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Abstract

Objective: Observational studies have shown that circulating vitamin D (VitD) deficiency is
associated with atherogenic lipid patterns among polycystic ovary syndrome (PCOS) patients.
However, interventional studies have shown inconsistent results. The aim of this meta-analysis
was to investigate how VitD supplementation influences lipid indices in PCOS patients.
Methods: The authors searched four electronic databases through August 2019 to identify
randomized controlled trials (RCTs) that assessed the effect of VitD intervention on serum
lipids among PCOS patients. Mean differences were generated for statistical evaluation.
Results: We included eight studies and performed nine comparisons across 467 participants.
VitD supplementation reduced serum triglyceride levels (—11.88 mg/dL; 95% confidence interval
[CI]: —17.03 to —6.73), total cholesterol (—9.09 mg/dL; 95% Cl: —14.90 to —3.29), low-density
lipoprotein cholesterol (—5.22 mg/dL; 95% Cl: —10.32 to —0.13), and very-low-density lipopro-
tein cholesterol (—2.43 mg/dL; 95% CI: —3.69 to —1.17) compared with no VitD supplementa-
tion. However, high-density lipoprotein cholesterol levels showed no differences with or without
VitD supplementation (—0.39 mg/dL; 95% Cl: —1.39 to 0.61).

Conclusions: VitD supplementation improved serum lipid levels among PCOS patients, but
serum high-density lipoprotein cholesterol levels were not changed. VitD intervention might
benefit PCOS patients who are at high risk of an atherogenic lipid profile.
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Introduction

Polycystic ovary syndrome (PCOS) is a prev-
alent disease of the endocrine system that
affects up to 20% of reproductive-aged
women across the globe." It is considered
to be a complex multisystem syndrome that
is associated with both reproductive (ovula-
tory dysfunction, hyperandrogenism, and
infertility) and metabolic abnormalities (i.e.,
dyslipidemia, insulin resistance, and cardio-
vascular diseases [CVD]).>* Dyslipidemia is
probably the most common metabolic
abnormality among PCOS patients, with a
prevalence of 70%, and it is characterized
by elevated levels of a range of serum
lipids, but decreased levels of high-density
lipoprotein cholesterol (HDL-C).> These
altered lipid levels represent a major determi-
nant of atherosclerosis, which is central to
the development of CVD.?> Additionally,
women with PCOS have an enhanced risk
of stroke and heart disease.*> Therefore,
lipid-modulating and CVD prevention strat-
egies should be given a high priority in
female patients with PCOS.

Vitamin D (VitD) deficiency (VDD) is
defined as serum levels of 25-hydroxy
VitD (or 25(OH)D) <20 ng/mL.® Women
with PCOS are more likely to develop
VDD, with a high prevalence of 67% to
85%." An increasing amount of evidence
shows that VDD is closely associated with
unregulated lipid levels and a heightened
risk of and CVD.*'* VitD binding to its
receptor regulates the expression of many
lipid-associated genes and suggests that it
plays a role in the pathogenesis of

dyslipidemia in PCOS.'"" However, the
effectiveness of taking VitD to recover
lipid profiles is inconclusive. Some random-
ized controlled trials (RCTs) have shown
favorable changes in the lipid profiles of
those supplemented with VitD,'*'® but
others have documented non-significant
effects of VitD.'”?! Several meta-analyses
have been conducted to explore the effect of
VitD intervention on lipid levels among
PCOS patients, but no clear conclusion
has been reached.”?>** Since the publica-
tion of the studies referenced above, addi-
tional RCTs have been conducted and more
evidence has been provided about the effect
of VitD intervention on comprehensive
lipid parameters among PCOS patients,
although the results remain inconclusive.
Thus, we investigated the current evidence
from RCTs to critically evaluate the effec-
tiveness of VitD supplementation on the
serum lipid levels in PCOS patients.

Methods

Data sources and search strategy

Two reviewers independently searched
PubMed, Web of Science, Embase, and
The Cochrane Library up to August 26,
2019 to identify RCTs on the effect of
VitD supplementation on the lipid levels in
PCOS patients. We combined the Medical
Subject Heading terms “Vitamin D” and
“polycystic ovary syndrome” as well as the
following free-text terms: “25 (OH) D”,
“vitamin D”, “cholecalciferol”, “calciferol”,
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“ergocalciferol”, “25 Hydroxyvitamin D”,
“calcitriol”, “calcifediol”, “PCOS”, “Stein—
Leventhal Syndrome”, “Stein Leventhal
Syndrome”, “sclerocystic ovarian degener-
ation”, “sclerocystic ovary syndrome”,
“polycystic ovarian syndrome”, “polycystic
ovary syndrome”, “sclerocystic ovaries”,
and “sclerocystic ovary”. The reference lists
from the retrieved citations and relevant
review articles were also screened for any
eligible studies. Only articles published in
English were considered.

Study selection and eligibility criteria

After removing duplicate publications, two
independent authors selected the studies in
a two-step process. First, the titles and
abstracts of eligible references were
screened. Second, the relevant articles that
were published in full were acquired for a
detailed assessment with the aim of identi-
fying eligible studies that met the criteria for
this meta-analysis. Disagreements were
resolved by a third reviewer.

Inclusion criteria were as follows. (1)
Participants: definitively diagnosed PCOS
patients based on the Rotterdam criteria,*
the 1990 National Institutes of Health
(NIH) criteria,”® or Androgen Excess
Society criteria;*® (2) Intervention: VitD
was administered orally as VitD3 (cholecal-
ciferol), VitD2 (ergocalciferol), or any other
active form of VitD including calcitriol and
calcifediol; (3) Comparisons: placebo was
applied in the control arm of a study; (4)
Outcomes: mean changes from baseline
in serum levels of triglycerides (TG), total
cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), HDL-C, and very-
low-density lipoprotein cholesterol
(VLDL-C), and the standard deviation
(SD) was either reported or was able to be
calculated; (5) Study design: RCTs with a
parallel design; and (6) when more than one
paper with overlapping sample data from
the same institute was published, the most

recent publication or the publication that
contained more detailed information was
included.

Exclusion criteria were as follows: (1)
Patients with complications such as other
diseases (e.g. diabetes, Cushing’s syndrome,
hyperthyroidism, or other hormonal dis-
eases); (2) Studies that co-supplemented
patients were excluded if the control group
did not receive the exact type of treatment;
(3) Studies using cell lines or animals; (4)
Data that were reported as the median
and interquartile range; or (5) Review
articles, conference abstracts, letters, com-
mentaries, case reports, or other articles
lacking original data.

Data extraction

Two independent reviewers extracted data
independently and in duplicate using a stan-
dardized form. Any differences between
them were settled by discussion or by a
third independent reviewer. Lead author,
publication year, the ethnicity of partici-
pants, diagnostic criteria of PCOS, sample
size, the name of the supplemented VitD,
treatment dose (international unit per
day), and treatment duration (weeks) were
extracted. Baseline and final concentrations
(or net changes) of serum-lipids were also
assessed. If the changes from baseline were
recalculated after adjusting for some base-
line characteristics, the adjusted changes
were extracted for analysis.

Quality assessment

Two reviewers evaluated the study
quality independently using Cochrane’s
Collaboration tool.?” Evaluation criteria
included the generation of random sequen-
ces, participant blinding, outcome evaluation
blinding, allocation concealment, incomplete
data, and seclective reports. The evaluated
results were divided into low, unclear, and
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high bias risk. Any discrepancies were dis-
cussed or settled by a third reviewer.

Data synthesis

All parameter measurements were converted
to mg/dL for consistency. Specifically,
1 mg/dL =0.0259 mmol/L for TC, HDL-C,
LDL-C and VLDL-C; and 1mg/dL=
0.0113mmol/L for TG. The effect size was
extracted wusing the mean and SD.
Additionally, the standard error (SE) was
converted to the SD using the following
equation: SD = SE x VN, where N is the
population number that was used to convert
the standard error (SE) to SD. Changes in
lipid levels from baseline were the main out-
come measurement. When not present
directly in the original study, we subtracted
the lipid levels at initiation from the values
that were recorded at the end of the trial.
The SD for the changes from baseline was
calculated using the following equation:

\/SDf, +SD? — 2% 0.5 % SDy * SD,, where

SDy, is the SD of the baseline, SD, is SD
at the end of the trial, and 0.5 was used as
an assumed correlation coefficient for end vs.
baseline values.”® If two independent inter-
vention groups were designed for compari-
sons with the same control group, the two
groups were combined into a single group
based on Dias et al.*’ Specifically, the com-
bined sample size was calculated as Ny + N,
the combined mean was calculated as

W, and the combined SD was calcu-
(N1—I)SD%+(N2—1)SD§+N'\:LN,i(Mf+M§—2M|Mz)
lated as \/ NN—T ,

where N; and N, are sample sizes, M; and
M, are the means, and SD; and SD5 are the
SDs of both groups.

Statistical analysis

Data were analyzed using Stata version
15.1 (StataCorp LLC, College Station,
TX, USA). The random-effects model was

applied to the generate mean difference
(MD) and 95% confidence interval (CI).
All calculations accounted for potential
clinical heterogeneity. Subgroup analyses
were performed based on the VitD doses
(low: <4000 1U/day, and high: >4000 1U/
day) and the intervention duration (short:
<8 weeks, and long: >8 weeks). The hetero-
geneity of different studies was evaluated
using the Cochrane test and F.*°
Heterogeneity was considered to be low
when I <50%. Studies were sequentially
removed to perform a sensitivity analysis.
Egger’s assessments®’ and Begg’s funnel
plots* were used to assess publication
bias. All statistical tests were bilateral.
P-values <0.05 were indicative of signifi-
cant changes in serum lipids.

Results

Study selection

The study selection process is demonstrated
in Figure 1. We identified 887 citations after
duplications were removed. Following fur-
ther in-depth screening, 31 complete articles
were assessed. After reviewing the full-text
of these articles, eight studies met the criteria
for this meta-analysis.">'®?' Among the
eight qualified studies, one study involved
two pair-wise comparisons with one compar-
ison that used calcium as a co-supplement
for both the VitD and the placebo
groups.'® This study was enrolled as two sep-
arate trials. One study designed two interven-
tional groups (with two different VitD doses)
compared with the same control.* We com-
bined the two interventional groups into a
single group using the formula mentioned
above. Thus, nine studies from eight RCTs
were considered in this meta-analysis.

Study characteristics

As shown in Table 1, nine studies from
eight RCTs that were published between
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Figure |. Flow schematic depicting the literature search and screening process.

2013 and 2018 included 467 participants
who were enrolled into this study. Eight
studies used the Rotterdam diagnostic
criteria, and one study used the NIH crite-
ria. The number of participants ranged
from 28 to 90. All nine studies used chole-
calciferol (VitD3) with a daily dose that
ranged from 1000 to 12,000 IU. The inter-
vention duration ranged from 8 to 24
weeks. Mean 25(OH)D levels ranged from
6.9+28ng/mL to 199+9.5ng/mL at

baseline, all of which increased to above
20 ng/mL.

Risk of bias evaluation

The quality assessment revealed that all
possible biases were related to allocation
concealment, with one study exhibiting a
high risk because of the single-blind study
design,'* and four studies had an unclear
risk because of insufficient information
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Figure 2. Quality assessment of the included
studies using the Cochrane Collaboration’s tool.
Review authors’ judgments about each risk of bias
item for each included study. Green circle: low risk
of bias; yellow circle: unclear risk of bias; red circle:
high risk of bias.

about the allocation process.'>'1%! There
was no other bias observed in any of the
studies. Quality assessments are outlined
in Figure 2.

Meta-analysis

The level of heterogeneity was minimal
across the studies (¥ <50%). Nine studies
with 467 PCOS patients suggested that the
addition of exogenous VitD supplementa-
tion significantly reduced serum TG

(—11.88 mg/dL; 95% CI: —17.03 to —6.73,
F=0%), TC (=9.09mg/dL; 95% CI:
—14.90 to —3.29, F = 31.3%), and LDL-
C (—5.22 mg/dL; 95% CI: —10.32 to —0.13,
F =31.6%) levels, while the serum HDL-C
level remained statistically unchanged
(=0.39 mg/dL; 95% CI: —1.39 to 0.61,
F=0%; Figure 3a—d). Six studies with
354 PCOS patients showed that VitD mark-
edly improved serum VLDL-C levels
(—2.43 mg/dL; 95% CI. —3.69 to —1.17,
F =17.5%; Figure 3e).

Stratified analyses were performed based
on VitD dosing and intervention duration
(Table 2). When stratified by the VitD dose,
the significant effects for TC, LDL-C, and
VLDL remained for the trials at doses of
<40001U/day, but they disappeared for
trials with doses >4000 1U/day, while the
effects for TG and HDL-C in each sub-
group remained consistent with the overall
pooled results. When stratified by interven-
tion duration, the effects of VitD on TC
were restricted to subgroups with a dura-
tion of <8 weeks, while the effect for
VLDL-C only existed in subgroups with a
duration of >8 weeks. Moreover, the inter-
vention duration did not meaningfully
influence the effect of VitD on either TG
or HDL-C, and the effects of both sub-
groups was consistent with the overall
effect sizes. In addition, VitD did not influ-
ence LDL-C regardless of the treatment
duration.

By sequentially removing individual stud-
ies, sensitivity showed that no single study
excessively influenced the pooled -effect
sizes of all lipid parameters (Figure 4). In
addition, Egger’s assessments and Begg’s
funnel plots showed no publication bias
based on the lipid indices (Figure 5).

Discussion

In this meta-analysis, eight RCTs with nine
comparisons among 467 participants sup-
ported that VitD intervention improved
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Figure 3. Forest plot depicting the effect of vitamin D supplementation on serum TG (a), TC (b), LDL-C
(c), HDL-C (d), and VLDL-C (e) levels in PCOS patients. Horizontal lines indicate 95% Cls; boxes show the

study-specific weight; diamond represents the combined effect size; dashed line indicates the overall

estimate.

TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein cholesterol; PCOS, polycystic ovary syn-
drome; Cl, confidence interval.

serum lipid profiles in PCOS patients,
which manifested as statistically significant

decreases
(=9.09mg/dL),

in TG (—11.88mg/dL),
LDL-C

TC
(—5.22mg/dL),

and VLDL-C (—2.43mg/dL) levels, while
changes in serum HDL-C were negligible
(=0.39mg/dL). Stratified analyses showed

that dose and duration

influenced the
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Table 2. Subgroup analysis of factors that influence the effect of VitD on lipid parameters among PCOS

patients.
Number
Variables Subgroups of MD Pooled estimates P value
TG Dosage of VitD (IU/day) <4000 4 —11.40 (—19.03, —3.77) 0.003
>4000 5 —17.90 (—33.88, —1.93) 0.028
Duration of study (week) <8 5 —12.25 (—24.27, —0.24) 0.046
>8 4 —14.11 (—20.75, —=7.47)  <0.001
TC Dosage of VitD (IU/day) <4000 4 —13.27 (—19.22, -7.32)  <0.001
>4000 5 —0.20 (—9.09, 8.69) 0.965
Duration of study (week) <8 5 —7.26 (—12.95, —1.58) 0.012
>8 4 —10.39 (—21.10, 0.33) 0.057
LDL-C Dosage of VitD (IU/day) <4000 4 —9.81 (—1441, —5.21)  <0.001
>4000 5 2.64 (—4.51,9.79) 0.469
Duration of study (week) <8 5 —3.71 (—943, 2.01) 0.203
>8 4 —7.02 (—16.23, 2.18) 0.135
HDL-C Dosage of VitD (IU/day) <4000 4 —0.57 (—1.66, 0.53) 0.312
>4000 5 0.46 (—1.96, 2.88) 0.708
Duration of study (week) <8 5 0.22 (—1.33, 1.77) 0.783
>8 4 —0.82 (—2.13, 0.48) 0.217
VLDL-C  Dosage of VitD (IU/day) <4000 4 —2.30 (—3.77, —0.82) 0.002
>4000 2 —3.78 (—7.55, —0.00) 0.050
Duration of study (week) <8 4 —2.83 (—5.68, 0.02) 0.052
>8 2 —2.78 (—4.09, —1.47) <0.001

VitD, vitamin D; PCOS, polycystic ovary syndrome; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipo-
protein cholesterol; HDL-C, high-density lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein cholesterol; MD,

mean difference.

effects of vitamin D supplementation.
Administering <4000 IU/day of VitD
sufficiently reduced TC (—13.27mg/dL),
LDL-C (-9.81mg/dL), and VLDL-C
(—2.30 mg/dL) levels, while a high dose of
VitD was not beneficial. For duration, a
concrete conclusion cannot be drawn
because the optimal result for TC was
achieved with a duration <8 weeks
(—=7.26 mg/dL), while the beneficial effect
for VLDL-C was observed with a duration
>8 weeks (—2.78 mg/dL).

In contrast to the results mentioned
above, previous meta-analyses have demon-
strated that VitD supplementation had no
to minor effects on the lipid profiles of
PCOS patients. For example, He et al.’
pooled evidence from two single-arm stud-
ies and three RCTs with 130 patients and

found no favorable effects of VitD interven-
tion on lipid features, although they
confirmed a relationship between VDD
and abnormal lipid features. Xue et al.*?
analyzed two single-arm studies and four
RCTs with 156 patients, and found that
serum TG levels decreased after VitD inter-
vention, while LDL-C levels remained
unchanged. These studies exhibited great
selection, reporting, and confounding bias
associated with single-arm studies. Other
meta-analyses evaluated this association
with evidence from RCTs. For example,
Pergialiotis et al.”® confined their analysis
to two RCTs with 81 patients and found
that there was an effect of VitD on serum
TC but not LDL-C. Fang et al.** concluded
from four RCTs and 214 participants that
VitD supplementation did not improve any
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Figure 4. Influence analysis of an individual study on the pooled estimate for serum TG (a), TC (b), LDL-C
(c), HDL-C (d), and VLDL-C (e) levels among PCOS patients. Open circle indicates the pooled mean
difference, and the named study is omitted. Horizontal lines indicate 95% Cls.

TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein cholesterol; PCOS, polycystic ovary syn-

drome; Cl, confidence interval.

lipid indices. However, these studies were
underpowered because of the small sample
size. Most recently, Miao et al.>* analyzed
six RCTs with 254 participants and

summarized that VitD intervention reduced
serum TC and LDL-C levels, while TG and
HDL-C levels were unchanged. Their
results were comparable to our study,
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Figure 5. Begg’s funnel plot for assessing publication bias that measured the effect of VitD supplementation
on serum TG (a), TC (b), LDL-C (c), and HDL-C (d) levels among PCOS patients.

TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; PCOS, polycystic ovary syndrome.

except that TG levels were also significantly
improved (—11.88 mg/dL; 95% CI: —17.03,
to —6.73, FF = 0%) in our study, which is
similar to the results of previous RCTs!* '
and meta-analyses.”*>?* In Miao et al.’s
study,®® only post-treatment levels were
evaluated when comparing the VitD inter-
vention with placebo. Their results showed
a marginally non-significant effect of VitD
on TG (—5.59 mg/dL; 95% CI: —12.11 to
0.93, ¥ = 0%). Given the great variation of
individual baseline values, their statistical
method may not reflect the authentic
effect of VitD intervention. In our study,
the main outcome measurements were the
changes in lipid levels from baseline, which
eliminated the bias caused by different indi-
vidual baseline values. Our study has higher
power and better credibility because of the

larger number of included participants.
Another advantage of our meta-analysis is
that we also included VLDL as a primary
outcome, which was strongly associated
with CVD events.*> Our results indicated
that VLDL is improved after VitD inter-
vention, which further supports the thera-
peutic effect of VitD among patients with
PCOS and dyslipidemia.

The Endocrine Society guidelines recom-
mended that those with VitD deficiency are
administered 50,000 IU of VitD3 per week
for an 8-week period, which is followed a
low dose of 1500 to 2000 1U/day of VitD3
that should be taken as maintenance treat-
ment.® The delivery method or formula has,
however, not been standardized, particu-
larly in populations with different coexist-
ing diseases. Our results revealed that the
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desired effects of VitD in terms of TC,
LDL-C, and VLDL-C were only observed
in the low dose (<4000 IU/day) subgroup,
while the high dose subgroup exhibited no
obvious benefits. Similarly, Xue et al.??
reported in their meta-analysis that only
low VitD doses (<50,000 TU) improved
the serum levels of TG in patients with
PCOS.* As indicated by Sanders et al.,’¢
a high-dose VitD intervention, such as
bolus doses of VitD >500,000 IU, is asso-
ciated with some adverse effects such as
fracture, gastrointestinal upset, and altered
biochemical index. Therefore, we concluded
that low-dose VitD (<4000 IU/day) is
enough to benefit lipid profiles without
inducing unfavorable effects. For duration,
the desired effect of VitD for TC was only
observed in subgroups with a short duration
(<8 weeks), while the desired effect for
VLDL-C only existed in subgroups that
had a long duration (>8 weeks). Taking
into account these results along with the rec-
ommendation from the Endocrine Society
Guidelines, we believe that administration
of VitD for a period of 8 weeks is sufficient
to improve TC levels in PCOS patients. The
null results seen with a longer duration may
result from poor participant compliance,
while inconsistent results regarding VLDL-
C may be explained by the small number
of trials.

The mechanisms through which VitD
improves lipid profiles have been intensely
studied. VitD reduces cholesterol synthesis
by activating the transcription of insulin-
induced gene-2 (Insig-2), which downregu-
lates SREBP-2 and inhibits HMGR activity,
which is the rate-limiting step in cholesterol
synthesis.?>” VitD also reduces TG accumu-
lation in differentiated 3T3-L1 adipocytes
and facilitates fatty acid B-oxidation, there-
by protecting against excessive fat mass
deposition and an associated metabolic dis-
turbance.®® The link between VitD and
HDL-C is not as clear. Studies in VDR
knockout mice demonstrated higher

HDL-C and hepatic apoA-1 (the main
component of HDL-C) mRNA expression
relative to their wild-type counterparts.®”
However, human studies have yielded con-
flicting results, and the serum 25(OH)D
levels were positively associated with
plasma apoA-1 and HDL, while an inverse
association was observed in the small intes-
tine and hepatocytes.*

As mentioned above, basic research has
elucidated promising pathophysiological
pathways that seem to associate VitD with
lipid metabolism. Cross-sectional studies
have also suggested a positive correlation
between VDD and an unfavorable lipid
profile in patients with PCOS.*'*
Although several interventional studies
have explored the causality of this linkage,
a consistent conclusion has still not been
reached. Recently, Menichini et al.** sum-
marized that serum TG was significantly
decreased after VitD intervention in four
RCTs with PCOS patients, while no
changes were found in LDL-C, HDL-C,
and TC. However, this conclusion was
based on a systematic review without statis-
tical support. A meta-analysis is supposed
to provide more robust evidence when lack-
ing a large-scale controlled clinical trial.
However, previous meta-analyses demon-
strated that VitD had no to minor effects
on the lipid profile of PCOS patients.
Therefore, strong evidence that links VDD
to the development of dyslipidemia in
patients with PCOS was lacking. This is
the largest meta-analysis to date that
focused on the comprehensive parameters
of the lipid profile, and our results pointed
to a cause—effect association between VDD
and dyslipidemia in women presenting with
PCOS. Thus, VDD may not just be a com-
plication or manifestation of PCOS, but
rather, it may be partially involved in the
pathogenesis of PCOS. Our results support
the general use of VitD among PCOS
patients as a therapeutic agent for dyslipi-
demia. Further basic research and larger
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high-quality prospective studies are still
needed to test this hypothesis.

This is the largest meta-analysis to date
that focused on the parameters of a lipid
profile in women presenting with PCOS,
with evidence obtained and analyzed from
RCTs. The randomization of participants
allows more objective findings to be synthe-
sized. Some limitations should be consid-
ered in this meta-analysis. We only
included studies that showed dose—response
associations between VitD administration
and changes in lipid levels. Because of our
limited sample size, statistical errors
occurred. This meta-analysis was largely
limited to Asian populations, and our con-
clusions may not be easily generalizable to
other global populations.

Conclusions

This meta-analysis of RCTs demonstrated
that VitD supplementation could improve
serum lipid indices, with no influence on
HDL-C levels in PCOS patients. Dose and
duration of VitD administration influenced
its effects on lipid profiles. VitD interven-
tion might benefit PCOS patients who are
at high risk of VitD deficiency and an ath-
erogenic lipid profile. Because of potential
drawbacks of this current analysis, future
well-designed RCTs with a larger sample
size are required with the intention of fur-
ther confirming our key conclusions.
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