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Abstract

Background and objective: Glycemic control is essential to halt the progression of
diabetic complications. Some studies previously showed the effect of vitamin D on
pancreatic B-cell function and insulin secretion. This study aimed to assess the effect of
vitamin D supplementation on HbA1c in patients with type 1 diabetes and vitamin D
deficiency.

Methods: This prospective quasi-experimental study was conducted in Erbil city from 1%
September to 1% December 2019. In this study, 76 patients attending Layla Qasim diabetic
center were tested. Only 50 patients were recruited that had vitamin D deficiency (250HD:
<20) and were aged less than 18 years. They received vitamin D supplementation for 12
weeks. HbA1c and vitamin D level was measured before and after supplementation.
Results: Before vitamin D supplementation, the mean level of serum 25(OH)D among
females (8.67 = 2.56) was lower than males (14.31 = 3.19). However, no association was
found between the initial HbA1c level and gender. HbA1c level (mean = 8.24 + 0.49)
improved significantly after vitamin D supplementation to the level of 7.93 + 0.67
(P = 0.032). There was a significant difference between groups of glycosylated hemoglobin
levels of (first tertile<7.5%, second tertile 7.6%-9.9%, third tertile 210%) after 12 weeks of
supplementation with vitamin D (P <0.001).

Conclusion: Vitamin D supplementation in type 1 diabetic patients with vitamin D
deficiency lead to significant improvement in HbA1c level.
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Introduction The incidence of type 1 diabetes mellitus in
Diabetes mellitus is a chronic progressive European countries has been increasing
disease that is characterized by an yearly, reaching several folds in the
elevated level of glucose in the blood. last three decades.® It is supposed that in
Type 1 diabetes results from insufficient 2020 the number of new cases of type 1
insulin production, which usually happens  diabetes mellitus will be doubled in children
in children and was previously known as under five years old, and the prevalence
insulin-dependent or childhood-onset DM." will increase by 1.7 times in children under
The exact cause of type 1 diabetes mellitus 15 years old age. HbA1c is a good
is unknown, although there are a number of indicator of metabolic control in diabetic
theories that relate type 1 diabetes mellitus patients, and it is less affected by food
to genetic or environmental factors such as intake and daily activity as it is in other
perinatal infections, cesarean section, low tests in addition to its predictive value for
maternal intake of vegetables, early  microvascular complication.>®

exposure to cereals, eggs, cow’s milk and  Vitamin D is a fat-soluble vitamin usually
many others which eventually lead to the obtained from exposure to sunlight. Also, it
destruction of B cells in the pancreas which is found in very few foods or is given as
is responsible for insulin production.?? a dietary supplement. The consumption of
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vitamin D through these methods is inert
and needs activation, which is done in two
stages of hydroxylation.” In the last decade,
it has been found that vitamin D has an
effect not only on musculoskeletal
function (calcium homeostasis and bone
metabolism) but beyond that, as vitamin D
receptor has been found in most of the
tissues and organs of the body such as
skin, placenta, pancreas, colon, cancer
cells and many other areas of the body.
However, very little is known about these
receptors.®

Vitamin D receptors are also available in
pancreatic B-cells.” It has been reported
that mutated vitamin D receptors have
been associated with impaired insulin
secretion.™

A study on animal models found impaired
vitamin D signaling system had been
shown to be the result of abnormal vitamin
D receptors leading to glucose intolerance
and impairment in the gene encoding
insulin in these mice."" Vitamin D receptors
polymorphisms have been associated with
type 1 diabetes.'*"®

There are many studies showing the
effect of vitamin D on type 1 diabetes
mellitus.'®"® According to the researcher's
knowledge, there is no such study done in
the Kurdistan region.

This study aimed to determine the effect of
vitamin D supplementation on HbA1c level
in patients with type 1 diabetes and vitamin
D deficiency.

Methods

A prospective quasi-experimental study
was conducted to show the effect of
vitamin D supplementation on HbA1c level
in type 1 diabetic patients with vitamin D
deficiency before and after vitamin D
supplementation. The study was conducted
in Layla Qasim diabetic center in Erbil city,
the capital city of Kurdistan region of
Iragq, from 1st September of 2019 till 1st
December of 2019.

A systematic sampling method was used
to select patients from a total of 984
registered type 1 patients aged less than

18 years old at Layla Qasim diabetic
center. Every 10th patient was selected
from the list of registered type 1 patients.
Out of 98 patients interviewed, only 76
were tested for the initial vitamin D level.
The 22 patients not involved in the study
either refused or were excluded. The
exclusion criteria included chronic renal
disease, celiac disease, patients already
on vitamin D supplementation, on
medications that interfere with vitamin D
metabolism, hypothyroidism, any acute
illness such as acute febrile iliness, recent
documented infection or inflammation and
recent admission to hospital for diabetic
ketoacidosis. Out of 76 patients, only 50
patients were vitamin D deficient (250HD:
< 20)" and were recruited. No other data
was collected about those patients with
sufficient vitamin D.

Recruited patients were assigned to
receive vitamin D according to the safe
upper limit dose recommended by the
American Diabetic Association (1,000-
1,500 IU/day for infants, 2,500-3,000
IU/day for children aged 1-8 years, and
4,000 IU/day for children = 9 years of
age, adults).? Vitamin D was provided in
the form of syrup or tablet of the same
manufacturer according to age and
acceptance of the patient.

No further therapeutic interventions were
performed, and the family was instructed
that the child should continue the same
dose of insulin and lifestyle till the end of
the study.

Then after 12 weeks from starting the
supplementation, vitamin D level and
glycosylated hemoglobin (HbA1c) were
measured again. They were compared with
the initial readings to evaluate the effect of
vitamin D supplementation on HbA1c level.
Both serum 25-hydroxy vitamin D and
HbA1c level were measured using Cobas
6000 (Roche Diagnostics, Hitachi, Tokyo,

Japan).
HbA1c levels were divided into three
categories: first tertile (HbA1c<7.5%),

second tertile (HbA1c:7.6%-9.9%), and

third tertile (HbA1c210%).2"?
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The body mass index (BMI) was calculated
by dividing weight (kg) over squared
height (m2). The BMI-z score was graded
according to CDC growth charts.?

The research proposal was accepted by
the ethical committee of the Kurdistan
Board of Medical Specialties. Informed
consent taken from the caregiver of
patients before participating in the study.
The anonymity of patients was preserved.
Data analysis was performed by using the
statistical package for the social sciences
(SPSS version 24). Student's t-test was
used to compare the means of two groups
(gender, residency regarding HbA1c level,
and serum 25(OH)D).

One-way analysis of variance (one-way
ANOVA) test was used to compare means
of more than two groups (age groups,
duration categories, BMI, insulin regimens,
insulin dose, regarding HbA1c level and
serum 25(OH)D).

McNemar test was used to compare
the percentage of patients' glycemic
control group before and after vitamin D

supplementation. Paired T-test was done
to compare the mean HbA1c level before
and after vitamin D supplementation.
Simple linear regression was used to
evaluate the association between the
grade of post-HbA1c level change and
change in the serum 25 (OH) D level with
the vitamin D supplementation. A P value
of <0.05 was defined as statistically
significant.

Results

This study recruited 50 type 1 diabetic
patients with vitamin D deficiency; 19
males (38%) and 31 females (62%). The
patients' age range was 2-17 years (52%
aged 2-10 years, 32% aged 11-14 years,
and 16% aged 15-17 years) with a mean of
10.14+3.93 years. Forty-eight patients
(96%) were from urban residence, while
only two patients (4%) were from rural
residence.

At the stage of recruitment, the mean
duration of diabetes was 3.77+3.19 years,
as shown in Table 1.

Table 1 Association between patients’ variables with initial serum 25(0OH)D

Variables Mean * SD* No (%) 25(OH)D (Mean * SD) P value
Age (years) 10.14 + 3.93 0.541
2-10 26(52%) 10.26+3.47

11-14 16(32%) 10.00 £3.47

15-17 8(16%) 11.02+4.05

Gender <0.001
Male 19(38%) 14.31 £ 3.19

Female 31(62%) 8.67 £ 2.56

Residency 0.663
Urban 48(96%) 10.77 + 3.86

Rural 2(4%) 12.00 £ 7.07

BMI*(kg/m?) 18.25 +2.87 0.189
Normal 43(86%) 11.11 £ 3.95

Overweight 7(14%) 9.00 £ 3.41

Duration (years) 3.77 £3.19 0.405
<4 30(60%) 9.96+3.70

4-8 15(30%) 10.26+3.26

9-12 5(10%) 10.54+5.27

Insulin regiment 0.192
Multiple injections 43(86%) 37.56+£11.67

Premixed two dose injection 6(12%) 36.67+£19.15

Insulin pump 1(2%) 65

*Standard deviation, * Body mass index
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Association between patients’ variables
with initial HbA1c and serum 25(OH)D is
shown in Table 1 and Table 2.

The initial mean level of serum 25(OH)D
among females (8.67 + 2.56 ng/mL) was
lower than males (14.31+ 3.19 ng/mL).
A statistically significant association was
found between gender and initial
serum 25(0OH)D level (P <0.001). However,
no association was found between the
initial HbA1c level and gender (P = 0.245).

No significant difference was found among
age groups regarding initial serum 25(0OH)
D (P = 0.541) and initial HbA1c (P = 0.342).
Body mass index was not associated with
the initial serum 25(OH)D level (P = 0.189)
and initial HbA1c (P = 0.545) value,

respectively. There was no statistically
significant association between initial
serum 25(0OH)D level and the initial
HbA1c with the residency of the patients
(P =0.663 and 0.107, respectively).

About insulin regimens, 86% of patients
were on multiple injections (mean
37.56+£11.67), followed by 12% of patients
on premixed two dose insulin injections
(mean 36.67+19.15). The insulin pump
was used only by 2% (mean of 65 units),
as is shown in Table 1. No statistically
significant difference was found among
insulin regimens regarding initial HbA1c
(P = 0.178) and initial serum 25(OH)D
(P = 0.192), as it is shown in Table 2
and 1, respectively.

Table 2 Association between patients’ variables with initial HbA1c

Variables HbA1c (Mean * SD) P value
Age (years) 0.342
2-10 8.15+0.38

11-14 8.37 £ 0.58

15-17 8.28 + 0.55

Gender 0.245
Male 8.34 + 0.45

Female 8.18 £ 0.51

Residency 0.107
Urban 8.22+0.34

Rural 8.80 £ 0.30

BMI*( kg/m2) 0.545
Normal 8.29 £ 0.49

Overweight 7.91+0.27

Duration (years) 0.528
<4 8.22 £ 0.50

4-8 8.34 + 0.45

9-12 8.06 £ 0.48

Insulin regiment 0.178
Multiple injections 37.56+11.67

Premixed two dose injection 36.67+£19.15

Insulin pump 65

*Standard deviation, * Body mass index
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The mean dose of vitamin D
supplementation was 3860 + 995 [U/day.
The difference in the mean HbA1c level
before (8.24 + 0.49) and after (7.93 + 0.67)
vitamin D supplementation was
statistically significant (P = 0.032). Also, the
percentage of patients' glycemic control
groups was statistically significant after
vitamin D supplementation (P <0.001), as
shown in Table 3.

By doing linear regression, it has been
found that the change in the serum 25(OH)
D level with the vitamin D supplementation
was significantly associated with the
grade of the response of post HbA1c level
(the more increase in the serum 25(0OH) D

level, the Ilower post HbA1c level)
(B = -0.29, P = 0.003), as shown in
Table 4.

Table 3 Glycemic control before and after vitamin D supplementation

Glycemic control Before supplementation After supplementation P value
groups

Count (%) Count (%)
First tertile 8 (16.0) 12 (24.0) <0.001
Second tertile 11 (22.0) 37 (74.0)
Third tertile 31 (62.0) 1 (2.0)
Pre- HbA1c' 8.24 £ 0.49 Post- HbA1c  7.93 £ 0.67 0.032
(Mean £ SD) (Mean £ SD)

* Glycosylated hemoglobin.

Table 4 Regression analysis of the change in the serum 25(OH)D level predicting post

HbA1c level
HbA1c level after vitamin D supplementation
B 95 % ClI SE B B T P value
(Constant) 8.941 8.33-9.545 0.300 29.814 0
Vit D3 difference -0.29 -0.47-(-0.010) 0.009 -0410 -3.112 0.003

B: Unstandardized beta, Cl: Confidence interval for unstandardized beta, SE B: Standard error for
the unstandardized beta, B: Standardized beta, t: t-test statistic, R°=0.168, Adjusted R%=-0.151
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Discussion
Diabetes mellitus can lead to the
development of several complications.

Studies have shown the importance of
good glycemic control in reducing the risk
of micro and macro vascular complication
in type 1 and type 2 diabetes mellitus.?*
Risk for the development of diabetic
complications, morbidity, and mortality can
be minimized by decreasing HbA1c level.?®
Serum 25(0OH)D before vitamin D
administration were lower among females
(8.67 £ 2.56) ng/mL than males (14.31 £
3.19) ng/mL (P <0.001) (table 1). A similar
figure was also reported by Al-Agha.'
However, Mutlu found no difference in
Serum 25(0OH)D between males and
females.?® This could be attributed to the
difference in the cultural influences and
traditions.?’

Besides gender, none of other
demographic (age, residence) and clinical
factors (BMI and duration of disease) were
found to have an effect on and initial
serum 25(0OH)D and initial HbA1c. Many
studies did not find an association between
demographic and clinical factors mentioned
above with Serum 25(OH)D and HbA1c

among patients less than 18 vyears
O|d.18’ 5,28

Our results showed that mean pre
intervention HbA1c level improved

significantly from (8.24 + 0.49) to (7.93
0.67) after supplementation (P 0.032)
(Table3). A similar result was reported by
Mohammadian that HbA1c level improved
(from 9.73+1.85 to 8.55+1.91) after vitamin
D supplementation (P <0.0001).% A similar
figure was also found by Aljabri.?® In
addition to this result, our study showed
improvement in patients number and
percent in all glycemic groups (first
tertile<7.5%, second tertile 7.6%-9.9%,
third tertile =10%) after vitamin D
supplementation (Table 3). In contrast,
a study by El Baba showed no significant
relationship between glycemic control and
variation of vitamin D level.*

Vitamin D deficiency may contribute to the
development of insulin resistance and the

impairment of the secretion of insulin.*'
Vitamin D reduces the excessive release of
insulin (in reaction to increased blood
sugar) by decreasing insulin resistance.
Thus, it improves insulin sensitivity.
Vitamin D deficiency is also correlated with
B-cell dysfunction. Vitamin D enhances the
conversion of pro-insulin as well as B-cells
capacity for insulin production.

In our study, improvement of glycemic
control was observed only after 12 weeks;
we do not know if the improvement
of glycemic control after vitamin D
supplementation would carry on further.
This study had a number of limitations. The
design did not include a control group (no
placebo control). It is not known if the
patients or their caregivers did any change
of insulin dose without informing us during
or after the vitamin D supplementation.
Finally, the study had a small number of
patients recruited.

Conclusion

Supplementing vitamin D to type 1 diabetic
patients with vitamin D deficiency leads
to improvement in glycosylated hemoglobin
level. Also, we concluded that vitamin D
level is affected by the gender of the
patient. However, neither the patients' age,
BMI, nor the duration of diabetes affects
vitamin D level or HbA1c level.
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