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Background and Aims: The purpose of this meta-analysis was to investigate the effect of vitamin D supplementation on
hemoglobin A1C (HbA1C), fasting blood sugar (FBS), low-density lipoprotein (LDL), high-density lipoprotein (HDL), systolic
blood pressure (SBP), and the total vitamin D level in patients with Type 2 diabetes (T2DM).

Methods: A systematic search was conducted in databases such as PubMed (Medline), Scopus, Embase, Web of Science, Cochrane
Library, and ClinicalTrials.gov using relevant keywords from January 1990 to January 2024. After screening and extracting data, a
qualitative evaluation of articles was performed using the Cochrane risk-of-bias tool for randomized trials (RoB 2).

Results: The findings revealed that vitamin D supplementation significantly decreased the mean HbA1C (SMD: —0.15; 95% CI:
=0.29, —0.205 Iigyaret 79.76%; p value < 0.001) and mean FBS (SMD: —0.28; 95% CI: -0.40, —0.15; I ,.: 70.13%; p value <
0.001), lowered SBP (SMD: —0.06; 95% CI: —0.16, —0.05; Isquare: 39.63%; p value = 0.23), and reduced LDL (SMD: -0.11; 95%
CL: —0.28, —0.05; I gyqre: 73.66%; p value < 0.001). Furthermore, vitamin D supplementation increased the average HDL (SMD:
0.13; 95% CI: 0.04, 0.295 I yqre: 79.33%; p value < 0.001) and vitamin D levels (SMD: 1.78; 95% Cl: 1.53, 2.04; g e 91.92%; p
value < 0.001) in patients with T2DM. Subgroup analyses showed that weight gain, BMI, and duration of the disease could
reduce the effect of vitamin D supplementation on diabetes control in affected patients.

Conclusion: The results also indicated that taking vitamin D supplements in the amount of 50,000 IU had a significant effect on
reducing the indicators related to diabetes control. Based on the combined evidence, the findings of this meta-analysis suggest that
vitamin D supplementation can significantly improve glycemic control and reduce the risk of complications associated with

T2DM, especially cardiovascular diseases (CVDs).
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1. Introduction tality and morbidity rates. In 2021, 529 million people
worldwide lived with diabetes, and the age-standardized
Type 2 diabetes (T2DM) is a prevalent and progressive met-  prevalence was 6.1%, with a confidence interval ranging

abolic disorder among adults worldwide, carrying high mor-  from 5.8% to 6.5%. The highest age-standardized prevalence
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was observed in North Africa and the Eastern Mediterra-
nean. In 2021, the leading risk factor for diabetes incidence
was high body mass index (BMI), indicating that this risk
factor contributed significantly to the attributable risk. Pro-
jections suggest that by 2050, 89 out of 204 countries world-
wide will have an age-standardized prevalence exceeding
10% [1]. T2DM ranked as the seventh leading cause of dis-
ability (in terms of DALYs) and the ninth leading cause of
death globally. These alarming statistics highlight the need
for effective interventions to manage and prevent the com-
plications associated with T2DM [2-4]. Approximately
one-third of the US population is estimated to be at risk of
developing T2DM or being in a prediabetic state. Each year,
10% of individuals with prediabetes progress to T2DM,
underscoring the need for preventive measures and inter-
ventions for early detection and management of the disease
[4, 5]. The mechanism of T2DM is characterized by insuffi-
cient secretion of insulin from pancreatic S-cells and an
inadequate response of insulin-sensitive tissues to insulin.
This can arise due to a combination of factors, such as
genetic background, obesity, aging, and physical inactivity
[6-8]. Classic clinical symptoms of diabetes include poly-
uria, polyphagia, and polydipsia, which, if undiagnosed and
untreated, can lead to various complications such as retinop-
athy, neuropathy, nephropathy, peripheral vascular disease,
and cerebrocardiovascular diseases (CVDs). Diagnostic tests
used to screen for diabetes in individuals without classic
hyperglycemia symptoms include fasting blood sugar
(FBS), hemoglobin Alc (HbA1C), and 2-h plasma glucose
concentration. According to the latest update from the
American Diabetes Association, a diagnosis of diabetes
requires two abnormal screening tests in cases where classic
clinical symptoms of diabetes are absent [9]. Vitamin D is a
prohormone of the secosteroid type, which is mostly pro-
duced in the body after sunlight exposure to the skin. After
being produced in the skin, it needs to be hydroxylated twice
to become the active form, or 1.25 (OH)2D, respectively, in
the liver and kidneys [10, 11]. Reasons such as reducing the
duration of exposure to sunlight, improper diet, accelerated
losses of vitamin D, and impaired activation of vitamin D
led to hypovitaminosis D and, as a result, symptoms such
as muscle pain, arthralgia, fatigue and weakness, osteoporo-
sis, and rickets [12-15]. In recent years, several studies have
been conducted on the effect of vitamin D supplementation
on blood sugar control and the prevention of complications
due to its high level (blood sugar) in patients with T2DM. In
a clinical trial conducted by Lopez et al. in 2016 on 140
patients with T2DM, patients who received vitamin D along
with a drug regimen had lower HbA1C levels after 3 months
than patients who received a placebo [16]. In another clinical
trial conducted by Khan et al. on 90 patients with T2DM,
after 2 months, the patients who received vitamin D had a
lower HbA1C level [17]. Other similar studies have been
conducted that have reported the positive effect of vitamin
D supplementation on the reduction of HbAIC [18-20].
Clinical trials have also been conducted on the effect of vita-
min D on FBS control. For example, in two clinical trials
conducted by Omidian et al. and Upreti et al. on 48 and
60 people, respectively, after 3 months of follow-up, the
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group that received vitamin D had a lower FBS level [21].
Although several studies have reported a positive effect of vita-
min D supplementation on blood sugar control in patients
with T2DM, other studies have reported conflicting findings
[22, 23]. In a clinical trial conducted by El Hajj et al. in 2018
on 88 patients with T2DM, the group receiving vitamin D sup-
plementation did not show a significant difference in the level
of HbA1C compared to the group receiving placebo after the
follow-up period [24]. In several studies, it is possible that vita-
min D, in addition to its anti-inflammatory effect as well as its
effect on intracellular enzyme pathways through blood sugar
control, can reduce complications such as retinopathy and
nephropathy in T2DM patients [25, 26]. Given the high inci-
dence, prevalence, morbidity, and mortality of patients with
T2DM, along with conflicting reports on the effect of vitamin
D supplementation on blood sugar levels and the potential
benefits of vitamin D in preventing complications associated
with T2DM, this meta-analysis aims to determine the effect
of vitamin D supplementation on the average indices of
HbA1C, FBS, low-density lipoprotein (LDL), high-density
lipoprotein (HDL), systolic blood pressure (SBP), and the
overall vitamin D level in patients with T2DM. The findings
of this meta-analysis have the potential to inform and update
treatment and care guidelines related to T2DM.

2. Methods

This systematic review and meta-analysis was conducted in
accordance with the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines [27]. Addi-
tionally, the protocol for this systematic review and meta-
analysis was registered in the international prospective regis-
ter of systematic reviews (PROSPERO) to ensure transpar-
ency and reduce the risk of bias (CRD42023401300).

The study’s keywords were selected based on the research
question and objectives and then combined using AND with
OR operators to formulate the search strategy and syntax for
each database. The main search terms included vitamin D
and its synonyms (calcitriol, cholecalciferol, vitamin D,
vitamin D2, and vitamin D3) and T2DM and its synonyms
(diabetes, T2D, and hyperglycemia) (Table S1). Thesauruses,
Emtree, and Mesh databases were used to identify additional
synonyms. The databases searched included PubMed
(Medline), Scopus, Embase, Web of Science, Cochrane
Library, and ClinicalTrials.gov, covering the period from
January 1990 to January 2024. To ensure that no relevant
studies were missed, a manual search was conducted to
identify additional studies by checking the references and
sources cited in the selected studies. After completing the
search, the retrieved studies were imported into EndNote
Version 8 software and screened based on the title, abstract,
and full text using the inclusion and exclusion criteria. This
process was conducted by two independent reviewers
(H.M.B. and M.A.), and any discrepancies were resolved
through discussion or consultation with a third reviewer. To
enhance the reliability of this process, the authors
independently double-checked the references manually,
ensuring further confidence in the results. The inclusion
criteria for this systematic review and meta-analysis were
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based on the PICOT structure. Studies were considered if they
involved patients with T2DM as the population, and the main
intervention was vitamin D supplementation, with a
comparison group receiving a placebo or other routine
drugs. The desired outcomes included average HbA1C, FBS,
LDL, HDL, SBP, and vitamin D levels in the body after
taking vitamin D supplements in patients. The mean
differences in serum vitamin D levels were chosen as one of
the primary endpoints of the study based on the indications
from the selected trials in the search results, verifying the
inclusion of oral vitamin D supplements and identifying
serum vitamin D levels as a key focus of the research. Only
interventional studies, specifically randomized clinical trials,
were considered for inclusion. The exclusion criteria
included articles with repeated citations, review articles,
cross-sectional studies, case-control or cohort studies,
books, conference articles, and clinical trials with different
primary and intervention outcomes. Additionally, clinical
trials that did not consider vitamin D supplementation as an
intervention, did not involve patients with T2DM, or did
not report a standardized mean difference (SMD) as the
measurement index were excluded from the study. The
screening process was conducted by two independent
reviewers (M.A. and F.M.), and any discrepancies were
resolved through discussion or consultation with a third
reviewer (Y.M.).

After the screening, the quality assessment of the
selected studies was done using Version 2 of the Cochrane
risk-of-bias tool for randomized trials (RoB 2) [28]. The
RoB 2 tool evaluates the risk of bias in five domains, includ-
ing the randomization process, deviations from intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. For each
domain, the study was rated as low, high, or unclear risk of
bias. By using the RoB 2 tool, the authors were able to assess
the quality of the selected studies and ensure that the study
findings were reliable and accurate.

Finally, extracting information by examining items
related to studies (name of authors, year of publication, type
of study, sample size, and country of study), items related to
the target population (age, BMI, and duration of diabetes),
the items related to the intervention (the type of intervention
and how to do it) of the comparison group, and, finally, the
desired outcomes (average HbA1C, FBS, LDL, HDL, SBP,
and vitamin D level of the body) were performed. The three
stages of selecting studies, qualitative assessment, and data
extraction were done independently by two authors (M.A./
H.M.B. and FM.), and any discrepancies were resolved
through discussion or consultation with a third reviewer
(Y.M.).

STATA Version 17 software was used to perform the
meta-analysis. The desired index for the analysis was the
SMD. To calculate this index, before and after the interven-
tion, the average and standard deviation (SD) for each out-
come in each group were extracted from the selected
studies, and their differences were calculated. Then, using
STATA software Version 17, this index was calculated by
considering the fixed effect model. Egger’s test and funnel

plot were used to evaluate publication bias. Also, the I,

index and the Q Cochrane test were used to evaluate hetero-
geneity. Subgroup analyses were performed based on age,
BMI, duration of diabetes, different doses of supplements,
continent, and length of follow-up of patients (based on
weeks). Metaregression analysis was also performed on the
basis of patients’ BMI and age to assess the effect of these
two variables on the relationship between vitamin D supple-
mentation and diabetes control. The significance level in this
meta-analysis was considered below 0.05. The grading of
recommendations assessment, development, and evaluation
(GRADE) approach was used to assess the overall quality
of evidence for each outcome listed in the summary of find-
ings table. The GRADEpro GDT online software was used to
conduct the GRADE approach and generate a summary of
findings tables (Table S2).

3. Results

At the outset of this study, a total of 4098 articles were iden-
tified through a comprehensive search process. Following a
rigorous screening process based on the title and abstract,
1205 and 1492 articles were excluded, respectively. Subse-
quently, 192 articles were subjected to full-text screening,
and after careful evaluation, 131 articles were excluded due
to unrelated outcome (115 articles), unrelated effect size
(10 articles), and unrelated methodology (six articles).
Finally, 61 clinical trials that met the inclusion criteria were
selected for the meta-analysis (Figure 1). Table 1 presents a
comprehensive overview of the characteristics of the
included randomized controlled trials. All relevant details,
such as study design, sample size, intervention, and outcome
measures, have been carefully documented to facilitate a
thorough understanding of the studies included in this
meta-analysis.

3.1. HbAIC. The first outcome of this meta-analysis was
determining the effect of vitamin D supplementation on
average HbAIC. To achieve this goal, the average HbAIC
before and after the intervention was reported in 45 studies
out of all clinical trial studies selected in this meta-analysis.
From these studies, without considering subgroup analyses,
61 effect sizes (SMD) were extracted and considered for
meta-analysis. After combining these results, the SMD was
equal to —0.15 (SMD: —-0.15; 95% CI: —-0.29, —0.20; I
79.76%; p value < 0.001) (Table 2).

Subgroup analyses were performed based on continent,
age, BMI, duration of diabetes, different doses of vitamin
D, and duration of follow-up in selected clinical trial studies.
The results showed that the effect of vitamin D supplemen-
tation on reducing the average HbAIC in Asian patients
was more than in European patients (SMD: —0.32; 95%
CL: =053, —0.11; Iy, 84.18%; p value < 0.001). But in
individuals with diabetes living in America, this impression
was the opposite, in the form of an increase in the average
HbAIC (SMD: 0.30; 95% CI: ~0.19, 0.79; Iyt 88.08%;
p value < 0.001) (Table 2). Subgroup analysis based on
the age of individuals with diabetes and BMI showed that
the effect of vitamin D supplementation in individuals with
diabetes less than 60 years old and a BMI of less than 30 is

square*
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All databases (Web of Sciences,
Scopus, PubMed, CINAHL,
Cochrane and Embase)

(n = 4098)

A

Removed duplicate (n = 1205)

.

Screening by title (n = 2893)

—

Removed by title (n = 1492) ']

(n =1209)

Removed by abstract

Screening by abstract

T (n = 1401)

Removed by full text (n = 131)

Screening by full text (n = 192)

Studies included meta-analysis
(n=61)

[unrelated outcomes (n = 115)
unrelated index and effect size (n = 10)

unrelated methods (n = 6)]

FI1GURE 1: A flow diagram demonstrating the study selection process.

significantly greater in reducing the average HbA1C. Also, if
the duration of diabetes in patients is more than 10 years,
vitamin D reduces HbA1C more (SMD: —0.49; 95% CI:
-1.19, 0.21; Isquare: 88.49%; p value < 0.001), but it is not sta-
tistically significant (Table 2). Concerning the duration of
follow-up in selected clinical trial studies after the interven-
tion, subgroup analyses showed that in the case of 8-week
follow-up after the intervention, the effect of vitamin D on
reducing HbA1C is greater than other follow-ups such as
16, 36, or 48 weeks (SMD: —-0.38; 95% CI: —0.88, 0.12;
L iquare: 90.30%; p value < 0.001). After the 8th week, the
follow-up up to the 12th week also showed the effect of vita-
min D on the reduction of HbAIC, but after this week, it
showed different effects of vitamin D on the control of
HbAIC (Table 2). Subgroup analysis based on different doses
of vitamin D reveals that receiving a dose less than 50,000 [U
has shown a greater effect on reducing HbA1C (SMD: -0.22;
95% CI. -0.46, 0.02; I 86.44%; p value < 0.001)

(Table 2).

Metaregression analysis was performed to determine the
effect of age and BMI variables on the effect of vitamin D
supplementation on average HbA1C, and the results showed
that the effect of vitamin D on average HbA1C increases
with the age of patients (: 0.20; SE: 0.01; 95% CI: —0.09,
0.05; p: 0.185), and with the increase of BMI, this effect
decreases (f: —0.49; SE: 0.04; 95% CI: -0.13, 0.03; p:
0.271). Egger’s test analyses to check publication bias
showed that this bias did not occur in the overall analysis
of determining the effect of vitamin D on average HbA1C
(B: —1.48; SE: 0.80; p: 0.06) (Figure 2).

square*

3.2. Fasting Blood Glucose. The second objective was to
assess the impact of vitamin D supplementation on mean
FBS. In total, 40 studies with 50 reported effect sizes were
included in the meta-analysis. Upon combining these find-
ings, the SMD was calculated as —0.28 (SMD: —0.28; 95%
CI: -0.40, -0.15; I : 70.13%; p value < 0.001). This indi-

square*
cates a statistically significant reduction in FBS levels among
individuals with diabetes (Table 2).

Subgroup analyses showed that the effect of vitamin D
supplementation on the reduction of mean FBS in the Asian
community (SMD: -0.30; 95% CL: —0.47, —0.12; I g,
77.56%; p value < 0.001) and patients with BMI less than
30 (SMD: —0.24; 95% CL: ~0.38, ~0.09; I gyt 54.51%; p
value < 0.001) is more (Table 2). Based on the duration of
diabetes in patients, most of the included studies included
patients with a duration of disease of less than 10 years. After
combining these results, vitamin D supplementation
reduced the average FBS to 0.14. Based on different doses
of vitamin D, the dose of 50,000IU (SMD: -0.44; 95% CI:
=0.69, =0.20; Ijgyqre: 78.84%; p value < 0.001) and follow-
up for 24 weeks after the intervention (SMD: —0.38; 95%
CIL: -0.64, -0.12; I : 81.61%; p value < 0.001) have shown

square*
a better effect of vitamin D on reducing the average FBS
(Table 2).

Metaregression analysis was performed to determine the
effect of age and BMI variables on the effect of vitamin D
supplementation on average FBS, and the results showed
that with age increasing (f3: 0.02; SE: 0.00; 95% CI: —0.01,
0.03; p: 0.672) and BMI increasing (: 0.01; SE: 0.00; 95%
CIL: -0.02, 0.04; p: 0.577) in patients, the effect of vitamin
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FIGURE 2: The results of publication bias based on funnel plot about effect of vitamin D supplemental on the control of diabetes.

D on average FBS increases. Egger’s test analyses for check-
ing publication bias showed that this bias occurred in the
overall analysis of determining the effect of vitamin D on
average FBS (f: —2.50; SE: 0.81; p value < 0.001) (Figure 2).

3.3. SBP. The next outcome in this meta-analysis was mean
SBP. The reason for not reporting diastolic blood pressure
(DBP) was not reporting its average in selected studies.
Based on the analysis, vitamin D supplementation has
reduced the mean SBP by 0.06 (SMD: -0.06; 95% CI:
-0.16, —0.05; I : 39.63%; p value = 0.23) (Table 3).

square*

According to the continent, this effect in individuals with
diabetes living in Europe (SMD: —-0.06; 95% CI: —0.21, 0.08;
I : 48.58%; p value = 0.12) is more than in Asians (SMD:

square*

-0.05; 95% CI: —0.20, 0.09; I 1 27.65%; p value = 0.15).

square*
Also, this effect if the age of individuals with diabetes is less
than 60 years (SMD: —0.08; 95% CIL: —0.21, =0.05; I gy
25.51%; p value = 0.16) and the BMI is more than 30
(SMD: -0.07; 95% CI: -0.25, =0.11; I : 43.76%; p value

square*
= 0.05) is different and has a greater reducing effect on the
average SBP. Based on different doses of vitamin D, a dose
of 50,000-100,000IU (SMD: —-0.08; 95% CI: —-0.22, —0.06;
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I quaret 31.56%; p value = 0.12) and follow-up for 8 weeks
after the intervention (SMD: 0.45; 95% CI: —0.94, —0.04;
I quare: 64.03%; p value = 0.04) have shown a better effect
of vitamin D on reducing the average SBP (Table 3).
Metaregression analysis was performed to determine the
effect of age and BMI variables on the effect of vitamin D
supplementation on average SBP, and the results showed
that with age increasing (f: 0.20; SE: 0.05; 95% CI: —0.06,
0.42; p: 0.705) and BMI increasing (f: 0.23; SE: 0.10; 95%
CIL: -0.01, 0.56; p: 0.816) in patients, the effect of vitamin
D on average HbA1C increases. Egger’s test analyses to
check publication bias showed that this bias did not occur
in the overall analysis of determining the effect of vitamin

D on mean SBP (f3: —0.87; SE: 0.61; p: 0.16) (Figure 2).

3.4. HDL. The effect of vitamin D on average HDL in
patients with diabetes was investigated and reported in 30
selected clinical trial studies. From these studies, 38 effect
sizes (SMD) were extracted and combined. The results of
the meta-analysis showed that, in general, vitamin D con-
sumption increases the average HDL by 0.13 (SMD: 0.13;
95% CI: 0.04, 0.29; I, e 79.33%; p value < 0.001) (Table 4).

Based on the continent, patients’ age, and BMI, the
results of subgroup analyses showed that this effect in
patients with diabetes living in America (SMD: 0.59; 95%
CL: 0.12, 1.30; I guaret 87.39%; p value < 0.001), age over 60

years (SMD: 0.37; 95% CI: 0.12, 0.61; Iyt 78.09%; p value

< 0.001), and BMI less than 30 years (SMD: 0.19; 95% CI:
0.02,0.41; I : 77.81%; p value < 0.001) is more and more

square*
significant. Based on different doses of vitamin D, the results
showed that the consumption of vitamin D of fewer than
50,000IU has a more significant effect on increasing the
average HDL (SMD: 0.15; 95% CI: 0.09, 0.39; I iquare®
81.19%;p value < 0.001). Also, the follow-up for 16 weeks
after the intervention (SMD: 0.53; 95% CI: 0.33, 1.19;
I : 87.65%; p value < 0.001) has shown better the effect

square*
of vitamin D on reducing the average HDL (Table 4).
Metaregression analysis to determine the effect of age
variables and BMI on the vitamin D supplementation effect
on mean HDL showed that with age increasing (f3: 0.08; SE:
0.02; 95% CI: 0.01, 0.13; p: <0.001), the effect of vitamin D
on average HDL increases, while this effect with increasing
BMI (f: —0.06; SE: 0.03; 95% CIL: -0.12, —0.01; p: 0.04)
decreases. Egger’s test analyses for checking publication bias
showed that this bias did not occur in the overall analysis of
determining the effect of vitamin D on mean SBP (f3: —0.22;
SE: 1.08; p: 0.84) (Figure 2).

3.5. LDL. Twenty-seven clinical trial studies with 34 effect
sizes (SMD) were included in the analysis related to deter-
mining the effect of vitamin D consumption on mean LDL.
The results of the meta-analysis showed that the consump-
tion of vitamin D reduces the mean LDL to 0.11 (SMD:
-0.11; 95% CI: -0.28, -0.05; I 73.66%; p value <
0.001) (Table 4).

Subgroup analyses based on age, BMI, duration of diabe-
tes, different doses of vitamin D, and duration of follow-up
are shown in Table 2. Based on the different doses of vitamin

square*

Journal of Diabetes Research

D and the duration of follow-up, the results showed that a
dose of fewer than 50,000IU (SMD: —-0.23; 95% CI: —0.52,
—0.06; Ijquare: 82.19%; p value < 0.001) and a follow-up

period of 24 weeks after taking vitamin D (SMD: -0.26;
95% CI: —0.64, —0.13; I : 86.61%; p value < 0.001) show

square*
the effect of this vitamin on reducing the average LDL better
(Table 4).

The metaregression analysis for determining the effect of
age variables and BMI on the effect of vitamin D supple-
mentation on mean LDL showed that with age increasing
(B: 0.03; SE: 0.01; 95% CI: —0.01, 0.09; p: 0.581) in patients,
the effect of vitamin D on the mean LDL increases, while this
effect decreases with increasing BMI (f3: —0.01; SE: 0.00; 95%
CI: —0.02, 0.00; p: 0.167). Egger’s test analyses for checking
publication bias showed that this bias occurred in the overall
analysis of determining the effect of vitamin D on mean SBP
(B: —2.68; SE: 1.01; p: <0.001) (Figure 2).

3.6. Vitamin D. In another part of the present meta-analysis
results, the average level of vitamin D in the body of individ-
uals with diabetes was measured and analyzed before and
after taking vitamin D supplements. In this analysis, the
SMD of the average level of vitamin D in the body in two
groups receiving vitamin D supplements and placebo was
calculated and combined. Finally, the result of the meta-
analysis showed that the average level of vitamin D in the
body increased by 1.78TU (SMD: 1.78; 95% CI: 1.53, 2.04;
I 1 91.92%; p value < 0.001) (Table 5).

square*

Based on subgroup analyses, the average vitamin D level
after taking vitamin D supplements in patients with diabetes,
living in Asia, less than 60 years old, BMI less than 30, and
length of diabetes of less than 10 years is higher. Also, the
dose of 50,000IU of vitamin D supplement had a greater
effect on increasing the vitamin D level in the body than
other doses (Table 5). Metaregression analysis to determine
the effect of age and BMI variables on the effect of vitamin
D supplementation on average vitamin D showed that with
age increasing (3: —0.04; SE: 0.02; 95% CI: —-0.09, —0.01; p:
<0.001) and BMI increasing (f3: —0.05; SE: 0.04; 95% CI:
-0.22, —0.01; p: 0.02), this effect decreases. Egger’s test anal-
yses to check publication bias showed that this bias occurred
in the overall analysis of determining the effect of vitamin D
on mean SBP (f3: 8.12; SE: 0.76; p: <0.001) (Figure 2).

3.7. Risk of Bias. Figure 3 provides a visual representation of
the results of the RoB 2 assessment conducted in this study.
The figure presents a comprehensive overview of the risk of
bias for each included study, including the domains of bias
assessed and the corresponding judgments. Overall, the
results of the RoB 2 assessment highlight the methodological
quality of the included studies and provide a framework for
the interpretation of the findings presented in this meta-
analysis (Figure 3). Also, the results of the quality assessment
based on GRADE indicate that the overall quality of results
for various outcomes in this meta-analysis is at a level of
moderate to high. This signifies the adequate quality of the
calculated and reported results in this meta-analysis
(Table S2).
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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F1GURE 3: Risk of bias graph and summary (review authors’ judgments about each risk of bias item presented as percentages across all

included studies).

4. Discussion

The main goal of this meta-analysis was to determine the
effect of vitamin D supplementation on patients with
T2DM. The results showed that vitamin D supplementation
has a significant effect on diabetes control and the reduction

of blood pressure and blood lipid indicators in patients with
T2DM. The average indices of HbAIC and FBS have
decreased by 0.15 and 0.28, respectively, in patients with
T2DM who take vitamin D supplements. The most common
complications of individuals with diabetes are cardiovascular
problems, and research results have shown the importance
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of vitamin D deficiency in the prevalence of CVD, and they
have confirmed that this vitamin is a therapeutic or preven-
tive factor in T2DM. Vitamin D is one of those fat-soluble
vitamins that can be stored in the body, and its excessive
consumption can cause complications such as calcium depo-
sition in the kidneys, lungs, heart, and ears; bone pain; loss
of appetite and nausea; increased urine volume; constipa-
tion; kidney disorders; and even poisoning [29]. Therefore,
despite all the benefits of vitamin D, excessive use of this
vitamin can have an adverse effect on human health. Vita-
min D deficiency is associated with increased BMI, higher
blood pressure, high triglycerides, and insulin resistance, all
of which predispose a person to T2DM. The important point
is that receiving optimal amounts of vitamin D affects the
prevention or control of diabetes, and its excessive con-
sumption is associated with serious complications [30-33].
Vitamin D receptors are present in almost every cell of the
body, which indicates the important role of this vitamin in
the body’s chemical processes and the reduction of HbA1C
and FBS indices [29, 34]. HbA1C is caused by the continu-
ous, slow glycosylation of nonenzymatic hemoglobin caused
by hyperglycemia. A prospective study of diabetes in
England showed that HbAIC is a gold standard for evaluat-
ing blood sugar control in T2DM, and in addition, reducing
its value by 1% can lead to a 14% reduction in the occurrence
of previous vascular diseases [35, 36]. George, Pearson, and
Witham conducted a meta-analysis to evaluate the effect of
vitamin D on blood glucose control and insulin resistance,
the results of which showed that vitamin D leads to a small
improvement in fasting plasma glucose (FBG) and insulin
resistance, but no beneficial effect on HbA1C was observed
[37]. The results of the present meta-analysis showed that
vitamin D supplementation prevents the increase of plasma
HbAIC, which indicates that the effect of vitamin D is to
reduce or delay the occurrence and development of diabetes
complications. These conflicting results may be due to the
increase in studies and the more detailed and updated
analysis of the present meta-analysis. In 2019, researchers
conducted a meta-analysis of intervention trials and discov-
ered that vitamin D supplementation reduced FBG but had
variable effects on insulin secretion and HbA1C [38].
Another meta-analysis discovered that vitamin D supple-
mentation dramatically reduced HbAIC levels, potentially
delaying or preventing diabetic consequences. However,
the same study discovered that the positive effects of vitamin
D may be confined to vitamin D-deficient people [39]. A
2023 systematic review and meta-analysis suggest that vita-
min D may improve FPG, HbA1C, and homeostasis model
assessment-insulin resistance (HOMA-IR) in people with
T2DM. In addition, a 2021 meta-analysis showed that vita-
min D supplementation improved fasting insulin levels
[40, 41]. A variety of factors, including study population
characteristics, vitamin D levels utilized, and evidence qual-
ity, could explain the contradictory findings on vitamin D’s
impact on blood glucose management and insulin resistance
in T2DM and prediabetes.

In the last decade, vitamin D deficiency in T2DM and
serum level of 25-hydroxyvitamin D have been considered
predictors of long-term complications of diabetes such as

Journal of Diabetes Research

CVD. This vitamin plays a significant role in regulating the
function of pancreatic beta cells (insulin-secreting cells in
the pancreas). In T2DM, the beta cells try to produce more
insulin because there is resistance to insulin in other tissues
of the body, and this hormone cannot have the necessary
function. Among the most important factors that cause insu-
lin resistance are overweight, lack of physical activity, high
abdominal fat, and genetic background [42-45]. The results
of the current meta-analysis indicate that as BMI decreases,
the impact of vitamin D supplementation on reducing
HbAIC and FBS indices becomes more pronounced. This
finding supports the hypothesis of a negative correlation
between weight gain and insulin resistance, suggesting that
vitamin D supplementation or maintaining sufficient levels
of vitamin D in individuals with T2DM may mitigate the
development of insulin resistance. However, it is worth not-
ing that further investigation is warranted to explore
whether the effectiveness of vitamin D supplementation in
reducing HbA1C and FBS indices diminishes with weight
gain. Additional studies with adequate sample sizes are
needed to address this hypothesis comprehensively.

Vitamin D deficiency increases the level of LDL and ulti-
mately increases the risk of CVD in patients with T2DM.
Therefore, it can be said that vitamin D deficiency can
increase the complications of diabetes, especially CVD, and
ultimately increase death and the direct and indirect health
costs of the disease [46-49]. The results of the present
meta-analysis showed that vitamin D supplementation can
significantly reduce SBP and LDL levels in patients with
T2DM. Therefore, it can be claimed that its consumption
can be effective in preventing serious complications of
T2DM such as CVD.

Several meta-analyses have been conducted to assess the
effect of vitamin D in different forms, such as supplements
or prescription medicines, and at different doses, on glyce-
mic control. However, it is important to emphasize that
most of these trials have focused on people with prediabetes,
and few trials have been conducted in more diverse popula-
tions. These meta-analyses provide information about the
potential effects of vitamin D on glycemic control and the
prevention of T2DM. However, they highlight the need for
more high-quality research to address the limitations and
inconsistencies in the existing evidence. In the subgroup
analyses, the meta-analysis results showed that the effect of
vitamin D supplementation is affected by increasing age,
BMI, and the duration of diabetes, and there may be a signif-
icant effect like its effect in patients with T2DM. With an age
of less than 60 years, a BMI of less than 30, and the duration
of diabetes not less than 10 years. The reason for this can be
the increase in the body’s resistance to vitamin D supple-
mentation or the interference of judgment in old age due
to the use of other drugs to prevent important and chronic
diseases of old age. Another point is that in subgroup analy-
ses, the amount of heterogeneity has decreased significantly
in some subgroups.

In the present meta-analysis, the level of vitamin D in
the body increased significantly after the use of vitamin D
supplements in patients with T2DM. Subgroup analyses
related to this analysis also showed that this average was
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higher in patients living in Asia, less than 60 years old, BMI
of less than 30, and duration of diabetes of fewer than 10
years. Also, the dose of 50,000 IU of vitamin D supplement
had a greater effect on increasing the level of vitamin D in
the body than other doses. One of the strengths of this
meta-analysis compared to previous meta-analyses was the
calculation of the average level of vitamin D in the body after
taking vitamin D supplements in patients with T2DM,
which can confirm the increase in the level of vitamin D in
the body after using the supplement and then reduce com-
plications related to T2DM. Vitamin D is actually a preven-
tative measure and chemically is considered a steroid
hormone. The fact that insulin is also a hormone convinces
some experts that there is a relationship between insulin and
vitamin D, and it also seems that many people with low vita-
min D levels also develop general immunodeficiency, which
can increase their incidence of diabetes and other diseases.
Other strengths of this study include the large number of
studies included in the analysis and the accuracy of the
reported estimates. It also performed subgroup analyses
based on important variables such as vitamin D dose,
duration of diabetes, and duration of follow-up after the
intervention. Among the weaknesses of the present meta-
analysis, we can point out the lack of analysis of other
indicators related to diabetes, such as DBP, ethnicity, and
HOMA-IR, which was due to the lack of full reporting
of these indicators in selected studies. It is recommended that
in future intervention studies regarding the impact of vita-
min use on blood glucose control, race be considered as the
primary variable for conducting subgroup analyses.

5. Conclusion

The findings of this meta-analysis suggest that vitamin D
supplementation can significantly decrease indicators related
to T2DM and, subsequently, reduce the risk of complica-
tions, particularly CVDs. Therefore, the adoption of a care
program aimed at T2DM prevention and management
could include supplemental vitamin D consumption, dietary
intake, or other methods such as regular sun exposure.
Furthermore, vitamin D could be considered as a potential
addition to treatment guidelines for patients with T2DM.
The combined evidence presented in this study highlights
the significant potential of vitamin D as a preventive and
therapeutic intervention for T2DM and its associated
complications.
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