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Context:  The effect of vitamin D supplementation on the risk of type 2 diabetes mellitus 
(T2DM) remains controversial because most randomized controlled trials (RCTs) have been small 
or have reported low doses of vitamin D.

Objective:  To conduct a meta-analysis of RCTs testing vitamin D supplementation in the 
prevention of T2DM.

Data Sources:  Database search of PubMed/MEDLINE, EMBASE, and the Cochrane Library was 
performed by 2 reviewers from inception through September 15, 2019.

Study Selection:  We included RCTs that reported the effect of vitamin D supplementation for at 
least 1 year on T2DM prevention.

Data Extraction:  Two independent reviewers extracted the data. The risk ratios (RRs) and 
95% confidence intervals (CIs) were reported. Primary outcome of the meta-analysis was the 
incidence of T2DM.

Data Synthesis:  Nine RCTs were included (43 559 participants). The mean age (standard 
deviation) was 63.5 (6.7) years. The RR for vitamin D compared with placebo was 0.96 (95% 
CI, 0.90-1.03); P = 0.30. In trials testing moderate to high doses of supplementation (≥1000 IU/
day), all conducted among participants with prediabetes, the RR for vitamin D compared with 
placebo was 0.88 (95% CI, 0.79-0.99). In contrast, the trials testing lower doses, which were 
conducted in general population samples, showed no risk reduction (RR, 1.02; 95% CI, 0.94-1.10; 
P, interaction by dose = 0.04).

Conclusion:  In patients with prediabetes, vitamin D supplementation at moderate to high doses 
(≥1000 IU/day), significantly reduced the incidence risk of T2DM, compared with placebo. (J Clin 
Endocrinol Metab 105: 2857–2868, 2020)
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D iabetes mellitus (DM) is an important public health 
problem, affecting more than 500 million persons 

worldwide (1). Patients who have abnormally elevated 
glucose levels but do not meet the criteria of DM can 
be classified as having impaired glucose tolerance, im-
paired fasting glucose, or abnormally high average 
blood glucose level as manifested by high hemoglobin 
A1c (HbA1c). In the United States, almost one-third of 
the population has impaired fasting glucose, impaired 
glucose tolerance, or elevated HbA1c and are at elevated 
risk of developing DM within 5 years (2, 3).

Several risk factors for type 2 DM (T2DM) and 
abnormal glucose metabolism have been identified, 
including obesity and low physical activity (2, 4). In the 
past 10 to 15  years, increasing data from large-scale 
observational studies have shown an association be-
tween low 25-hydroxyvitamin D levels and develop-
ment of T2DM (5, 6), with vitamin D supplementation 
being proposed as a potential intervention to lower the 
incidence of T2DM (7). An association between low 
vitamin D blood levels and impaired insulin secretion 
and increased insulin resistance has led to the hypoth-
esis that vitamin D supplementation may reduce the risk 
of developing T2DM (8, 9). A short-term experimental 
study suggested that vitamin D supplementation leads to 
an improvement in pancreatic beta cell functioning and 
marginally lowers patients’ HbA1c (10). Furthermore, 
vitamin D supplementation decreased fasting blood 
glucose level and HbA1c in patients with DM in some 
studies (11) but not others (12). Clinical data remain 
unclear regarding the benefit of vitamin D supplementa-
tion in prevention of T2DM in patients already classified 
as prediabetic (13, 14) or in those without glucose in-
tolerance (15). Recently, several randomized controlled 
trials (RCTs) have evaluated whether vitamin D supple-
mentation can reduce the incidence of T2DM, but most 
of these trials have been small or tested low doses of 
vitamin D. We therefore conducted a meta-analysis of 
RCTs of vitamin D supplementation in reducing the risk 
of T2DM.

Methods

Data sources and searches
In this meta-analysis, 2 reviewers (I.G. and O.B.) independ-

ently and similarly followed the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses statement guide-
lines (16) to retrieve RCTs from MEDLINE/PubMed, Embase, 
Cochrane Library, and ClinicalTrials.com from inception to 
September 15, 2019. Discrepancies between the reviewers 
were resolved by an independent third author (Y.Z.). The 
study protocol was developed and finalized before conducting 
the analyses, and it was registered with the International 
Prospective Register of Systematic Reviews (PROSPERO 

identifier: CRD42019138943). The search terms ([vitamin D 
OR cholecalciferol OR ergocalciferol OR vitamin D analogue] 
AND [diabetes]) were used with no language restrictions. The 
references of the included trials were reviewed for any other 
potential trials. Abstracts from national conferences were also 
reviewed.

Study selection
Studies included in this meta-analysis met the following 

criteria: vitamin D supplementation trials of at least 1 year’s 
duration, incidence of T2DM outcome reported in the trial, 
and patients with normal glucose tolerance or prediabetes at 
recruitment as defined by the American Diabetic Association: 
fasting glucose level, 100 to 125 mg/dL (5.6 to 6.9 mmol/L); 
glucose level 2 hours after a 75-g oral glucose load, 140 to 
199 mg/dL (7.8 to 11.0 mmol/L); and HbA1c, 5.7% to 6.4% 
(39 to 47  mmol/mol). Any vitamin D formulation, or ana-
logue, with or without calcium was eligible. Studies that did 
not include the incidence of T2DM or measured the effect of 
vitamin D supplementation on patients already diagnosed 
with T2DM were excluded.

Data extraction and quality assessment
Two reviewers (A.B.  and A.A.) extracted pertinent data 

from the included trials independently into prespecified 
data collection tables. Discrepancies between the reviewers 
were reconciled by an independent third author (M.B.). The 
methodologic quality of each RCT and the risk bias were as-
sessed by the Cochrane Collaboration tool. The evaluation 
criteria in the bias risk assessment included random sequence 
generation, blinding of participants and health care personnel, 
blinded outcome assessment, allocation concealment, com-
pleteness of outcome data, evidence of selective reporting, or 
other biases.

The primary outcome of interest was the incidence of 
T2DM in patients who were assigned to vitamin D compared 
with placebo. The longest available follow-up time was used 
for each trial in the analysis. Sensitivity analyses compared 
results of trials testing moderate to high-dose supplementa-
tion (≥1000 IU/day) with those testing low-dose supplemen-
tation (<1000 IU/day). Eldecalcitol dosage ranged from 0.1 
to 1.0  μg, and the dosage of 0.75  μg used in the Diabetes 
Prevention with active Vitamin D (DPVD) study is considered 
a high-dose equivalent to vitamin D3 (17).

Data synthesis and analysis
The Mantel-Haenszel random-effects model was used to 

calculate the risk ratio (RR) and 95% confidence interval (CI). 
The I2 statistic was used to evaluate heterogeneity. A  funnel 
plot was used for evaluation of publication bias regarding the 
primary outcome. Subgroup analysis according to the baseline 
mean age, gender composition, mean body mass index (BMI), 
formulation (daily vs bolus dosing), and mean pretreatment 
blood 25-hydroxyvitamin D (25OHD) level less than 30 ng/
mL (to convert to nmol/L, multiply by 2.496) of each trial co-
hort. Sensitivity analyses through exclusion of the trials that 
used vitamin D analogue and calcium as a cotreatment were 
also conducted.

Analyses were performed by using Review Manager 
(RevMan) version 5.3 (Cochrane Community) and 
Comprehensive Meta-Analysis version 3 (Biostat).
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Results

A total of 6089 articles were retrieved from electronic 
databases. After reviewing the abstracts and full text 
details, 6080 articles were excluded. Nine RCTs were 
included in the final analysis, illustrated Figure.  1 in  
(17-25). Eight trials were available as a full text while 1 trial 
was available only as an abstract (17). Seven trials used 
moderate or high dose (≥1000 IU/day) of vitamin D. All 
of these 7 trials included only patients with prediabetes 
(17-20, 22-24). Of these 7 trials, 5 trials used a bolus 
dose of vitamin D for supplementation (18, 20, 22-24),  
1 trial added calcium supplement to the vitamin D 
and placebo groups (23), 1 trial included only African 
American men (24), and 1 study included only elderly 
(≥60  years) patients (21). Two trials used low-dose 
vitamin D (<1000 IU/day) in average-risk populations 

for diabetes and were included in the sensitivity ana-
lysis (21, 25). In total, 43 559 patients were included 
in analyses, 21 792 of whom received vitamin D sup-
plementation and 21 767 of whom received a placebo. 
Across all 9 trials, the range of mean age was 46.6 to 
77  years. Follow-up durations were variable between 
the included trials (range, between 1 and 7 years). Seven 
trials used cholecalciferol (18-23, 25), 1 trial used ergo-
calciferol (24), and 1 trial used eldecalcitol (a vitamin D 
analogue) (17). The Randomized Evaluation of Calcium 
Or vitamin D (RECORD) and the Women’s Health 
Initiative trials were designed to test fracture reduction 
(21, 25), but we included post hoc analyses of diabetes 
in our analyses. The features of the included trials with 
the patients’ demographic features are illustrated in 
Tables 1 and 2, respectively. The risk of bias was low 
for most of the trials (Fig. 2); Kuchay et al and Dutta 
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Figure 1.  Trial selection (PRISMA chart). PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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et  al (22, 23) were specified as having a considerable 
risk of bias due to open study design. Also, the study by 
Jorde et al showed a significant dropout at the end of 
the study. The risk of bias could not be fully assessed in 
the DPVD study since only the abstract was available.

Primary endpoint
Vitamin D supplementation (all populations, all 

vitamin D doses compared with placebo) did not lower 
the incidence of T2DM (3424 cases; 0.96; 95% CI, 
0.90-1.03; P = 0.30; I2 = 3%, Fig. 3). Post hoc sensi-
tivity analyses according to the vitamin D dosage, 
however, showed different results. Vitamin D supple-
mentation at moderate or high dose (≥1000 IU/day) 
was associated with significant reduction in incidence 
of T2DM (1019 cases; RR, 0.88; 95% CI, 0.79-0.99; 
P = 0.03; I2 = 0%, Fig. 4). These higher-dose trials all 
tested participants with prediabetes, and incident dia-
betes was the primary outcome. In contrast, analysis 
of the 2 trials testing low doses (<1000 IU/day) of 
vitamin D showed no risk reduction (RR, 1.02; 95% 
CI, 0.94-1.10; P = 0.68; I2 = 0%; P for interaction by 
dose = 0.04; Fig. 4). These 2 trials tested participants at 
average risk, and incident diabetes was a post hoc hy-
pothesis. Excluding trials that used vitamin D analogue 
or used calcium as a cotreatment did not change the 
results (Fig.  5). Publication bias was assessed by ana-
lyzing the funnel plot provided in Fig. 6, which showed 
no significant publication bias. When combining data 
from trials with cohorts that had a mean baseline BMI 
<30  kg/m2, the RR of T2DM with moderate or high 
dose (≥1000 IU/day) of vitamin D supplementation was 
0.68 (95% CI, 0.53-0.89; P = 0.005; I2 = 0%), while no 
benefit was found in those with a mean BMI ≥30 kg/
m2 (RR, 0.98; 95% CI, 0.83-1.16; P = 0.79; I2 = 0%), 
with a significant subgroup difference (P = 0.03; Fig. 7). 
Subgroup analysis according to baseline mean age, sex 
composition, formulation (daily vs bolus dosing), and 
mean pretreatment blood 25OHD level less than 30 ng/
mL (to convert to nmol/L, multiply by 2.496) of each 
trial cohort did not reveal any significant modifying ef-
fects of these variables (Figs. 8-11).

Discussion

In this updated meta-analysis of 9 randomized con-
trolled trials (N  =  43  559) evaluating the benefit of 
vitamin D supplementation in reducing the incidence of 
T2DM, we found that vitamin D supplementation at 
moderate or high doses (≥1000 IU/day), tested in pa-
tients with prediabetes, resulted in a significantly lower 
risk of T2DM, whereas lower doses tested in average St
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risk populations for diabetes did not confer risk reduc-
tion (P, interaction = 0.04).

In a large-scale prospective observational study 
including more than 83  000 participants who re-
ported their personal use of vitamin D and calcium 
supplements, those who took high-dose supplements 
had a lower risk of T2DM than those who took lower 
doses (26). This was followed by several observational 
studies that suggested an association between low 
serum vitamin D levels and an increased risk of T2DM. 
However, these observational studies have a high risk 
of bias due to uncontrolled confounding (7, 27). A pre-
vious meta-analysis of patients with prediabetes indi-
cated that vitamin D supplementation led to significant 
improvement in glycemic control, including reductions 
in fasting blood glucose and HbA1c levels, suggesting 
that vitamin D supplementation may play a role in 
preventing T2DM (14). However, an updated meta-
analysis was published in 2018 reporting no significant 
reduction in T2DM incidence. Although a prior meta-
analysis assessed the role of vitamin D dosing, the re-
sult remained nonsignificant (13). In our meta-analysis, 
we included the most recent RCTs designed for diabetes 
prevention and found a significant benefit of vitamin D 
supplementation at moderate or high dose (≥1000 IU/
day) with regard to the incidence of T2DM.

The Vitamin D and Type 2 Diabetes (D2d) trial was 
the largest trial designed to study the incidence of dia-
betes with vitamin D supplementation (19). In this trial, 
2423 patients with prediabetes were randomized to re-
ceive a large daily dose of vitamin D3 (4000 IU) or a 
placebo. Despite this large dose of vitamin D, the study 
yielded a nonsignificant reduction in the incidence of 
T2DM. The D2d trial investigators speculated that the 
null result was due to inclusion of many participants 
with normal serum levels of 25OHD (28). To address 
this concern, many RCTs have been conducted on pa-
tients with prediabetes and low serum vitamin D levels 

Figure 2.  Risk of bias summary. Review authors’ judgments about 
each risk of bias item for each included study. The green circles 
indicate low risk of bias, red circles indicate a high risk of bias, and 
the empty squares mean the risk cannot be ascertained.

Figure 3.  Forest plot illustrating the results of the incidence of DM in patients who received vitamin D compared with placebo. CI, confidence 
interval; df, degree of freedom; DM, diabetes mellitus, IV, intravenous; SE, standard error.
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(18, 22-24); however, analyses of these groups showed 
no clear correlation between the pretreatment vitamin D 
level and the reduction of T2DM incidence with vitamin 
D supplementation. Similar to the D2d trial, most of 
the higher-dose trials were designed for glycemic out-
comes in high-risk populations and, when examined in-
dividually, did not show a significant reduction in the 

incidence of T2DM but did show a trend toward lower 
incidence of T2DM in the vitamin D supplement group. 
In our meta-analysis, these results became statistically 
significant due to the improved statistical power from 
aggregating these trials.

The trials that tested low doses of vitamin D, the 
Women’s Health Initiative and RECORD trials (21, 25), 

Figure 4.  Forest plot of the subgroup analysis according to the total daily dosage of vitamin D: ≥1000 IU/day or <1000 IU/day. CI, confidence 
interval; df, degree of freedom; IV, intravenous; SE, standard error.

A-

B-

Figure 5.  Forest plot of the sensitivity analysis by A) excluding studies that used vitamin D analogues, and B) excluding studies that used calcium as 
a cotreatment with the vitamin D. CI, confidence interval; df, degree of freedom; IV, intravenous; SE, standard error.
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were not designed to assess glycemic outcomes and were 
conducted in average-risk populations. We did a post 
hoc subgroup analysis according to the total daily dosing 
of vitamin D supplementation, to test the subgroup dif-
ference, and we found a significant reduction in the in-
cidence of DM in the higher-dose trials compared with 
lower-dose trials, with significant interaction, which 
supports the role of moderate or high-dose supplemen-
tation in reducing the incidence of T2DM. Another 
factor that may have weakened the results for vitamin D 
supplementation in these 2 trials is inclusion of patients 
with normal glucose tolerance.

An important modifier of trial results was the BMI; 
trials with cohorts that had a mean baseline non-obese 
BMI (<30 kg/m2) had a significant reduction in the inci-
dence of T2DM with vitamin D supplementation, while 
those with a higher mean BMI (≥30  kg/m2) did not. 
Although this could be related to the fact that vitamin 

D is a fat-soluble vitamin, leading to decreased bio-
availability in patients who are obese (29), the serum 
25OHD levels achieved with treatment did not differ 
substantially by BMI group in some studies (30). Thus, 
the interaction by BMI in these vitamin D trials war-
rants further study as we have used the mean cohort 
BMI in the analyses, which is not as reliable as an indi-
vidual participant analysis.

Lower vitamin D synthesis in darker skin has been 
proposed as the main factor behind the high preva-
lence of vitamin D deficiency among racial groups with 
darker skin types (24, 31). These patient populations 
have a higher reported prevalence of chronic conditions 
like cardiovascular disease and diabetes, which can 
be, in part, attributed to the vitamin D deficiency (31). 
However, Barengolts et al (24) and the subgroup ana-
lysis of Pittas et al did not indicate a greater protective 
effect of vitamin D supplementation in decreasing the 
incidence of T2DM in these groups. Furthermore, our 
stratified analysis did not show any significant differ-
ence based on sex, age, vitamin D formulation (bolus vs 
daily), and low pretreatment 25OHD levels (less than 
30  ng/mL). These results should be interpreted cau-
tiously because of low data counts, and additional large 
trials are needed for definitive conclusions.

Limitations
There are several limitations that should be con-

sidered. The performed analyses have many potential 
variables that could affect the results, including the pre-
treatment blood 25OHD levels, vitamin D dosing, and 
different vitamin D formulations. To overcome this, we 
performed subgroup and sensitivity analyses to test each 

Figure 6.  Funnel plot of primary endpoints (incidence of DM). DM, 
diabetes mellitus; RR, risk ratio; SE, standard error.

Figure 7.  Forest plot of the subgroup analysis according to body mass index (BMI). CI, confidence interval; df, degree of freedom; IV, intravenous; 
SE standard error.
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of these potential modifiers. However, the result of each 
of these subanalyses should be interpreted cautiously 
due to low data counts and multiple comparisons. Also, 
a trial data-based meta-analysis cannot assess the re-
sults of the effect of these modifiers as reliably as an 
individual participant data meta-analysis. For example, 
although our post hoc analyses showed that BMI is a 
significant effect modifier, we have used the mean co-
hort BMI in the analyses, which may not be as reliable 
as using individual participant BMI. The same limita-
tions apply to the subgroup analyses according to age 
and pretreatment blood 25OHD levels. Another limi-
tation that should be considered is that the DPVD trial 
has been published only in abstract form, which limited 
our quality assessment. Finally, some of the included 

studies did not prespecify incidence of T2DM as a des-
ignated primary outcome (21, 25), and the incidence 
of DM was defined by the patient self-reporting taking 
pills or insulin for newly diagnosed T2DM.

Conclusion

In this meta-analysis, vitamin D supplementation at 
moderate to high doses (≥1000 IU/day) significantly 
lowered risk of T2DM when compared with placebo in 
patients with prediabetes. The results of these subgroup 
analyses according to mean age, baseline sex compos-
ition, BMI, formulation (daily vs bolus dosing), and 
mean pretreatment 25OHD level should be interpreted 

Figure 8.  Forest plot of the subgroup analysis according to the patient age. CI, confidence interval; df, degree of freedom; IV, intravenous; SE, 
standard error.

Figure 9:  Forest plot of the subgroup analysis according to the patient sex. CI, confidence interval; df, degree of freedom, IV, intravenous; SE, 
standard error.
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cautiously, and a participant-level meta-analysis would 
enhance our understanding of these relationships.
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Figure 10.  Forest plot of the subgroup analysis according to the vitamin D regimen (daily vs bolus dosing). CI, confidence interval, df, degree of 
freedom; IV, intravenous; SE, standard error.

Figure 11.  Forest plot of the subgroup analysis according to the pretreatment 25-hydroxyvitamin D level: < or ≥30 ng/mL. CI, confidence interval; 
df, degree of freedom; IV, intravenous; SE, standard error.
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