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Abstract

Objective: This meta-analysis evaluated the effect of probiotics and synbiotics on insulin resis-
tance in patients with polycystic ovary syndrome (PCOS).

Methods: A systematic search was performed to identify all relevant publications listed on the
electronic databases (PubMed®, Web of Science, Embase® and China National Knowledge
Infrastructure) between inception and 30 October 2020. All statistical analyses were performed
on randomized controlled trials (RCTs) using RevMan version 5.3 software provided by the
Cochrane Collaboration.

Results: A total of 486 patients from seven RCTs were included in the meta-analysis. Probiotic
and synbiotic supplementation appeared to improve levels of homeostatic model assessment of
insulin resistance (mean difference =—-0.37; 95% confidence interval —0.69, —0.05) and serum
insulin (standardized mean difference =—-0.66; 95% confidence interval —1.19, —0.12). The results
failed to show any influence of probiotic and synbiotic supplementation on body mass index,
waist circumference, hip circumference and fasting blood sugar.

Conclusions: Probiotics and synbiotics appear to have a partially beneficial effect on indices of
insulin resistance in patients with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is
among the most common endocrine and
metabolic disorders, affecting 6-21% of
reproductive-aged women worldwide.! The
clinical manifestations of PCOS are hetero-
geneous and complex. For example, it is
characterized by ovulatory dysfunction,
hyperandrogenism and polycystic ovaries
on ultrasonography.” PCOS increases the
risk of long-term complications such as
infertility, endometrial cancer, obesity, met-
abolic disease, dyslipidaemia and cardio-
vascular disease.® These symptoms and
complications seriously affect patients’
lives.* Despite the high prevalence and
marked impact of PCOS, its pathogenesis
and treatment vary and remain poorly
defined.

In recent years, insulin resistance (IR)
has been shown to be a key aetiological
component of PCOS.> Metformin, an insu-
lin sensitizer, is used as an important rou-
tine treatment for PCOS.® However, its
gastrointestinal side-effects reduce treat-
ment adherence rates and this has motivat-
ed the search for a novel treatment for IR.”
IR is closely correlated with changes in the
intestinal ~ microbiota, with  dynamic
changes in the intestinal microbiota struc-
ture affecting the occurrence and develop-
ment of a variety of endocrine metabolic
diseases.® Hence, increasing attention is
being paid to probiotics and synbiotics,
which can shape the intestinal microbiota,
leading to the cure of some diseases and the
promotion of body health.® Recent studies
demonstrated that probiotic and synbiotic

supplementation affects the metabolic
status of IR.!“!" However, the effects of
probiotics and synbiotics on IR in women
with PCOS remain controversial. For
example, a previous study showed that syn-
biotic supplementation had no beneficial
effects on insulin metabolism in patients
with PCOS.'? A meta-analysis reported
that the effects on some metabolic indices
(homeostatic model assessment of insulin
resistance [HOMA-IR], quantitative insulin
sensitivity check index [QUICKI] and fast-
ing plasma glucose [FPG]) were negligible
and not clinically significant.'® In contrast,
a randomized double-blind study reported
that 12-week synbiotic supplementation sig-
nificantly improved HOMA-IR and
QUICKI in patients with PCOS.'*

The current meta-analysis summarized
the available evidence and comprehensively
evaluated the effects of probiotic supple-
mentation on the markers of IR in women
with PCOS in order to clarify the curative
effects of probiotic supplementation on IR
in PCOS and provide accurate nutritional
advice for patients with PCOS.

Materials and methods

Search strategy

A systematic search of publications listed
on the electronic databases (PubMed®,
Web of Science, Embase® and China
National Knowledge Infrastructure)
between inception and 30 October 2020
was conducted using the following key-
words: (i) polycystic ovary syndrome or
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polycystic ovary disease or PCOS; and (ii)
probiotics,  prebiotics or  synbiotics.
In addition, a manual review of the refer-
ence list of each identified article was
undertaken to identify additional possible
studies. The protocol of this meta-
analysis was registered at INPLASY (no.
INPLASY202150112).

Inclusion and exclusion criteria

Studies were eligible for inclusion if they
met the following criteria: (i) randomized
controlled trials (RCTs) evaluating the
effects of probiotic and/or synbiotic supple-
mentation in the treatment of patients with
PCOS; (i) studies that enrolled women with
a standard diagnosis of PCOS according to
the  European Society of Human
Reproduction and Embryology (ESHRE),
the American Society of Reproductive
Medicine (ASRM) or the National
Institutes of Health (NIH); (iii) administra-
tion of probiotics and/or synbiotics as an
intervention or the administration of met-
formin as a co-intervention in the interven-
tion and control groups; (iv) indicators of
insulin resistance including HOMA-IR,
serum insulin and fasting blood sugar
(FBS) were considered as the primary out-
comes. Especially, HOMA-IR is a reliable
homeostasis model of insulin resistance.
The secondary outcomes that were used as
indices to evaluate central obesity included
body mass index (BMI), waist circumfer-
ence (WC) and hip circumference (HC).
The language was restricted to English
and Chinese. The exclusion criteria were
as follows: (i) studies that included patients
with other diseases such as Cushing’s syn-
drome, type 1 or 2 diabetes mellitus, hyper-
thyroidism or other hormone-related
disorders; (i) studies with unavailable data
or unreported target outcomes.

Study selection was based on an initial
screening of identified abstracts or titles
and a second screening of full-text articles.

Two authors (X.J.F. and Y.C.) indepen-
dently reviewed the articles for eligibility.
Differences between the two reviewers
were resolved by consensus. Any unre-

solved issues were referred to a third
author (Q.G.G.).

Data extraction

Two authors (C.Y.M. and X.J.F.) read the
selected studies for the meta-analysis and
extracted the following information: study
design, first author’s name, publication
year, country, study size, detailed medica-
tions, control interventions, duration and
main outcomes. If necessary, missing infor-
mation was requested from the original
authors.

Quality assessment

Two authors (Y.C. and Y.Z.) independent-
ly assessed the quality of the included stud-
ies. The evaluation was based on the
following criteria: study design and case
characteristic matching, patient inclusion
and exclusion criteria, and the Jadad scale
for RCTs (randomization, hidden alloca-
tion, blinding and follow-up).'”

Statistical analyses

RevMan software (version 5.3: Cochrane
Collaboration, Oxford, UK) was used to
conduct the statistical analyses according
to the guidelines described in the
Cochrane Handbook for Systematic
Reviews of Interventions. If all the studies
had the same scale, the results were com-
bined for the meta-analysis as the mean dif-
ference (MD) with 95% confidence
intervals (CIs). When the data were
reported using different methods or scales,
the standardized mean difference (SMD)
was calculated. Two authors (C.Y.M.
and X.J.F.) independently assessed the
methodological quality of the included
studies according to the Jadad scale and
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the criteria outlined in the Cochrane
Handbook for Systematic Reviews of
Interventions in order to determine the
risk of bias. The I? statistic was calculated
to measure the heterogeneity. If significant
heterogeneity was observed between the
studies (Cochran’s Q y’-test), a random-
effects model was utilized. If there was no
significant heterogeneity between the stud-
ies, a fixed-effects model was utilized.
Funnel plot were used to assess publication
bias. A P-value < 0.05 was considered sta-
tistically significant.

Results

The preliminary search identified 124 stud-
ies (Figure 1). Of these, 63 were considered

Embase/China National Knowledge Infrastructure
n=124

Studies identified by search of PubMed/Web of Science/

irrelevant or duplicates and were excluded.
After the review of the article abstracts, 49
articles were excluded due to poor quality
or lack of adequate information. After full-
text review of the remaining 12 articles, five
articles were excluded due to data unavail-
able. Seven studies were included in this
meta-analysis.'> 141620

The seven included RCTs included a
total of 486 participants. The general char-
acteristics of the included studies are shown
in Table 1.'»!%162°The diagnostic criteria
for PCOS in all studies were based on the
ESHRE and ASRM guidelines.

The results of the assessment of quality
and bias risk of the included studies accord-
ing to the Jadad scale and criteria outlined
in the Cochrane Handbook for Systematic

Studies excluded as irrelevant following

Y

Y

review of title and abstract
n=63

Relevant studies for further evaluation
n=61

o Articles excluded due to poor quality or

Y

Full-text articles reviewed
n=12

lack of adequate information
n=49

Data unavailable for meta-analysis

Y

Studies included in meta-analysis
n=7

h 4

n=5

Figure |. Flow chart of eligible studies showing the number of citations identified, retrieved and included in

the final meta-analysis.
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Random sequence generation (selection bias)
Allocation concealment (selection bias) _
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _:l

Other bias | |

0% 25% 50% 75%  100%

| I Low risk of bias

|:| Unclear risk of bias

I High risk of bias |

Figure 2. The quality assessment used to evaluate the seven studies included in meta-analysis to evaluate
the relationship between probiotic and synbiotic supplementation and insulin resistance in patients with

polycystic ovary syndrome.'?'*'6=20

Reviews of Interventions are shown in
Figures 2 and 3. The funnel plots were
roughly symmetrical (Figure 4), which indi-
cated that publication bias was not
significant.

Five RCTs (325 participants) reported
the effects of probiotics and synbiotics on
HOMA-IR.'>!1416.17.20 A5 sionificant het-
erogeneity was observed (Cochran’s Q
y-test: P=0.05, I’=58%), a random-
effects model was utilized. The overall anal-
ysis revealed that probiotic and synbiotic
supplementation reduced HOMA-IR com-
pared with placebo (MD =-0.37; 95% CI
-0.69, —0.05; P=0.02) (Figure 5).

Four RCTs (270 participants) reported
the effects of synbiotics on serum insu-
lin.!>!*1%17 " Ag significant heterogeneity
was observed (Cochran’s Q  y*-test:
P=0.003, 12:78%), a random-effects
model was utilized. The overall analysis
revealed that synbiotic supplements
reduced serum insulin levels compared
with placebo (SMD=-0.66; 95% CI
-1.19, -0.12; P=0.02) (Figure 6). The
exclusion of one study and recalculation
of the pooled effect did not significantly
affect the results (data not shown).

Four RCTs (265 participants) reported
on the effects of probiotics and synbiotics

on FBS.!>16:17:20 Aq sionificant heterogene-
ity was observed among the studies
(Cochran’s Q  y*test: P <0.00001,
I?=91%), a random-effects model was uti-
lized. The overall analysis revealed that pro-
biotic and synbiotic supplements did not
reduce FBS compared with other treat-
ments (MD =-1.94; 95% CI -5.53, 1.65;
P=0.29) (Figure 7).

Four RCTs (262 participants) reported
the effects of probiotics and synbiotics on
BMI.'®'820 There was no heterogeneity
between the studies (Cochran’s Q y’-test:
P=0.92, I’=0%), so a fixed-effects
model was utilized. However, the data
were pooled, and probiotic and synbiotic
treatment showed no advantage for
improving BMI compared with placebo
MD=-0.74; 95% CI -1.58, O0.11;
P=0.09) (Figure 8).

Three RCTs (207 participants) reported
the effects of synbiotics on WC.!¢1819 Ag
significant heterogeneity was observed
(Cochran’s Q y*test: P=0.07, I>=63%),
a random-effects model was utilized. The
overall analysis revealed that synbiotic sup-
plementation did not reduce WC compared
with placebo (MD =-1.88, 95% CI —4.88,
1.12; P=0.22) (Figure 9).
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Chen Ye 2018

- | Other bias

Esmaeilinezhad 2019

-

Gholizadeh Shamasbi 2019

Karimi 2018

Karimi 2020

Samimi 2019

Shoaei 2015

. . . . . . . Random sequence generation (selection bias)

. . . . . . . Blinding of outcome assessment (detection bias)
@ O OO O G| ® | ncomplete outcome data (atirition bias)
. . . . . . - | Selective reporting (reporting bias)

-

. . . . . . . Allocation concealment (selection bias)
O O O | ®| @ sinding of participants and personnel (performance bias)

Figure 3. Quality assessment of the seven studies included in meta-analysis to evaluate the relationship
between probiotic and synbiotic supplementation and insulin resistance in patients with polycystic ovary

12,14,16-20
syndrome.

Three RCTs (207 participants) reported
the effects of synbiotics on HC.'®!'®1 Ag
significant heterogeneity was observed
(Cochran’s Q y*-test: P=0.10, I>=56%),
a random-effects model was utilized.

However, the data were pooled, and no
advantages of synbiotics were observed for
reducing HC compared with placebo
MD=-0.72; 95% CI -3.39, 1.95
P =0.60) (Figure 10).
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Figure 4. Funnel plots for publication bias based on the physical characteristic that was examined by the
studies included in the meta-analysis. BMI, body mass index; FBS, fasting blood sugar; HOMA-IR, homeo-

static model assessment of insulin resistance.

Discussion

Overall, the results of the current meta-
analysis of seven RCTs on probiotic and
synbiotic supplementation showed that
this intervention significantly reduced
HOMA-IR and serum insulin levels but
did not affect the BMI, WC, HC or FBS
in patients with PCOS.

12,14,16-20

It is well recognized that IR plays an
important role in the pathogenesis of
PCOS.?!  Approximately 40-70%  of
women with PCOS have IR.?? PCOS can
lead to increased steroidogenesis, deranged
granulosa cell differentiation and arrested
follicle growth.® Therefore, this current
meta-analysis used the indices of IR,
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Figure 5. Effect of probiotic and synbiotic supplementation on homeostatic model assessment of insulin
resistance in patients with polycystic ovary syndrome.
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Figure 6. Effect of synbiotic supplementation on serum insulin levels in patients with polycystic ovary
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Figure 7. Effect of probiotic and synbiotic supplementation on fasting blood sugar levels in patients with

. 12,16,17,20
polycystic ovary syndrome.
Experimental Control Mean Difference Mean Difference
_StudyorSubgroup  Mean  SD Tofal Mean  SD Tofal Weight IV, Fixed. 95%CI IV. F %Cl
Chen Ye 2018 04 48 27 0.1 4251 28 13.0% -0.50[-2.84, 1.84]
Esmaeilinezhad 2019 -0.37 1.698 23 072 509 23 14.8% -1.09[-3.28,1.10]
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Test for overall effect: Z=1.71 (P = 0.09)
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Figure 8. Effect of probiotic and synbiotic supplementation on body mass index in patients with polycystic

ovary syndrome. 16.16-20

including HOMA-IR, serum insulin and
FBS levels, as the main outcomes.
HOMA-IR is widely accepted as the most
sensitive index of IR.%* However, in the cur-
rent  meta-analysis, FBS  remained

unchanged, which did not support the ini-
tial assumptions. Based on the changes in
HOMA-IR and serum insulin levels, these
current findings suggested that this inter-
vention may improve IR in women with
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Figure 9. Effect of synbiotic supplementation on waist circumference in patients with polycystic ovary

syndrome.'®'®!?
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Figure 10. Effect of synbiotic supplementation on hip circumference in patients with polycystic ovary

syndrome.'®'®!?

PCOS. The results were similar to those of
several previous studies. For example, a
previous meta-analysis suggested the bene-
ficial effects of probiotic supplementation
on FPG, insulin, HOMA-IR, QUICKI
scores and markers of oxidative stress in
patients with PCOS.** Probiotics and syn-
biotics can alleviate IR in other diseases.
For example, a previous meta-analysis of
1119 participants from 15 studies reported
that probiotics and synbiotics could
decrease HOMA-IR and serum insulin
levels and improve glucose metabolism in
patients with gestational diabetes mellitus.*
A randomized placebo-controlled clinical
trial in patients with diabetic nephropathy
indicated that 8 x 10° CFU per day probi-
otic supplementation for 12 weeks helped
control glycaemic metabolism.>®
Compared with placebo, probiotic supple-
mentation resulted in a significant reduc-

tion in FPG, serum insulin and
HOMA-IR .*
Previous research demonstrated that

probiotics induced malondialdehyde levels
and increased total glutathione and total
antioxidant capacity in PCOS patients.>’

As a result, the antioxidant properties of
probiotics play a crucial role in treating
PCOS.*® Additionally, probiotics and syn-
biotics affect IR by maintaining the
homeostasis of the internal microbiota.®
The gut microbiota are strongly associated
with  metabolism.”> The mechanisms
by which the gut microbiota improve
IR include reducing intestinal permeability
by maintaining the epithelial barrier
function and reducing inflammation via
lipopolysaccharide or short-chain fatty
acids.®

Central obesity is a pivotal risk factor for
IR.*"3? Therefore, the evaluation of indica-
tors of central obesity (BMI, WC, HC) were
also used as secondary outcomes in the cur-
rent meta-analysis. These results showed
that probiotic and synbiotic supplementa-
tion did not affect these indices. The short
duration of the intervention might be one
possible explanation for this negative result.
The optimal treatment duration for central
obesity may be more than 12 weeks.* >°
The duration of the included studies was
8—12 weeks, which was too short to observe
changes in anthropometric parameters and



Miao et al.

likely affected the accuracy of these current
results.

The current meta-analysis had several
limitations. First, due to the variety in the
regimens, doses, durations, clinical settings
and enrolled populations, most of the
results reported in this study were influ-
enced by significant heterogeneity, which
may undermine the validity of the results.
Among them, the various regimens may be
an important factor of heterogeneity. A
subgroup analysis based on different probi-
otic strain types was attempted to decrease
the heterogeneity, but the number and
sample sizes of the RCTs were too small
to enable this analysis. Secondly, the geo-
graphic and ethnic groups included in the
study were limited. Although there were no
national restrictions, six studies were con-
ducted in Iran and only one was conducted
in China. This fact may limit the generaliz-
ability of the current findings. Thirdly, the
effect was assessed by very few studies and
grey literature was not included. Moreover,
because several studies also did not apply
appropriate randomization and allocation
concealment, there was a risk of selection
bias. Thus, the results should be interpreted
with caution. Further studies including
large sample sizes, different ethnic groups
and long-term RCTs are needed to deter-
mine whether probiotic and synbiotic sup-
plementation could be effective for the
treatment of PCOS. As diet is associated
with intestinal microbiota,*® this factor
should be strictly controlled in future
studies.

In conclusion, despite its limitations, this
current meta-analysis illustrated that probi-
otic and synbiotic supplementation was
somewhat effective for IR in patients with
PCOS. Although the effect of probiotics on
IR in patients with PCOS appears to be
supported by evidence, more information
about the mechanisms by which this
occurs in the treatment of PCOS will help
increase the understanding of this topic.
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