Open Access Library Journal, 2014, 1, 1-10 v ¥ 2
Published Online May 2014 in OALib. http://www.oalib.com/journal OAL‘b

http://dx.doi.org/10.4236/0alib.1100333

Therapeutic Applications of Vitamin D
Supplementation on Type 2
Diabetes

Louay Labban

Department of Nutrition and Food Sciences, Faculty of Health Sciences, University of Kalamoon, Deir Atiyah,
Syria

Email: drlouay@gmail.com

Received 15 March 2014; revised 20 April 2014; accepted 3 May 2014

Copyright © 2014 by author and OALib.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Background: Many studies have found that vitamin D deficiency is associated with impaired hu-
man insulin action, suggesting a role in the pathogenesis of diabetes mellitus type 2 (T2DM). This
study investigated the effects of vitamin D3 supplementation on serum HbA1c values and 25(0H)
vitamin D concentrations in healthy and diabetic individuals. Methods: 722 individuals aged from
36 to 61 years old were selected (360 males and 362 females) divided into two groups. Healthy
male group consisted of 180 person with HbA1c value (6.78 * 2.14) and 180 persons diagnosed
with type 2 diabetes (HbAlc 11.64 % 3.85). The healthy female group had also 180 person (HbA1c
7.42 + 2.86) and 182 diabetic females (HbA1c 11.43 + 2.88). Each group was then divided into two
subgroups. One supplemented with (2000 IU/day) of vitamin D for 90 days and the other one was
not given any vitamin D supplements. HbA1c and serum 25(0H) vitamin D were recorded. Results:
Mean serum HbA1c values for both males and females improved with vitamin D supplementations
but the improvement was significant in the diabetic group (males and females) comparing with
healthy group. Serum HbA1c in healthy group improved by 4.8% and 2.7% for males and females
respectively whereas serum HbA1c for diabetic group declined by 13.4% and 21.8% for group 7 -
9 and 9.6 and 22.1% for group > 9 for males and females respectively. Also, serum 25(0H) vitamin
D concentrations improved dramatically with supplementation in healthy and diabetic groups.
25(0H) vitamin D for the healthy males improved by 67.9% and for healthy females 47.7% whe-
reas for diabetic males and females improved by 53% and 31.7% and 56.6% and 77.2% for males
and females HbA1c 7 - 9 and for HbA1c > 9 respectively. Conclusion: Vitamin D supplementation
lowered serum HbA1c values of males and females especially in the group Hbalc values > 9 and
this can be considered as a cheap and effective therapeutic tool in the management of type 2 di-
abetes. Also vitamin D supplementation improved concentration of serum 25(0H) vitamin D in
both healthy and diabetic group upgrading their vitamin D status from deficiency to sufficiency.
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1. Introduction

Diabetes Mellitus is considered a major chronic disease and its complications have become a main cause of
morbidity and mortality worldwide. Prevalence of type 2 diabetes mellitus (T2DM) is increasing worldwide. It
is estimated that over 360 million people are suffering from diabetes and it is expected that its prevalence reach
a staggering 552 million by 2030 [1]. T2DM is defined by impaired glucose tolerance, chronic hyperglycemia,
altered insulin secretion, and complications that come from induction of oxidative stress [2]. One of novel stra-
tegy toward prevention and control of T2DM is vitamin D supplementation.

Vitamin D deficiency is also considered a public health problem around the world. In 2008, it was estimated
that 1 billion individuals presented vitamin D insufficiency or deficiency [3]. Vitamin D deficiency is generally
due to a lack of adequate sunlight exposure or excessive use of sunscreen, and/or inadequate nutritional vitamin
D intake [4]. Vitamin D is an essential element for establishing and maintaining bone structure. Vitamin D defi-
ciency results in rickets and osteomalacia. Even slight vitamin D deficiency results in secondary hyperparathy-
roidism and increased bone resorption [5] [6]. In addition, there has been increased attention to the physiologic
importance of vitamin D in non-skeletal tissues [7].

Vitamin D is supplied by consumption of vitamin D-rich foods and by vitamin D synthesis in skin. Natural
nutrient materials are not a sufficient source of vitamin D to supply the body requirements; therefore where there
is no supplementation of foodstuffs, the main source for vitamin D is produced by UV light [8] [9].

The extreme consequences of vitamin D deficiency such as rickets in children and osteomalacia in adults have
been almost eliminated in some developed countries through adequate diet, food fortification, and the encou-
ragement of moderate sunlight exposure [10].

There are many studies suggested that vitamin D plays a major role in several mechanisms in addition to bone
metabolism [11] and is involved in abnormal glucose metabolism as well as in type 2 diabetes [12]. A recent re-
view indicates that vitamin D deficiency may predispose to glucose intolerance, altered insulin secretion and
type 2 diabetes [13], either through a direct action via vitamin D receptor (VDR) activation or indirectly via cal-
cemic hormones and also via inflammation [14].

A unifying factor that links diabetes mellitus types 1 and 2 (T1DM and T2DM, respectively) is the expression
of vitamin D receptors (VDRS) in more than 30 biological tissues, including the pancreatic islet cells [15]. On
the other hand, it is common for patients with TIDM and T2DM to have vitamin D deficiency [16]. Furthermore,
several longitudinal and observational studies have demonstrated that low levels of serum 25-hydroxyvitamin D
predict T2DM risk in Europeans [17], African-Americans [18], South Asians [18] and native American children
[19]. Vitamin D correction through supplementation, therefore, may increase insulin secretion and improve glu-
cose homeostasis; however, some studies have said that its effects on healthy individuals or in those with im-
paired glucose tolerance remain unclear [20]. Currently, there’s scientific debate about how much vitamin D
people need each day. The Institute of Medicine, in a long-awaited report released on November 30, 2010 re-
commends tripling the daily vitamin D intake for children and adults in the US and Canada, to 600 IU per day.
[21] The report also recognized the safety of vitamin D by increasing the upper limit from 2000 to 4000 1U per
day, and acknowledged that even at 4000 IU per day, there was no good evidence of harm. The new guidelines,
however, are overly conservative about the recommended intake, and they do not give enough weight to some of
the latest science on vitamin D and health. For bone health and chronic disease prevention, many people are
likely to need more vitamin D than even these new government guidelines recommend.

Although there is no consensus on optimal serum levels of 25(0OH) D, vitamin D deficiency is defined by
most experts as a level less than 20 ng/mL [22].

The purpose of this study was to examine the effect of vitamin D supplementation on mean serum values of
HbA1c, the indicator for glycemic control and also on 25(OH) vitamin D concentrations in healthy and diabetic

males and females.
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2. Material & Methods
2.1. Participants

The study sample was (722) individuals which was selected out of 800 people from different areas in Damascus.
Their age ranged from 36 to 61 years old. The sample consisted of 360 males and 362 females. The males and
females were then divided into two groups; healthy and diabetic based on their diagnosis for at least 2 years his-
tory. Recruits granted consent to follow the instructions provided in this study and answered a questionnaire that
contained several questions about their health status, medications taken, and when diagnosed if diabetic. Exclu-
sion criteria consisted of a history of liver disease, renal failure, or cancer, or calcium or vitamin D supplement
use or the presence of a parathyroid problem. For the diabetic group, none of the subjects reported any changes
in their oral hypoglycemic agent as they followed their usual treatment regimen. The protocol of this study was
approved by the council of Faculty of Health Sciences at University of Kalamoon. The study was carried out
between June and September 2011. The participants were divided to the following groups as shown in Figure 1.

2.2. Vitamin D Status

Vitamin D nutritional status was assessed as deficient if 25(OH) D levels were <20 ng/mL, insufficient if be-
tween 20 and 30 ng/mL, and sufficient if >30 ng/mL [21].

A five milliliter venous blood sample was obtained from each participant two times by qualified professional
using standardized tubes. Each participant was given a number to keep results anonymous. Prior to blood sam-
pling, all participants had been instructed to fast for at least eight hours and abstain from smoking. Blood sam-
ples were sent to Al Sham laboratory within two hours of blood draw where they underwent standardized (qual-
ity controlled) analyses. Serum 25(OH) D concentrations were measured by 25-OHD3 levels by ELISA assay
using kit by IDS (USA). The glycosylated hemoglobin (HbAcl1) was calculated using Direct Enzymatic He-
moglobin (HbA1lc) Catalog Kit Number: BQ 004-EADD from BQ Kits, USA.

25-hydroxyvitamin D3 (25-OHD3), glycosylated hemoglobin Alc (HbALc) values were measured in two oc-
casions; at the start of the study and at the end. Vitamin D supplementation lasted for 90 days and each individ-
ual was given (2000 1U/day) of vitamin D tablets (Vigantoletten; Merck Pharma, Germany).

2.3. Statistical Analysis

Statistical analysis was done by using the Statistical Package for the Social Sciences (SSPS) for Windows ver-
sion 16.5 (Chicago, Illinois) for evaluation of data. Repeated measures analysis of variance (ANOVA) was un-
dertaken to compare values over time. A P-value < 0.05 was deemed significant.

3. Results

The total number of the individuals participated in this study was 722 which consisted of 360 males (49.9) and

S Supplemented Sample
NS Non-supplemented n=722
I . 1
Males n =360 Females n =362
Normal Diabetic Normal Diabetic
n=180 n=180 n=180 n=182
NS S HbAlc 7-9 HbAlc>9 NS S HbAlc 7-9 HbAlc>9
n=107 n=73 n=2_85 n=95 n=90 n=90 n=93 n=2389
NS S NS S NS S NS S
n=39 n=46 n=45 n=>50 n=>50 n=43 n=44 n=45

Figure 1. Sample distribution among groups.
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362 females (50.1%). Their ages ranged from 36 and 61 years old. Males and females were also divided into two
groups; healthy and diabetic. Both males and females in healthy group did not benefit from vitamin D supple-
mentation as their serum HbALc level did not change remarkably. In the healthy non-supplemented male group,
HbA1c value changed from 6.85 + 1.43 at the beginning of the experiment to 6.78 + 1.35 and there was no sig-
nificant difference (P = 0.06). The improvement percentage was 1%. However, there was a slight decline in
HbA1c value in the healthy male group when supplemented with vitamin D. HbA1c values dropped from 6.87 +
1.55 to 6.54 + 1.23 before and after supplementation respectively (4.8%) but the difference was not statistically
significant too.

The females had also similar results in the healthy group; HbAlc in the non-supplemented females in the
healthy group almost did not change. It was at the beginning of the study 6.98 + 1.34 and became 6.93 + 1.32
(0.72%). Supplementation also did not lead to a significant change in HbAlc values in healthy females. Their
HbA1c changed from 6.53 + 1.24 t0 6.34 + 1.11 (2.9%) and the difference was not significant (P = 0.06). The
results are shown in Table 1.

When compare healthy males and healthy females with regard to changes of their mean serum HbA1c values
for non-supplemented and supplemented individuals, the study found that the highest improvement in HbAlc
values (4.8%) achieved among supplemented males followed by supplemented females (2.9%), non-supple-
mented males (1%) and finally non supplemented females (0.72%) as shown in Figure 2.

Regarding males and females in the diabetic group, the effect of vitamin D supplementation was more appar-
ent among the individuals with Hbalc values over 9 but also had a lowering effect with those who had HbAlc
values 7 - 9. Mean serum HbA1c value for non-supplemented diabetic males in 7 - 9 group dropped slightly by
only 5% from 8.54 + 2.32 to 8.11 + 2.17 and there was no significant difference (P = 0.05). In contrast, mean
HbA1c values for males (for group 7 - 9) before supplementation were 8.21 + 2.54 dropped to 7.11 + 2.02
(13.4%) and the difference was statistically significant (P = 0.03).The difference was more significant with the
group of males who had HbAlc values over 9 because their HbAlc values plummeted from 10 + 2.98 at the
start of the study to 8.26 + 2.45 after supplementation (21.8%) and the difference was significant (P = 0.02)
whereas non supplemented diabetic males of the same group, had a slight improvement in their mean serum
HbA1c value which declined by only 2.7% from 10.92 + 3.22 to 10.63 + 2.78 and the difference was not signifi-
cant (P = 0.06). The results are shown in Table 2.

Table 1. Mean serum HbA1c value changes in supplemented and non-supplemented healthy males and females.

Group Males n = 180 Females n = 182
Subgroup NS =107 S=73 NS =90 S=92
HbAlc Values at
beginningandend 6.85+143 6.78+135 6.87+155 654+123 698+134 6.93+132 653+1.24 634+111
of study
I_:‘ercentage of 1 48 072 29
improvement
P value 0.07 0.05 0.07 0.06

NS = Non-supplemented; S = Supplemented; “Significant difference P < 0.05.

Table 2. Serum HbAlc value changes in supplemented and non-supplemented diabetic males.

Group Males n = 180

HbAlc value 7-9NS 7-9S 9NS 9S8

Before and after

. 854+232 811+217 821+254 7.11+202 1092+3.22 10.63+2.78 10.56+2.98 8.26+2.45
supplementation

Percentage of

. 5.0 134 2.7 21.8
improvement

*

P value 0.05 0.03 0.06 0.02

*

NS = Non-supplemented; S = Supplemented; "Significant difference P < 0.05.
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Figure 2. Comparison between supplemented and non-supplemented normal males
and females.

The study had similar findings with regard to diabetic females. Mean serum HbA1c value for non-supple-
mented diabetic females (HbAlc 7 - 9 group) at the start of the study was 8.77 + 2.7 dropped to 7.93 + 2.48
(9.6%) and the difference was not statistically significant (P = 0.05). Diabetic females who had HbAlc mean
value 7 - 9 and given vitamin D supplements showed better response. Their mean serum Hbalc value dropped
from 8.42 £ 2.81 to 7.11 £ 2.02 (15%) and the difference was significant (P = 0.04).

Diabetic females who had HbA1c values over 9 showed better improvement with supplementation comparing
with group HbA1c 7 - 9. Their mean serum HbA1c values plummeted from 10.96 + 3.21 at the start of the study
to 8.54 + 2.88 (22.1%).The difference was statistically significant (P = 0.02) whereas non supplemented females
for the same HbAlc group, showed a slight improvement (6.91%) and the difference was not significant (P =
0.05) as presented in Table 3.

The slight improvement in HbAlc values in non-supplemented diabetic individuals can be attributed to the
hypoglycemic medications and their life style or by strict diabetes management.

A comparison was made between diabetic males and females to look at the effect of vitamin D supplementa-
tion on gender. The study found that maximum improvement in mean serum HbA1c values achieved among dia-
betic males and females who had HbAlc values over 9. Their mean HbA1c values were lowered by 21.8% and
22.1% for males and females respectively. Followed by diabetic females who were supplemented in (HbAlc 7 -
9 group) for an improvement of 15%, and males in the same previous group by 13.4%. Surprisingly, the highest
improvement in HbAlc values can be seen among non-supplemented females in the group (HbAlc 7 - 9) by
9.61% followed by non-supplemented diabetic females whose HbAlc value over 9 by 6.91 and non-supple-
mented diabetic males (HbAlc 7 - 9) and (HbAlc over 9) for 5% and 2.7% respectively. The comparison is
presented in Figure 3.

This study has also looked at the changes in mean serum 25(OH) vitamin D concentrations in both non-sup-
plemented and supplemented healthy and diabetic males and females. Data presented in Table 3 have shown
that there was no significant difference in 25(OH) vitamin D in healthy non-supplemented males and females at
the beginning and the end of the study. Mean serum 25(OH) vitamin D in healthy non supplemented males was
15.11 + 3.21 ng/mL dropped slightly to 14.78 + 2.43 (2.9%) and the difference was not statistically significant
(P = 0.07). Similarly, in healthy non supplemented females, serum 25(0OH) vitamin D concentration was 13.12
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Table 3. Serum HbAlc value changes in supplemented and non-supplemented diabetic females.

Group Females n = 182
HbA1c value 7-9NS 7-98 9NS 9s

Before and after

. 87727 793+248 842+281 7.11+202 1085+278 10.1+277 10.96+3.21 854+288
supplementation

Percentage of

. 9.6 15 6.91 2211
improvement

*

P value 0.05 0.04" 0.05 0.02

NS = Non supplemented; S = Supplemented; “Significant difference P < 0.05.
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Figure 3. Comparison between supplemented and non-supplemented diabetic males
and females.

+ 12 improved to some extent to 13.56 + 3.33 ng/mL (3.4%) and the difference was also not significant (P =
0.06). Both groups are considered vitamin D deficient. Supplementation had a remarkable effect on serum
25(0OH) vitamin D levels in both healthy males and females. Their mean serum 25(OH) vitamin D concentration
before supplementation were 14.23 + 3.11 and 14.54 + 3.54 ng/mL changed to 23.89 + 5.54 and 21.47 + 4.76
ng/mL after supplementation (67.9%) and (47.7%) for both males and females (P = 0.001 and P = 0.002) re-
spectively. It’s worth mentioning that supplementation upgraded the status of the individuals in this group from
vitamin D deficient to vitamin D sufficient which will have an impact on their nutritional and health status. The
data are shown in Table 4 and Figure 4.

This study has also examined the effect of supplementation on males and females in the diabetic group. Table
5 has shown that serum 25(OH) vitamin D concentrations changed in supplemented males and females in the
diabetic group at the beginning and the end of the study.

Supplementation with vitamin D had dramatically improved mean serum 25(OH) vitamin D levels in diabetic
group. In males with HbAlc values between 7 - 9, mean serum 25(OH) vitamin D concentration was 13.11 +
3.65 before supplementation changed to 20.06 + 2.56 after supplementation (53%) and the difference was sig-
nificant (P = 0.02). Males who had higher HbAlc values (more than 9) also benefited from vitamin D supple-
mentation. Their mean serum 25(OH) vitamin D changed from 12.83 + 2.14 to 20.09 + 5.12 ng/mL (65.6%) (P
=0.01).

The same thing applies to diabetic females. Females with 25(OH) vitamin D values 7 - 9, their mean serum
25(0OH) vitamin D changed from 14.62 + 3.76 to 19.26 + 2.25 (31.7%) (P = 0.03) and for females with HbAlc
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Table 4. Mean serum 25(0OH) vitamin D concentration in healthy group.

Group Males Females

25(0OH) vit D NS S NS S
supplementation
Before and after 15.11+3.21 1478 +243 1423+3.11 23.89+554 13.12+3.01 1356 +3.33 14.54+3.54 21.47+4.76

Percentage of

improvement 2.9 67.9 3.4 47.7

P value 0.07 0.001" 0.06 0.002"

S = Supplemented; NS = Non Supplemented; “Significant difference (P < 0.05).
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Figure 4. Comparison between healthy non-supplemented and supplemented males
and females.

over 9, changed from 11.32 £ 3.54 to 20.06 + 5.11 ng/mL (77.2%) (P = 0.01). These results are shown in Table
5and Figure 5.

This study has also compared the effect of vitamin D supplementation on mean serum 25(OH) vitamin D
concentration between healthy and diabetic males and females.

The highest improvement value of mean serum 25(OH) vitamin D has been found among supplemented di-
abetic females who had HbAlc > 9 with an improvement percentage 77.2% followed by supplemented diabetic
males in the same group (56.6%). Surprisingly, diabetic males with HbAlc 7 - 9 did better than their females
counterparts (53%) and 31.7% respectively. Healthy males also benefited from vitamin D supplementation.
Their 25(0H) vitamin D improved by 67.9% followed by supplemented diabetic males and females by 53% and
31.7% respectively. The improvement in 25(OH) vitamin D in healthy group was very obvious in males 67.9%
followed by females 47.7%. Without supplementation, healthy females had 3.4% improvement in 25(OH) vita-

min D level whereas males in the same group had decrease in their 25(OH) vitamin D level as shown in Figure
6.

4. Discussion

The findings of this study indicate that the metabolic profile of T2DM subjects, particularly females, is signifi-
cantly improved over after the onset of vitamin D3 supplementation, suggesting that vitamin D correction is a
promising a tool in glycemic control in vitamin D-deficient populations. The gender effect can be attributed in-
directly to either difference in hormone secretion and/or target tissue effects and body fat distribution, both of

O,
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Table 5. Changes in mean serum 25(OH) vitamin D concentration in the diabetic group after supplementation.

Group Males Females

Serum HbAlc

7-9 >9 7-9 >9
values

Before and after

- 13.11+3.65 20.06+256 12.83+2.14 20.09+512 14.62+3.76 19.26+2.25 11.32+354 20.06+5.11
supplementation

Percentage of

- 53 56.6 31.7 77.2
improvement

* * * *

P value 0.02 0.01 0.03 0.01

“Significant difference (P < 0.05).

¥ HbAlc 7-9

¥ HbAlc>9
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Figure 5. Comparison between supplemented diabetic males and females according
to their HbAlc values.
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¥ Supplemented

(OH) Vitamin D improvement

F25
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Normal Normal Diabetic  Diabetic
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Figure 6. Comparison between supplemented and non-supplemented diabetic males

and females.
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which can contribute to degrees of insulin resistance. In contrast, some studies failed to show an improvement in
levels of blood sugar, glucose tolerance or insulin sensitivity following vitamin D supplement in both diabetic
and non-diabetic subjects. Conflicting results on metabolism of glucose and insulin has been observed by ad-
ministration of different forms of vitamin D such as cholecalciferol, orgocalciferol, and active form of this vita-
min [23].

In another study with 32 diabetic patients under metformin and bedtime insulin treatment, consumption of
40,000 IU weekly cholecalciferol for 6 months had no effect on fasting blood sugar, insulin, c-peptide and
HbAlc compared with placebo group [21]. One assumption could be that since insulin secretion is a calcium
dependent process, it can indirectly be influenced by effect of vitamin D on calcium absorption. Although a sin-
gle injection of vitamin D caused significant changes in serum levels of vitamin D, the insulin resistant status
has become worsen.

Based on available clinical and epidemiological data, the positive effects of vitamin D seem to be primarily
related to its action on insulin secretion and sensitivity and secondary to its action on inflammation. Future stu-
dies specifically designed to investigate the role of vitamin D on type 2 diabetes using inflammation as the main
outcome are urgently needed in order to provide a more robust link between vitamin D, inflammation and type 2
diabetes [24].

Experimental evidence also supported the idea that vitamin D may play a role in the pathogenesis of DM [25].
Additionally, it has been reported that vitamin D supplementation may decrease the risk of developing DM in
long term period. The protective effects of vitamin D are mediated through the immune system and calcium me-
tabolism. Vitamin D may also have a direct effect on pancreatic beta cells [26] result in an improvement in gly-
cemic control [27].

5. Conclusion

Supplementation with vitamin D has improved HbA1c values in both healthy and diabetic males and females.
But the improvement was more conspicuous and statistically significant in the diabetic group especially with
those who had worse control of their glucose level (HbAlc values over 9). Also supplementation increased
mean serum 25(OH) vitamin D concentrations in males and females upgrading their status from deficient to suf-
ficient groups which will have positive impact on their nutritional and health status. Moreover further studies are
needed to show the definite effect of injection of vitamin D on control of diabetes and its risk.
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