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Abstract
Background: Progressive insulin resistance is a physiological 
condition during pregnancy that can lead to gestational diabetes. 
Given the association between low blood vitamin D levels and 
insulin resistance, the present meta-analysis evaluated the effect 
of vitamin D supplementation on serum 25-hydroxyvitamin 
D (25[OH]D) and the homeostatic model of insulin resistance 
(HOMA-IR) levels in non-diabetic pregnant women.
Methods: A comprehensive literature search was conducted 
using electronic databases and gateways such as Cochrane 
Library, Medline, Google Scholar, Science Direct, Web of 
Sciences, Embase, and Scopus. Articles up to 2020 in both English 
and Persian were included in the study. The effect of vitamin D 
supplementation on 25(OH)D and HOMA-IR was determined 
based on the differences in mean changes from baseline to post-
intervention. Weighted mean and 95% confidence intervals (CI) 
were pooled using a random-effects model. Data were analyzed 
using STATA software. 
Results: Four studies, including six trials with 380 participants, 
reported that vitamin D supplementation increased 25(OH)D  
(mean change: 13.72, 95% CI: 7.28-20.17) and decreased 
HOMA-IR (mean change: 1.46, 95% CI: 0.56-2.37) levels 
compared with the placebo group. A high weekly dose of vitamin 
D further reduced HOMA-IR levels (adjusted R2=77.99, I2 
residuals=80.49%, P=0.047). There was no significant association 
between the dose of vitamin D and 25(OH)D (P=0.974). 
Intervention duration was not associated with an increase in 
25(OH)D (P=0.102), nor with a decrease in HOMA-IR (P=0.623).
Conclusion: Vitamin D supplementation increased 25(OH)
D and decreased HOMA-IR levels in non-diabetic pregnant 
women. Vitamin D in high doses further reduced HOMA-IR, 
but did not affect 25(OH)D concentrations.
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What’s Known

• Vitamin D supplementation decreases 
fasting plasma glucose and insulin levels in 
prediabetes, but not in healthy pregnant 
women. It also reduces these levels in 
women with gestational diabetes mellitus 
and has a weak effect on attenuating insulin 
resistance in patients with type 2 diabetes 
or impaired glucose tolerance.

What’s New

• Vitamin D supplementation increased 
25(OH)D and reduced the homeostatic 
model of insulin resistance (HOMA-IR) in 
non-diabetic pregnant women and had 
preventive effects. 
• Vitamin D in high doses further reduced 
HOMA-IR, but did not affect 25(OH)D. 
Intervention duration was not significantly 
associated with the mean changes in HOMA-
IR and 25(OH)D levels.

Review Article

Introduction

Gestational insulin resistance during pregnancy is caused by the 
response of tissue cells to insulin reduction. This physiological 
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condition can lead to an increased response in B 
cells and hyperinsulinemia, both characteristics 
of gestational diabetes mellitus (GDM). The 
prevalence of GDM is on the rise due to an 
unhealthy lifestyle.1-3 It has been shown that 
certain vitamin D receptors are expressed in 
B cells,4, 5 and 1.25-dihydroxyvitamin D (1.25-
[OH]2D) can regulate insulin secretion and 
activity.6, 7 It is therefore recommended to 
adapt strategies to optimize vitamin D levels to 
improve glucose intolerance and impaired insulin 
secretion.8 A previous study assessed the impact 
of different doses of vitamin D supplementation in 
non-diabetic pregnant women and showed that 
taking 50,000 IU of vitamin D every two weeks will 
significantly reduce insulin resistance.9 Another 
study reported that the use of cholecalciferol as a 
dietary supplement improved insulin metabolism 
parameters in pregnant women.10 

Several meta-analyses have been conducted 
to evaluate the effect of vitamin D supplementation 
on the homeostatic model of insulin resistance 
(HOMA-IR) index. These studies analyzed data 
from randomized controlled trials (RCTs) across 
different age groups and populations, excluding 
non-diabetic pregnant women. A meta-analysis 
reported no beneficial effect of vitamin D on 
insulin resistance and glycemic indices in 
prediabetes.11 Another meta-analysis of RCTs in 
patients with type 2 diabetes showed that vitamin 
D supplementation improved HOMA-IR. While 
other systematic reviews and meta-analyses 
reported that vitamin D supplementation had 
no significant effect on fasting plasma glucose 
and insulin levels in GDM patients and did not 
improve HOMA-IR levels.12, 13 

Overall, there are contradictory results on the 
effect of vitamin D supplementation on diabetes. 
To the best of our knowledge, no meta-analyses 
have been conducted in non-diabetic pregnant 
women, for whom it is important to prevent 
gestational diabetes due to insulin resistance. 
We, therefore, conducted a systematic review 
and meta-analysis of several RCTs to evaluate 
the effect of vitamin D supplementation, its 
average weekly dose, and intervention duration 
on 25-hydroxyvitamin D (25[OH]D) and 
HOMA-IR in non-diabetic pregnant women. 

Materials and Methods

Search Strategy
The present meta-analysis was performed in 

accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA). A comprehensive literature search 
was conducted using electronic databases and 
gateways such as Cochrane Library, Medline, 

Google Scholar, Science Direct, Web of 
Sciences, Embase, and Scopus. Articles up to 
2020 in both English and Persian were included 
in the study. The search was performed using 
keywords (“vitamin D supplementation” or 
“vitamin D*”) AND (“insulin resistance” or 
“insulin”) AND (pregnan* or gestat*). The 
abstract and reference list of all articles from the 
initial search were reviewed for any additional 
articles. The present study was registered in 
PROSPERO (ID: CRD42021237175). EndNote 
software (version 8.0, Philadelphia, USA) was 
used to manage the search results.

Inclusion and Exclusion Criteria
The PICOS (population, intervention, 

comparison, outcomes, study type) process was 
used for the RCTs. In total, 707 non-diabetic 
pregnant women in the first or second trimester 
using vitamin D supplements were compared to 
those using placebo or lower doses of vitamin 
D. The effects of vitamin D (D2 or D3; in ng/
mL or µg/L) on 25(OH)D and HOMA-IR were 
investigated without limitations in terms of dose 
and duration of intervention. Two separate 
analyses were performed, namely (i) comparing 
participants using vitamin D (n=191) with placebo 
(n=189), and (ii) comparing other participants 
using vitamin D (n=167) with those using lower 
doses of vitamin D (n=160). The exclusion criteria 
were articles with other study protocols, animal 
studies, overlapping articles, letters to editors, 
and trials evaluating vitamin D in combination 
with other supplements or medications. 

Data Extraction
Two researchers (M. G-KH and S.M. 

SH) independently extracted the following 
information from the selected articles: name of 
the first author, publication year, country, vitamin 
D type and dose, treatment duration, sample 
size, vitamin D concentration in the blood, 
and HOMA-IR (mean change from baseline to 
post-intervention levels). The results were then 
verified by the third author (M. Y) (table 1).

Quality Assessment and Risk of Bias
The quality of the selected articles and the 

risk of bias in RCTs were evaluated according 
to the Cochrane criteria checklist (table 2). Initial 
evaluation was performed by one of the authors 
(M. G-KH) and verified by another (S.M. SH).

Statistical Analysis 
The data were analyzed using STATA 

software version 13.0 (Stata Corp LLC, College 
Station, TX, USA). The effect of interventions 
was determined based on the difference in mean 
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change between the 25(OH)D and HOMA-IR 
levels. For those studies that did not report these 
scores, we estimated the mean change (with 
standard deviation) from baseline according to 
Cochrane guidelines. Data from the intention-to-
treat (ITT) analysis were preferred over the data 
obtained from the modified-ITT or per-protocol 
analysis.18 The inverse variance-weighted 
average method was used to determine the 
effect size of each study. The weighted mean 
and 95% confidence interval (CI) were pooled 
using a random-effects model. The I2 test 
(percentage of the total variation across studies 
due to heterogeneity) was used to determine the 
heterogeneity between the studies. A subgroup 
analysis was performed for studies that included 
placebo and low-dose vitamin D supplements as 
the control group. A meta-regression analysis, 
using the “metareg” command in STATA 
software, was performed to assess the effect 
of the average-weekly dose of vitamin D and 
intervention duration on the mean change in 
25(OH)D and HOMA-IR levels.19 Publication bias 
was identified using the trim and filled method 
and Egger’s test. A two-tailed test was used to 
determine significance at the 5% level.

Results

The PRISMA flow diagram of the study selection 
procedure is presented in figure 1. In total, six 
studies9, 10, 14-17 comprising nine different trials 
examining the effect of vitamin D supplementation 
on 25(OH)D and HOMA-IR concentrations 
were included in our review (table 1).  
The selected RCTs included 707 non-diabetic 
pregnant women. Four of these studies10, 14, 15, 17 
compared participants using vitamin D (n=191) 
with those using placebo (n=189), of which 
one study included three trials.17 The two other 
studies9, 16 compared participants using vitamin D  
(n=167) with those using low-dose vitamin D  
(n=160), one of which included two trials in 
non-diabetic pregnant women in the first or 
second trimester.9 In the included studies, trials 
were conducted in Iran,9, 10, 14 seven European 
countries,15 Australia,16 and Jordan.17 The sample 
size ranged from 4814 to 17916 pregnant women. 

Pre-pregnancy BMIs (Kg/m2) were ≤35,10, 16 ≤30,9 
≤29,14 ≥29,15 and ≥30.17

In a study by Soheilykhah and others, 120 
pregnant women were enrolled and randomly 
assigned to three groups, namely group A 
(received 200 IU vitamin D daily), group B 
(50,000 IU monthly), and group C (50,000 IU 
every two weeks from <12 weeks of gestation 
until childbirth).9 Two trials were conducted 
comparing groups B and C with control group A.  Ta
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They reported that 50,000 IU of vitamin D 
every two weeks reduced insulin resistance. 
In a study by Asemi and others, pregnant 
women received 400 IU cholecalciferol per day 
(n=24) or placebo (n=24) for nine weeks. They 
reported a significant increase in vitamin D 
concentrations in the blood, while a descending 
trend in HOMA-IR levels was observed.14 In 
another study, pregnant women with plasma 
concentrations ≤20 ng/mL received 50,000 IU 
vitamin D3 daily (n=89) and compared with those 
receiving 400 IU daily (n=90) from 20 weeks of 
pregnancy until delivery.16 It was reported that 
25(OH)D increased significantly, however, 10% 
in the high-dose group and 34% in the low-dose 
group were still vitamin D deficient (25[OH]D 
≤20 ng/mL, P<0.001). Moreover, HOMA-IR did 
not change after intervention. 

A study by Karamali and others compared 
pregnant women who received 50,000 IU vitamin 
D every two weeks (n=30) or placebo (n=30) 
from 20 to 32 weeks of gestation and reported 
a significant increase in serum 25(OH)D and 
HOMA-IR levels.10 Corcoy and others recruited 
women close to 15 weeks of pregnancy, and the 
participants received 1,600 IU of vitamin D3 daily 
or placebo plus multivitamins. The results showed 
that serum 25(OH)D levels increased, and 
fasting plasma glucose decreased significantly 
in almost all participants with a pre-pregnancy 
BMI≥29 Kg/m2, as well as vitamin D sufficiency 
at 35-37 weeks.15 Tamim and others conducted 
three separate trials and investigated the effect of 
vitamin D on HOMA-IR reduction in three groups, 
namely mothers with normal serum 25(OH)D 
levels ≥30-50 ng/mL (group 1), insufficient levels 

Table 2: The results of the risk bias assessment in included randomized controlled trials
Study Sequence 

generation
Blinding of 
participants 

Blinding of 
personnel

Blinding of 
outcomes 

Similarity of 
baselines

Incomplete 
outcome data

Dropouts

Soheilykhah et al.9 Yes No No No Yes No
Asemi et al.14 Yes No No No Yes Yes Yes
Corcoy et al.15 Yes Unclear Unclear Unclear Yes Yes Intention-to-treat
Karamali et al.10 Yes Yes Yes No Yes Yes No
Yap et al.16 Yes Yes Yes No Yes Yes Yes
Tamim et al.17 Yes Yes Yes No Yes Yes Yes

Records identified from
databases (n=5)

Titles removed before
screening:
Duplicate titles removed
(n=74)

Records screened
(n=4,126)

Titles/abstracts excluded
(n=3,850)

Eligible for full-text
screening (n=276)

Reports excluded:
No outcome data (n=173)
Insufficient data (n=93)

Reports assessed for
eligibility (n=10)

Not performed on healthy
pregnant women (n=5)

Studies included in review
(n=6)
Trials included in studies
(n=9)

Id
en

ti
fi

ca
ti

o
n

S
cr

ee
n

in
g

In
cl

u
d

ed

Reports included after
reference checking
(n=1)

E
lig

ib
ili

ty

Figure 1: PRISMA flow diagram indicating the articles screening inclusion and exclusion process.
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21-29 ng/mL (group 2), and deficient levels ≤20 
ng/mL (group 3).17 They reported that serum 
25(OH)D levels increased significantly in all 
groups, however, insulin resistance decreased 
significantly in groups 2 and 3.

Bias Assessment
The risk of bias assessment in the included 

studies is shown in table 2. In all studies, the 
randomization method was used by a computer-
generated random number list. In three trials, 
the allocation sequence was concealed from the 
researcher and participants until the completion 
of the main analysis (low risk of bias). However, 
one study did not provide any information about 
the allocation process and was thus classified 
as unclear risk of bias in our analysis.15 The 
risk of bias was also assessed in terms of 
adequate blinding of participants and personnel, 
which criterion was met by all but one of the 
studies.15 Blind outcome assessment was used 
in all included studies. In one study,14 incomplete 
outcome data were reported stating that patients 
who did not complete the treatment regimen 
were included in the final analysis. 

The Outcome of Meta-analysis
Vitamin D

In a random-effects meta-analysis, the mean 
change of serum 25(OH)D concentrations in 
placebo and treatment groups was compared. 
The mean change from baseline was significantly 
higher in the vitamin D group than the placebo 
group (mean change: 13.72, 95% CI: 7.28-
20.17). Analysis between the groups receiving 
vitamin D and low-dose vitamin D showed that 
the mean change from baseline in the group 
receiving vitamin D was higher (mean change: 
17.36, 95% CI: 8.5-26.32). 

There was evidence of heterogeneity between 
the included studies (I2=98.4%, P<0001) (figure 2).  
To investigate the source of heterogeneity, a meta-
regression analysis was conducted between the 
average weekly dose of vitamin D and intervention 
duration (ranging from six to 28 weeks) in studies 
with placebo as the control group (table 3). 
The results showed no significant association 
between a high weekly dose of vitamin D  
(P=0.974) and intervention duration (P=0.102) 

with a stronger effect of vitamin D supplements 
(table 3). I2 residuals decreased to 96.0%. 

HOMA-IR Index
In a random-effects meta-analysis, the 

mean change of HOMA-IR levels in the placebo 
and vitamin D groups were compared. The 
mean change from baseline was significantly 
higher in the vitamin D group than the placebo 
group (mean change: 1.46, 95% CI: 0.56-
2.37). Analysis between the groups receiving 
vitamin D and low-dose vitamin D (200-400 IU/
day) showed a reduction in HOMA-IR (mean 
change: 0.6, 95% CI: 15-1.06) in the vitamin D 
compared to the low-dose vitamin D group. This 
indicates that even a daily low-dose vitamin D 
supplementation can be as effective as a high 
dose once a month or every two weeks.

There was evidence of heterogeneity 
between the included studies (I2=82.4%, 
P<0001) (figure 3). To investigate the source 
of heterogeneity, a meta-regression analysis 
was conducted between the average weekly 
dose of vitamin D and intervention duration. 
The results showed a significant association 
between a high weekly dose of vitamin D and 
HOMA-IR reduction (adjusted R2=77.99, I2 

residuals=80.49%, P=0.047) (table 3 and figure 3).  
Intervention duration (ranging from six to 28 
weeks) was not significantly associated with 
HOMA-IR reduction (P=0.623).

Table 3: The results of meta-regression, using the restricted maximum likelihood method, on the association between the study-
specific mean change of vitamin D supplementation dose and intervention duration
Outcome variable Covariate variable Coefficient 95% CI SEM T value P value
Vitamin D Average weekly dose 0.00001 -0.001, 0.001 0.0003 0.03 0.974

Intervention duration (month) 0.81 -0.25, 1.87 0.38 2.11 0.102
HOMA-IR Average weekly dose -0.00009 -0.00017, -0.000002 0.00003 -2.85 0.047

Intervention duration (month) 0.05 -0.19, 0.28 0.09 0.53 0.623
HOMA-IR: Homeostatic model of insulin resistance; SEM: Standard error of mean; CI: Confidence interval

Figure 2: Forest plot showing the effect of vitamin D 
supplementation on serum 25(OH)D levels. Effect sizes 
are expressed as the score of the mean change in the 
intervention and control groups.



Prevention of gestational insulin resistance by vitamin D supplementation

Iran J Med Sci January 2023; Vol 48 No 1 9

Publication Bias
HOMA-IR: Trim and fill analysis imputed three 

more studies to adjust for funnel plot symmetry. 
However, the pooled mean change (including 
augmented studies) was not substantially different 
from that of the original studies (figure 4a).  
Moreover, Egger’s test did not reveal any 
evidence of publication bias (P=0.458).

25(OH)D: Egger’s test revealed no evidence 
of publication bias for the effect of vitamin D 
supplementation on 25(OH)D levels (P=0.057). 
However, trim and fill analysis imputed five 

more studies to produce funnel plot symmetry 
and pooled mean change (including augmented 
studies) was different from that of the original 
studies (figure 4b).

Discussion

The results of the present systematic review 
and meta-analysis showed that vitamin D 
supplementation increased serum 25(OH)D 
level and reduced the HOMA-IR index in healthy 
pregnant women. In line with our results, a meta-
analysis by Yin and others showed that vitamin 
D supplementation decreased fasting plasma 
glucose and insulin concentrations and can be 
used to prevent and treat GDM by improving 
HOMA-IR.20 In a meta-analysis study, Mirhosseini 
and others also demonstrated that vitamin D 
supplementation improved serum 25(OH)D 
levels and increased insulin sensitivity (reduced 
HOMA-IR) in patients with prediabetes or 
individuals at high risk of developing diabetes.21 

Another meta-analysis showed that, compared 
to controls, vitamin D supplementation improved 
glycemic control in women with GDM, while 
it reduced fasting plasma glucose and serum 
insulin levels by a mean of 0.46 mmol/L and 
4.10 µIU/mL, respectively.22 A meta-analysis 
by George and others showed a small effect of 
vitamin D supplementation on attenuating insulin 
resistance in patients with type 2 diabetes or 
impaired glucose tolerance but had no effect in 
patients with normal glucose tolerance.23 They 
stated that most of the included studies used 
doses of <2,000 IU vitamin D per day, but doses 
of 5,000 IU per day may be required to increase 
serum 25(OH)D levels above 75 nmol/L (the 
optimum level for good health). Another meta-
analysis showed that vitamin D supplementation 
did not improve HOMA-IR in prediabetes, but 
HOMA-IR decreased significantly in a subgroup of 
participants with baseline 25(OH)D ≥50 nmol/L.11 
However, the results of baseline mean serum 
25(OH)D was inconclusive. The mean baseline 
BMI was 25-29 Kg/m2 in two studies, and ≥30 Kg/m2  
in seven trials. It was reported that the effect 
of vitamin D may be affected by overweight or 
obesity, since high levels of vitamin D binding 
protein in obese participants were correlated with 
the reduced unbound 15(OH)D levels.11 Vitamin D  
directly increases insulin secretion.24 According 
to in vitro studies, 1.25-(OH)2D increases insulin 
receptor gene transcription and up-regulates 
insulin-related glucose-transfer genes.25 

In addition, 1.25-(OH)2D promotes glucose 
oxidation.26 Overall, there is sufficient justification 
for the assumption that vitamin D supplementation 
reduces insulin resistance.

Figure 3: Forest plot showing the effect of vitamin D 
supplementation on HOMA-IR. Effect sizes are expressed as 
the score of the mean change in the intervention and control 
groups.

Figure 4: Funnel plot, using the trim and fill method, for 
publication bias assessment showing the mean change of 
(a) HOMA-IR and (b) 25(OH)D as the outcome variable.
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We found that a high weekly dose of vitamin D  
further reduced HOMA-IR. Likewise, a meta-
analysis by Li and others showed that vitamin D 
supplementation considerably decreased insulin 
resistance in patients with type 2 diabetes, 
especially in high doses (>2,000 IU/day).27 

Mirhosseini and others suggested that serum 
25(OH)D levels >86 nmol/L can control glucose 
metabolism indices and response to insulin in 
prediabetes.21 These levels can be achieved 
by using vitamin D supplementation of 88 μg/d 
(3500 IU/d) or higher. A clinical trial in GDM 
patients showed that high- or medium-dose 
vitamin D supplementation reduced HOMA-IR 
compared to those receiving placebo or low-
dose.28 Another clinical trial in patients with 
prediabetes revealed that high dose vitamin D 
decreased insulin resistance and subsequent 
progression to diabetes.29 Therefore, it is 
plausible that higher doses can correct vitamin D  
deficiency, i.e., increase 25(OH)D levels. 

All studies in our meta-analysis reported that 
vitamin D supplementation increased serum 
25(OH)D levels. However, the dosage of vitamin D  
was not significantly correlated with the mean 
change in 25(OH)D. We noticed that only the 
meta-analysis by Li and others indicated a 
significant increase in the serum 25(OH)D  
level after vitamin D supplementation in all 
subgroups, except for participants with adequate 
levels of vitamin D prior to the intervention.27 
The reason behind our findings could be due 
to heterogeneity between the included studies 
in terms of the types of vitamin D supplements, 
baseline 25(OH)D level, nationality, and pre-
gravid BMI. Other studies have also reported 
that the response to vitamin D is related to BMI,30 
bodyweight, genes, and baseline 25(OH)D  
level.30, 31 In a subgroup analysis, Tamim and 
others concluded that higher doses of vitamin D 
increased serum 25(OH)D levels compared to 
lower doses. This association was insignificant 
in some subgroups due to the small sample size, 
obesity (BMI≥30 Kg/m2), and short duration of 
vitamin D supplementation.17

Our results showed that intervention 
duration (ranging from six to 28 weeks) was not 
significantly associated with the mean change 
in HOMA-IR and 25(OH)D levels. Likewise, 
Mirhosseini and others reported a further, but 
insignificant, reduction in HOMA-IR levels in 
prediabetes, overweight, and obese adults 
after >6 months of supplementation compared 
to a shorter period of supplementation.21 Li 
and others showed that the effect of vitamin D 
supplements was observed within three months, 
however, they used the highest dose of vitamin D  
of all included studies.27 

The main strength of the present study is 
the comprehensive review of RCTs assessing 
the effect of vitamin D supplementation in 
non-diabetic pregnant women. By doing so, 
we addressed the limitations of previous 
observational studies as well as clinical trials on 
prediabetes, insulin resistance, diabetes, and 
non-pregnant participants. Another strength 
is that we conducted a meta-analysis on the 
effect of an average weekly dose of vitamin D 
supplementation and intervention duration on 
HOMA-IR and 25(OH)D to provide a stronger 
portfolio of evidence that previous systematic 
reviews. The main limitation of the present study 
is related to the small number of studies, partly 
due to the exclusion of non-English articles. In 
addition, the dosages and pre-pregnancy BMI 
were heterogeneous in all included studies.

Conclusion

Vitamin D supplementation increased 25(OH)D 
and decreased HOMA-IR levels in non-diabetic 
pregnant women. Vitamin D in high doses 
further reduced HOMA-IR, but did not affect 
25(OH)D. We recommend further clinical trials 
to evaluate the preventive effect of vitamin D 
supplementation in GDM patients.
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