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ORIGINAL ARTICLE
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ABSTRACT

Objectives: This study evaluates the effect of vitamin D with calcium supplementation on glycemic control and quality of life (QoL) in patients with
diabetes.

Materials and Methods: A prospective, observational, open-label randomized, controlled study was conducted on 150 type-2 patients with diabetes.
A total number of patients were divided into three groups (n= 50 in each group) i.e. group 1 (patient on oral hypoglycemic agents), group 2 (oral
hypoglycemic agents with vitamin D 60.000 |U/week), and group 3 (oral hypoglycemic agents, vitamin D 60.000 IU/week along with daily calcium
of 1.000 mg/day). Biochemical estimation of fasting/random blood glucose (RBG), hemoglobin Alc (HbATc), serum insulin and patient’s QoL were
analyzed using modified diabetes QoL (MDQoL)-17 questionnaire after 12 weeks of treatment. Data were analyzed using a student t-test (paired
t-test)

Results: The majority of the patients were male (more than 50%) with an average age of 50 + 6 years having a diabetic history of more than 10 years
and HbAIc level >10% in all three groups. After 12 weeks supplementation, the mean value of vitamin D was 25.73 + 6.2 ng/mL, 29.98 + 5.3 ng/mL
and 62.71 + 7.8* ng/mL in groups 1, 2, and 3, respectively (p<0.05) compared to baseline. A change in the mean value of HbATc, in group 2 (14.64 +
3.48 10 13.99 + 3.16%) and group 3 (14.05 + 2.65 to 12.04 + 2.21%) was also seen at the end of the study. Moreover, patients showed a positive effect
of vitamin D with calcium in group 3 with increased MDQoL, 30% of patients were in more than 70 score range.

Conclusion: The result of the study indicates that vitamin D supplementation with calcium significantly controlled or reduced HbAIlc; fasting and
RBG levels moreover improve QoL in type-2 patients with diabetes. It suggests that this combination can be considered a therapeutic supplement
along with a primarily used anti-diabetic regimen.
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INTRODUCTION

Diabetes mellitus is a chronic, serious, and growing metabolic
disorder of the pancreatic gland, caused by relative or absolute
insulin deficiency. It develops frequently after the age of 40,
therefore, it is known as “Adult - Onset Diabetes”!More than 62
million patients with diabetes have been currently diagnosed
with the disease and it is the third leading cause of death.
Worldwide the number will keep on increasing due to aging,
population growth, and increasing prevalence of obesity or
physical inactivity because of a sedentary lifestyle.? Diabetes

is considered a potential epidemic and India is also called “The
Diabetes Capital of the World".* According to the World Health
Organization, the number of diabetic patients has risen from 108
million in 1980 to 422 million in 2014.% International Diabetes
Federation is expecting that there will be 578 million diabetics
by 2030 and estimates to raise 700 million by 2045.° Over the
past few decades, an interesting angle to the pathophysiology
of diabetes suggested a strong link of vitamin D concentrations
in the body with diabetes etiopathogenesis and vitamin D
deficiency is considered as a leading cause of this disease.®
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Vitamin D is required for normal insulin secretion and glucose
tolerance.” In various prospective observational studies, it
has been found that low serum vitamin D levels increase the
risk of developing insulin resistance in diabetes.” Moreover
vitamin D deficiency or insufficient calcium intake may modify
the balance between the intracellular and extracellular B-cell
calcium pools, resulting in disturbing normal insulin secretion.®
According to the pathogenesis of type-2 diabetes, the presence
of vitamin D receptors on the $-cells is responsible for insulin
resistance by affecting calcium metabolism or -cell function.”°
In addition, vitamin D improves insulin sensitivity by attenuating
the expression of pro-inflammatory cytokines Vitamin D
deficiency is prevailing in epidemic proportions worldwide and
specifically all over the Asian and European continent with a
prevalence of 70-100% in the general population.> Thus, we
found it important to elucidate the level of vitamin D and the
potential role of vitamin D supplementation with or without
calcium in improving glycemic control and quality of life (QoL)
in type-2 patients with diabetes.”

MATERIALS AND METHODS

This study was a prospective, observational; open-label
randomized controlled study of 12 weeks duration, to evaluate
the effect of vitamin D supplementation with or without
calcium on the glycemic profile in 150 patients of type-2
diabetes mellitus. Patients were selected from outpatient and
inpatient departments of medicine in a tertiary care hospital
for the period from November 2020 to March 2021 (including
2 months of recruitment). The Institutional Ethics Committee
(IEC) Maharishi Markandeshwar Institute of Medical Science
and Research approval was obtained (project no: IEC-1565)
before the conduct of the study. Written informed consent
was signed from all patients before participation in the study.
All biochemical test parameters were assessed after one day
of the last administered dose of supplements. Patients were
selected based on inclusion and exclusion criteria.

Inclusion criteria

Adult patients (40-60 years) having type-2 diabetes for at least
10 years, who were taking one or two oral hypoglycemic agents
regularly, hemoglobin Alc (HbAlc) >10% and low vitamin D
levels (24 ng/mL)

Exclusion criteria

Patients with other types of diabetes, current or previous use
of vitamin D or multivitamins, pregnant women, patients with
chronic kidney disease stage 5; diabetic ketoacidosis, liver
cirrhosis, hypothyroidism/hyperthyroidism, osteoporosis and
patients with a body mass index (BMI) more than 30 kg/m?were
excluded from the study.

Study design

The sample size was calculated based on the data obtained
from previous studies using power and precision software. A
total of 150 patients were identified according to inclusion and
exclusion criteria and were divided into three groups (n= 50 per
group) by simple randomization.

At the baseline of the study, after detailed patient history
and clinical examination, routine investigations were done to
exclude any comorbidity. The baseline values of fasting blood
glucose (FBG), random blood glucose (RBG), HbAlc, fasting
serum insulin, serum calcium, serum phosphate and vitamin
D levels were obtained on the day of enrollment to the study
and follow-up of these patients were up to 12 weeks. FBG/RBG
levels were observed every 4" week, whereas HbAlc, serum
vitamin D, and serum calcium levels were recorded at the
end of the study (Figure 1). During the study, the drugs were
prescribed by guidelines, and patients were instructed not to
change their oral anti-diabetic medicines, diet and lifestyle.The
QoL of selected patients with diabetes were assessed by the
validated questionnaire modified diabetes QoL (MDQol)-17,
which consists of 17 questions comprising seven domains
including role limitations due to physical health problems,
physical functioning, social functioning, and emotional well-
being, role limitations due to personal or emotional problems,
general health perceptions and energy or fatigue (Table 1.
The information was obtained and entered in a case report
form after obtaining their consent. The patients were scored
in the range between 0 and 100, where O is the minimum and
100 is the maximum score. For comparison and analysis, the
QoL score of MDQoL-17 was expressed as the percentage of
the total possible score achieved. The patients with having an
MDQoL score of less than 50 had a poor QoL, a score between
50-70 had a moderate QoL and a more than 70 score had a
better QoL.
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Figure 1. Plan of work

FBG: Fasting blood glucose, RBG: Random blood glucose, HbAlc: Hemoglobin
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Statistical analysis
The data were normally distributed according to Kolmogorov-
Smirnov normality test.

Statistical methods were used to determine the differences
among the variables under study. The parametric data were
analyzed using paired Student t-test followed by Dunnett's
test into consideration for the special structure of comparing

treatmentagainstcontrol,yieldingnarrower confidenceintervals.
Statistical analysis was done using SPSS software version 23
with p<0.05 considered statistically significant.

RESULTS

Demographic data of 150 type-2 diabetic patients who were
divided into three groups based on the study protocol revealed

Table 1. Modified diabetes quality of life -17 questionnaire

Domains Response category and scores

General health 1(100)

2 (75) 3(50) 4 (25) 5 (0) -

How is your overall health after being

1 diagnosed as diabetic? Excellent Very good Good Fair Poor -
2 Diabetes has worsened your quality of life? ~ Not at all Slightly Moderately Quite a bit Extremely -
3 You get sick quite often compared to others? fDaT;:ltEIy Mostly false Don't know Mostly true ﬁimtely
Physical functioning 1(100) 2 (50) 30 - - -
4 Walking for normal daily chores (like going to  No not Yes limited ~ Yes limited ) )
work or market?) limited at all  a little a lot
_ . . No not Yes limited  Yes limited
? - - -
5 Climbing several flights of stairs? limited at all  a little a lot
No not Yes limited  Yes limited
imbi i irs? - - -
6 Climbing one flight of stairs? limited at all  a little a lot
Role limitations due to physical health 1(100) 2 (75) 3 (50) 4 (25) 5(0) -
7 Diabetes is affecting your work life? Not at all Slightly Moderately Quite a bit Extremely -
Emotional well being 1(100) 2 (80) 3 (60) 4 (45) 5 (20) 6 (0)
8 Do you feel downhearted or depressed? None of the A little of Spme of A good bit of Most of the All of the
time time time time time time
9 Is diabetes affecting your peace of mind? None of the A little of Spme of A good bit of Most of the All of the
time time time time time time
10 Do you feel scared when you think about None of the A little of Some of A good bit of Most of the  All of the
living with diabetes? time time time time time time
Role limitations due to emotional wellbeing 1 (100) 2 (80) 3 (60) 4 (45) 5 (20) 6 (0)
" Whether diabetes made you feel lost since it  None of the A little of Some of A good bit of Most of the  All of the
restricts the food items you like? time time time time time time
Is diabetes making you lose your confidence None of the A little of Some of A good bit of Most of the  All of the
in your abilities? time time time time time time
Social functioning 1(100) 2 (75) 3 (50) 4(25) 50 -
13 Is diabetes is affecting your family life? Not at all Slightly Moderately Quite a bit Extremely -

Do you feel embarrassed managing your

14 Diabetes in public (like taking tablets/ None of the A little of $ome of Agood bit of Most of the All of the
L .. time time time time time time
injecting the medicine?)

15 Whether diabetes is a hindrance when you None of the A little of Some of A good bit of Most of the  All of the
are planning for any travel time time time time time time

16 Is diabetes bringing up economic burden to None of the A little of Some of A good bit of Most of the  All of the
you? time time time time time time

Energy fatigue 1(100) 2 (80) 3 (60) 4 (45) 5(20) 6 (0)

. None of the A little of Some of A good bit of Most of the  All of the

17 Do you feel energetic?

time

time time time time time
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that most patients affected by diabetes were male (more than
50%) compared to females in all three groups. The mean age of
the patient found in this study was 50 + 6.2 years and BMI was
(27.7 + 0.6 kg/m?). All the patients were having type-2 diabetes
mellitus for more than 10 years and were taken from both in
patient (14 + 2%) and out-patient (84 + 4%) departments in all
three groups. No statistical difference was found in all three
groups of patients. The patient with diabetes was admitted to
the hospital, not due to diabetes or its complication. They were
admitted to the hospital due to other illnesses and diabetes
was found as a comorbid condition (Table 2). Drug prescribing
patterns in recruited patients were studied and analyzed on
the basis of symptoms and existing comorbid conditions. The
major categories of drugs prescribed were oral hypoglycemic
agents (monotherapy or dual therapy) with anti-hypertensive,
anti-platelets, statins, and antibiotics.

The mean FBG decreased (170 + 1311 mg/dL to 162 + 26.23
mg/dL) with oral hypoglycemic agents such as sulfonylureas
and biguanides in group 1, whereas in group 2 when oral
hypoglycemic agents were given with vitamin D supplementation
FBG levels decreased (176 + 09.54 mg/dL to 169 + 11.72 mg/dL)
and in group 3 the level of FBG was at maximum decline i.e. (167
+17.22 mg/dL to 139 + 11.59 mg/dL) with calcium and vitamin D
supplementation.

The RBG post supplementation was decreased non-significantly
(328.45 + 19.49 mg/dL to 249.45 + 18.43 mg/dL) in group 2,
whereas a statistically significant (p<0.05) decrease was seen
in group 3 (305.10 + 17.45 mg/dL to 20210 + 12.37* mg/dL).

The serum insulin levels were also found to be on the lower side
(30 + 11.27 plU/mL to 29 + 16.75 plU/mL) in group 1, whereas
in group 2 after supplementation of vitamin D without calcium
the serum insulin levels were (28 + 9.65 plU/mL to 24.67 +11.95
plU/mL) but statistically significant (p<0.05) decrease (29 =
7.39 plU/mL to 20.76 = 6.23* plU/mL) was seen in group 3 post
supplementation (Table 3).

The mean baseline serum vitamin D levels for group 1, group
2, and group 3 were 25.78 + 5.3 ng/mL, 28 + 4.1 ng/mL and
28 + 53 ng/mL, respectively. The levels of vitamin D were
significantly (p<0.05) increased 62.71 + 7.8* ng/mL in group 3,
after giving vitamin D with calcium supplementation for three
months. However, a non-significant increase in mean serum
vitamin D level was observed in group 1 and group 2 compared
to baseline after three months i.e. 25.73 + 6.2 ng/mL and 29.98
+ 5.3 ng/mL, respectively (Figure 2).

When calcium was given with vitamin D (group 3), a decrease in
HbAIlc levels from baseline i.e. 14.05 + 2.65% to 12.04 + 2.21%
was observed after three months of supplementation. However,
there was a slight increase in HbAlc levels (14.64 + 3.2%) in
group 1and a non-significant decrease in levels of HbA1C (13.99
+ 316%) was observed in group 2 with respect to baseline
parameters (1493 + 2.4%) and (14.64 + 3.48%), respectively
(Figure 3).

The mean calcium levels among individuals of group 2 revealed
a non-significant increase (9.06 + 0.63 mg/dL to 91 + 0.49 mg/
dL) from the baseline level among type-2 patients with diabetes.
In group 3, the levels of serum calcium after supplementation
for 3 months were found significantly (p<0.05) increase (10.1 +
0.71* mg/dL) compared to baseline (8.7 + 0.54 mg/dL), while no
change was observed in mean serum calcium levels in group 1
from (8.3 + 0.42 mg/dL to 8.41 + 0.51 mg/dL) (Table 3). Vitamin
D supplementation gradually increased phosphate levels (3.7 +
0.25 mg/dL) and (3.4 + 0.51 mg/dL) compared to their respective
mean baseline levels (3.3 + 0.43 mg/dL) and (3.1 + 0.33 mg/dL)
in group 2 and 3 (Table 3).

After supplementation for 3 months, only 2% of patients in
group-1 and 5% patients of group-2 experienced a better QoL,
but nearly 20% of the patients from group 3 scored more than
70 in MDQolL scoring. Moreover, the number of patients scoring
less than 50 score remains unchanged in group 1, whereas
compared to baseline scores of poor QoL class a decrease of

Table 2. Demographic data of study population

Population (n= 150)

Serial no Parameters
Group 1 (n=50) Group 2 (n= 50) Group 3 (n=50)

Age

1 - 41-50 46% (n=23) 48% (n= 24) 56% (n=28)
- 51-60 54% (n=27) 52% (n= 26) 44% (n=22)
Gender

2 - Male 58% (n=29) 62% (n=31) 54% (n=27)
- Female 42% (n=21) 38% (n=19) 46% (n=23)

3 BMI (kg/m?) 269 £ 0.5 289+ 0.7 272 +0.8
Duration of type-2 DM

4 - 10-15 years 44% (n=22) 42% (n=21) 46% (n=23)
- 15-20 years 56% (n=28) 58% (n=29) 54% (n=27)
Type of patient

5 - In patient 12% (n= 6) 16% (n=8) 14% (n="T1)

- Out patient 88% (n= 44)

84% (n= 42) 86% (n=43)

BMI: Body mass index, DM: Diabetes mellitus
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5% and 18% was seen in groups 2 and 3, respectively, post
supplementation. However, gradual changes have been seen
in moderate QoL score ie. 2% of patients experienced an
improvement in their QoL in groups 1 and 3, respectively, after 3
months of supplementation. This improvement is due to proper
adherence to oral hypoglycemic agents and vitamin D with or

without calcium supplementation (Table 4).

VITAMIN D

Serum Vitamin D Levels (ng/ml)

m Baseline @ At the end of study

Figure 2. Serum vitamin D concentrations at baseline and at the end of
the study

*p<0.05 was significant when compared with baseline value
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Figure 3. Serum HbA1lc concentrations at baseline and at the end of the
study

HbA1lc: Hemoglobin Alc

DISCUSSION

In this study, we investigated the relationship of diabetes with
respect to glycemic profile. Our study results revealed that
males are most frequently affected by type-2 diabetes compared
to females. Our study results are similar to the previous study
by Bahendeka et al!* has shown the prevalence of diabetes
among males (1.6%) is more dominant than in females (1.1%).
Sedentary lifestyle is considered as a reason for increased
body fat, increased BMI, and increasing the probability of
occurrence of metabolic diseases like type-2 diabetes mellitus,
dyslipidemia, and hypertension.® Because of our study patients
having BMI-25-29 kg/m? and this lead to the progression of
diabetes. Another major reason behind the increasing trend of
diabetes type-2 is vitamin D deficiency. Various studies have
shown that vitamin D stimulates the absorption of intestinal
calcium by increasing the reabsorption of calcium from the
distal tubule and by stimulating calcium mobilization from bone,
whereas vitamin D also helps in phosphorous absorption by
stimulating bone mobilization.” Asian and European populations
are found to be vitamin D-deficient!?” Thus, prescribing vitamin
D and calcium supplementation to diabetes patients perhaps
helps manage glycemic control in patients with diabetes.
Therefore, we evaluated the patients to measure the effect of
vitamin D and calcium after oral vitamin D supplementation of
60.000 IU/week without and with calcium supplementation of
1000 mg/day for 12 weeks. However, calcium supplementation
alone did not find any therapeutic effect on glucose levels,
insulin secretion or HbAlc levels.® Vitamin D controls insulin
secretion indirectly and normalizes the extracellular calcium
by ensuring normal calcium flux through cell membranes.”
Therefore, combination therapy of vitamin D and calcium
was found to be significantly more effective in managing the
glycemic profile of study participants than vitamin D or calcium
as monotherapy. We also found decreased mean baseline
serum vitamin D levels in patients with diabetes and our results
are similar to Scragg et al.?°, who also stated that there was
a strong inverse association between diabetes and low levels
of vitamin D, whereas normalizing these levels will result in
55% relative reduction in the risk of developing type-2 diabetes
mellitus. Numerous studies have also confirmed the effects of
vitamin D supplementation on glucose metabolism.”?' Present
study results follow previous studies. Reduction of FBG,

Table 3. Blood biochemical parameters before and after the supplementation of vitamin D and serum calcium

Group 1 (n=50)

Group 2 (n=50) Group 3 (n=50)

Serial Biochernical parameters Baseline Values after 3 Baseline Values after 3 Baseline Values after 3
ne and units values months values months values months

(mean + SD) (mean + SD) (mean + SD)
1 Fasting blood glucose (mg/dL) 170 + 13.11 162 + 26.23 176 + 09.54 169 + 11.72 167 +17.22 139 + 11.59
2 Random blood glucose (mg/dL) 308.36 +18.26  287.36 +13.65 328.45 +19.49 249.45 +18.43 30510 +17.45 20210 + 12.37*
3 Fasting serum insulin (uiU/mL) 30 = 11.27 29 £16.75 28 + 9.65 2467 £ 1195 29 +7.39 20.76 + 6.23*
4 Serum calcium (mg/dL) 83+0.42 8.41 + 0.51 9.06 + 0.63 91+ 0.49 8.7 + 0.54 101 £ 0.71*
5 Serum phosphate (mg/dL) 29+ 047 31+0.39 33+043 37+0.25 31+0.33 3.4 +0.51

p<0.05 was significant when compared with baseline value. SD: Standard deviation
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Table 4. Quality of life on basis of MDQoL scoring

Group 1 (n=50) Group 2 (n= 50) Group 3 (n=50)

Classification on basis

Qol. score of MDQoL scoring (Baseline) (After 3 months)  (Baseline) (After 3 (Baseline)  CAfter 3
months) months)
Less than 50 Poor QoL 54% 54% 56% 51% 60% 42%
50-70 Moderate QoL 28% 26% 32% 32% 30% 28%
More than 70 Better QoL 18% 20% 12% 17% 10% 30%

MDQoL: Modified diabetes quality of life

RBG, and HbAlc after administration of vitamin D along with
calcium; thus, managing glycemic control.?2"?? Initially, serum
calcium levels were tested to rule out hypercalcemia due to
supplementation but the concentration of serum calcium was
lower in patients with diabetes. Previous studies have also
shown an inverse correlation between calcium and disease
progression.?® These levels gradually began to increase
after supplementation. However, the mean levels of calcium
remained within the normal range at the end of the study, no
hypercalcemia was found because of supplementation and
our study results followed previous studies.?? Results of this
study also suggest that the mean level of phosphate was in the
normal range yet they were slightly increased from baseline
parameters, which are similar to previous studies.® The
reason behind this increase irrespective of the medication
and supplementation, is usually caused by a kidney problem
associated with natural diabetes progression.?*?® The present
study also assessed the QoL in patients with diabetes on the
basis of various domains including physical and emotional
wellbeing, mental state, and social functioning. We observed an
inverse correlation between QoL and disease progression, it is
suggesting that progression in diabetes has a negative impact
on QolL. Results were supported by previous studies which
stated that QoL was way better in patients at a younger age
without complications, with a BMI of <18.4 kg/m? and HbAIlc
level between 7.1-8.0%.26%" Diabetic patients with a diabetic
history of more than 10 years were found to have a poor QoL
in this study, whereas, the MDQoL score for the patients on
vitamin D with calcium supplementation along with diabetic
therapy was improved than the patients on oral hypoglycemic
agents only. This may be attributed to the fact that using vitamin
D with calcium as an adjuvant therapy gives better glycemic
control and improves the QoL and decreases the rate of disease
progression along with other diabetic complications.?®

Study limitations

The small sample size and time constraints were
the limitations of our study that impacted our results.

CONCLUSION

The study indicates that the administration of vitamin D with
calcium supplementation in type-2 patients with diabetes
significantly improved QoL by controlling or reducing HbAI1C,
fasting, and RBG levels improved in patients with diabetes.
Therefore the study suggests that vitamin D and calcium can
be considered add-on therapeutic supplements along with

other anti-diabetic regimens for managing diabetic-related
consequences and other diabetic complications.
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