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Abstract: Background and aims: Although vitamin D deficiency (VDD) is inversely associated with glucose intolerance, 

very limited data are available in Bangladesh. Thus, the study aimed to determine vitamin D status of Bangladeshi adults 

based on the glucose intolerance status. Materials & Methods: This cross-sectional study was carried out among 70 newly 

detected DM, age-group & sex-matched 76 newly detected pre-diabetes and 74 healthy control with normal glucose 

tolerance (NGT) based on American Diabetes Association, 2018 criteria. Participants were included consecutively from the 

Department of Endocrinology, Bangabandhu Sheikh Mujib Medical University (BSMMU) over a period of 1 year by 

convenient sampling to see serum 25(OH)D which was measured by high performance liquid chromatography (HPLC) 

method. Results: Vitamin D levels decreased with increasing degrees of glucose intolerance [NGT: 16.82±6.57; prediabetes: 

15.54±8.58; T2DM: 11.01±6.03 ng/ml, p<0.001] but significantly lower in T2DM than other two groups [T2DM vs. 

prediabetes, p=0.001; T2DM vs. control, p<0.001; prediabetes vs. control, p=NS]. The highest frequency of vitamin D 

deficiency was among individuals with T2DM (64.3%) followed by NGT (29.7%) and prediabetes (28.9%) [p<0.001]. Only 

HbA1c had predictive association with vitamin D deficiency [OR (95%CI)=2.061 (1.178, 3.608), p=0.011]. Only DM but 

not pre-diabetes had predictive association with vitamin D deficiency compared with NGT [DM: OR (95%CI)=4.255 (2.117, 

8.552), p<0.001; prediabetes: OR (95%CI)=0.963 (0.477, 1.946), p=0.916]. Conclusion: Vitamin D level was lower and 

frequency of vitamin D deficiency was higher in patients with DM. Only HbA1c and DM had predictive association with 

vitamin D deficiency. 
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1. Introduction 

Vitamin D has gain a lot of interest in recent years due to the discoveries of several extra-skeletal roles including 
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glucose homeostasis. Many physiological functions are 

thought to be affected by vitamin D deficiency (VDD) [1]. 

An association of VDD with different non-communicable 

diseases also supports its importance in health and disease 

[2-4]. Similarly VDD adversely affects the function of β-

cells of pancreas and insulin resistance by diverse 

mechanisms [5]. So a negative association between 

glycemic status with vitamin D status was described in 

many Western population [6, 7]. Bangladesh is now facing 

a huge burden of diabetes mellitus (DM) and prediabetes 

with a population prevalence of 10% and 23% respectively 

[8], with their associated complications and cost. So, 

primary and secondary prevention of DM is one of the top 

priorities in the control of non-communicable diseases. 

Targeting modifiable risk factors like VDD may be an 

appealing option. Correction of VDD has been found to be 

associated with DM prevention and glycemic control in 

several studies. However, data are conflicting and may 

depend on genetic factors. Vitamin D across the continuum 

of glucose intolerance has not been previously studied in 

Bangladeshi population. Besides, hypovitaminosis D is a 

pandemic condition in many regions of the world despite 

having a plentiful sunshine including Bangladesh. Previous 

studies from Bangladesh found high prevalence of VDD in 

different population groups including children and 

reproductive age females (~80%) [9]. So, identifying VDD 

especially in persons with glucose intolerance may provide 

an opportunity to reduce the health hazards. Hence, this 

study is aimed to compare vitamin D in different categories 

of glucose intolerance, and determine its association with 

glycemic variables and status. 

2. Materials and Methods 

2.1. Study Design and Population 

This observational cross-sectional study was carried out in 

the Department of Endocrinology, BSMMU over a period of 

one year between March 2018 to February 2019. In this study 

70 newly detected DM, age-group & sex-matched 76 newly 

detected prediabetes and 74 healthy control with normal 

glucose tolerance (NGT) based on American Diabetes 

Association, 2018 criteria were included by convenient 

sampling. 

Before the commencement the study protocol obtained 

ethical clearance from the Institutional Review Board of 

Bangabandhu Sheikh Mujib Medical University (BSMMU). 

Informed written consent was taken from each participant. 

2.2. Inclusion and Exclusion Criteria 

The study included adults (≥18 years) attending at 

Department of Endocrinology, BSMUU. Participant’s who 

were currently taking or had received vitamin D or calcium 

with in the last 120 days of sample collection; or those with 

known liver disease, renal disease, severe heart failure, 

autoimmune disease, metabolic bone disorder, 

malabsorption syndrome, active malignancy, concurrent 

critical illness; or pregnancy and lactation were excluded 

from the study. 

2.3. Data Collection 

Patient’s clinical information was collected in a pretested 

record form. Participants were asked about their socio-

demographic statuses, personal information and factors 

affecting vitamin D level by face-to-face interview. Height, 

weight, waist circumference and blood pressure of each 

participant were measured as per standard procedures. 

2.4. Biochemical Analysis 

About 10 ml of venous blood was collected from each 

participant after an overnight fasting of 8–12 hours. Two (2) 

milliliters of blood was separated in a tube containing fluoride 

oxalate and 8 ml of blood was taken in to a gel separator tube 

covered by aluminum foil. After 10-15 minutes of collection, 

blood sample tubes were placed in a centrifuge and spun at 

3000 rpm for 10 minutes in a dark room to obtain the serum. 

Blood glucose was measured immediately and serum was 

stored appropriately at -20°C and was analyzed for serum 

HbA1c and 25-hydroxyvitamin D {25(OH)D} within a week 

of sample collection. Two hours after a 75 gm oral glucose, a 

second sample of about 3 ml venous blood was taken and sent 

for 2 hours after 75 gm oral glucose tolerance test (2h-OGTT) 

glucose measurement. Blood glucose was measured by 

glucose oxidase method and HbA1c by turbid metric inhibition 

immunoassay. Vitamin D was measured by high performance 

liquid chromatography (HPLC) method with a coefficient of 

variability of 2.6%–4.9% and analytical sensitivity of 2–100 

ng/ml. 

2.5. Operational Definitions 

Prediabetes (impaired fasting glucose or impaired 

glucose tolerance) or T2DM were considered as glucose 

intolerance. According to ADA, 2018 criteria, prediabetes 

was diagnosed {any one from below: fasting blood glucose, 

FBG=5.6–6.9 mmol/L (IFG), 2 hours after 75 gm 

OGTT=7.8–11 mmol/L (IGT) or HbA1c=5.7–6.4%} and 

T2DM was defined as patient fulfilling any criteria of FBG 

≥7mmol/L, 2 hours plasma glucose after 75 gm OGTT 

≥11.1 mmol/L, HbA1c ≥6.5% or in a patient with classical 

symptoms of hyperglycemia or hyperglycemic crisis, a 

random plasma glucose ≥11.1mmol/L for the first time at 

presentation without any history of ketoacidosis and clinical 

features suggesting other types of DM [10]. Vitamin D 

status was categorized by Institute of Medicine (IOM), 

2011 criteria in to vitamin D sufficiency (≥20 ng/ml), 

insufficiency (12–19.99 ng/ml) and deficiency (<12 ng/ml) 

[11]. 

2.6. Statistical Analysis 

All data were analyzed by SPSS Statistics software version 

22.0. Qualitative values were expressed by frequency 

(percentages, %) and quantitative values (here, all were 

normally distributed) by mean±standard deviation (SD). 
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Quantitative values across the groups were compared by one 

way analysis of variance (ANOVA) test with post hoc 

analysis by Tukey test. Qualitative values were analyzed by 

Pearson’s Chi-square test. Correlation of vitamin D with 

various glycemic values were done by Pearson’s correlation 

test. Linear regression analysis was done to see the predictive 

association of vitamin D level as dependent and glycemic 

values as independent variables. Binary and multinomial 

logistic regression analysis was done to see the predictive 

association with VDD with different glycemic values and 

status respectively. 

3. Results 

A total of 220 participants including 70 patients with 

T2DM, 76 with prediabetes and 74 healthy control with NGT 

were studied in this study. The BMI, waist circumference and 

diastolic blood pressure of people with prediabetes were 

significantly higher than the other two groups. Other 

parameters such as age and systolic blood pressure were not 

significantly different across the spectrum of glucose 

intolerance (Table 1). 

Table 1. Characteristics of the study population (n=220). 

Variables Diabetes mellitus (DM) Prediabetes 
Normal glucose 

tolerance (NGT) 
p Significant differences between groups 

Number 70 76 74   

  Mean±SD    

Age, (years) 42.27±10.65 38.75±10.70 40.81±10.82 0.139 – 

BMI (kg/m2) 26.20±4.19 28.92±4.13 25.88±4.59 <0.001 Prediabetes: vs. DM, p=0.001; vs. NGT, p<0.001 

WC (cm) 

Male 87.77±6.66 96.05±14.48 87.94±7.79 0.056 – 

Female 89.58±11.32 99.69±9.05 85.03±12.76 <0.001 Prediabetes: vs. DM, p<0.001; vs. NGT, p<0.001 

SBP (mmHg) 123.0±18.60 119.30±16.0 119.87±18.19 0.40 – 

DBP (mmHg) 78.0±11.24 81.0±10.66 76.15±10.84 0.024 Prediabetes vs. NGT, p=0.019 

One way ANOVA with post hoc Tukey test was done 

As shown in Table 2, most of the risk factors associated with VDD were similar among the three groups of glucose 

intolerance. However, the people with DM smoked more frequently than the other two groups. Similar to Table 1, adults with 

prediabetes were more obese than DM and NGT groups. 

Table 2. Risk factors of vitamin D deficiency in the study population (n=220). 

Risk factors of vitamin D deficiency Diabetes mellitus Prediabetes Normal glucose tolerance p 

Number 70 76 74  

 Frequency (%)  

Age ≥60years 5 (7.1) 5 (6.6) 3 (4.1) 0.771 

Female gender 57 (81.4) 61 (80.3) 58 (78.4) 0.891 

Urban resident* 47 (67.1) 60 (78.9) 62 (83.8) 0.054 

Not completed primary education 14 (20.0) 12 (15.8) 7 (9.5) 0.213 

Low socioeconomic status (monthly income<20,000 taka)Ϯ 16 (22.9) 28 (36.8) 17 (23.0) 0.089 

Occupation: unemployed, retired¥ 7 (10.0) 7 (9.2) 6 (8.1) 0.957 

Smoker (current/past)¶ 25 (35.7) 12 (15.8) 9 (12.2) 0.001 

Low physical activity Ψ 38 (54.3) 42 (55.3) 41 (55.4) 1.00 

Obese (BMI ≥27.5 kg/m2)ΐ 25 (35.7) 45 (59.2) 18 (24.3) <0.001 

Centrally obese (WC: M ≥90cm, F≥80cm) 56 (80.0) 71 (93.4) 48 (64.9) <0.001 

Hypertensive (BP≥140/90mm-Hg or on antihypertensive drugs) 21 (30.0) 17 (22.4) 17 (23.0) 0.530 

Inadequate sunlight exposure time˧ 37 (52.9) 43 (56.6) 51 (68.9) 0.121 

Inadequate sunlight exposure (exposed body surface area<20%) 48 (68.6) 59 (77.6) 52 (70.3) 0.424 

Use sunscreen (sun protecting factor ≥8) 5 (7.1) 5 (6.6) 9 (12.2) 0.435 

Consuming less vitamin D containing food£ 28 (40.0) 22 (28.9) 19 (25.7) 0.153 

Within parentheses are percentages over column total of respective variable; Pearson’s Chi-square test was done 

* According to Bangladesh national conservation strategy, 2013 

Ϯ According to monthly household income 

¶ According to Mayo clinic smoking status category 

¥ According to registrar general occupational classification 

Ψ According to international physical activity questionnaire- short form 

˧ Atleast 10 minutes a day in between 11 am to 2 pm, at least 3 days a week 

£ At least 1 serving of egg yolk or large fish per day, at least 4 days a week 

The mean value of serum 25(OH)D was significantly lower in patients with DM than both prediabetes and NGT (Figure 1). 
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Figure 1. Serum vitamin D level in different categories of glucose intolerance (N=220). 

Similarly, there was an association between vitamin D and glycaemic status, where patients with DM had the greatest 

number of cases with VDD (Figure 2). 

 

Figure 2. Vitamin D status in different categories of glucose intolerance (n=220). 

Serum vitamin D had significant negative correlation with 

all the glycemic values (FBG, 2H-OGTT glucose and HbA1c) 

in the study population. Linear regression analysis also 

showed significant negative association of them individually 

with serum vitamin D (Figure 3). After adjustment for factors 

affecting VDD (age, body mass index, waist circumference, 

systolic and diastolic blood pressure), only FBG andHbA1c 

had predictive association with VDD status [B (95%CI), β: 

FBG=-0.346 (-0.639,-0.052), -0.155, p=0.021; HbA1c=-2.140 

(-3.199,-1.080), -0.616, p<0.001]. 
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Pearson’s correlation test was done, r=correlation coefficient 

Figure 3. Correlation of serum vitamin D with different glycemic values in the study population. 

Binary logistic regression analysis showed that only HbA1c 

had predictive association with VDD (<20 ng/ml) after 

adjustment for other factors affecting vitamin D level. 1% 

increase of HbA1c was associated with 2.061 times higher 

odds of being vitamin D deficient (Table 3). 

Table 3. Predictive association of vitamin D deficiency (dependent factor) with different glycemic values. 

Covariates B OR* (95%CI) P 

Fasting blood glucose -0.187 0.830 (0.645, 1.067) 0.146 

Glucose 2 hours after oral glucose tolerance test .052 1.053 (0.894, 1.240) 0.535 

HbA1c 0.723 2.061 (1.178, 3.608) 0.011 

Constant -3.686 0.025 0.001 

Binary logistic regression analysis was done 

B=regression coefficient, OR=odds ratio, CI=confidence interval 

*Adjusted for age, sex, residence, occupation, educational, socioeconomic, smoking, obesity, central obesity, hypertension, sunlight exposure time & body 

surface area, sunscreen use and vitamin D containing food intake status. 

As shown in Table 4, only DM had predictive association 

with VDD in comparison to NGT in the study population but 

prediabetes had no significant association. Diabetes had 

4.255 times increased risk of VDD in comparison to NGT 

after adjustment for other factors affecting vitamin D level. 

Table 4. Predictive association of vitamin D deficiency (dependent factor) with different glycemic status. 

Independent factors B Odds ratio* (95% confidence interval) P 

Normal glucose tolerance 1 (reference category) 

Prediabetes -0.038 0.963 (0.477, 1.946) 0.916 

Diabetes 1.448 4.255 (2.117, 8.552) <0.001 

Intercept -0.860 – 0.001 

Multinomial logistic regression analysis was done; B=regression coefficient 

*Adjusted for age, sex, BMI, systolic and diastolic blood pressure and smoking status 
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4. Discussion 

This study showed that vitamin D level was lower and 

VDD status was higher significantly in patients with DM 

than prediabetes and NGT. FBG and HbA1c had significant 

linear association with serum vitamin D but only HbA1c had 

predictive association with VDD. On the other hand, 

compared with NGT only DM but not prediabetes had 

predictive association with VDD. In the present study, we 

observed that about 64% of T2DM individuals had VDD. 

Additionally, a significantly higher proportion of individuals 

with T2DM had VDD compared those with prediabetes and 

NGT. Similar observations have been reported in T2DM 

patients from the area of South India [12], Athens & Pireaus 

[13] and Saudi Arabia [14]. While study conducted by Modi 

et al [15] reported a higher prevalence of VDD compared to 

our study (84% in T2DM, 77% in prediabetes, 87% in NGT), 

using the cut-off for VDD by serum 25(OH)D<30ng/dl. 

Many other study also showed higher prevalence of VDD in 

prediabetes than NGT [16, 17] compared to our study, all 

using the same cut-off for VDD (serum 25(OH)D<20ng/dl). 

Another finding in our study was more vitamin D insufficiency 

(12-20 ng/dl) in prediabetes compared to T2DM and NGT. 

This all might be explained by, use of different cut-off value 

(<12 ng/ml) to define VDD, different method of vitamin D 

estimation and different sample size in our study. 

We found a significantly lower vitamin D level in patients 

with DM than the NGT, but not in prediabetes. So the 

deleterious effects of vitamin D may be visible at a lower level 

to affect β-cell function and insulin resistance. A Korean study 

also supported this finding [18]. On the contrary, others found 

lower serum vitamin D concentration and higher percentages 

of VDD in prediabetes than diabetes [19], and higher levels of 

25(OH)D in the glycemic intolerance group than the control 

population [15]. These population-based study findings are 

inconsistent, indicating that the association between vitamin D 

and glucose tolerance may be varying in different ethnic 

groups; therefore, a prospective study about vitamin D and its 

inverse association with diabetes among Bangladeshi 

individuals should be performed as well. 

Lower serum 25(OH)D levels were positively associated 

with prediabetes in the third National Health and Nutrition 

Examination Survey conducted in US population [20]. In our 

study we did not found the similar association of VDD with 

prediabetes. VDD may also be a risk factor for insulin 

resistance [21]. However, associations of vitamin D with 

insulin resistance were also inconsistent [22-24]. 

FBG and HbA1c had significant linear association with 

serum vitamin D but only HbA1c had predictive association 

with VDD. The difference between the two glycemic 

measures is that HbA1c reflects the average level of blood 

glucose over the past 2–3 months while FBG represents a 

single measurement of blood glucose concentration following 

over night fasting. HbA1c is relatively more stable than FBG 

on repeated measurements [25]. On the other hand, compared 

with NGT only DM but not prediabetes had predictive 

association with VDD. This may be possible due to the 

combined role of several factors affecting vitamin D rather 

than the glycemic values only. 

The measurement of serum vitamin D by HPLC rather 

than immuno-assay based method was the main strength of 

our study. However the sample size was relatively small. 

Besides we could not measure serum calcium, phosphate and 

parathyroid hormone of our patients that might provide 

further information about the critical association of VDD 

with different categories of glycemic intolerance. 

5. Conclusion 

VDD was a common finding in Bangladeshi adults 

irrespective of glycemic status. However, only DM was 

significantly associated with vitamin D status. HbA1c and 

DM had better predictive associations with VDD. These 

study findings will guide us to look forward about the role of 

vitamin D supplementation in glycemic control especially in 

people with DM. 
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