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Background: Type 2 diabetes is a global health concern, with an increased prevalence and high cost
of treatment.

Objective: The aim of this systematic review and meta-analysis was to determine the effect of
vitaminD supplementation and improved vitaminD status onglycemia and insulin resistance in type
2 diabetic patients.

Data Source: We searched PUBMED/Medline, Cumulative Index to Nursing and Allied Health, and
Cochrane Library (until January 2017).

Study Selection: Prospective clinical trials were selected evaluating the impact of vitamin D sup-
plementation on glycosylated hemoglobin (HbA1c), serum fasting plasma glucose (FPG), and ho-
meostatic model assessment of insulin resistance (HOMA-IR) in diabetic patients.

Data Extraction and Synthesis: We used a random-effects model to synthesize quantitative data,
followed by a leave-one-out method for sensitivity analysis. The systematic review registration was
CRD42017059555. From a total of 844 entries identified via literature search, 24 controlled trials
(1528 individuals diagnosed with type 2 diabetes) were included. The meta-analysis indicated a
significant reduction in HbA1c [mean difference: 20.30%; 95% confidence interval (CI): 20.45
to20.15, P, 0.001], FPG [meandifference:24.9mg/dL (20.27mmol/L); 95%CI:28.1 to21.6 (20.45
to 20.09 mmol/L), P = 0.003], and HOMA-IR (mean difference: 20.66; 95% CI: 21.06 to 20.26,
P = 0.001) following vitamin D supplementation and significant increase in serum 25-hydroxyvitamin
D levels [overall increase of 17 6 2.4 ng/mL (42 6 6 nmol/L)].

Conclusions: Vitamin D supplementation, aminimumdose of 100mg/d (4000 IU/d), may significantly
reduce serum FPG, HbA1c, and HOMA-IR index, and helps to control glycemic response and improve
insulin sensitivity in type 2 diabetic patients. (J Clin Endocrinol Metab 102: 3097–3110, 2017)

Type 2 diabetes has become a global health care
problem. In North America, 57% of the total health

care expenditure was spent on diabetes-related events in
2010, and it is estimated to grow by 34% between 2010

and 2030 (1). With its increasing prevalence and the high
cost of treatment, diabetes places a remarkable economic
burden on many countries (2). In Canada, diabetes
prevalence rate was 9.2% in 2016, with the economic
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burden of $3.4 billion, which is estimated to increase to
41% by 2026 (3). Diabetes contributes to 30% of stroke,
40% of heart attacks, 50% of kidney failure requiring
dialysis, and 70% of nontraumatic lower limb amputa-
tions, and is a leading cause of blindness (4). A quarter of
Canadians with diabetes indicate that cost of treatment
influences their adherence (5). Low-cost treatments are
needed to reduce morbidity, long-termmedical costs, and
mortality (6).

Emerging evidence demonstrates that vitamin D
supplementation may play a role in the prevention of
type 2 diabetes. Vitamin D deficiency is involved in
abnormal glucose metabolism, altered insulin secretion,
and type 2 diabetes (7–10). Vitamin D deficiency is
common in type 2 diabetes (11). Mitri et al. (7) found
that even a slight increase in vitamin D intake [from
,5 mg/d (200 IU/d) to 12.5 mg/d (.500 IU/d)] decreased
the risk of type 2 diabetes by 13%. Likewise, compared
with patientswith serum25-hydroxyvitaminD [25(OH)D]
levels ,14 ng/mL (35 nmol/L), individuals with levels
.25 ng/mL (62.5 nmol/L) had 43% lower risk of
developing type 2 diabetes. Vitamin D deficiency might
induce glucose resistance through impairing insulin
secretion. Supplementation with vitamin D has been
demonstrated to contribute to optimized glucose ho-
meostasis in patients with type 2 diabetes (12–14).

Mechanistically, vitamin D provides protection from
diabetes-related complications through its anti-inflammatory
and immune-modulatory effects (15, 16), as well as atten-
uating the expression of proinflammatory cytokines involved
in insulin resistance like interleukin-1 and interleukin-6
(17). At a cellular level, the active form of vitamin D,
1,25-dihydroxyvitaminD, regulates expression of the insulin
receptor gene (18, 19), facilitates glucose transport into
muscle cells (20), and suppresses renin gene expression fol-
lowing hyperglycemia by blocking renin–angiotensin activity
(21, 22). In addition, elevation of parathyroid hormone in
response to vitamin D deficiency may also reduce insulin
release from pancreatic b cells (23).

Despite promising results in longitudinal observa-
tional studies, demonstrating the inverse association
between serum 25(OH)D status and type 2 diabetes,
results of clinical trials with vitamin D have been in-
conclusive. In the systematic reviews conducted by
George et al. (24), Pittas et al. (14), and Mitri et al. (7),
there was an improvement in fasting plasma glucose
(FPG) and insulin resistance, when they investigated the
patients with diabetes or impaired glucose tolerance,
rather than the healthy population. Still, the potential
benefits of vitamin D supplementation on glycemic
control and insulin sensitivity are debated by others
(25–27). The lack of appropriate evidence for the ben-
eficial effects of vitamin D might be attributed to

suboptimal dosing (28, 29), short duration of supple-
mentation (30, 31), small sample size (28, 29, 32), and
comorbid conditions like obesity (33). Obesity is asso-
ciated with systemic low-grade inflammation leading to
insulin resistance and metabolic disorders such as di-
abetes (34). Several studies have reported that vitamin D
improves insulin sensitivity and decreases inflammation
(14, 35). Obese individuals are more likely to be vitamin
D deficient, and need two to three times higher doses of
vitamin D supplementation for repletion (36). Each unit
(kg/m2) increase in body mass index (BMI) is associated
with a 1.15% decrease in serum 25(OH)D concentra-
tions (37).

Current evidence is inconclusive, and it remains unclear
whether vitamin D supplementation through clinical trials
has a favorable effect on glycemic control in patients with
type 2 diabetes. The objective of the current review was to
resolve the uncertainty by systematically reviewing the
literature and performing a meta-analysis of randomized
controlled trials investigating the effects of vitamin D
supplementation in type 2 diabetic patients on glycemic
parameters, including FPG, homeostaticmodel assessment
of insulin resistance (HOMA-IR), and glycosylated
hemoglobin (HbA1c).

Materials and Methods

Literature search strategy
We designed this study according to the Preferred Reporting

Items for Systematic Reviews andMeta-Analysis Guidelines (38,
39). The protocol for our systematic review was registered with
the International Prospective Register of Systematic Reviews,
PROSPERO (registration CRD42017059555). The main expo-
sure of interest was serum 25(OH)D concentration following
vitamin D supplementation, and outcomes of interest were
changes in HbA1c, FPG, and HOMA-IR levels subsequent to
vitaminD administration and increased serum 25(OH)D levels in
patients with type 2 diabetes. A comprehensive literature search
[PubMed/Medline (Medical Literature Analyses and Retrieval
System Online), Cochrane Central Register of Controlled Trials,
and Cumulative Index to Nursing and Allied Health] was per-
formed to identify articles from January 2000 until January 2017
that assessed the effect of vitaminD supplementation on glycemic
measures in patients with type 2 diabetes.

Search terms included “type 2 diabetes mellitus” (or
“HbA1c” or “hyperglycemia” or “insulin resistant” or “glu-
cose’’) and “vitamin D” (or “vitamin D3” or “cholecalciferol”
or “25 hydroxyvitamin D” or “vitamin D deficiency”) in the
title or abstract. The reference lists of the retrieved articles were
scanned for additional eligible studies. An e-mail was sent to the
correspondence author for additional data when relevant. Two
authors (N.M. and M.M.) performed the initial screening of
titles and abstracts.

Selection criteria
We reviewed all randomized control trials (RCTs) evaluating

the effect of vitamin D administration on glycemic measures.
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Eligible studies met the following criteria: (1) Study was placebo
controlled; (2) study population was patients with type 2 di-
abetes; (3) participants were $18 years; (4) interventions were
vitamin D supplementation with/without calcium supplemen-
tation vs placebo; (5) vitamin D supplementation dose was daily
or weekly; (6) trial length was$2 months; (7) serum 25(OH)D
levels and at least one of the glycemic measures (HbA1c, FPG,
HOMA-IR) were reported at the beginning and at the end of the
trial for both treated and control groups; and (8) study was
published in English. Exclusion criteria were as follows: (1)
nonclinical studies, observational studies, case-control or cross-
sectional studies; (2) studies with insufficient information on
outcomes, after the corresponding author was contacted; (3)
narrative reviews, comments, opinion pieces, methodological
reports, editorials, and letters; (4) study populations of healthy
individuals, gestational diabetics, individuals with diabetic
nephropathy, type 1 diabetics, and prediabetics; (5) intervention
periods of,2 months; (6) vitamin D supplementation provided
as a monthly or a single bolus dose; and (7) study performed in
children (,18 years). Following the screening of titles and
abstracts, duplicates were removed by two authors (N.M. and
M.M.). Study selection, based on meeting the inclusion criteria,
was approved by another author (S.M.K.). Any disagreements
between the authors were resolved through discussion with the
fourth author (H.V.) (Fig. 1).

Data extraction and management
Data were extracted by two authors (N.M., M.M.). Fol-

lowing assessment of methodological quality of the trials by the

first and second reviewers (N.M. and M.M.), extracted data were
approvedby theother reviewers (S.M.K. andH.V.).Data extracted
from each study included the following items: first author, refer-
ence, year of publication, country of study, study design, inclusion
criteria, sample size, form of vitamin D, dose and frequency of
vitamin D supplementation, method used for serum 25(OH)D
measurement, any cosupplementation, calcium dose (if coad-
ministered), control group, duration of supplementation, partici-
pants’ characteristics [sex (n, % male), age, weight, BMI],
comorbidities, baseline, and follow-up serum 25(OH)D levels and
outcome measures (HbA1c, FPG, HOMA-IR).

Any further necessary calculation on study data, such as
converting measuring units or calculating standard deviation
(SD), was conducted by the first author (N.M.) and checked by
another author (M.M.). Serum 25(OH)D levels were collated in
nmol/L; a multiplication factor of 2.5 was used to convert
25(OH)D levels respectively from ng/mL to nmol/L (40). Plasma
glucose levels were collated in mmol/L; we used a multiplication
factor of 0.0555 to convert glucose levels respectively frommg/dL
to mmol/L, as appropriate (41).

Quality assessment
The quality of selected RCTs was assessed by two authors

(N.M., M.M.) using a checklist from the Cochrane Collabo-
ration (42). The major criteria of the checklist were randomi-
zation, double blind (both patients and researcher/assessor),
comparability of treatment groups, available follow-up in-
formation, if intent-to-treat analysis applied, and equal treat-
ment used for treatment groups. The detailed checklist has been

presented in the Cochrane Collaboration
(42). Each criterion might be answered in
three ways: yes (adequate information), no
(inadequate information), or unclear in-
formation. Criteria answered with (1) yes,
scored one point; (2) no, scored zero points;
or (3) unclear information, scored as U and
zero points. A total score was summed for
each study. A study was considered good
quality with a total score $9 points.

Data synthesis and
statistical analysis

For each study, the effect size was cal-
culated using the mean change from base-
line in glycemic measures and SD for both
treatment and control groups (42). The net
change in eachmeasurement was calculated
by subtracting the mean measure at base-
line from themeanmeasure at the end of the
follow-up (43). SD was calculated using
the standard error (SE) of the mean via the
following formula: SD = SE of the mean 3
square root (n), where n is the number of the
subjects (43). When SD of mean change for
an outcome measure was not reported, we
derived SD of mean change as the mean of
the baseline and follow-up SDs for each
group (24). If a study included more than
two intervention groups, the highest dose of
vitamin D supplementation was selected
and its data presented in comparison with
the placebo (control) group. If studies

Figure 1. Study selection flow diagram (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis).
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compared both vitamin D and/or calcium supplementation vs
placebo, they were treated as multiple studies (i.e., vitamin D vs
placebo and vitamin D plus calcium vs placebo).

Analyses were performed using Comprehensive Meta-
Analysis V3 software (Biostat 2014, Englewood, NJ) (44).
Random-effects models (DerSimonian-Lairdmethod)were used
to estimate expected heterogeneity of outcomes (45). Hetero-
geneity was assessed using I2 index with I2 values $50%
corresponded to the use of random-effects model, and the
values .60% to 70% indicated substantial heterogeneity (46).
The effect size was reported using standardized mean difference
with a 95% confidence interval (CI). Significance was consi-
dered a P value ,0.05. A sensitivity analysis was performed
using the leave-one-out method (removing one study each time
and repeating the analysis) (47). To address the impact of
unique populations, we removed the nine clinical trials con-
ducted in Iran and repeated the meta-analysis.

Publication bias
Potential publication bias was assessed using a visual in-

spection of Begg funnel plot asymmetry and Egger weighted
regression tests (48). The Duval and Tweedie trim-and-fill
method was used to adjust the analysis for the effects of pub-
lication bias (49).

Subgroup analysis
To address heterogeneity among study populations, sub-

group analyses were performed as follows: coadministration of
calcium vs vitamin D supplementation alone; vitamin D in-
sufficiency vs sufficiency (50) at the beginning of the trial [serum
25(OH)D level ,20 ng/mL (,50 nmol/L) vs $ 20 ng/mL
($50 nmol/L)]; and normal vs high body weight status [normal
(BMI ,25 kg/m2) vs overweight and obese (BMI $25 kg/m2)].
Where applicable, we examined changes in weight and BMI
over time, following vitamin D supplementation.

Results

Summary of searches and study selection process
A total of 844 unique citations was identified through

searches, of which 256 records remained after removal of
duplicates. After screening via titles and abstracts, 108
articles remained for further evaluation. Following fur-
ther evaluation, 84 more articles were excluded for the
following reasons: study design was not RCT (n = 13),
conducted in healthy population or prediabetics (n = 28),
duration of follow-up was too short (,2 months) (n = 6),
monthly or single bolus dose of vitamin D supplemen-
tation (n = 6), studies conducted in children or pregnant
women (n = 19), insufficient information of vitamin D
status at the beginning of the intervention and/or at the
end of the trial (n = 12). For three studies, an e-mail
request for additional data was sent to corresponding
author of each study, but with no response these studies
were removed from further analysis. Therefore, a total
of 24 clinical trials including 1528 participants with type
2 diabetes was included in the current meta-analysis
(Fig. 1).

Characteristics of the included studies
Detailed information of the included studies is sum-

marized in Table 1 (12, 28–33, 51–65). There were 24
studies published between 2009 and 2016 that met the
inclusion criteria from different countries, including
United States of America (n = 1), East Asia (n = 2), South
East Asia (n = 1), South West Asia (n = 1), Australia and
New Zealand (n = 2), Iran (n = 9), other Middle East
countries (n = 3), Israel (n = 1), Europe (n = 3), and
Nigeria (n = 1). All were randomized placebo-controlled
trials, including three studies that compared vitamin D–

fortified yogurt with plain yogurt (placebo) (52, 56,
65). One study used a combination of vitamin D and
200 mg/d calcium vs 200 mg/d calcium alone (58); and
one study compared a higher dose of vitamin D [30 mg/d
(1200 IU/d)]with a lower dose placebo [10mg/d (400 IU/d)]
(29). With the exception of two studies that included
only women participants (12, 65), all studies included
bothmen and women. Mean age varied from 40 to 67
years (28, 61). At the beginning of the trial, mean
serum 25(OH)D levels varied from 7 ng/mL (17 nmol/L)
(55) to 34 ng/mL (84 nmol/L) (51) in the intervention
group. Serum 25(OH)D concentration was measured
using radioimmunoassay (n = 6) (12, 32, 33, 57, 59),
high-performance liquid chromatography (n = 4) (51, 52,
55), chemiluminescence immunoassay (n = 5) (54, 60, 62,
64), liquid chromatography mass spectrometry (n = 1)
(53), and enzyme-linked immunosorbent assay (n = 6)
(29–31, 51, 63, 65), and the method was not reported for
two studies (28, 61).

Eleven studies included only type 2 diabetic patients
who were vitamin D insufficient based on the Institute of
Medicine [serum 25(OH)D ,20 ng/mL (,50 nmol/L)]
(51) at the beginning of the trial (12, 29, 31, 53, 55, 57,
58, 60–63). Five studies included overweight and obese
(BMI$25 kg/m2) diabetic patients (28, 33, 54, 59, 60). A
range of vitamin D doses, from 10 mg/d (400 IU/d) to 212
mg/d (8500 IU/d), was administered in these trials (61,
64). Six studies includedweekly doses of vitaminD rather
than daily supplementation (32, 33, 51, 57, 61, 63).

Calcium was coadministered with vitamin D in five
studies (33, 52, 56, 58, 61). Duration of vitamin D
supplementation ranged from 2 months to 12 months
(28, 33, 54, 57). As the main exposure of interest, we
looked into serum 25(OH)D concentration following
vitamin D supplementation. The mean change in serum
25(OH)D levels between the intervention and control
groups is summarized for each study in Supplemental
Fig. 1. Except for one study conducted by Anyanwu et al.
(55), all studies reported a significant increase in serum
25(OH)D levels in the intervention group compared with
the placebo group. Following the consumption of an
average of 105 mg/d (4200 IU/d) vitamin D, compared
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with placebo, there was an overall increase of 17 6 2.4
ng/mL (42 6 6 nmol/L) in serum 25(OH)D levels. Be-
cause the mean of vitamin D supplementation dose across
all included studies was 1026 61 mg/d (40746 2450 IU/d)
and the median 106 mg/d (4250 IU/d), a minimum dose of

100 mg/d (4000 IU/d) was recommended for vitamin D–
lowering effect on glycemic measures (24).

BMI and its change over time were reported in 14 trials
(28–33, 52, 53, 57, 58, 61–65). Following vitamin D sup-
plementation, there was a slight decrease in BMI, compared

Table 1. Characteristics of Included Studies

Reference Location N Study Population
Mean
Age

%
Male

Duration
of Trial Vitamin D Dose

Control
Group

Other
Treatments

Treated Group
25(OH)D ng/mL

(nmol/L)

Outcomes
Measured

25(OH)D
Assay
MethodBaseline

End of
Study

von Hurst
et al. (12)

New
Zealand

81 Insulin resistant,
vitamin D
deficient ,50

45 0 6 months 100 mg/d (4000
IU/d)

Placebo 8 (21) 32 (80) FPG, HOMA-
IR

RIA

Nasri
et al. (51)

Iran 60 T2DM 55 28 12 weeks 50,000 IU/wk
(;178 mg/d/
7140 IU/d)

Placebo 34 (84) 66 (164) HbA1c ELISA

Shab-Bidar
et al. (52)

Iran 100 T2DM 48 43 12 weeks 25 mg/d (1000 IU/d)
(D3-fortified
yogurt drink)

Placebo
(yogurt
drink)

Calcium (340
mg/d), oral
hypoglycemic
medication

15 (38) 29 (72) HbA1c, FPG HPLC

Breslavsky
et al. (28)

Israel 47 T2DM, overweight
& obese

67 23 12 months 25 mg/d (1000 IU/d) Placebo 13 (32) 19 (47) HbA1c, FPG NA

Al-Sofiani
et al. (53)

Saudi
Arabia

20 Insulin resistant,
vitamin D
deficient (,50
nmol/L)

48 75 12 weeks 125 mg/d (5000
IU/d)

Placebo 10 (25) 36 (91) HbA1c, FPG,
HOMA-IR

LC-MS/MS

Yousefi Rad
et al. (54)

Iran 58 T2DM, overweight 45 38 2 months 100 mg/d (4000
IU/d)

Placebo 16 (39) 28 (69) HbA1c, FPG,
HOMA-IR

CLIA

Anyanwu
et al. (55)

Nigeria 42 T2DM, vitamin D
deficient (,50
nmol/L)

50 43 12 weeks 75 mg/d (3000 IU/d) Placebo 7 (17) 8 (19) HbA1c, FPG HPLC

Nikooyeh
et al. (56)

Iran 60 T2DM 45 39 12 weeks 25 mg/d (1000 IU/d)
(D3-fortified
yogurt drink)

Placebo
(yogurt
drink)

17 (42) 31 (78) HbA1c, FPG,
HOMA-IR

HPLC

Nikooyeh
et al. (56)

Iran 60 T2DM 45 39 12 weeks 25 mg/d (1000 IU/d)
(D3-fortified
yogurt drink)

Placebo
(yogurt
drink)

Calcium
(500 mg/d)

17 (42) 30 (75) HbA1c, FPG,
HOMA-IR

HPLC

Patel et al.
(29)

US 24 T2DM, vitamin D
deficient (,62.5
nmol/L)

57 29 4 months 30 mg/d (1200 IU/d) 400 IU/d D3 17 (42) 28 (69) HbA1c, FPG ELISA

Tabesh et al.
(57)

Iran 60 T2DM, nonsmoker,
vitamin D
deficient (,75
nmol/L)

50 48 2 months 50,000 IU/wk
(;178 mg/d/
7140 IU/d)

Placebo Calcium placebo 11 (28) 32 (80) HbA1c, FPG,
HOMA-IR

RIA

Tabesh et al.
(57)

Iran 60 T2DM, nonsmoker,
vitamin D
deficient (,5
nmol/L)

50 48 2 months 50,000 IU/wk
(;178 mg/d/
7140 IU/d)

Placebo
(vitamin D
& calcium)

Calcium
(1000 mg/d)

12 (30) 30 (75) HbA1c, FPG,
HOMA-IR

RIA

Yiu et al. (30) Hong Kong 100 T2DM 66 50 12 weeks 125 mg/d (5000
IU/d)

Placebo 8 (21) 58 (146) HbA1c, FPG ELISA

Jorde &
Figenschau
(32)

Norway 32 T2DM 48 56 6 months 40,000 IU/wk
(;143 mg/d/
5715 IU/d)

Placebo 24 (60) 47 (118) HbA1c, FPG,
HOMA-IR

RIA

Ryu et al. (58) Korea 129 T2DM, vitamin D
deficient (,50
nmol/L)

49 61 24 weeks 50 mg/d (2000 IU/d) 200 mg/d
calcium

Calcium
(200 mg/d)

11 (27) 30 (76) HbA1c, FPG,
HOMA-IR

CLIA

Kampmann
et al. (31)

Denmark 16 T2DM, vitamin D
deficient (,50
nmol/L)

Over
18

50 12 weeks 11,200 IU/d for 2
wk then 5600 IU/
d for 10 wk (;23
mg/d/ 933 IU/d)

Placebo 12 (31) 42 (105) HbA1c, FPG ELISA

Elkassaby
et al. (59)

Australia 50 T2DM, obese 53 42 6 months 150 mg/d (6000
IU/d)

Placebo 24 (59) 51 (128) HbA1c, FPG,
HOMA-IR

RIA

Sadiya et al.
(60)

Emirates 87 T2DM, vitamin D
deficient (,50),
obese

45 18 6 months 6000 IU/d for 3 mo
then 3000 IU/
d for 3mo (;112
mg/d/4500 IU/d)

Placebo 11 (28) 25 (62) HbA1c, FPG CLIA

Jorde et al.
(33)

Norway 88 T2DM or impaired
glucose tolerance,
obese

45 43 1 year 40,000 IU/wk
(;143 mg/d/
5715 IU/d)

Placebo Calcium
(500 mg/d)

24 (60) 49 (123) HbA1c, FPG,
HOMA-IR

RIA

Kota et al.
(61)

India 30 T2DM, TB, vitamin D
deficient (,50
nmol/L)

40 66 12 weeks 60,000 IU/wk
(;214 mg/d/
8571 IU/d)

Placebo Calcium (1000
mg/d), anti-TB
medication

18 (45) 26 (64) FPG, HbA1c NA

Dalan et al.
(62)

Singapore 61 T2DM, vitamin D
deficient (,50
nmol/L)

53 54 16 weeks 4000 IU/d for 8 wk
then 2000 IU/
d for 8 wk (;75
mg/d/3000 IU/d)

Placebo 18 (45) 32 (79) HbA1c CLIA

Al-Zahrani
et al. (63)

Saudi
Arabia

183 T2DM, vitamin D
deficient (,50
nmol/L)

55 49 3 months 45,000 IU/wk for 2
mo then 1 bolus
45000 IU (;161
mg/d/6429 IU/d)

Placebo 10 (25) 33 (83) FPG, HbA1c ELISA

Ghavamzadeh
et al. (64)

Iran 51 T2DM 51 41 14 weeks 10 mg/d (400 IU/d) Placebo 8 (21) 18 (46) HbA1c CLIA

Jafari et al.
(65)

Iran 59 T2DM,
postmenopausal
women

57 0 12 weeks 50 mg/d (2000 IU/d)
(D3-fortified
yogurt)

Placebo
(plain
yogurt)

25 (62) 35 (87) HbA1c, FPG,
HOMA-IR

ELISA

Abbreviations: CLIA, chemiluminescence immunoassay; ELISA, enzyme-linked immunosorbent assay; HPLC, high-performance liquid chromatography;
LC-MS/MS, liquid chromatography mass spectrometry; RIA, radioimmunoassay; T2DM, type 2 diabetes mellitus; TB, tuberculosis.
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with the placebo (20.19 kg/m2; 95% CI: 20.34 to 20.04,
P = 0.01) (Supplemental Fig. 2). Body weight information
was available for five studies (52, 56, 60, 64, 65). Vitamin
D–supplemented individuals did not show any significant
change in body weight, relative to individuals in the placebo
groups (20.51 kg; 95% CI: 21.32 to 0.30, P = 0.2).

Risk of bias assessment
All included studies had a low risk of bias according to

randomization, allocation concealment, and compara-
bility of intervention groups at the beginning of the trial
and equal treatment of intervention groups. However,
there was a lack of information about intention-to-treat
analysis. The quality assessment of the included trials
resulted in 17 of 22 studies showing good quality, with
the Cochrane score $9 (28, 30, 31, 33, 51–54, 56–60,
62–65) (Supplemental Table 1).

Pooled estimate of the effect of vitamin D on
glycemic measures

Effect on HbA1c
There were 23 studies with sufficient data to be in-

cluded in the meta-analysis to measure the overall effect
of vitamin D supplementation and improved serum
25(OH)D status on HbA1c (28–33, 51–65). The total

number of included diabetic patients was 1477; of these,
746 received vitamin D supplementation with or without
calcium, and 731 patients received placebo. Ten of 23
studies reported a significant reduction in HbA1c after
vitamin D supplementation compared with placebo (51,
54, 55–57, 59, 61, 64, 65). Three additional studies
showed a decreasing trend in themean change ofHbA1c in
the vitamin D group compared with the placebo group;
however, these differences were not statistically significant
(52, 53, 60).

Based on a random-effect meta-analysis, comparing
the mean change in HbA1c from baseline between vi-
tamin D–supplemented and placebo groups, the overall
effect was a significant reduction in HbA1c after vitamin
D supplementation (standardized difference in mean:
20.30%; 95% CI: 20.45 to 20.15, P , 0.001) (Fig. 2).

In three studies, coadministration of vitamin D with
calcium led to a significant decrease in HbA1c in the
treated group vs placebo group (56, 57, 61). There was a
significantly greater reduction in the mean change of
HbA1c in the vitamin D with calcium of 20.50% 6 0.2
(95% CI: 20.89 to 20.09, P = 0.01) compared with
vitamin D group of 20.25% 6 0.08 (95% CI: 20.41
to 20.09, P = 0.003; Table 2). In a subgroup analysis
based on BMI at the beginning of the trial (,25 kg/m2 as
nonobese vs $25 kg/m2 as obese), a significantly greater

Figure 2. Mean difference in the change of HbA1c (%) for vitamin D–supplemented and control groups. Data from (12, 28–32, 52–66).
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mean reduction in HbA1c was observed in nonobese
participants (20.34%; 95% CI: 20.51 to 20.18,
P, 0.001) compared with obese group (20.16%; 95%
CI: 20.45 to 0.13, P = 0.2). The average vitamin D sup-
plementation dose in obese patients was 4220 IU/d, and,
although still below the optimal level (40 ng/mL), serum
25(OH)D levels doubled (from 18 to 34 ng/mL). Serum
25(OH)D level at baseline [,20 ng/mL (,50 nmol/L)
vs $20 ng/mL ($50 nmol/L)] did not affect the changes
in HbA1c after vitamin D supplementation (Table 2).

Risk of bias assessment based on inclusion of the
studies that were characterized as good quality, based
on Cochrane score$9, did not change the overall result
(mean change: 20.31; 95% CI: 20.47 to 20.15, P ,

0.001). Heterogeneity was present (I2 = 96%), and
visual inspection of funnel plot symmetry did suggest
potential publication bias [Fig. 3(a)], which was con-
firmed by Egger’s linear regression (intercept = 22.6;
SE = 1.03; 95% CI: 24.75 to 20.43, t = 22.5, P =
0.02). We adjusted the effect size for potential publi-
cation bias using the trim and fill correction (with no

potentially missing study to be imputed in the funnel
plot) and found an overall reduction in HbA1c with
vitamin D supplementation (with or without calcium)
of 0.30% [95% CI: 20.45 to 20.15, P , 0.001;
Fig. 3(b)].

Effect on FPG
There were 21 studies that reported FPG as an outcome

measure (12, 28–33, 52–61, 63, 65). Six studies reported a
significant reduction in FPG (52, 54, 56, 61, 63, 65),
whereas three studies demonstrated a decreasing trend in
FPG after vitamin D supplementation (55, 59, 60).

A pooled meta-analysis including 1386 patients with
type 2 diabetes (n = 701 treated with vitamin D and
n = 685 with placebo) was performed to compare the
mean change in FPG between the beginning and the end
of study. Vitamin D supplementation resulted in a sig-
nificant reduction of FPG with a standardized mean
difference of 24.9 mg/dL (20.27 mmol/L) [95% CI:
28.2 to 21.7 (20.45 to 20.09 mmol/L), P = 0.003, I2 =
52%; Supplemental Fig. 3].

Table 2. Meta-Analysis and Subgroup Analysis of Primary and Secondary Outcomes

Subgroup Analysis No. of Study

No. of Subjects

Mean Difference (95% CI) P ValueVitamin D Placebo

Concomitant use of Ca
HbA1c (%)
D vs placebo 18 643 642 20.25 6 0.08 (20.41 to 20.09) 0.003
D + Ca vs placebo 6 239 228 20.50 6 0.2 (20.89 to 20.09)a 0.01

FPG (mg/dL)
D vs placebo 16 598 596 26.7 6 2.2 (211.0 to 22.2) 0.003
D + Ca vs placebo 6 239 228 29.5 6 4.9 (218.9 to 20.2)a 0.04

HOMA-IR
D vs placebo 8 212 208 20.62 6 0.3 (21.2 to 20.05) 0.03
D + Ca vs placebo 4 174 163 20.69 6 0.3 (21.34 to 20.04) 0.04

Obesity
HbA1c (%)
Obese 5 173 157 20.16 6 0.15 (20.45 to 0.132) 0.2
Nonobese 19 709 713 20.34 6 0.08 (20.51 to 20.18)a , 0.001

FPG (mg/dL)
Obese 5 173 157 25.0 6 1.8 (28.6 to 21.3) 0.009
Nonobese 17 664 667 28.1 6 2.7 (213.3 to 22.7)a 0.003

HOMA-IR
Obese 3 104 92 20.28 6 0.16 (20.60 to 0.04) 0.09
Nonobese 9 388 389 20.74 6 0.26 (21.25 to 20.22)a 0.005

25(OH)D level at baseline
HbA1c (%)
,20 ng/mL 12 382 381 20.29 6 0.13 (20.55 to 20.03) 0.02
$20 ng/mL 12 500 489 20.29 6 0.09 (20.46 to 20.12) 0.001

FPG (mg/dL)
,20 ng/mL 11 367 365 21.1 6 1.4 (24.0 to 1.6) 0.4
$20 ng/mL 11 470 459 28.6 6 2.7 (213.9 to 23.4)a 0.001

HOMA-IR
,20 ng/mL 6 312 313 20.43 6 0.29 (20.99 to 0.14) 0.1
$20 ng/mL 6 180 168 20.82 6 0.32 (21.44 to 20.20)a 0.01

Abbreviation: Ca, calcium.
aSignificant difference between groups (t-test, P , 0.05).
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No evidence of publication bias was detected using
funnel plot [Supplemental Fig. 4(a)] or Egger’s test (in-
tercept = 20.53; SE = 0.43; 95% CI: 21.44 to 0.37,
t =21.24, P = 0.23). Effect size was adjusted for potential
publication bias (trim and fill correction) with no po-
tentially missing study to be imputed in the funnel plot.
The adjusted effect size of vitamin D supplementation on
FPG was 24.9 mg/dL (20.27 mmol/L) [95% CI: 28.2
to 21.7 (20.45 to 20.09 mmol/L), P = 0.003; Supple-
mental Fig. 4(b)]. The result did not differ when only the
good quality studies (Cochrane score $9) were assessed
[mean change of 25.0 mg/dL (20.28 mmol/L); 95% CI:
28.8 to 21.4 (20.49 to 20.08 mmol/L), P = 0.006].

Subgroup analysis of FPG is shown in Table 2. Co-
administration of calcium significantly promoted the
effect of vitamin D supplementation on FPG. Patients
supplemented with both vitamin D and calcium dem-
onstrated greater reduction in FPG [29.5 mg/dL
(20.53 mmol/L); 95% CI: 218.9 to 20.2 (21.05
to 20.01 mmol/L), P = 0.04] compared with those who
received vitamin D alone [26.7 mg/dL (20.37 mmol/L);
95% CI: 211.0 to 22.2 (20.61 to 20.12 mmol/L),
P = 0.003]. Nonobese patients showed a greater reduction
in FPG [28.1 mg/dL (20.45 mmol/L); 95% CI: 213.3
to 22.7 (20.74 to 20.15 mmol/L), P = 0.003] compared
with obese group [25.0 mg/dL (20.28 mmol/L); 95% CI:
28.6 to21.3 (20.48 to20.07 mmol/L), P = 0.009]. The
impact of vitamin D supplementation on FPG was
influenced by serum 25(OH)D status at the beginning
of the intervention. Diabetic patients who were vitamin
D insufficient at baseline did not show any significant
reduction in FPG after vitamin D supplementation
[21.1 mg/dL (20.06 mmol/L); 95% CI: 24 to 21.6
(20.22 to 0.09 mmol/L), P = 0.4), but those with serum
25(OH)D level $20 ng/mL ($50 nmol/L) had a sig-
nificant reduction in FPG over time [28.6 mg/dL

(20.48 mmol/L); 95% CI: 213.9 to 3.4 (20.77 to
20.19 mmol/L), P = 0.001].

Effect on insulin resistance (HOMA-IR)
Twelve studies provided sufficient data to measure the

overall effect of vitamin D supplementation on insulin
resistance using HOMA-IR (12, 32, 33, 53, 54, 56–59,
65). The total number of included diabetic patients was
757, of whom 386 were included in the vitamin D group
and 371 in the placebo group. Seven of the 12 studies
observed a significant reduction in insulin resistance after
vitamin D intervention compared with placebo (12, 33,
54, 56, 57, 65) and five did not.

We found a significant lowering effect of vitamin D
supplementation on insulin resistance compared with
controls (standardized difference in means: 20.66; 95%
CI: 21.06 to 20.26, P = 0.001; Supplemental Fig. 5).

Asymmetry of funnel plot was suggestive of potential
publication bias [Supplemental Fig. 6(a)], but Egger’s
test did not find a publication bias (intercept = 21.76;
SE = 2.6; 95% CI:27.5 to 3.98, t =20.68, P = 0.51). To
evaluate potential publication bias, the effect size was
adjusted using the trim and fill correction, and one
missing study was imputed in the funnel plot [Supple-
mental Fig. 6(b)]. The adjusted mean difference was
20.72 (95% CI: 21.11 to 20.33, P , 0.001).

Calcium was coadministered with vitamin D in four
studies (33, 56–58) with no significant effect on HOMA-
IR changes (Table 2). Obesity inversely influenced insulin
resistance. The reduction in HOMA-IR was significant in
nonobese (20.74; 95% CI: 21.25 to 20.22, P = 0.005)
but not in obese participants (20.28; 95% CI: 20.60 to
0.04,P = 0.09). The impact of vitaminD supplementation
on insulin resistance was influenced by baseline serum
25(OH)D status. Patients who were vitamin D insufficient
at baseline did not show any significant reduction in

Figure 3. Funnel plot detailing publication bias in the selected studies for HbA1c analysis. (a) Funnel plot of SE by standardized mean difference;
closed circles represent observed published studies. (b) Trim-and-fill method to impute for potentially missing studies; open circles represent
observed published studies.
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HOMA-IR after vitaminD supplementation (20.43; 95%
CI: 20.99 to 0.14, P = 0.1), whereas HOMA-IR was
significantly reduced in those with serum 25(OH)D
levels $20 ng/mL ($50 nmol/L) (20.82; 95% CI: 21.44
to 20.20, P = 0.01).

Sensitivity analysis
Using the leave-one-out method, the pooled effect of

vitamin D supplementation on HbA1c, FPG, and
HOMA-IR remained similar across all included studies.
This confirmed that the significant effect of vitamin D
supplementation on glycemic measures was the overall
effect of all included studies.

After removing the nine trials conducted in Iran,
HbA1c (20.105%; 95%CI:20.27 to 0.06,P = 0.2), FPG
(21.6 mg/dL; 95% CI: 24.47 to 1.35, P = 0.2), and
HOMA-IR (20.09; 95%CI:20.41 to 0.23,P = 0.4) were
not significantly reduced following vitamin D supple-
mentation compared with the placebo. Removing these
studies decreased the power such that 69.5%, 67.0%,
and 52.8% of the population remained for HbA1c, FPG,
and insulin, respectively. However, glycemic parameter
changes were in the same direction with vitamin D
supplementation.

Discussion

We conducted a systematic review andmeta-analysis of
24 RCTs to determine the efficacy of vitamin D sup-
plementation on glycemic control and insulin sensi-
tivity in diabetic patients. This unique meta-analysis
was comprised of well-designed clinical trials centered
on diabetic patients from diverse countries with high
prevalence of vitamin D deficiency and poorly con-
trolled type 2 diabetes. Extended follow-up periods
(average of 7 months) and high daily doses (average of
4200 IU/d) increased the chances of achieving physi-
ologically favorable levels of serum 25(OH)D (100 to
130 nmol/L), which is essential for better glycemic
controls. Our meta-analysis found that vitamin D
supplementation and subsequent increased serum 25
(OH)D levels improved glucose control and insulin
resistance in type 2 diabetic patients. Significant re-
ductions in HbA1c, FPG, and HOMA-IR were found
with vitamin D supplementation.

Overall, vitamin D supplementation seems to be ef-
ficacious as an adjuvant treatment of diabetes-related
glucose metabolism disorders. The results of the cur-
rent meta-analysis suggest that a minimum dose of
100 mg/d (4000 IU/d), which is equivalent to the tolerable
upper intake level of vitamin D for adults (66), is required
to have a protective effect on glucose homeostasis in type
2 diabetic patients.

VitaminD deficiency, like other nutritional deficiencies,
may compromise different body functions like glucose
homeostasis (67). Amajority of diabetic patients have been
found to be vitamin D insufficient (68). Observational
studies demonstrate an inverse association between serum
25(OH)D levels and the incidence of type 2 diabetes (69).
In agreement with our findings, other studies have re-
ported that vitamin D supplementation improves glycemic
control and insulin sensitivity (7, 14, 54, 61, 65).

However, as may be expected with varied study
designs (such as dose, duration, population character-
istics, concomitant medications, etc.), results from
numerous other RCTs have conflicted. A recent meta-
analysis by Krul-Poel et al. (70), for instance, did not
recover any beneficial effect of short-term vitamin D
supplementation in a diverse population with type 2
diabetes. Yet, it is notable that these authors principally
included trials that used single or monthly vitamin D
supplementation, despite evidence that the two are not
equivalent and daily doses are recommended (71). Krul-
Poel et al. (70) also included clinical trials with relatively
short follow-up periods, often ,3 months. This is
particularly problematic because HbA1c has a life span
of ;100 days (72), meaning that any change induced
would take longer to detect. In our meta-analysis,
studies shorter than 2 months in duration were ex-
cluded to account for biology, and the average of follow-
up periods was 7 months. As a result of the study
inclusion criteria, the average vitamin D supplemen-
tation dose in the study by Krul-Poel et al. (70) was
lower than that used in the present meta-analysis
(3600 IU/d compared with 4200 IU/d), and the aver-
age increase in serum 25(OH) levels was less (12 ng/mL
compared with 17 ng/mL).

Krul-Poel et al. (70) did, however, find beneficial effect
of vitamin D in diabetic patients with poor glycemic
control. Previous works had noted that in compromised
conditions (high and poorly controlled HbA1c), vitamin
D supplementation might improve glycemic measures
even with lower doses and shorter period of supple-
mentation (70, 72). The results of our meta-analysis
further corroborate these findings.

Our systematic review showed that baseline vitamin D
insufficiency had a negative influence on glycemic measure
outcomes such that positive outcomes were found with
higher baseline 25(OH)D levels (Table 2). The authors posit
that optimal glucose homeostasis is enabled by a physio-
logical vitamin D status achieved through targeted sup-
plementation and/or regular sun exposure containing
UVB, a level that may be reflected by serum 25(OH)D
concentrations .40 ng/mL (100 nmol/L) (73). In the
current study, we found that 100 mg/d (4000 IU/d) vi-
tamin D was required for efficacy.
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There is evidence that body weight loss improves some
biomarker concentrations, including cholesterol, glucose,
and insulin (74). As such, the positive results observed in
single vitamin D supplementation trials could be seen as a
consequence of energy restriction and weight loss; the
lack of appropriate response in obese individual might
also be related to weight control failure (75). However, a
closer examination of the trials included in our meta-
analysis revealed that there were no significant weight
reductions that could have boosted glycemic control. In
addition, the diet and medications of the supplemented
and placebo groups in the included trials were compa-
rable, and even a slight decrease in BMI over time might
be attributed to improved serum 25(OH)D levels in vi-
tamin D–supplemented group. Significant reductions in
FPG and HOMA-IR were also recorded in obese in-
dividuals; therefore, the lack of a response in obese di-
abetic patients might be related to lack of vitamin D
repletion [serum 25(OH)D levels $75 nmol/L] rather
than controlling weight (25, 76). von Hurst et al. (12)
similarly showed significant improvement in insulin re-
sistance among insulin-resistant women, despite there
being no effect on body weight or C-reactive protein level
after 6 months of 4000 IU/d vitamin D supplementation.
Overall, improved serum 25(OH)D levels have shown
promising results for glycemic control, although other
parameters such as age, season, ethnicity, obesity, and
physical activity level should be taken into consideration.

We found that reductions in HbA1c, FPG, and
HOMA-IR were all significantly greater in nonobese
patients (Table 2). This may be due to the influence of
body mass (fat mass) on the required vitamin D dose to
achieve the same serum 25(OH)D. Maintaining the
physiological levels of serum 25(OH)D [40 (100 nmol/L)
to 52 ng/mL (130 nmol/L)] is essential for many body
organs and their proper function, including the pancreas
and b cell function and, subsequently, glycemic control.
Serum 25(OH)D values .40 ng/mL (100 nmol/L)
require a total vitamin D intake in the range of 100 to
150 mg/day (4000 to 6000 IU/d) in normal populations
(77). Overweight and obese individuals need an average
dose of 150mg/day (6000 IU/d) to achieve serum 25(OH)D
concentrations of 20 ng/mL (50 nmol/L) (36). To obtain
physiological levels, obese individuals require doses in ex-
cess of 150mg/day (two to three times asmuch vitaminD as
normal weight individuals). It is postulated that higher
doses of vitamin D may be required to compensate for
vitamin D trapped in fat mass and/or inadequate vitamin D
status (73, 78, 79).

The recommended vitamin D supplementation dose
suggested by this meta-analysis [100 mg/d (4000 IU/d)] is
likely to result in serum 25(OH)D levels of .40 ng/mL
(100 nmol/L) in normal weight and possibly overweight

patients; however, these doses should be adjusted in obese
diabetic patients (78). The overall increase in 25(OH)D
was substantial at 17 ng/mL (42 nmol/L) (Supplemental
Fig. 1). If we consider that nonobese subjects, who ex-
perience greater increases in 25(OH)D and higher
baseline 25(OH)D concentrations, had improved glyce-
mic control, and the adequate vitamin D dose was found
to be .100 mg/d (4000 IU/d), one may conclude that
studies with inconclusive results simply fail to reach the
physiological vitamin D status. In support, if we look at
the population characteristics of the trials that reported
HbA1c (n = 23), the negative trials included participants
whowere vitamin D insufficient and/or obese (12, 28–33,
52, 53, 58, 60, 62, 63).

The studies included in thismeta-analysiswere not totally
heterogeneous (high I2) and used radioimmunoassay, high-
performance liquid chromatography, chemiluminescence
immunoassay, enzyme-linked immunosorbent assay, and
liquid chromatography mass spectrometry—methods that
are not fully harmonized. Coefficients of variation ranged
between 11% and 25% (80), which may over- or un-
derestimate serum 25(OH)D levels (81). The physiological
25(OH)D concentration may vary based on the method of
measurement. A combined analysis of individual level data
from the studies analyzed in this work may elucidate an
optimal serum 25(OH)D level for glycemic homeostasis as it
would allow the use of standardized 25(OH)D concentra-
tions and to take into account body weight. Overall, type 2
diabetic patients need more vitamin D than what is rec-
ommended for general population recommended daily al-
lowance, for better glycemic control.

The prevalence of vitamin D deficiency is high in both
developed (42% in United States, 32% in Canada, 40%
in Europe) and developing countries (60% in Iran, 85%
in India, 79% in Saudi Arabia) (82–86), although sub-
stantially higher in developing countries. Baz-Hecht and
Goldfine (87) have shown that the vitamin D supple-
mentation improves glucose control and benefits insulin
resistance in different vitamin D–deficient populations.
Yet, the benefits of vitamin D supplementation and im-
proved serum 25(OH)D levels on glycemic control are
better highlighted in developing countries. In the current
meta-analysis, we found improved glycemic control in
different populations, including Iran, Norway, Australia,
India, and Nigeria, suggesting that the effects of vitamin
D are not unique to specific populations.

Vitamin D was found to improve insulin response and
glycemic control. Pancreatic b cell impairment is crucial
for the development and progression of type 2 diabetes
(88). Vitamin D plays an important role in the regulation
of cellular calcium signaling with an indirect effect on
regulating insulin secretion from pancreatic b cells (14,
89, 90). Vitamin D may influence C-peptide secretion, an
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indicator of insulin secretion (91, 92), and suppress renin-
angiotensin activity to preserve b cell function (93). We
found that coadministration of calcium with vitamin D
improved the impact on glycemic measures, which may
be due to the fact that calcium increases insulin sensitivity
and improves glucose homeostasis (94, 95). Moreover,
vitamin D may improve glucose metabolism systemically
through its anti-inflammatory and immunomodulatory
effects (96).

The standard of care for diabetes, established by the
American Diabetes Association, recommends intensive
lifestyle intervention andmetformin for diabetes prevention
(97). Because of insufficient evidence, vitamin D supple-
mentation in diabetic patients was not recommended to
improve glycemic control (98). We compared the changes
from baseline of HOMA-IR, FPG, and HbA1c between
vitamin D (current meta-analysis) and metformin from the
study by Haffner et al. (99) to evaluate the clinical signif-
icance of vitamin D impact on glycemic control. The av-
erage intervention period was 6 to 7 months for vitamin D
and 1 year for metformin; however, the lowering effect of
vitamin D was half of that of metformin for HOMA-IR
(20.66 vs 21.46), similar to that of metformin for FPG
(20.27 mmo/L vs 20.27 mmol/L) and one-third of met-
formin for HbA1c (20.3% vs21%). However, we believe
that vitamin D is not a medication, but, based on our
findings, should be included as an adjunct option to help
improve glycemic control and provide an assortment of
other health benefits.

Although these changes are somewhat modest, con-
sidering the differences in study design, sample size, and
doses of vitamin D among individual clinical trials, the
statistical significance of the pooled data demonstrates its
clinical importance. Furthermore, in nutritional epide-
miology, not all factors can be controlled for to mimic the
real-life situation, and high effect sizes are not expected;
rather, more consistent significance is preferred (100).
Hence, the current meta-analysis provides promising
results for vitamin D as an adjuvant therapy for type 2
diabetes prevention and treatment.

There are several strengths of the current study. Higher
numbers of studies included in this analysis, high-dose
supplementation in more than half of the included studies,
and longer period of trials have added to the value of this
meta-analysis, compared with previous published ones.
This review is based on an up-to-date literature search
representing the most available data on this topic. All
included studies were placebo-controlled randomized
trials with acceptable methodological quality and the least
probable chance of bias. Strength is added by including
three different glycemic outcomes measures: HbA1c, FPG,
andHOMA-IR. Themajority of included studies had been
designed for glycemic outcomes and included studies

covering a diverse population. Furthermore, we relied on
duplicate independent judgment in which two different
reviewers independently performed the systematic review
process. However, limitations exist in that the trials in-
cluded in this review were heterogeneous according to the
type of outcomesmeasured, vitaminD dosage, duration of
supplementation, and comorbid conditions. A few studies
were underpowered (16 to 30 participants per intervention
group). We used random model in meta-analysis to
overcome these limitations. Most of the included studies
did not describe dietary intake and sun exposure con-
tributing to vitamin D synthesis. It was, therefore, difficult
to interpret results based solely on vitamin D supple-
mentation. However, we accounted for this by including
only studies that measured serum 25(OH)D at baseline
and follow-up were included. There were a small number
of studies that used calcium in parallel with vitamin D that
were included in the meta-analysis for which subgroup
analyses were conducted, but statistical significance may
be affected by the number of included studies.

Conclusion

This systematic review showed that vitamin D sup-
plementation can improve glycemic control, through
loweringHbA1c, FPG, andHOMA-IR. Aminimumdose
of 100 mg/d (4000 IU/d), which brings serum 25(OH)D
values to .40 ng/mL (100 nmol/L), is recommended to
improve glycemic measures in type 2 diabetic patients.
It seems that the effect of vitamin D was exerted mainly
through promoting insulin sensitivity, with the major im-
pact of supplementation on the reduction of HOMA-IR.
Our study suggests that vitaminD supplementation could
be recommended as adjunct therapy for patients suffering
from type 2 diabetes. Clinical trials that examine the
effects of vitamin D supplementation with coadminis-
tration of diabetic medications should be considered
for future investigation to give an unequivocal response
to whether vitamin D supplementation can improve
glycemic measures in type 2 diabetic patients.
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