitamin D Levels

It was observed that BMI, sex and sun exposure were 
significantly linked with VD deficiency (P=0.004, P<0.001 
and P=0.006, respectively). Also these parameters increases 
the risk of VD deficiency (sex - Odd Ratio [OR]: 3.89 with 
Confidence Interval [CI]: [1.89-7.98]; BMI - OR: 5.97 with 
CI: [1.79-19.79]; and sun exposure - OR: 3.5 with CI: [1.45-
8.39]) (Table2).

It was observed that the mean values of hs-CRP and 
Albumin: Creatinine Ratio (ACR) were on higher side in 
T2DM patients with VD deficiency in comparison to patients 
with adequate VD. It was found significant (P=0.007 and 
P=0.001, respectively). However, the mean value of HbA1c 
was found non-significant in both groups. On comparing 
mean values of VD levels in males (30.2± 12.2 ng/ml) and 
females (20.0±8.90 ng/ml) there was significant reduction 
in females with P <0.001, while hs-CRP (5.91±2.61 mg/l) 
was considerably raised (3.54±2.55 mg/l) with P=0.004.

Sun exposed patients with <5 hours were having significantly 
lower mean VD level (23.6±11.2 ng/ml) in comparison to 
other group with sun exposer >5 hours (32.8±12.3 ng/ml), 
P=0.001. hs-CRP was significantly raised in patients with 
<5 hours sun exposer (5.15±6.48 mg/l) than with >5 hours 
(2.81±1.91 mg/l) with P <0.001.

Raised VD and lesser ACR levels with P=0.045 and P=0.002, 
respectively, were observed in physically exercising 
subjects. Also results were found that T2DM patients with 
uncontrolled blood sugar levels were having significantly 
more ACR with P=0.018; the results were presented in 
Table 3.

Two tails Student’s t-test has been employed to compare 
between variables. The results expressed as mean±SD, and 
P<0.05 was statistically considered significant. VD=Vitamin 
D; HbA1c=Glycated haemoglobin; hs-CRP=High-sensitivity 
C-reactive protein; SD=Standard deviation; DM=Diabetes 
mellitus.

Correlation between Vitamin D Level and Age, 
BMI, Disease Duration, HbA1C and ACR 

It was observed that VD and age (r=0.356; P=0.043) were 
significantly correlated in positive manner while VD was 
negatively correlated with BMI (r=−0.522; P=0.008), 
duration of disease (r=−0.499; P=0.004), ACR (r=−0.376; 
P=0.016) and HbA1c (r=−0.326; P=0.031). 

Discussion
The observation of characteristics is that T2DM is more 
common in females, overweight, and most subjects were 
with physically inactive, uncontrolled blood sugar levels 
and less sun exposure. In this study it was found that 
there is high occurrence of VD insufficiency (78.5%) in 

S. 
No. Characteristics Frequency 

(%)
1. Male 46% (470)
2. Female 54% (555)
3. <55 years age 47% (480)
4. >55 years age 53% (545)
5. Normal weight 23% (236)
6. Overweight 46% (472)
7. obese 31% (317)
8. Controlled sugar 31% (320)
9. Uncontrolled sugar 68.8% (705)

10. Low qualification 18% (185)
11. Moderate qualification 65% (666)
12. High qualification 17% (174)
13. Low life style 35% (359)
14. Moderate life style 57.40% (588)
15. Good life style 7.6% (78)
16. Do physical exercise 47.9% (491)
17. Not do physical exercise 52.1% (534)
18. Sun exposure <5 hours 87.1% (893)
19. Sun exposure <5 hours 12.9% (132)
20. Family history of DM 1st degree 36.5% (374)
21. Family history of DM 2nd degree 46.3% (474)
22. No Family history of DM 17.2% (176)
23. Family history of CVD-Yes 14.1% (145)
24. Family history of CVD-No 85.9% (880)
25. On cholesterol lowering drug 47.2% (484)
26. Not on cholesterol lowering drug 52.8% (541)
27. VD deficient 78.5% (805)
28. VD sufficient 21.5% (220)

Table 1.Demographic and baseline features of 
study participants

DM: Diabetes Mellitus, CVD: Cardiovascular Disease.
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S. No. Parameters % Frequency VD Deficient % Frequency VD Sufficient OR/CI P-values
1. Male 38.7% (309) 71.10% (161) 3.89 (1.89-7.98) <0.001
2. Female 61.3% (490) 28.9% (65)
3. <55 years age 49% (392) 34.09% (88) 1.86 (0.92-3.73) 0.055
4. >55 years age 51% (408) 65.91% (137)
5. Normal weight 19% (152) 40.4% (80)
6. Overweight 45.5% (364) 42.6% (78) 5.97 (1.79-19.79) 0.004
7. obese 40.50% (324) 17% (27) 2.24 (0.76-6.59) 0.144
8. Controlled sugar 31% (248) 36.36% (82) 0.78 (0.39-1.58) 0.312
9. Uncontrolled sugar 69% (552) 63.64% (143)

10. Do exercise 44.65% (357) 56.52% (124) 0.62 (0.32-120) 0.106
11. No exercise 55.35% (442) 43.48% (102)
12. <5 hours exercise 91.30% (730) 75% (163) 3.5 (1.45-8.39) 0.006
13. >5 hours exercise 8.7% (69) 25% (63)

Table 2.Nonparametric association of study variables in groups classified according 
to Vitamin D status

Table 3.Study parameters in patients group classified according to Vitamin D status, gender, sun 
exposure, physical exercise, and glycemic control

Categorical variables reported as frequencies and percentage. Chi-square and multiple regression tests have been done to compare 
between variables. BMI: Body Mass Index; OR: Odd Ratio; CI: Confidence Interval, VD: Vitamin D.

Study parameters in case group classified according to VD status
S. No. Parameters VD deficient (mean±SD) VD sufficient (mean±SD) p

1. HbA1c (%) 9.46± 2.43 8.82 ±2.63 0.159
2. hsCRP mg/l 4.24± 4.11 2.72± 2.61 0.007
3. ACR mg/g 47.8 ±117 19.9 ±22.7 0.001

Patients classified according to sex
Parameters Male (mean±SD) Female (mean±SD) p

1. Vitamin D (ng/ml) 30.2±12.2 20.0±8.90 <0.001
2. hsCRP mg/l 3.54±2.55 5.91±2.61 0.004
3. ACR mg/g 30.6±8.60 42.9±7.21 0.269

Patients classified according to sun exposure
Parameters Sun exposure <5 h/day (mean±SD) Sun exposure >5 h/day (mean±SD) p

1. Vitamin D (ng/ml) 23.6±11.2 32.8±12.3 0.001
2. hsCRP mg/l 5.15±6.48 2.81±1.91 <0.001
3. ACR mg/g 38.6±6.33 24.0±5.79 0.09

Patients classified according to physical exercise

Parameters Patients with physical exercise 
(mean±SD)

Patients without physical exercise 
(mean±SD) p

1. Vitamin D (ng/ml) 27.0±12.4 23.3±11.0 0.045

our participants. Similar findings were also there in some 
previous studies on diabetics and non-diabetics.13 Few other 
researches, supports that female sex is an independent 
indicator of VD deficiency.14 So, speculated to a number of 

causes could lead to VD insufficiency, like physical activity, 
nutrition and spending more indoor times. Females had 
more hs-CRP in comparison to males in current research 
which supports previous studies.15, 16
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In addition, physical exercise and exposure to sunrays 
significantly raises VD and lowers hs-CRP values. Current 
research findings confirmed by previous results, indicating 
that lower values of duration of sun exposure and physical 
inactivity significantly affects VD levels in the body. Physical 
exercise may raise serum values of VD by increasing skin 
exposure to sunrays,17 more lipolysis and increasing 
mobilization of stored VD from the fat compartments.18

Concurrent with prior studies, the current research resulted 
that subjects with type 2 diabetes mellitus having VD 
deficiency had raised values of hs-CRP in comparison 
to those with VD sufficieny. The previous researches 
has reported that VD deficiency may lead to systemic 
inflammation,19 because VD prevents the formation of 
inflammatory markers like interleukin 2 (IL-2), interferon-
gamma and IL-5 through Th-1 lymphocytes, and it also 
prevents the formation of IL-6 by monocytes, as it is the 
first stimulant of hs-CRP generation.7 VD deficiency causes 
macrovascular and microvascular complications by causing 
inflammation of the vessels.1

Here we find that the mean ACR was significantly raised in 
diabetic with VD deficiency than those with VD sufficient. 
Moreover, the reciprocal relation of ACR and VD was 
established. These results were incompatible with prior 
results that subjects with type 2 diabetes mellitus had 
higher values of ACR; on the other side, VD supplementation 
decreases ACR.6 ACR is an early marker for nephropathy, 
and VD function as proteinuria homeostasis20 hence VD 
deficiency is linked with nephropathy in T2DM subjects. 
Physical activity significantly reduces ACR values. Prior 
reports signify same results of physical activity link with 
decreased albumin excretion in the T2DM patients despite 
unknown mechanism of exercise on ACR; possibly it is 
because of its action on the vascular endothelium that is 
due to nitric oxide acting as vaso-relaxant.21

This research aims to compare mean VD values of 
uncontrolled diabetes with that of controlled. Although 
there was an insignificant difference was observed, yet, it 
favours with prior studies showing insignificant differences 
in mean HbA1c between groups of VD status.19 Likewise, 
Pearson’s regression analyses resulted that VD and HbA1c 
are negatively correlated. As VD enhances pancreatic β-cell 

secretion of insulin and activation from proinsulin to insulin, 
it might help in insulin function by simulating the insulin 
receptors expression and control of the calcium level.22 So, 
VD must be known for blood sugar homeostasis and hence 
complications of diabetes.

Actually, VD values are negatively associated with BMI, 
disease duration, and sugar control.2 In other researches, 
there was significant relation of VD deficiency and 
albuminuria, and we could calculate low VD level on 
nephropathy development.23 Also, study on drug trial 
proved reduction of proteinuria after the administration 
of VD in patients with Type 2 diabetes.24

The drawbacks of this study were investigating some 
haematological parameters related to VD control like 
phosphorus, parathyroid hormone and calcium values. 
The major drawback of current research was that subjects 
were selected on the basis of their previous clinical data, and 
no pre investigations were done to diminish confounding 
factors of drawback.

Conclusion
In this study we concluded that the number of VD deficiency 
in our population is more. ACR and hs-CRP are raised in 
type 2 diabetics with VD <30 ng/ml. Moreover, VD values 
were negatively related with BMI, duration of disease, 
ACR, and HbA1c values. As a result, VD deficiency may 
cause nephropathy in patients of Type 2 diabetes mellitus. 
Therefore, investigating and VD administration should be 
done.
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