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Abstract

Background There is conflicting evidence on the effect of vitamin D on glycemic control. Therefore, in the current
meta-analyses, we aimed to assess the effect of vitamin D supplementation on the glycemic control of type 2 diabe-
tes (T2D) patients.

Methods We conducted a comprehensive search in electronic databases including; PubMed/Medline, Web of Sci-
ence, Scopus, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and NIH's Clinical Trials Registry, from
the inception of each database up to January first, 2021.

Results A total of 46 randomized controlled trials (RCTs) consisting of 2164 intervention subjects and 2149 placebo
controls were included in this meta-analysis. Pooled analyses for HbA1c showed a significant change between the
intervention and placebo group, the weighted mean difference (WMD)(95% confidence interval(Cl)) was -0.20%(-0.29,
-0.11) with P<0.001. Analyses for assessing changes in FPG found a significant reduction in the intervention group
after vitamin D supplementation, the WMD (95%Cl) was -5.02 mg/dl (-6.75,-3.28) with P<0.001. The result of pooled
analyses for HOMA-IR revealed a significant change between the intervention and control group, the WMD (95%Cl)
was -0.42(-0.76, -0.07) with P=0.019. The subgroup analyses showed the most efficacy in a higher dose and short
intervention period and in subjects with deficient vitamin D status.

Conclusion Vitamin D supplementation might be beneficial for the reduction of FPG, HbA1c, and HOMA-IR in type
2 diabetes patients with deficient vitamin D status. This effect was especially prominent when vitamin D was given in
large doses and for a short period of time albeit with substantial heterogeneity between studies and a probability of
publication bias.
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Introduction

Type 2 diabetes mellitus is a serious public health con-
cern and the global prevalence has continued to rise over
the past three decades [1, 2]. Globally, type 2 diabetes is
ranked as the ninth leading cause of mortality contribut-
ing to more than 1 million deaths yearly and with an esti-
mated 462 million cases in 2017 [2]. Diabetes mellitus is a
group of metabolic disorders characterized by long-term
hyperglycemia resulting from defects in insulin action,
insulin secretion, or both [3]. Being diagnosed with and
managing diabetes often affects an individuals quality of
life and is also the leading cause of significant morbidity
and premature mortality, as well as a major risk factor for
adverse complications such as blindness, stroke, heart
attack, amputation, and kidney failure [4, 5]. Although
therapies for type 2 diabetes have improved over the last
few decades, new insights for the prevention and man-
agement of type 2 diabetes remain necessary due to the
increased prevalence of the disease.

Over the past decade, vitamin D has gained substantial
interest for potential extra skeletal outcomes in various
disease conditions, including diabetes [6, 7]. Vitamin D
has been hypothesized to exhibit anti-diabetic properties
by regulating insulin secretion or insulin sensitivity, pro-
ducing anti-inflammatory effects, and down-regulation
of elevated parathyroid hormone levels, which impair
insulin secretion [8—11]. However, while there has been
research suggesting that vitamin D may play an important
role in glucose homeostasis, the results are conflicting.
Many cross-sectional studies have found that insufficient
vitamin D status was associated with the development
of type 2 diabetes, diabetic complications, obesity, and
metabolic syndrome [12-15]. A meta-analysis of obser-
vational studies indicated that low serum vitamin D lev-
els were relatively associated with the prevalence of type
2 diabetes or metabolic syndrome [16]. Furthermore,
prospective cohort studies have revealed inverse associa-
tions between baseline serum 25-OH-vitamin D [25(OH)
D] and future risk of type 2 diabetes, diabetic complica-
tions, hyperglycemia, and insulin resistance [17-20]. In
contrast, a meta-analysis of four prospective cohort stud-
ies suggested that there was no association between vita-
min D intake and type 2 diabetes [21]. Evidence-based
on Genetic Mendelian randomization analysis in a large
sample of European ancestry did not support a causal
association between total 25(OH)D or 25(OH)D metabo-
lites and risk of type 2 diabetes [22].

Previous intervention studies evaluating the effect of
vitamin D supplementation on glycemic control have
produced conflicting findings [23-27]. Many previous
meta-analyses of intervention studies exploring the effect
of vitamin D supplementation on glycemic control had
methodological limitations and the findings revealed
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inconsistencies [28—31]. Discrepancies in the findings
and methodological limitations of individual studies in
the literature, in addition to inconsistencies in the results
of previous meta-analyses warrant the need for a com-
prehensive meta-analysis evaluating these relationships.
Contrary to previous meta-analyses, only studies with
vitamin D supplementation were included to isolate the
potential effect of vitamin D independently, while stud-
ies with co-supplementation were excluded. Further-
more, there is a need for an updated systematic review
and meta-analysis due to the increased volume of new or
eligible studies in the literature evaluating the relation-
ship between vitamin D supplementation and glycemic
control since the publication of the most recent previous
review.

Therefore, the objective of the current systematic
review and meta-analysis of randomized controlled tri-
als (RCTs) was to examine the effect of vitamin D sup-
plementation on glycemic control indicators including
fasting plasma glucose (FPG), HbAlc, and homeosta-
sis model assessment insulin resistance (HOMA-IR) in
patients with type 2 diabetes.

Materials and method

The study was performed according to the Preferred
Reporting Items for Systematic Review and Meta-analy-
sis (PRISMA) statement guideline [32]. Since the present
study utilized data from previously published studies,
no patient consent or ethical approval was required. The
protocol of this study was registered to Prospero online
database (ID: 327,944).

Data sources and searches

A comprehensive search of online electronic databases
from the inception of each database until January 1%,
2021 was completed. The databases included PubMed/
Medline, Web of Science, Scopus, Embase, and Cochrane
Central Register of Controlled Trials (CENTRAL). NIH’s
Clinical Trials Registry (www.clinicaltrials.gov) was
searched for completed but unpublished studies. The
title/abstract search strategy based on syntax and MeSH
terms of the following keywords and terms was per-
formed: [(vitamin D supplementation OR vitamin D OR
vitamin D2 OR vitamin D3 OR cholecalciferol OR ergoc-
alciferol OR alphacalcidol OR alfacalcidol OR paricalcitol
OR doxercalciferol OR calcitriol OR 25-Hydroxyvitamin
D OR vitamin D) AND (Diabete OR diabetes mellitus
OR T2DM OR hyperglycemia OR hyperglycaemia OR
glucose OR HbAlc OR glycated hemoglobin OR insulin
resistance OR insulin sensitivity OR HOMA OR glucose
homeostasis OR insulin secretion OR insulin OR beta cell
function OR glycemic control OR glucose tolerance OR
glucose metabolism OR fasting blood glucose OR FBS


http://www.clinicaltrials.gov
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OR Diabetes Mellitus OR Glycated Hemoglobin A OR
Insulin Resistance) AND (randomized controlled trial
OR controlled clinical trial OR random OR clinical trial
OR controlled trial OR RCT) NOT (review OR animal)].

In addition, we hand-searched the reference lists of the
included articles and previous reviews for additional rel-
evant studies to help prevent missing any eligible stud-
ies. There were no restrictions on the date or language of
publications. All eligible studies were included and dupli-
cated citations were removed prior to screening using the
Mendeley software.

Study selection

The inclusion criteria were: (1) RCT design, (2) adult
population (age>18y), (3) population diagnosed with
type 2 diabetes, (4) reported at least one glycemic control
outcome (FBG or insulin or HbA1lc or insulin resistance),
(5) insulin resistance estimated by HOMA-IR; ((glucose,
[mmol/L] x insulin [mU/L])/22.5) [33], (6) data reported
as mean=+SD along with 95%CL(7) the intervention
group provided Vitamin D supplementation, while the
control group provided placebo.

The exclusion criteria were: (1) letters, comments,
short communications, meta-analyses, reviews, abstracts,
or animal studies, (2) incomplete reporting of necessary
data, (3) interventions with co-supplementation, (4) fol-
low-up less than two months, (5) populations with type
1 diabetes, high-risk population of diabetes, pre-diabetic,
gestational diabetes, post-partum diabetes, and diabetic
nephropathy.

Data extraction and risk of bias assessment
Two reviewers (M.A.F, M.M) independently screened
studies based on the inclusion and exclusion crite-
ria. First, the title and abstract of all retrieved studies
were screened to identify potentially relevant articles.
Studies judged to be relevant were selected for full-text
review. During the full-text screening, each article was
analyzed by both reviewers which determined whether
the article qualified for inclusion. Any conflicting deci-
sions between reviewers to include a given study were
resolved initially by consensus, but in case of no reso-
lution, a third author (L.A) was consulted for the final
decision. Additionally, if the data was not available or
unclear in the published article, the author was con-
tacted by e-mail to request the necessary data.

We evaluated the methodological quality of each
included trial using the validated 6-item Cochrane
risk of the bias assessment tool, 2009 [34]. Using this

tool, each study was assigned a “high”, “some concerns”
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or “low” score for each of the following items: ran-
dom sequence generation; allocation concealment;
blinding of participants and personal; blinding of out-
come assessment; incomplete outcome data and other
sources of bias.

Required data from each eligible study were extracted
by two independent investigators. The mean and stand-
ard deviation (SD) and corresponding 95% CIs for the
effect of vitamin D supplementation on glycemic con-
trol were extracted from each study. Study informa-
tion (authors, year, country, sample size), participants’
characteristics (gender, age, body mass index (BMI),
vitamin D status), vitamin D supplementation charac-
teristics (treatment, type, dose, and therapy duration),
and results (baseline and post-intervention serum vita-
min D, FBG, HbAlc, and HOMA-IR) were extracted.
Serum vitamin D status was defined as deficient (serum
25(OH)D concentrations < 50 nmol/l), insufficient (50—
75 nmol/l), and sufficient (> 75 nmol /1) [35].

Data synthesis and analysis

The STATA (version 13.0; College Station, Texas) soft-
ware was used for all statistical analyses. We extracted
data for continuous outcomes including the mean and
SD change in FPG, HbAlc, and HOMA-IR with con-
sideration of the 95% CI. A random-effects model (Der-
Simonian and Laird method) was used to estimate the
pooled results. The Chi-square test and I? statistic (%)
were used to assess heterogeneity. The I? index calcu-
lated as the proportion of total variation attributable to
between-study variation was used to determine statis-
tical heterogeneity between the studies. An I? value of
greater than 75% was considered substantial heteroge-
neity [36]. Subgroup analyses by continent, study type,
BM]I, vitamin D status, vitamin D dose, study dura-
tion, and supplementation type were performed using
Cochran’s Q test and the I2 statistic to assess the pos-
sible sources of heterogeneity. Moreover, we assessed
the publication bias using funnel plots and Egger’s
regression test. Also, sensitivity analysis was performed
to distinguish the extent to which summary estimates
probably might be related to a particular study or group
of studies. Data analyses were performed using Stata
Software, version 14. P-values were reported as statisti-
cally significant at the <0.05 level.

Result

Search results

We identified 4452 articles in our initial search. After
excluding duplicates and those that did not meet the
inclusion criteria in the title and abstract screening, we
identified 247 articles for full-text screening. After the
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full-text review, we excluded an additional 204 studies.
A total of 43 papers were included in the current meta-
analysis. Moreover, two additional studies were included
after hand-searching the reference lists of the included
papers [37, 38], and another study was included after
receiving the full text of the paper by the author’s email
[39]. Among the 46 included studies, 35 reported an
appropriate effect size for FPG, 42 for HbAlc, and 19 for
HOMA-IR. A flow diagram of the study selection is pre-
sented in Fig. 1.

Study characteristics

Characteristics of the included studies are summarized in
Table 1. 31 studies were conducted in Asia [24, 39-68],
9 in Europe [23, 27, 69-74], 3 in America [75-77], 1 in
Africa [78], 1 in Australia [26] and 1 was conducted in
33 different countries [37]. A total of 4313 participants
with type 2 diabetes were included in the current study,
2164 represented the intervention group and 2149 repre-
sented the control group. Across the included studies, the
mean age of participants was 56.51 years and the mean
BMI was 29.32. The baseline vitamin D status of 34 stud-
ies was classified as deficient, 6 studies as insufficient, 4
studies as sufficient and 2 studies did not report baseline
vitamin D status. All studies included participants from
both genders, except for one study with a population
of only women [66]. The intervention ranged from 8 to
48 weeks in duration. Forty-two studies used oral vitamin
D supplementation, while 4 studies used intramuscular
(IM) vitamin D.

Quality assessment

The risk of bias assessment was conducted using the
Cochrane risk of bias assessment tool [34] (Supplemen-
tary figure S1). Overall, 8 out of 46 included studies were
considered as ‘high quality’ due to not being classified as
high risk or unclear risk of bias on any of the assessment
items. Among the remaining studies, 16 were considered
as ‘moderate quality’ due to being classified as unclear
risk of bias on <2 items, but not having any assessment
items classified as high-risk. The remaining 22 studies
were considered as ‘poor quality’ due to being classified
as high-risk on any of the items or having > 2 items classi-
fied as an unclear risk of bias on the six domains. Alloca-
tion concealment, blinding of participants and personal
and random sequence generation were the three most
common sources of bias.

Meta-analysis

Vitamin D supplementation and FPG

Thirty-five studies representing a total of 3528 partici-
pants evaluated the effect of vitamin D supplementation
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on FPG. In the pooled analysis for FPG, a statistically
significant difference between the intervention group
and placebo group (WMD: -5.02 mg/dl (-0.28 mmol/L);
95%ClI: -6.75 to -3.28 (-0.37 to -0.18 mmol/L), P<0.00)
was observed indicating an inverse effect of vitamin D on
FBG (Fig. 2). However, there was evidence of significant
heterogeneity between studies (I = 98.2%; P<0.001).

Subgroup analyses revealed that continent, study
type, vitamin D status, BMI, supplementation type,
vitamin D dosage, and study duration explained the
between-study heterogeneity. These analyses revealed a
significant inverse effect of vitamin D supplementation
on FPG in the majority of the study subgroups. The
highest magnitude of differences were observed in sub-
jects with deficient vitamin D status (WMD (95%CI):
-7.37 mg/dl (-9.82, -4.92); P<0.001) (Supplementary
Table S1).

Based on the findings from the meta-regression, no
effect of age on the effect sizes was found (regression
coefficient=0.04; 95%CI: -0.45, 0.55; P=0.856).

Vitamin D supplementation and HbA1c
Forty-two studies representing a total of 4098 partici-
pants evaluated the effect of vitamin D supplementa-
tion on HbAlc. In the pooled analyses for HbAlc, a
statistically significant difference between the interven-
tion and control group (WMD (95%CI): -0.20% (-0.29,
-0.11); P<0.001) was observed indicating an inverse
effect of vitamin D on HbAlc (Fig. 3). However, there
was evidence of significant heterogeneity between studies
(I’=98.2%; p<0.001). In the subgroup analyses, we
found that HbAlc was significantly lower in many of
the subgroups including studies study populations
from Asia, double-blind study designs, deficient serum
vitamin D status, oral supplementation type, duration
of <12 weeks, and a vitamin D dosage of>2000 IU
(Supplementary Table S2).

Based on the findings from the meta-regression, no
effect of age on the effect sizes was found (regression
coefficient =0.005; 95%CI: -0.03, 0.05; P=0.797).

Vitamin D supplementation and HOMA-IR

Nineteen studies representing a total of 1272 partici-
pants evaluated the effect of vitamin D supplementation
on HOMA-IR level. In the pooled analyses for HOMA-
IR, a statistically significant difference between the
intervention and control group (WMD (95%CI): -0.42
(-0.76, -0.07); P=0.019) was observed indicating an
inverse effect of vitamin D on HOMA-IR (Fig. 4). Sub-
group analyses revealed that HOMA-IR level decreased
significantly in many subgroups including study popu-
lations from Asia, deficient serum vitamin D status,
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Fig. 1 PRISMA flow diagram of search and selection of studies

oral supplementation type, duration of <12 weeks, and
vitamin D dose of >2000 IU (Supplementary Table S3).
Based on the findings from the meta-regression, no
effect of age on the effect sizes was found (regression
coefficient =-0.006; 95%CI: -0.05, 0.03; P=0.761).

Publication bias

The funnel plot for FPG appeared to be symmetric;
but the Eggers test indicated that there was probabil-
ity of publication bias (Supplementary Figure S2, Egger
test =0.024). The funnel plot for HbAlc appeared to be
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Study %
ID WMD (95% Cl) Weight
Jorde et al. (2009) * | -10.80(-12.40, -9.20) 6.10
Parekh et al. (2010) — 8.08 (-19.51, 35.67) 0.37
Eftekhari et al. (2011) —&- -18.00 (-43.22, 7.22) 0.44
Punthakee et al. (2011) * 1.81 (1.56, 2.06) 6.43
Heshmat et al. (2012) A —_—— 2590 (7.99, 43.80) 0.82
Soric et al. (2012) 1 —— 2590 (6.81,44.99) 0.73
Breslavsky et al. (2013) * 8.80 (-28.73, 46.33) 0.21
Kampman et al. (2014) * -2.10 (-2.60, -1.60) 6.40
Rad et al. (2014) - -7.33 (-11.19, -3.46) 4.88
Ryu et al. (2014) —_—— -0.90 (-9.51,7.71) 2.49
Baziar et al. (2014) —_— -24.11 (-4066, -7.56) 0.94
Jehle et al. (2014) * -10.80(-12.07, -953) 6.22
Elkassaby et al. (2014) * 0.08 (-0.32, 0.48) 6.42
Kim et al. (2014) < -6.50 (-35.61,2261) 0.34
Al-Zahrani et al. (2014) * -0.36 (-1.35, 0.63) 6.31
Sadiya et al. (2015) * -10.80(-12.19, -9.41) 6.18
Krul-Poel et al. (2015) . 3.60 (3.31, 3.89) 6.42
Al-Sofiani et al. (2015) L 4 -3.59 (-5.48,-1.70) 5.98
Shaseb et al. (2016) ————— 16.94 (-3.47,37.35) 0.65
Barchetta et al. (2016) —_—} -14.00(-32.18, 4.18) 0.80
Razzaghi et al. (2016) g : -17.90 (-41.87, 6.07) 0.49
Anyanwu et al. (2016) ag T -2380(-63.81,16.21) 0.18
Farrokhian et al. (2017) - -34.20(-37.79, -30.61) 5.05
Gulseth et al. (2017) - 0.00 (-1.35, 1.35) 6.20
Momeni et al. (2017) - 2.64 (-23.09, 28.37) 0.43
Agarwal et al. (2017) +_ -12.45(-29.63, 4.73) 0.88
Upreti et al. (2018) —_— -15.50(-33.16, 2.16) 0.84
Bhosle et al. (2018) —— ! -27.27 (-39.20, -15.34) 1.59
Shabhriari et al. (2018) —0:—— -9.94 (-27.69,7.81) 0.83
Omidian et al. (2019) —_——————— -16.30 (-34.82, 2.22) 0.77
Dadrass et al. (2019) - -1.25 (-3.74,1.24) 569
Imanparasta et al. (2019) * 7.18 (-27.43,41.79) 0.24
Safarpour et al. (2020) -~ 18.60 (-9.26, 46.46) 0.37
El Hajj et al. (2020) * -0.80 (-1.14, -0.46) 6.42
Mirzavandi et al. (2020) —— 260 (-14.41,1961) 0.90
Overall (I-squared = 98.2%, p =0.000) Q -5.02 (-6.75, -3.28) 100.00
NOTE: Weights are from random effects analysis : :

| |
-63.8 0 6338

Fig. 2 Forest plots of meta-analysis on the effect of vitamin D supplementation on FPG. Data are pooled WMDs with 95% Cls. FPG: fasting plasma
glucose; WMD: weighted mean difference, Cl: confidence interval. FPG is measured based on mg/d|

asymmetric (Supplementary Figure S3), but the Eggers
test indicated that there was weak probability of publi-
cation bias (P =0.402).

Similarly, there was no evidence of publication
bias with HOMA-IR based on the results of the
Eggers test (P =0.842). However, the funnel plot for
HOMA-IR appeared to be slightly asymmetric with
a few studies falling beyond the funnel, which is con-
sistent with the substantial heterogeneity observed
among studies reporting HOMA-IR (Supplementary
Figure S4).

Sensitivity analyses
In the sensitivity analyses, we did not find evidence that
any particular study was the main source of heterogeneity.

Discussion

In the current systematic review and meta-analysis of
RCTs, we found that vitamin D supplementation interven-
tions resulted in a reduction in FPG, HbAlc, and HOMA-
IR for individuals with type 2 diabetes. However, there was
evidence of substantial heterogeneity. The heterogene-
ity appeared to be partially explained by diversity between
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Study %
ID WMD (95% Cl) Weight
Sygden et al. (2008) —_—— 0.06 (028, 0.40) 288
Jorde et al. (2009) R 0.00 (050, 0.50) 1.94
Witham et al. (2010) ——— 0.20 (0.71, 1.11) 0.83
Witham et al. (2010) —_—— 0.10 (-0.60, 0.80) 1.25
Parekh et al. (2010) —s 0.29 (-2.06, 2.64) 0.14
Eftekhari et al. (2011) ———— 0.74 (-1.68, 020) 078
Punthakee et al. (2011) |- 0.20 (0.09, 0.31) 455
Heshmat et al. (2012) —_—— 0.19 (0.35, 0.73) 1.77
Soric et al. (2012) —_—— 0.19 (039, 0.77) 162
Breslavsky et al. (2013) —_— 0.60 (024, 1.44) 0.94
Kampman et al. (2014) * 0.00 (0.00, 0.01) 485
Ghavamzadeh et al. (2014) — 124(-154,094) 320
Rad etal. (2014) I ° 0.54 (0.50, 0.58) 4.80
Ryu et al. (2014) ! —— 0.13 (0.13, 0.39) 350
Jehle etal. (2014) —_— 0.30 (-0.84, 0.24) 1.78
Nasrietal. (2014) —_—— 026 (-0.67,0.15) 245
Elkassaby et al. (2014) —_—— 0.00 (-0.32, 0.32) 299
Al-Zahrani etal. (2014) —_— 0.00 (-0.49, 0.49) 203
Sadiya et al. (2015) — 020 (-0.91,051) 123
Krul-Poel et al. (2015) - 0.00 (-0.14, 0.14) 438
Al-Sofiani et al. (2015) * 025 (-1.18, 0.68) 0.79
Shaseb et al. (2016) —_— ! 045(067,023) 379
Dalan et al. (2016) —_— 0.01(0.45, 0.47) 218
Barchetta et al. (2016) —_— 020 (-0.68, 0.28) 206
Razzaghi et al. (2016) —— 050(078,022) 332
Anyanwu et al. (2016) —— - 104 (-2.09, 0.01) 065
Guiseth etal. (2017) —_— 0.10 (026, 0.46) 277
Momeni et al. (2017) R — 0.16 (-0.37, 0.69) 1.83
Agarwal et al. (2017) —_—— 0.04 (-0.41,0.33) 27
Khan et al. (2018) —_— 105(-1.47,063) 239
Angellotti et al. (2018) . 0.00 (-0.02, 0.02) 484
Upreti et al. (2018) —_—— 034(061,007) 340
Margaret et al. (2018) _l-ﬁ— 0.20 (068, 1.08) 0.88
Bhosle et al. (2018) —— 048(066,030) 408
Shahriari et al. (2018) —_—— 0.10 (-0.57,0.37) 212
Omidian et al. (2019) —_— 057(092,02) 283
Shaheen et al. (2019) —— I 105(-1.23,087) 407
Dadrass et al. (2019) —_— ' 145(221,069) 1M1
Imanparasta et al. (2019) —— 020 (-1.36, 0.96) 0.54
Muley et al. (2019) ———— 020 (-0.95, 0.55) 112
Safarpour et al. (2020) —_— 086(-1.30,042) 228
El Hajj et al. (2020) —— 0.12 (0.31, 0.55) 233
Overall (I-squared = 95.8%, p = 0.000) o 020 (-0.29, -0.11) 100.00
NOTE: Weights are from random effects analysis :

| |

-2.64 0

Fig. 3 Forest plots of meta-analysis on the effect of vitamin D supplementation on HbA1c. Data are pooled WMDs with 95% Cls. HbA1c:
hemoglobin A1c; WMD: weighted mean difference, Cl: confidence interval. HbA1c is measured based on percentages

study populations for serum vitamin D status, supplementa-
tion characteristics (dose and duration), BMIs, and ethnicity.

The FPG is a commonly used measure for the detection
of short-term blood glucose [79]. HbAlc is a common
measure of long-term blood glucose detection [79, 80].
In the current meta-analyses, we observed a statistically
significant reduction of 5.02 mg/dl in FPG and a 0.20%
reduction in HbAlc levels. However, it is important

to consider that a reduction of<0.50% in HbAlc is not
considered clinically significant [81]. Findings suggest
that high doses of vitamin D supplementation produced
greater positive effects in vitamin D deficient, obese and
Asian populations.

The baseline vitamin D status of participants was an
important factor contributing to observed glycemic
control outcomes. We found significant reductions in
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Study %
ID WMD (95% Cl) Weight
|
Witham et al. (2010) : 0.00 (-9.40, 9.40) 0.14
Witham et al. (2010) . : -5.70 (-14.91, 351) 0.14
Eftekhari etal. (2011) — -0.19 (-1.30, 092) 5.29
Heshmat etal. (2012) B 1.10(0.19, 201) 6.42
Breslavsky et al. (2013) + — -4.30 (-12.56, 3.96) 017
Rad et al. (2014) . -0.36 (-0.43, 0.29) 1.41
Ryu et al. (2014) -~ 0.20 (-0.34,0.74) 8.08
Baziar et al. (2014) — -1.42 (-2.24, 0.60) 7.01
Jehle et al. (2014) —— -0.90 (-2.16, 0.36) 459
Elkassaby et al. (2014) —— 0.10 (-1.55, 1.75) 3.18
Kim etal. (2014) . -0.58 (-0.87, 0.29) 10.62
Krul-Poel et al. (2015) - 0.12(0.58, 0.82) 7.80
Al-Sofiani et al. (2015) —t— 1.06 (-1.07, 3.19) 215
Barchetta et al. (2016) —— -0.50 (-1.79, 0.79) 443
Farrokhian et al. (2017) * -1.20 (-1.35, -1.05) 121
Dadrass et al. (2019) —— -0.55 (-1.74, 064) 487
Imanparasta et al. (2019) — -364 (-6.00, -1.28) 1.83
Safarpour et al. (2020) — -0.48 (-2.04, 1.08) 3.45
El Hajj et al. (2020) —— -0.09 (-1.02,0.84) 6.30
Overall (I-squared = 86.8%, p = 0.000) -042 (-0.76, 0.07) 100.00
i
NOTE: Weights are from random effects analysis ?‘
_1)1‘9 (]) 14I9

Fig. 4 Forest plots of meta-analysis on the effect of vitamin D supplementation on HOMA-IR. Data are pooled WMDs with 95% Cls. HOMA-IR:
homeostasis model assessment insulin resistance; WMD: weighted mean difference, Cl: confidence interval

FBG and HbAlc in patients with vitamin D deficiency,
but not in patients with vitamin D insufficiency or suf-
ficiency. Similarly, even though we found that 25(OH)
D increased significantly in all subgroups receiving the
intervention, the greatest improvement was observed
in vitamin D deficient patients. This may be due to the
excess vitamin D from supplementation being stored in
adipose tissue in individuals with sufficient vitamin D
status rather than producing a further increase in serum
level. Another reasonable explanation may be the impact
of large doses of vitamin D supplementation. We found
that high doses increased the likelihood of correcting
vitamin D deficiency or achieving favorable levels of
serum 25(OH)D, confirmed by relatively higher 25(OH)
D levels in the high dose subgroup (>2000 IU) after
receiving the intervention compared to the lower dose
(<2000 IU). In line with our findings, a meta-analysis

by Chunhua Wu et al. found that vitamin D supplemen-
tation was associated with reduced FPG and HbAlc
among patients with 25-hydroxyvitamin D (25(OH) D)
deficiency at baseline [29].

The dosage and duration of vitamin D supplementa-
tion are other important contributors to glycemic control
outcomes for patients with type 2 diabetes. High doses of
vitamin D were found to improve glycemic control out-
comes and was observed to be more efficient for correct-
ing serum 25-hydroxyvitamin D level for subjects with
vitamin D deficiency. The effect of the duration of vita-
min D supplementation appeared to be more ambigu-
ous amongst glycemic control outcomes. For example,
we found a statistically significant reduction in FPG with
both short-term (<12 weeks) and long-term (> 12 weeks)
vitamin D supplementation, however, the magnitude of
reduction was greater with long-term (WMD: -6.74) than
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short-term (WMD: -2.37) supplementation. Compara-
tively, there was only evidence of a reduction in HbAlc
and HOMA-IR outcomes with short-term (<12 weeks)
vitamin D supplementation.

Among different continents of study origin, vitamin D
supplementation produced varying effects. The greatest
reductions were observed among studies conducted in
Asia and Europe, while studies conducted on other con-
tinents revealed no evidence of a difference. However,
studies conducted in Asia represented the majority of
the included RCTs for the meta-analysis and it is possible
that this analysis had a greater power to detect a statisti-
cally significant difference compared to other continents
that may not have had a sufficient number of studies.
Therefore, insufficient evidence to differentiate between
the continents of study origin should be considered
when interpreting the findings from the subgroup analy-
sis. Wang et al. explained the heterogeneous responses
between Asians and the other groups by demonstrating
that vitamin D-binding protein polymorphism was asso-
ciated with increased susceptibility to T2D in Asians,
but not in Caucasians [82]. Furthermore, it is relatively
understood that typically between 50 to 90% of vitamin
D in the body is due to the production in the skin and the
remainder is from the diet. Previous studies have found
that populations with darker skin color and cultural pref-
erences toward less exposure to the sun, which matched
the profile of Asians and especially Middle Easterners,
were at a higher risk of vitamin D deficiency, which in
turn, was associated with greater positive effects from
supplementation [83, 84]. However, there were a limited
number of studies included in the analysis that repre-
sented data from America, Africa, and Australia. There-
fore, future investigations on the effect of vitamin D
supplementation in these continents and populations are
warranted.

HOMA-IR as proposed by Matthews et al. [33], is
the most frequently employed technique as the index
of insulin resistance (IR) and has proved to be a robust
tool for the assessment of IR [85, 86]. The concept of IR
is generally defined as the reduced biological action of
insulin, such as inhibition of hepatic glucose production
and insulin-mediated glucose disposal [87]. In the cur-
rent meta-analysis, a significant reduction in HOMA-IR
was found in the vitamin D intervention compared to
the control group with the lowest between-study het-
erogeneity found for studies with a short-duration inter-
vention (<12 weeks) in the subgroup analysis. Similar
to our findings, Hu Z et al. revealed that decreases in
HOMA-IR and changes in insulin resulting from a vita-
min D supplementation intervention were only observed
in short-term follow-up studies and not in long-term
studies [30]. It was hypothesized that this may be due to
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higher doses of vitamin D being provided in short-term
interventions in comparison to doses provided in longer-
term studies. Our findings are comparable to results
from another meta-analysis by Xinyi Li et al. revealing
an improvement in HOMA-IR for subjects in the vita-
min D intervention group and subjects with baseline
vitamin D deficiency [28].

We conducted a comprehensive systematic review and
meta-analysis on a large number of RCTs that investi-
gated the effect of vitamin D supplementation on gly-
cemic control outcomes including FPG, HbAlc, and
HOMA-IR. Part of the objective for this meta-analysis
was to overcome methodological concerns present in
previous meta-analyses, to provide updated findings, and
transition from previous inconsistencies toward more
conclusive results. However, potential limitations should
be considered when interpreting our findings. Although
we conducted a comprehensive search, appropriate pub-
lications being missed remains a possibility. The relatively
short intervention durations, small sample sizes, and
variations in intervention doses and durations of some
studies, in addition to the moderate to substantial het-
erogeneity observed in some of our results, may limit our
ability to determine the effects of vitamin D supplemen-
tation and draw meaningful conclusions. Finally, some
of the included RCTs did not consider the effect of sun
exposure, diet, and physical activity on the findings which
may have directly influenced vitamin D status, or did not
consider the consumption of antidiabetic medications
that may have masked the benefits of vitamin D sup-
plementation. Another factor that may pose a challenge
to interpreting the study results related to many studies
which did not provide enough details to allow accurate
qualitative assessment of how each study handled rand-
omization, allocation, blinding, and missing data.

Conclusion

The present meta-analysis found that vitamin D supple-
mentation may be beneficial for the reduction of FPG,
HbAlc, and HOMA-IR in patients with type 2 diabetes
and deficient vitamin D status. This effect was especially
prominent when vitamin D was given in large doses and
for a short period of time albeit with substantial hetero-
geneity between studies and a probability of publication
bias. In conclusion, this study is in agreement with pre-
vious findings on the potential of vitamin D supplemen-
tation along with other antidiabetic drugs to improve
glycemic control and prevent diabetic complications.

Abbreviations

T2D Type 2 diabetes
FPG Fasting plasma glucose
HbATc Hemoglobin Alc
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