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Background/ Obijectives: Vitamin D deficiency has been found to be associated with glycated hemoglobin (HbAlc) levels amongst
patients with diabetes mellitus type 2 (DM2). However, the beneficial effect of vitamin D supplementation on HbAlc levels in DM2
patients has been investigated and its role remains controversial. The purpose of this study was to examine the role of vitamin D
supplementation on Hb Alc levels amongst Libyan patients suffering from DM2.

Methods and design: Ninety-seven DM2 patients of both genders (M = 51) (F = 46), with an age range of 26-59 years, were recruited
fromthe Al-Wafi Medical Laboratory in Tripoli, Libya. All patients were informed about the nature of the study and oral consent was
obtained fromall patients. Weight and height were measured, and dietary and lifestyle information was obtained. Blood samples were
collected and HbAlc and vitamin D levels were measured pre-and post-the administration of vitamin D supplementation for three
months. The participants were divided into three groups according to HbAlc level, and then into four groups, based on their vitamin
D serum levels. The relationship between vitamin D and HbAlc was investigated.

Results: Vitamin D levels have increased after the administration of vitamin D supplementation amongst DM2 patients. We noticed
that the level of HbAlc also decreased from 6.97% at the baseline to 5.65% after supplementation of vitamin D. The results showed
that the difference in HbAlc levels was significant after administration of vitamin D as a supplement (P-value = 0.000). The level of
vitamin D increased from 8.34+2.59 to 39.95+2.85 ng/ml after the administration of the supplements. In mixed ANOV A analysis, the
present study confirmed that the relationship between HbAlc and the factors measured appear to be weak and these findings indicate
that HbAlc was not influenced by all these factors studied.

Conclusions: The results of this study have shown that vitamin D supplementation significantly reduced the level of HbAlc amongst
patients suffering from DM2. These results may be beneficial for the overall health and blood glucose control of those patients.
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Introduction

Subjects with diabetes mellitus type 2 (DM2), formerly known
as noninsulin-dependent diabetes, have relative insulin
deficiency and peripheral insulin resistance [1, 2]. There are
numerous causes of DM2 which are divided into genetic factors
and environmental factors. Genetic factors are related to
impaired insulin secretion and insulin resistance, while
environmental  factors include obesity, excess food
consumption, physical inactivity, stress and aging [3]. Diabetes
is usually diagnosed through the Fasting Plasma Glucose (FPG)
test, Oral Glucose Tolerance Test (OGTT), and glycated
hemoglobin (HbALc) test. In the FPG test, plasma glucose is
measured in a subject’s sample of venous blood after a 12-hour
overnight fast. In the case of the OGTT test, glucose is measured
in a subject’s sample of venous blood after a 12-hour overnight
fast, and measured in another venous blood sample, collected
two hours after the subject is administered a 759 oral dose of
glucose [4]. As for the HbAlc test, glycated hemoglobin is
measured to identify the average plasma glucose concentration
over a long period of time. Glycated hemoglobin is formed non-
enzymatically by binding hemoglobin to plasma glucose in an
irreversible glycation reaction at one or both N-terminal valines
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of the beta chains, and when a hemoglobin molecule is glycated,
it remains in the red blood cell throughout its four-month
lifespan [5]. It has been reported that HbAlc laboratory tests are
performed using many methods such as: ion-exchange
chromatography; electrophoresis; immunological methods [6]
and, as the HbAlc test reflects the mean blood glucose levels
over the last 3 months [7], its value has been employed to
evaluate the role of different supplementations in DM2 patients
[8-10]. Some randomized controlled trials (RCTs) have reported
evaluating the effect of vitamin D supplementation on HbAlc
levels in DM2 patients and the results have been inconsistent
[11-14]. These inconsistent findings have been pooled in some
review studies to systematically review the effect of vitamin D
supplementation on glycemic measures in DM2 patients [15-
18], and even the results of those review studies have not been
consistent. For instance, in one of the reviews studies the meta-
analysis procedure has been used to review the effect of vitamin
D supplementation on glycemic measures in DM2 patients in
twenty-four RCTs, and it has been found that vitamin D
supplementation was associated with reduction of HbAlc levels
among DM2 patients with vitamin D deficiency [16]. In contrast,
in another systematic review study of nineteen RCTSs, in which
the meta-analysis procedure has been applied, there has been no
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significant effect on HbAlc levels among DM2 patients after
vitamin D intervention [17].

Libya, where the present study was conducted, is an Arab
country located in North Africa and bordered by the
Mediterranean Sea to the north. There is a limited number of
studies in Arab countries in which the effect of vitamin D
supplementation on HbAlc levels in DM2 patients has been
investigated. In a study in Saudi Arabia, one of the Arab Gulf
countries, 41 DM2 patients (27 males and 14 females) were
supplemented once weekly for 8 weeks with 45,000 units of
cholecalciferol, followed by 22,500 units of cholecalciferol once
weekly for 16 weeks. The mentioned study has revealed that a
significant reduction of HbAlc (7.9% to 7.4%, p < 0.001) was
linked to Vitamin D3 replacement [19]. In another study in

Egypt, an Arab country located to the east of Libya, 100 DM2
patients (68 males and 32 females) were supplemented with
4500 IU/day of vitamin D for two months. The results have
pointed out that vitamin D supplementation significantly
decreased HbAlc (7.7% to 7.2%, p < 0.05) [20].

As it is still uncertain whether vitamin D supplementation has a
favorable effect on DM2 patients by significantly reducing
HbAlc levels, the aim of this study was to investigate the role
of vitamin D supplementation on HbAlc levels between Libyan
patients suffering from DM2, and to the best of our knowledge,
this is the first study to address this research theme in Libyan
DM2 patients. This was achieved by statistically analyzing
HbAlc levels for a group of patients suffering from DM2, pre-
and post-administration of vitamin D as a supplement.

Materials and methods

Subjects and supplementation:

This study was conducted at Al-Wafi Medical Laboratory in
Tripoli, Libya. It involved a group of 100 DM2 patients of both
genders (M = 47) (F = 53), who were residents in Tripoli, Libya,
with an age range from 26-59 years old. Each patient was
informed about the nature of the study and oral consent was
obtained from all patients. Before the study commenced, the
weight and height of each patient were measured, and all patients
were asked specific questions to obtain information about their
diet and lifestyle. This study was reviewed and granted
permission by the Bioethics Committee at the Libyan Center for
Biotechnology Research in Tripoli, Libya, under the Ethics
reference number (BEC-BTRC 21-2021).

To investigate the role of vitamin D on HbAlc levels, each DM2
patient was supplemented monthly by intramuscular injection of
200000 ng/ml of vitamin D for three months. Serum HbAlc
levels and vitamin D levels for all patients were measured
(triplicate for each sample) pre-and post-administration of the
vitamin D supplementation.

Blood Sample Collection:

Two blood samples were collected from each DM2 patient pre-
and post-administration of vitamin D supplementation for three
months. Each sample was collected and treated as follows: 5 ml
of blood were collected, by venipuncture, from each patient after
8 hours of fasting, then transferred into a tube containing no
additives and centrifuged for 15 minutes at 8000 rpm, and
finally, the obtained serum was transferred to a clean specimen
tube and stored at -20°C.

Measurement of HbAlc and vitamin D level:

Measurement was performed using ichroma™ II (Boditech Med
Incorporated, Gangwon-do, Korea). The applied methods for
measuring HbAlc and vitamin D levels were carried out
according to the manufacturer's protocol and were based on
fluorescence immunoassay technology.
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Statistical analysis:

Collected data were reviewed and all statistical analyses were
performed using R package version 4.0.2 (R Foundation for
Statistical Computing, Vienna, Austria). Categorical data were
described in numbers and percentages, while continuous data
were presented as Mean+Standard Deviation and Range (Max
and Min).

According to HbAlc levels, the participants were divided into
three categories: Diabetes (6.5% or higher), Pre-diabetes (6.4%
- 5.7%) and Normal (4.0% - 5.6%) [21]. The participants were
divided into two groups based on BMI: Normal weight (18.5
kg/m? -24.9 kg/m?) and non-normal weight which includes the
overweight and obese categories (>25.0 kg/m?) [22]. Patients
were also grouped according to base vitamin D levels: Severe
Deficiency (<10 ng/ml) [23], Deficiency (10-20 ng/ml),
Insufficiency (20-30 ng/ml) and Sufficient (>30 ng/ml) [24].

Univariate analyses of serum levels of HbAlc at the baseline and
after three months of vitamin D administration were
accomplished using the unpaired t-test and paired t-test where
appropriate. A mixed ANOVA was conducted to evaluate the
vitamin D effect on HbAlc levels in serum of DM2 patients
across the groups of the study factors and to study interactions
in order to find out if any factor supports vitamin D in reducing
HbAlLc levels in patients. This analysis was performed to test for
the between-subject factors (vitamin D and study factors), and
the within-subject factor of Time (two levels, pre-and post-
administration of vitamin D). According to Cohen [25], values
of the effect size of 0.1, 0.3 and 0.5 were classified as small,
medium, and large respectively. A P-value of <0.05 was
considered significant.

Results

In the present study, 100 diabetic patients were recruited as
participants; three of them were considered as outliers and were
excluded. The whole analysis was based on 97 patients: 53%
were female and 47% were male. The mean age and BMI of
participants were 42.76 years and 26.63 kg/m? respectively.
Tables 1 and 2 present demographic and laboratory data of
selected participants.
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Table 1: Frequency distribution of variables in all selected participants

Variables n Percentage
Gender Male 51 53%
Female 46 47%
BMI (kg/m?) Normal weight 18 19%
Overweight & Obese 79 81%
Age (y) <35 22 23%
35-50 56 57%
>50 19 20%
Diabetic Yes 43 44%
No 54 56%
Sport Yes 15 15%
No 82 85%
Food Normal 46 47%
Fat 51 53%
Smoking Yes 36 37%
No 61 63%

As shown in Table 1, more than half of the patients were
nonsmokers (63%) and 85% did not practice sport. About half of
the participants eat fatty food (53%), and 44% of patients have a
family history of diabetes. As illustrated in Table 2, the average
vitamin D level was 8.34 ng/ml before supplementing the patients
with vitamin D, and the full range was between 4.09-19.01 ng/ml.

However, the average vitamin D level increased to 39.95 ng/ml
after administration of vitamin D and its highest value reached
68.76 ng/ml.

Table 2: Mean and standard deviation of quantitative variable in selected participants

Variables Mean +SD Min Max
Age (years) 42.76+8.76 26 36
Height (m) 1.71£0.07 1.55 1.88
Weight (kg) 78.10+7.61 64 92
BMI (kg/m?) 26.63+2.11 21.70 31.90

Vitamin D! (ng/ml) 8.34+2.59 4.09 19.01
Vitamin D? (ng/ml) 39.95+12.85 20.66 68.76

SD: Standard deviation, ! 2Measured before and after administration of vitamin D respectively

Before vitamin D administration, all DM2 patients were
suffering from variable degrees of vitamin D deficiency;
however, this number decreased to 23 patients, while 74
patients’ vitamin D status improved to sufficient levels (Table
3). According to the HbALc level in serum of DM2 patients, the
results have shown that 91 out of 97 participants had a high level

of HbAlc before administration of vitamin D (Table 3); of these
66 patients had severe vitamin D deficiency, 25 patients had a
deficiency in vitamin D and only two participants had pre-
diabetes (1 with severe deficiency and 1 with deficiency).
Therefore, all diabetic patients in this study had a low level of
vitamin D.

Table 3: Distribution of HbAlc level in all study participants before and after administration of vitamin D

Grouping by Grouping by HbAlc level
vitamin D level - .
Diabetes Pre-diabetes Normal
Before Severe Deficiency 66 1 3
administration of Deficiency 25 1 1
vitamin D Total 91 2 4
After Insufficient 1 - 22
administration of Sufficient 38 - 36
vitamin D Total 39 - 58

After administration of vitamin D, the findings of this study also
showed that 39 participants had a high level of HbAlc.
Consequently, the level of HbAlc of 54 patients reduced after
taking the supplementation.
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The average level of HbAlc was decreased from 6.97% at
baseline to 5.65% after supplementation of vitamin D. The result
of the paired t-test in Table 4 showed that the mean difference
of HbAlc level pre- and post-administration of vitamin D was
significant (P-value =0.000).
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Table 4: Results of Descriptive Statistics and paired t-test for HbAlc level

Before After
administration of administration of
vitamin D vitamin D
Outcome Mean SD Mean SD p-value
6.97%  0.68% 5.65% 1.01% 0.000

According to the different factors, the mean and standard
deviation of the HbAlc level in patients was shown in Table 5.
In each group of study factors, the result showed that the

difference was significant in HbAlc levels before and after
administration of vitamin D as a supplement. (P-value = 0.000).

Table 5: Mean and standard deviation of HbAlc level according to different factors before and after administration of

vitamin D.
Factors Baseline After 3months P
Gender Male 6.92+0.67 5.594+0.99 0.000
Female 7.02+0.70 5.71+1.04 0.000
BMI Normal weight 7.094+0.78 5.84+1.12 0.000
Overweight & Obese 6.9510.66 5.61+0.99 0.000
Age <35 6.88+0.87 5.53+1.04 0.000
35-50 7.02+0.60 5.79+1.09 0.000
>50 6.95+0.69 5.65+0.99 0.000
Family history of Yes 7.07+0.65 5.82+1.05 0.000
diabetes
No 6.86+0.71 5.4440.94 0.000
Sport Yes 6.54+0.70 5.421+0.94 0.000
No 7.0510.65 5.70+1.03 0.000
Food Normal 6.931+0.77 5.70+1.07 0.000
Fat 7.01+0.60 5.61+0.97 0.000
Smoking Yes 6.821+0.63 5.49+0.99 0.000
No 7.06+0.70 5.75+1.02 0.000

The findings showed that the HbAlc level of males reduced
more than females after administration of vitamin D. The
patients whose age was lower than 35 years old had a lower level
of HbAlc compared to others, while the participants whose age
was higher than 50 years old had the highest level of HbAlc
before and after administration of vitamin D. The patients whose
weight was abnormal, had a lower level of HbAlc than other
patients. Furthermore, the participants who have a family history
of diabetes and the participants who did not practice sport had a
higher level of HbAlc.

The 3-way mixed ANOVA was conducted to evaluate
the effect of the study factors and the effect of their interaction
with vitamin D on interest in HbAlc levels. The main effect of
time (before and after administration of vitamin D) was

significant with a large effect size (P-value = 0.000), indicating
that across all the participants, HbAlc levels were not similar
before and after taking vitamin D and reduced after taking the
supplementation. This result confirmed the result of the paired
t-test.

There was a significant interaction between the time at
which the level of HbAlc was measured and the level of vitamin
D (sufficient and insufficient) with a small effect size (P-value
= 0.000). Pairwise, comparisons in Table 6 revealed that the
average level of HbAlc was significantly different between the
participants with sufficient and insufficient levels of vitamin D
after taking the supplementation. Participants were more likely
to achieve a lower level of HbAlc if their level of vitamin D
reached between 20 - 30 ng/ml.

Table 6: Mean and standard deviation of HbAlc level according to vitamin D level after administration of vitamin D

Insufficient Sufficient
Outcome Mean SD Mean SD p-value
Baseline 6.75 0.90 7.04 0.58 0.075
After 3 months 4.92 0.53 5.88 1.02 0.000
p-value ~ 0.000 ~ 0.000

The main effect of all the study factors and their interaction with
vitamin D was not significant, indicating that the level of HbAlc
was almost similar between the groups of the study factors
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before and after taking vitamin D as a supplement for three
months. Consequently, the change in HbAlc level did not
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depend on these factors. More importantly, no factor assisted
vitamin D to reduce HbAlc levels in serum of DM2 patients.

Discussion

Sources of vitamin D for humans include food, fortified food,
supplements, and exposure to sunlight [26, 27]. Vitamin plays a
significant role in regulating calcium-phosphorus homeostasis
and control of bone metabolism [28] and has some effects on
cell proliferation and the immune system [29, 30], while its
deficiency is associated with rickets [27], the incidence of
diabetes and cardiovascular diseases [30, 31].

The results of the present study agree with previous studies [19]
where the level of vitamin D in the serum increased from
8.34+2.59 ng/ml before to 39.95+2.85 ng/ml after
administration of vitamin D, respectively. Together, the present
findings showed that the average level of HbAlc has
significantly decreased after the administration of vitamin D
from 6.97% to 5.65%. Overall, these results agree with the
results reported by [16, 19 and 20]. In accordance with a
previous study [17], a significant decrease was found in the
HbAlc level after vitamin D was taken particularly between the
insufficient group (20 — 30 ng/ml) and sufficient group
(>30ng/ml), where a 1.17% and 1.16% decrease can be seen in
the HbAlc level compared to the baseline after 3 months,
respectively. This result ties well with a previous study [19],
which indicated that the higher the level of HbAlc at the
baseline among DM2 patients, the greater the decrease in Hb Alc
concentration after vitamin D supplementation is taken for 3
months [19,21].

The findings of this study have also shown an
association between vitamin D and HbAlc level, where the level
of HbAlc reduced significantly between subjects after the
administration of vitamin D. Nevertheless, the main effect of all
the study factors and their interaction with vitamin D was not
significant, indicating that the levels of HbAlc were quite
similar between the study factors before and after the
administration of vitamin D for three months. In addition, a
relationship between HbAlc and BMI was also reported, and, in
this respect, overweight subjects had lower HbAlc levels and
higher 25(0OH) D levels compared with subjects with a BMI
classified as a healthy weight. This could be related to the
absorption and metabolism of vitamin D which might be
influenced by body composition and insulin resistance in
overweight subjects [32]. There is another explanation for these
differences, where race is referred to as causing individual
variance due to the different vitamin D receptor polymorphisms
and vitamin D-binding protein polymorphisms. [17].

In our study, the main conclusion that can be drawn is that there
was a significant relationship between serum vitamin D level
and Hb A1C levels. The results showed that the level of HbA1C
was significantly reduced after the administration of vitamin D
to DM2 patients. The effect of risk factors (gender, BMI, age,
food, smoking, and family history of diabetes) on Hb AL1C levels
was studied and the main effect of time in HbAlc level was
indicated after administration of vitamin D. It is worth
mentioning that there was no significant difference in the
glucose level at the beginning; however, the effect was clear
after 3 months of vitamin D administration and HbA1C
concentration decreased. The present findings underline that the
relationship between the HbAlc level and the factors studied
after vitamin D supplementation, that the HbAlc level educed
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but that reduction in HbAlc was not dependent on the factors
studied in this study. The observed decrease in HbAlc could be
attributed to other factors such as time and dosage of the vitamin
D administered.

There are several limitations of this study. Firstly, the study was
conducted at Al Wafi Medical Laboratory Center which is a
single center and the samples collected might be small and not
representative of every patient with DM2 in the city. Secondly,
the sample that was recruited were those patients who came to
the center for a routine blood check, which could lead to bias to
some extent in the results achieved. Moreover, some factors
affecting vitamin D metabolism were not studied and this might
have limited our method. Factors such as dietary intake, sun
exposure, baseline medication and exercise might be very
important in the process of vitamin D synthesis, and they could
have made it very difficult to interpret the results and confirm
the effect of vitamin D supplementation on HbAlc levels.

Future studies are needed to confirm the physiological and
biological association between vitamin D supplementation and
HbAlc level in DM2 patients. Moreover, a large-scale
randomized intervention study is needed to further investigate
the relation between vitamin D and DM2. This may answer some
questions about whether the administration or the dietary intake
of vitamin D has positive or negative effects on HbAlc levels
between patients with DM2. The main conclusion that can be
drawn is similar to previous studies, where vitamin D
supplementation significantly reduced the level of HbAlc
amongst patients suffering from DM2.
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