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Abstract
Background  Insulin resistance (IR) is a common pathology in women with polycystic ovarian syndrome (PCOS) involved 
in increased rates of cardiometabolic disease such as diabetes and cardiovascular disease. Low serum vitamin D is often 
associated with insulin resistance but there is no consensus on whether vitamin D supplementation can ameliorate markers 
of IR in PCOS.
Objectives  We assessed evidence on the effects of vitamin D supplementation (≥ 1000 IU/day), without the use of additional 
supplements or other pharmacological treatments known to affect IR, on markers of IR and glycemic control in women with 
PCOS.
Design  A systematic search was conducted using PubMed, Medline and Web of Science databases from January 2000 up to 
November 2023. Randomized controlled trials that assessed the effects of vitamin D supplementation in women with PCOS, 
on fasting glucose, fasting insulin, glycated haemoglobin (HbA1c) or homeostatic model assessment for insulin resistance 
(HOMA-IR) were included.
Results  9 studies were identified. Study populations ranged from 28 to 180 participants, with mean ages ranging from 22 
to 30 years. Daily vitamin D doses ranged from 1714-12,000 IU. Of the included studies, 3 reported statistically significant 
reductions in fasting glucose, 2 reported reductions in fasting insulin, 2 reported reductions in HOMA-IR, none reported 
reductions in HbA1c and 5 reported no differences in any of the relevant outcomes.
Conclusions  In conclusion, in RCTs of vitamin D supplementation in women with PCOS, the majority of studies do not 
report statistically significant improvements in fasting glucose, fasting insulin, HbA1c or HOMA-IR. However, as a minority 
of studies report some statistically significant results, further investigation may be warranted.
Registry  PROSPERO ID: CRD42023486144

Keywords  Polycystic ovary syndrome · PCOS · Insulin resistance · Vitamin D · 25(OH)D · Glycemic control · Diabetes

Abbreviations
FPG	� Fasting plasma glucose
FSG	� Fasting serum glucose
FPI	� Fasting plasma insulin
FSI	� Fasting serum insulin
IR	� Insulin resistance
IS	� Insulin sensitvity

HbA1c	� Glycated haemoglobin
HOMA-β	� Homeostatic model assessment of β-cell 

function
HOMA-IR	� Homeostatic model assessment for insulin 

resistance
QUICKI	� Quantitative insulin sensitivity check index
RCT​	� Randomised controlled trial
T2DM	� Type 2 diabetes mellitus

Introduction

Polycystic ovary syndrome (PCOS) is the most common 
endocrine disorder affecting women of reproductive age, 
affecting approximately one fifth of women of reproductive 
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age [1] and it is the leading cause of anovulatory infertility 
in women [2]. PCOS is characterized by a cluster of patholo-
gies, including irregular menstrual cycle, hyperandrogen-
ism, and polycystic ovaries [1]. Insulin resistance (IR), a 
pathological state in which the body's tissues become resist-
ant to the effects of insulin, leading to hyperinsulinemia 
and compensatory hyperglycemia, is a common feature of 
PCOS, with up to 70% of women with PCOS exhibiting 
some degree of IR (Dunaif, 1997). This IR is believed to 
contribute to the elevated risk of, obesity, diabetes and car-
diovascular disease in women with PCOS [3, 4].

Vitamin D has been implicated in the pathogenesis of 
insulin resistance and type 2 diabetes mellitus (T2DM), due 
to its effects on insulin secretion and sensitivity, inflam-
mation, and calcium homeostasis [5]. In European popula-
tions, vitamin D insufficiency (serum 25-hydroxy vitamin 
D [25(OH)D] concentration <50 nmol/L) is believed to 
affect up to 40% of individuals [6] and vitamin D deficiency 
(25(OH)D concentration <30 nmol/L) is considered to be 
a global health concern [7, 8]. Vitamin D insufficiency is 
also common among women with PCOS, with some studies 
reporting a prevalence of up to 70% [9].

Given the potential interplay between vitamin D and IR 
in the context of PCOS, several randomized controlled trials 
(RCTs) have investigated the effect of vitamin D supplemen-
tation on markers of IR. However, while some studies have 
demonstrated a positive effect of supplementation [10, 11], 
others have shown no such benefit [12, 13]. Therefore, to 
investigate the role of vitamin D supplementation in ame-
liorating markers of insulin resistance we completed a sys-
tematic review of RCTs assessing the effect of vitamin D, 
without the use of additional supplements or other pharma-
cological treatments known to affect IR, on fasting glucose, 
fasting insulin, glycated haemoglobin (HbA1c) or homeo-
static model assessment for insulin resistance (HOMA-IR) 
in women with PCOS.

Methods

The systematic review protocol was performed in accordance 
with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement guidelines [14] and 
following the criteria outlined in the Cochrane Handbook 
for Systematic Reviews of Interventions [15]. The protocol 
was registered with PROSPERO (ID: CRD42023486144).

Search strategy

PubMed, Medline (EBSCO) and Web of Science databases 
were searched from January 2000 until November 30th, 
2023, limiting searches to human RCTs in English language. 
The PICO (Population/ intervention/ comparison/ outcome) 

to identify relevant papers was as follows: P (adults ≥18 
years), I (vitamin D, ≥ 1000 IU/day), C (placebo), and O 
(fasting glucose, fasting insulin, HbA1c or HOMA-IR). The 
following search strategy and keywords were used, as pre-
sented, in each database: ((vitamin D) OR (25OHD) OR 
(25(OH)D) OR (*calciferol)) AND ((insulin resistance) OR 
(insulin sensitivity) OR (glucose control) OR (glycemic con-
trol) OR (hba1c) OR (homa-ir) OR (insulin) OR (glucose)) 
AND ((polycystic ovary syndrome) OR (polycystic ovarian 
syndrome) OR (pcos)).

Study selection criteria

Two independent investigators (GK and RK) screened titles 
and abstracts for relevant studies. Only RCTs that assessed 
the effects of vitamin D supplementation in adult women 
(mean age ≥ 18 years) with PCOS, on common measures of 
glycemic control/IR were included. Acceptable measures of 
glycemic control/IR were limited to fasting glucose, fasting 
insulin, HbA1c or HOMA-IR due to their frequency of use 
in the literature as measures that can be determined with 
single blood tests [16–18]. Studies were required to specify 
duration and only those with an intervention of a minimum 
of 8 weeks duration were included as previously published 
literature has indicated that such durations of supplementa-
tion with 1000–2000 IU/day of vitamin D3 may be required 
to achieve sufficient levels plasma levels, from a deficient 
state [19]. Interventions with dietary modification, supple-
mentation of additional vitamins/minerals or pharmacologi-
cal treatments known to affect IR were excluded. Studies in 
populations suffering from pathologies other than sarcope-
nia and frailty (e.g., cancer, cardiovascular disease, diabe-
tes etc.) were also excluded. Study inclusion and exclusion 
criteria are summarized in Table 1.

Data extraction

Two investigators (GK and RK) independently extracted data 
from the original publications. Data on age, country of inter-
vention, baseline and endpoint serum vitamin D level (where 
available), vitamin D dosage and frequency, and intervention 
duration, and primary outcomes were extracted. In order to 
avoid double counting of control arms, where multiple treat-
ment arms were used with only one control group, priority 
was given to treatment arms with higher dosages of vitamin 
D. Discrepancies were resolved by group consultation (GK, 
RK, and SM) until consensus was reached.

Risk of bias assessment

Risk of bias of RCTs was evaluated independently by two 
investigators (GK and RPK). The assessment was per-
formed at the study level with the revised Cochrane risk of 
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bias tool (RoB 2) which grades the risk of selection, per-
formance, attrition, detection, and reporting biases [20]. 
This tool assesses whether a study has a low, unclear, or 
high risk of bias. Differences in opinion were resolved 
by group consultation (GK, RK, and SM) until consensus 
was reached.

Results

Flow and characteristics of included studies

Figure 1 shows the flowchart of studies in the review process. 
After removal of duplicates, 493 records were identified by 

Table 1   Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Population Population
 Age >18 years  Individuals with comorbidities including cardiovascular disease, type 

2 diabetes, cancer, Non-Alcoholic Fatty Liver Disease, chronic 
kidney disease etc.

 PCOS

Intervention Intervention
 Randomized controlled trial  Other vitamin/mineral supplements
 Supplementary vitamin D >1000IU/day  Pharmacological treatments
 Non-supplemented control or placebo
 Minimum duration of 6 weeks

Primary outcomes
 HbA1c
 HOMA-IR
 Fasting serum glucose
 Fasting serum insulin

Other Other
 Full paper  Protocol papers
 English language  Abstract only

Fig. 1   PRISMA flow diagram 
of study selection through the 
systematic review process. 
PRISMA, Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analysis
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the initial literature search. Through review of titles and 
abstracts, 24 potentially relevant articles were selected for 
full-text evaluation. Subsequently, 9 eligible randomized 
controlled studies met the inclusion criteria [10–13, 21–25].

The characteristics of the studies included in the system-
atic review are presented in Table 2. Briefly, studies ranged 
in size from 28 to 180 participants per study, with mean 
ages of participants ranging from 22 to 30 years. Location 
of interventions ranged from Iran (4 studies) [10, 11, 21, 25], 
USA (2 studies) [12, 23], Austria (1 study) [13], India (1 
study) [22], and UK (1 study) [24]. Study durations ranged 
from 8 weeks (4 studies) [10, 11, 21, 23] to 12 weeks (4 
studies) [12, 22, 24, 25], and 24 weeks (1 study) [13]. In 
terms of body mass index (BMI), participants ranged from 
normal BMI (18.5-24.9 kg/m2) (1 study) [25], overweight 
(25.29.9 kg/m2) (5 studies) [11, 13, 21–23], and obese (>30 
kg/m2) (2 studies) [12, 24]. Abootorabi et al [10] did not 
report data on BMI. Based on cut-off values for insulin 
resistance (defined as HOMA-IR ≥2.1) [26] all but one [23] 
of the included studies had a insulin resistant intervention or 
control group at baseline.

Vitamin D interventions

Individual doses of vitamin D ranged from 3,200 IU (1 
study) [24], to 12,000 IU (2 studies) [12, 22], to 20,000 IU (1 
study) [13], and to 50,000 IU (5 studies) [10, 11, 21, 23, 25].

Frequency of vitamin D dosage ranged from once per day 
(2 studies) [12, 24], to once per week (4 studies) [10, 13, 22, 
23], to once every 2 weeks (2 studies) [11, 25], to once every 
20 days (1 study) [21].

Daily vitamin D dose varied with ranges of 1000-4,999 
IU per day (6 studies) [11, 13, 21, 22, 24, 25], 5000-9,999 
IU (2 studies) [10, 23], and 10,000-12,000 IU (1 study) [12].

Risk of bias assessment

Risk of bias of RCTs was evaluated with the revised 
Cochrane risk of bias tool. This tool determined 5 studies 
had low risk of bias [10–12, 21, 24], 3 studies had some 
concerns of bias [13, 23, 25], and 1 study had a high risk of 
bias [22] (Fig. 2).

Adherence

Regarding supplement adherence, all but 2 studies [12, 22] 
provided details on how this was monitored and included: 
collection of used supplement containers [11, 13, 24, 25]; 
and adherence phone calls/interviews with research staff [10, 
21, 23].

Study summaries and outcomes

Fasting glucose was the most commonly measured of the 
specified outcomes (8 studies) [10–13, 21, 22, 24, 25], fol-
lowed by HOMA-IR (8 studies) [10–13, 21, 23–25], fasting 
insulin (6 studies) [10–12, 21, 24, 25], and HbA1c (1 study) 
[13]. Detailed results from all studies for all reported pri-
mary outcomes are presented in Table 3.

Abootorabi et al recruited 44 vitamin D deficient, Ira-
nian women with PCOS for a randomized, single-blind, 
placebo-controlled trial. Participants received either vitamin 
D (50,000 IU/week) or placebo for 8 weeks [10]. Fasting 
glucose was reduced in the supplementation group (4.81 ± 
0.38 to 4.39 ± 0.39 mmol/L, P = 0.001). However, there 
was no statistically significant change in fasting insulin or 
HOMA-IR.

60 vitamin D deficient women with PCOS were recruited 
by Ardabili et al for a randomized, double-blind, placebo-
controlled trial conducted in Iran. Participants received 
either vitamin D (50,000 IU every 20 days) or placebo for 
8 weeks [21]. The study found no statistically significant 
effect of vitamin D supplementation on measures of fasting 
glucose, fasting insulin or HOMA-IR.

Dastorani et al conducted a randomized, double-blind, 
placebo-controlled trial in Iran with 40 candidates for 
in vitro fertilization with PCOS [11]. Participants received 
either vitamin D (50,000 IU every 2 weeks) or placebo for 8 
weeks. Vitamin D supplementation statistically significantly 
reduced fasting insulin ( – 1.4 ± 1.6 μIU/mL, P = 0.007) and 
HOMA-IR ( – 0.3 ± 0.3, P = 0.008) but had no statistically 
significant effect on fasting glucose.

The study by Gupta et al was a randomized, double-blind, 
placebo-controlled trial conducted in India with 50 women 
with PCOS [22]. Participants received either vitamin D 
(12,000 IU/week) or placebo for 12 weeks. Vitamin D sup-
plementation statistically significantly reduced serum fasting 
glucose (88.24 ± 9.25 to 82.36 ± 8.03 mg/dl, P = 0.041), 
fasting insulin (10.34 ± 20.00 to 5.00 ± 3.25 μIU/mL, P 
= 0.021), and HOMA-IR (2.38 ± 4.88 to1.00 ± 0.58, P = 
0.003).

In a randomized, single-blind, placebo-controlled trial 
conducted in the USA, Irani et al recruited 53 women with 
PCOS [23]. Participants received either vitamin D (50,000 
IU/week) or placebo for 8 weeks. Vitamin D supplementa-
tion showed no statistically significant effect of HOMA-IR.

In a UK-based PCOS cohort, Javed et al recurited 37 
women for a randomized controlled trial [24]. Participants 
received either vitamin D (3200 IU/day) or placebo for 12 
weeks. Vitamin D supplementation did not significantly 
affect fasting glucose, fasting insulin, or HOMA-IR.

Maktabi et al conducted a randomized, double-blind, 
placebo-controlled trial in Iran with 70 women with PCOS 
[25]. Participants received either vitamin D (50,000 IU every 



European Journal of Nutrition	

Ta
bl

e 
2  

P
ar

tic
ip

an
t c

ha
ra

ct
er

ist
ic

s a
nd

 in
te

rv
en

tio
n 

de
ta

ils
 o

f t
he

 9
 in

cl
ud

ed
 st

ud
ie

s

BM
I b

od
y 

m
as

s 
in

de
x;

 F
PG

 fa
sti

ng
 p

la
sm

a 
gl

uc
os

e;
 F
PI

 fa
sti

ng
 p

la
sm

a 
in

su
lin

; F
SI

 fa
sti

ng
 s

er
um

 in
su

lin
; H

bA
1c

 g
ly

ca
te

d 
ha

em
og

lo
bi

n;
 H

O
M
A-
IR

 h
om

eo
st

at
ic

 m
od

el
 a

ss
es

sm
en

t f
or

 in
su

lin
 

re
si

st
an

ce
; I
U

 in
te

rn
at

io
na

l u
ni

ts

A
ut

ho
r (

Ye
ar

)
In

te
rv

en
tio

n 
gr

ou
p

n
M

ea
n 

ag
e 

(y
ea

rs
)

C
ou

nt
ry

B
M

I (
kg

/m
2 )

V
ita

m
in

 D
 d

os
e 

(I
U

) /
C

on
tro

l
Fr

eq
ue

nc
y 

of
 

vi
ta

m
in

 D
 tr

ea
t-

m
en

t

V
ita

m
in

 D
 

da
ily

 e
qu

iv
al

en
t 

(I
U

)

D
ur

a-
tio

n 
(w

ee
ks

)

C
ha

ng
e 

in
 se

ru
m

 
25

(O
H

)D
nm

ol
/L

M
ai

n 
fin

di
ng

s I
nt

er
-

ve
nt

io
n 
vs

 C
on

tro
l

A
bo

ot
or

ab
i e

t a
l. 

(2
01

8)
 [1

0]
In

te
rv

en
tio

n
22

26
.2

Ir
an

–
50

,0
00

 (V
ita

m
in

 
D

3)
1/

w
ee

k
71

43
8

21
.6

 ±
 1

0.
8

to
 9

2.
3 

±
 2

0.
9

FP
G

 ↓
N

o 
di

ffe
re

nc
e 

in
 F

SI
 

or
 H

O
M

A
-I

R
C

on
tro

l
22

22
.8

–
Pl

ac
eb

o
24

.5
 ±

 1
2.

8
to

 3
3.

4 
±

 1
7.

8
A

rd
ab

ili
 e

t a
l. 

(2
01

2)
 [2

1]
In

te
rv

en
tio

n
30

26
.8

Ir
an

29
.1

0 
±

 4
.6

2
50

,0
00

 (V
ita

m
in

 
D

3)
1/

20
 d

ay
s

25
00

8
17

.3
 ±

 7
.0

to
 5

8.
5 

±
 1

5.
3

N
o 

di
ffe

re
nc

e 
in

 
FP

G
, F

SI
 o

r 
H

O
M

A
-I

R
C

on
tro

l
30

27
28

.2
8 

±
 3

.5
1

Pl
ac

eb
o

18
.5

 ±
 7

.0
to

 2
0.

5 
±

 5
.8

D
as

to
ra

ni
 e

t a
l. 

(2
01

8)
 [1

1]
In

te
rv

en
tio

n
20

29
.9

Ir
an

27
.7

 ±
 3

.9
50

,0
00

 (V
ita

m
in

 
D

3)
1/

 2
 w

ee
ks

35
71

8
26

.3
 ±

 2
6.

3
to

 5
4.

3 
±

 1
4.

8
FS

I a
nd

 H
O

M
A

-
IR

 ↓
N

o 
ch

an
ge

 in
 F

PG
C

on
tro

l
20

30
.1

28
.4

 ±
 2

.6
Pl

ac
eb

o
27

.5
 ±

 6
.0

to
 2

7.
3 

±
 5

.3
G

up
ta

 e
t a

l. 
(2

01
7)

 
[2

2]
In

te
rv

en
tio

n
25

26
.0

In
di

a
24

.9
3 

±
 2

.8
1

12
,0

00
 (V

ita
m

in
 

D
3)

1/
 w

ee
k

17
14

12
46

.4
 ±

 2
4.

2
to

 1
12

.3
 ±

 2
2.

6
FS

G
, F

SI
 a

nd
 

H
O

M
A

-I
R

 ↓
C

on
tro

l
25

26
.6

25
.5

5 
±

 1
.9

8
Pl

ac
eb

o
N

/A
Ir

an
i e

t a
l. 

(2
01

5)
 

[2
3]

In
te

rv
en

tio
n

35
30

.5
U

SA
30

 ±
 1

50
,0

00
 (V

ita
m

in
 

D
3)

1/
 w

ee
k

71
43

8
40

.8
 ±

 2
.3

to
 1

08
.0

 ±
 6

.0
N

o 
di

ffe
re

nc
e 

in
 

H
O

M
A

-I
R

C
on

tro
l

18
29

.6
28

 ±
 1

.6
Pl

ac
eb

o
42

.5
 ±

 4
.5

to
 4

3.
5 

±
 4

.8
Ja

ve
d 

et
 a

l. 
(2

01
9)

 
[2

4]
In

te
rv

en
tio

n
18

28
.6

U
K

35
.4

 ±
 1

0.
6

3,
20

0 
(V

ita
m

in
 D

)
1/

 d
ay

32
00

12
25

.6
±

11
.4

to
 9

0.
4 

±
 1

9.
5

N
o 

di
ffe

re
nc

e 
in

 
FP

G
, F

PI
 o

r 
H

O
M

A
-I

R
C

on
tro

l
19

29
.1

33
.8

 ±
 7

.2
Pl

ac
eb

o
30

.9
 ±

 1
1.

1
to

 4
7.

6 
±

 2
0.

5
M

ak
ta

bi
 e

t a
l. 

(2
01

7)
 [2

5]
In

te
rv

en
tio

n
35

22
.0

Ir
an

22
.7

 ±
 3

.4
50

,0
00

 (V
ita

m
in

 
D

3)
1/

 2
 w

ee
ks

35
71

12
32

.0
 ±

 1
1.

3
to

 6
8.

8 
±

 2
4.

5
FP

G
, F

PI
 a

nd
 

H
O

M
A

-I
R

 ↓
C

on
tro

l
35

23
.1

24
.1

 ±
 3

.8
Pl

ac
eb

o
36

.3
 ±

 1
2.

8
to

 3
6.

0 
±

 1
3.

0
R

aj
a-

K
ha

n 
et

 a
l. 

(2
01

4)
 [1

2]
In

te
rv

en
tio

n
13

28
.2

U
SA

37
.2

0 
±

 4
.5

3
12

,0
00

 (V
ita

m
in

 
D

3)
1/

 d
ay

12
,0

00
12

48
.9

 ±
 2

3.
7

to
 1

68
.4

 ±
 7

1.
6

N
o 

di
ffe

re
nc

e 
in

 
FP

G
, F

PI
 o

r 
H

O
M

A
-I

R
C

on
tro

l
15

28
.7

35
.0

9 
±

 9
.8

1
Pl

ac
eb

o
56

.1
 ±

 1
7.

6
to

 5
5.

5 
±

 1
7.

2
Tr

um
m

er
 e

t a
l. 

(2
01

9)
 [1

3]
In

te
rv

en
tio

n
11

9
25

.4
A

us
tri

a
27

.3
 ±

 7
.4

20
,0

00
 (V

ita
m

in
 

D
3)

1/
 w

ee
k

28
57

24
48

.8
 ±

 1
6.

8
to

 9
0.

2 
±

 2
0.

1
N

o 
di

ffe
re

nc
e 

in
 

FP
G

, H
bA

1c
 o

r 
H

O
M

A
-I

R
C

on
tro

l
61

27
.2

28
.3

 ±
 7

.8
Pl

ac
eb

o
48

.8
 ±

 1
7.

5
to

 5
6.

8 
±

 2
9.

5



	 European Journal of Nutrition

2 weeks) or placebo for 12 weeks. Vitamin D supplementa-
tion statistically significantly improved fasting glucose (5.05 
± 0.34 to 4.87 ± 0.42 mmol/L, P = 0.02), fasting insulin 
(reduced by 1.4 ± 3.6 μIU/ml, P = 0.004), and HOMA-IR 
(reduced by – 0.3 ± 0.8, P = 0.003).

In the USA, Raja-Khan et al conducted a randomized, 
double-blind, placebo-controlled trial with 30 women with 
PCOS [12]. Participants received either vitamin D (12,000 
IU/day) or placebo for 12 weeks. High-dose vitamin D sup-
plementation had no statistically significant effect on fasting 
glucose, fasting insulin or HOMA-IR.

In a randomized, double-blind, placebo-controlled trial 
conducted in Austria, Trummer et al recruited 180 women 
with PCOS [13]. Participants received either vitamin D 
(20,000 IU/week) or placebo for 24 weeks. Vitamin D sup-
plementation did not statistically significantly affect fasting 
glucose, HOMA-IR, or HbA1c.

Discussion

In the present study, I systematically reviewed RCTs inves-
tigating the effect of high-dose vitamin D supplementation 
on measures of glycemic control and insulin resistance, 
in women with PCOS. Analysis of all applicable studies 
revealed inconsistent results in terms of the effects of high-
dose vitamin D supplementation on multiple measures of 

insulin resistance or glycemic control. Specifically, 5 out 
of the 9 studies identified did not observe any statistically 
significant improvements in either fasting glucose, fasting 
insulin, HOMA-IR or HbA1c [12, 13, 21, 23, 24]. Fasting 
glucose was observed to be reduced in the vitamin D sup-
plementation group in 3 studies [10, 22, 25], fasting insulin 
was lowered in 3 studies [11, 22, 25] and HOMA-IR was 
lowered in 3 studies [11, 22, 25]. HbA1c was not statistically 
significantly reduced in any study.

The results of this review are in agreement with the 
results of a number of similar reviews. He et al performed 
a systematic review and meta-analysis with the aim of 
assessing both the association of serum vitamin D levels 
with metabolic dysregulations in women with PCOS, and to 
determine the effects of vitamin D supplementation on meta-
bolic and hormonal functions in this population [27]. This 
review included all the measures of IR used in the present 
study as well as including homeostatic model assessment 
of β-cell function (HOMA-β) and quantitative insulin sen-
sitivity check index (QUICKI), and found no evidence that 
vitamin D supplementation mitigated measures of insulin 
resistance in PCOS. It should be noted that this review did 
not specify criteria for dosages of vitamin D supplementa-
tion used in the included studies.

Some statistically significant effects of vitamin D sup-
plementation have also been reported in systematic reviews. 
Łagowska et al performed a systematic review and meta-
analysis comparing the effects of vitamin D supplementa-
tion alone or with co-supplements, with placebo, in women 
with PCOS [28]. Similarly to the present manuscript, the 
dosages in studies exclusively using vitamin D, included in 
this meta-analysis, ranged from 1000 IU/day to 60,000 IU/
week. Co-supplementation interventions used lower doses. 
Vitamin D, when used alone, in doses below 4000 IU/d 
was seen to result in statistically significant reductions in 
HOMA-IR. This effect was not seen in interventions using 
more than 4000 IU/day and the authors speculated that this 
might be the result of the more regular absorption of vita-
min D3 in the gut or better compliance with smaller, more 
regular doses. Statistically significant decreases in fasting 
glucose concentrations and HOMA-IR were reported only 
for interventions using Vitamin D when co-supplemented 
with other vitamins or minerals and not in interventions 
using vitamin D alone.

It is difficult to determine why some of the studies 
included in this systematic review show promising results 
while others do not, as this can likely be attributed to several 
factors. Differences in study design, sample size, duration, 
dosage, and baseline characteristics of participants may play 
a critical role in the variability of outcomes. For instance, 
varying individual doses of vitamin D ranged from 3200 
to 50,000 IU with frequency of dosage ranging from once 
per day to once every 2 weeks. Additionally, the baseline 

Fig. 2   Risk of bias summary for the included studies
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Table 3   Outcome result details of the 9 included studies

Author (Year) Intervention group n Primary outcome details (pre to post 
values ± SD)

Significant findings Intervention vs Control

Abootorabi et al. (2018) [10] Intervention 22 HbA1c: NA
HOMA-IR: 2.78 ± 1.31 to 2.82 ± 1.43
FPG: 86.74 ± 6.76 to 79.07 ± 7.09
FSI: 14.65 ± 7.45 to 15.92 ± 7.27

FPG ↓
No statistically significant difference in FSI 

or HOMA-IR

Control 22 HbA1c: NA
HOMA-IR: 1.69 ± 1.19 to 2.01 ± 0.67
FPG: 84.18 ± 5.85 to 85.90 ± 7.92
FSI: 8.19 ± 5.76 to 9.60 ± 3.30

Ardabili et al. (2012) [21] Intervention 30 HbA1c: NA
HOMA-IR: 3.17 ± 4.08 to 3.21 ± 2.59
FSG: 99.79 ± 10.14 to 96.63 ± 9.87
FSI: 12.51 ± 15.13 to 13.34 ± 9.66

No statistically significant difference in 
FPG, FSI or HOMA-IR

Control 30 HbA1c: NA
HOMA-IR: 2.51 ± 1.41 to 2.46 ± 1.14
FSG: 101.50 ± 10.55 to 98.77 ± 14.62
FSI: 9.88 ± 5.26 to 9.98 ± 4.09

Dastorani et al. (2018) [11] Intervention 20 HbA1c: NA
HOMA-IR: 2.5 ± 0.7 to 2.2 ± 0.7
FPG: 90.3 ± 10.5 to 89.4 ± 10.6
FSI: 11.2 ± 2.2 to 9.8 ± 2.7

FSI and HOMA-IR ↓
No statistically significant difference in 

FPG

Control 20 HbA1c: NA
HOMA-IR: 2.6 ± 0.5 to 2.5 ± 0.4
FPG: 92.9 ± 5.5 to 93.5 ± 5.6
FSI: 11.4 ± 1.9 to 11.1 ± 2.0

Gupta et al. (2017) [22] Intervention 25 HbA1c: NA
HOMA-IR: 2.38 ± 4.88 to 1.00 ± 0.58
FSG: 88.24 ± 9.25 to 82.36 ± 8.03
FSI: 10.34 ± 20.00 to 5.00 ± 3.25

FSG, FSI and HOMA-IR ↓

Control 25 HbA1c: NA
HOMA-IR: NA
FSG: NA
FSI: NA

Irani et al. (2015) [23] Intervention 35 HbA1c: NA
HOMA-IR: 2.07 ± 0.37 to 2.03 ± 0.22
FSG: NA
FSI: NA

No statistically significant difference in 
HOMA-IR

Control 18 HbA1c: NA
HOMA-IR: 1.58 ± 0.30 to 1.52 ± 0.24
FSG: NA
FSI: NA

Javed et al. (2019) [24] Intervention 18 HbA1c: NA
HOMA-IR: 2.9 (2.8) to 2.5 (3.9)
FPG: 84.6 (9.0) to 82.8 (12.6)
FPI: 14.2 (12.8) to 12.3 (17.1)

No statistically significant difference in 
FPG, FPI or HOMA-IR

Control 19 HbA1c: NA
HOMA-IR: 2.1 (2.1) to 2.2 (2.8)
FPG: 86.4 ± 7.2 to 86.4 ± 9.0
FPI: 11.7 ± 6.5 to 12.8 ± 8.0

Maktabi et al. (2017) [25] Intervention 35 HbA1c: NA
HOMA-IR: 2.2 ± 1.1 to 1.8 ± 0.6
FPG: 91.0 ± 6.1 to 87.8 ± 7.6
FPI: 9.6 ± 4.5 to 8.2 ± 2.8

FPG, FPI and HOMA-IR ↓

Control 35 HbA1c: NA
HOMA-IR: 2.1 ± 1.7 to 2.7 ± 1.6
FPG: 93.8 ± 7.8 to 94.3 ± 9.8
FPI: 9.1 ± 7.3 to 11.7 ± 6.5
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vitamin D levels and insulin resistance status of participants, 
as well as study duration, may influence the effectiveness 
of the intervention. Furthermore, the geographical location 
and ethnic background of the study populations, which affect 
vitamin D metabolism and baseline deficiency levels, could 
also contribute to the observed discrepancies and may affect 
the reliability, validity and translatability of the findings. 
Furthermore, the existence of vitamin D receptor (VDR) 
gene polymorphisms may also be responsible for a vari-
able response within individuals to vitamin D supplemen-
tation which may subsequently impact upon experimental 
outcomes. Studies have suggested that the TaqI VDR poly-
morphism and the FF genotype of the FokI variant may be 
associated with a better response to vitamin D supplementa-
tion [29]. Hence, it is crucial to consider these factors when 
interpreting the results of studies on vitamin D supplementa-
tion in women with PCOS.

Interest in the use of vitamin D as a possible treatment for 
IR in PCOS derives from research highlighting up to 70% 
of women with PCOS are vitamin D insufficient [9] and a 
similar proportion of women with PCOS exhibit some level 
of IR (Dunaif, 1997). The biological mechanisms by which 
vitamin D may influence insulin sensitivity are not entirely 
clear, although a number of potential mechanisms have 
been proposed. One proposed mechanism is that vitamin 
D increases calcium influx into pancreatic β-cells, enhanc-
ing insulin production [30]. As the interaction of vitamin D 
with the nuclear vitamin D receptor increases the efficiency 
of intestinal calcium absorption [31], impaired vitamin D 
status may lead to insufficient calcium status and subsequent 

impairment of β-cell insulin production. Indeed, previous 
research using 18 months of vitamin D supplementation 
(2000 IU/day), has reported improvements HOMA-β secre-
tion (a measure of insulin secretion from pancreatic β-cells) 
in individuals with T2DM [32].

Another proposed mechanism posits that vitamin D may 
regulate insulin sensitivity through modulation of some 
insulin signalling pathways, particularly in skeletal muscle 
and adipose tissue. For example, research in rodent models 
has reported upregulated expression of vitamin d receptor 
(VDR) and insulin receptor substrate 1 (IRS-1) in skeletal 
muscle [33], and glucose transporter type 4 (GLUT4) in 
skeletal muscle cells [34], in response to vitamin D sup-
plementation. IRS-1 is involved in regulation of insulin 
sensitivity and glucose homeostasis by modulation of the 
magnitude and duration of the insulin signalling response 
[35] and GLUT-4 is a glucose transporter which is involved 
in both insulin-stimulated and insulin independent glucose 
uptake in muscle and adipose tissue [36]. Thus, while the 
results of the present systematic review may be inconclusive, 
there is evidence for putative mechanisms by which vitamin 
D may affect insulin sensitivity.

This review has a number of strengths and limitations. 
A strength of this review is the focus on high-dose inter-
ventions using a minimum of 1000 IU/day of vitamin D. 
In fact, the lowest dose used in the included interventions 
was 1714 IU/day. Previous research has reported that doses 
of 1000–2000 IU/day of vitamin D3 over approximately 
8-weeks may be necessary to achieve substantial changes in 
serum 25(OH)D levels, from a deficient state [19]. Despite 

Table 3   (continued)

Author (Year) Intervention group n Primary outcome details (pre to post 
values ± SD)

Significant findings Intervention vs Control

Raja-Khan et al. (2014) [12] Intervention 13 HbA1c: NA
HOMA-IR: 5.47 ± 1.82 to 7.79 ± 7.37
FSG: 84.92 ± 9.46 to 83.82 ± 8.02
FSI: 26.31 ± 9.60 to 38.09 ± 37.60

No statistically significant difference in 
FPG, FPI or HOMA-IR

Control 15 HbA1c: NA
HOMA-IR: 5.80 ± 3.90 to 5.69 ± 2.97
FSG: 83.73 ± 9.33 to 77.64 ± 14.66
FSI: 27.13 ± 15.79 to 28.73 ± 14.64

Trummer et al. (2019) [13] Intervention 119 HbA1c: 33 (31–35) to 33 (32–35)
HOMA-IR: 1.9 (1.1–3.5) to 2.3 (1.4–3.5)
FPG: 84 ± 8 to 82 ± 8
FPI: NA

No difference in FPG, HbA1c or HOMA-IR

Control 61 HbA1c: 34 (32–35) to 33 (32–35)
HOMA-IR: 2.2 (1.3–3.0) to 2.3 (1.3–3.8)
FPG: 84 ± 8 to 83 ± 7
FPI: NA

Data are presented as mean ± SD if normally distributed, or median (interquartile range) if not normally distributed
FPG fasting plasma glucose (mg/dL); FPI fasting plasma insulin (μIU/mL); FSG fasting serum glucose (mg/dL); FSI fasting serum insulin 
(μIU/mL); HbA1c glycated haemoglobin; HOMA-IR homeostatic model assessment for insulin resistance; IU international units; NA not avail-
able
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recommended intakes of vitamin D being considerably lower 
(400 IU/day in the UK) [37], this dose may not be sufficient 
to induce changes in serum vitamin D levels nor subsequent 
physiological changes such as insulin sensitivity. Therefore, 
the inclusion of only high-dose vitamin D interventions in 
this review makes it more likely that the lack of effects 
observed is not due to insufficient supplementation.

Another factor worth consideration in this review is the 
inclusion of a number of studies with particularly severe 
vitamin D deficiency (< 30 nmol/L) [10, 11, 21, 24]. It 
might be assumed that those populations showing the great-
est deficiency in serum vitamin D status would have the 
most to benefit from supplementation and thus be the most 
likely to benefit in terms of biomarkers of insulin resistance. 
However, statistically significant improvements in glucose, 
insulin and HOMA-IR were not consistent amongst these 
studies, with one [24] showing no statistically significant 
improvement in any of the measured markers.

There are also some limitations to this systematic review. 
Firstly, due to the inclusion/exclusion criteria used, the num-
ber of studies included in this systematic review was limited 
to nine, thus limiting the generalizability of the review’s 
findings as a smaller number of included studies may not 
be representative of the broader population. Furthermore, 
a smaller number of included studies limits the diversity 
of the included populations, making it challenging to draw 
definitive conclusions about the effects of the intervention in 
diverse groups [38]. However, the reason for maintaining the 
strict inclusion/exclusion criteria was to limit the possible 
heterogeneity of the included studies, thus strengthening the 
overall conclusions of the review within the context of those 
specific criteria.

Additionally, almost half (n = 4) of the studies included 
in the present systematic review were conducted in Iran 
where women are more likely to cover the majority of their 
skin thus reducing sunlight-stimulated vitamin D production 
and increasing the risk of vitamin D deficiency [39]. There-
fore, results from these studies may not be extrapolated to 
populations that may receive more sun exposure, such as in 
the US and Europe.

It should also be noted that 4 of the included studies 
(almost half of the total) were determined to have some 
concerns or a high risk of bias [13, 22, 23, 25]. However, 
excluding these studies and focusing only on studies with 
a low risk of bias results in a total of 2 studies reporting 
statistically significant effects [10, 11], and a total of 3 stud-
ies reporting no statistically significant effects [12, 21, 24], 
thus not majorly altering the overall findings of this review.

Furthermore, it is important to clarify that the studies 
included in this systematic review, largely comply with the 
guidelines for clinical studies of nutrient effects proposed 
by Heaney [40]. Briefly, these state that (1) basal nutrient 
status must be measured; (2) the intervention must change 

the nutrient status; (3) this change must be measured and 
reported. However, other guidelines are not necessarily 
adhered to by all of these studies, such as (4) the hypothesis 
must be that a change in nutrient status produces the sought-
for effect; and (5) conutrient status must be optimized in 
order to ensure that the test nutrient is the only nutrition-
related, limiting factor in the response. However, due to 
the stringency of the guidelines for systematic reviews, put 
forward in the same paper [40] these guidelines were not 
followed in this manuscript and this should be considered a 
limitation of the systematic review.

Finally, while this review has focused on vitamin D, it 
is relevant to consider several other lifestyle factors known 
to significantly influence insulin resistance (IR) in women 
with PCOS. Importantly, pharmacological interventions 
such as metformin, and supplementation with inositol, both 
insulin-sensitizing agents, have been shown to improve insu-
lin sensitivity and reduce insulin resistance in PCOS [41, 
42]. Nutritional approaches, particularly low-glycemic index 
diets and those rich in fibre, can enhance insulin sensitiv-
ity and assist in weight management, a critical component 
in managing PCOS-related insulin resistance [43]. Regular 
physical activity, especially resistance and aerobic exercise, 
has been demonstrated to improve insulin sensitivity by 
enhancing glucose uptake and utilization in skeletal muscle 
[44]. Furthermore, adequate sleep duration and quality are 
crucial as sleep disturbances and poor sleep quality have 
been linked to increased IR and metabolic disturbances in 
PCOS [45]. Collectively, these lifestyle factors may play a 
vital role in the management of IR in PCOS, regardless of 
the potential benefits of vitamin D supplementation.

Conclusion

In conclusion, in RCTs of high-dose vitamin D supplemen-
tation in women with PCOS, the majority of studies do not 
report statistically significant improvements in fasting glu-
cose, fasting insulin, HbA1c or HOMA-IR. However, as 
a minority of studies report some statistically significant 
results, further investigation may be warranted.
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