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Abstract
Purpose We designed a network meta-analysis that investigated relatively different interventions that included the effects of
metformin, oral contraceptives, and lifestyle modification on the metabolic parameters of patients with polycystic ovary
syndrome. In addition, we searched for eligible interventions that improved the metabolism of glucose and lipids.
Methods We searched the PubMed, EMBASE, and Cochrane Central databases from inception to May 2018. Publication
types that were categorized as randomized controlled trials met our inclusion criteria. The main outcome included the
homeostasis model assessment of insulin resistance, total cholesterol, low-density lipoprotein cholesterol, and total trigly-
cerides. We performed both a pairwise meta-analysis and a network meta-analysis to evaluate the mean difference value and
95% credibility intervals, and we calculated the surface cumulative rank curve.
Results There were a total of 12 kinds of interventions: metformin, 2 mg cyproterone acetate plus 0.05 mg ethinylestradiol
(EE/CA), 0.15 mg desogestrel plus 0.03 mg ethinylestradiol (EE/DSG), and 3 mg drospirenone plus 0.03 mg ethinylestradiol
(EE/DRSP), lifestyle, exercise, diet, metformin+ lifestyle, metformin+ diet, EE/CA+ lifestyle, metformin+ EE/CA, and
EE/DRSP+ lifestyle from the 20 eligible RCTs that were included in this study. Our meta-analysis results showed that
metformin+ lifestyle (MD=−2.04, 95% CrI=−3.64 to −0.41), EE/CA+ lifestyle (MD=−2.23, 95% CrI=−4.11 to
−0.35), and EE/DRSP+ lifestyle (MD=−2.59, 95% CrI=−4.66 to −0.50) resulted in lower in the levels of total
cholesterol. Women treated with metformin+ lifestyle (MD=−1.82, 95% CrI=−2.88 to −0.79), EE/CA+ lifestyle
(MD=−2.25, 95% CrI=−3.58 to −1.08), or EE/DRSP+ lifestyle (MD=−2.29, 95% CrI=−3.69 to −1.07) exhibited
significantly lower low-density lipoprotein cholesterol when compared with the placebo group. There was no significant
difference between any of the interventions compared with a placebo in the levels of homeostasis model assessment of
insulin resistance and total triglycerides. The surface cumulative rank curve revealed that metformin+ lifestyle might be the
best intervention with respect to the improvement of the homeostasis model of assessment insulin resistance and EE/DRSP
+ lifestyle appeared to be the best intervention for the reduction of total cholesterol and low-density lipoprotein cholesterol.
Moreover, the metformin+ diet intervention was more effective in reducing the level of total triglycerides.
Conclusions For overweight polycystic ovary syndrome patients, our evidence revealed that EE/CA and EE/SRSP combined
with metformin or lifestyle changes can reduce the adverse effects on glucose and lipid metabolism of the use of oral
contraceptive agents alone. Conventional PCOS treatments, such as metformin, EE/CA, and EE/DRSP, combined with lifestyle
control can be particularly effective in improving the homeostasis model assessment of insulin resistance and lipid metabolism.

* Min Liu
liumery@163.com

1 The First Clinical Medical School of Guangzhou University of
Chinese Medicine, Guangzhou University of Chinese Medicine,
No. 12 Airport Road, Baiyun District, Guangzhou 510004, China

2 Faculty of Chinese Medicine of Macao University of Science and
Technology, Macao University of Science and Technology,
Avenida Wai Long, Taipa, Macao 999078, China

3 Guangzhou University of Traditional Chinese Medicine First
Affiliated Hospital, Guangzhou University of Chinese Medicine,
No. 16 Airport Road, Baiyun District, Guangzhou 510004, China

Supplementary information The online version of this article (https://
doi.org/10.1007/s12020-019-01860-w) contains supplementary
material, which is available to authorized users.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-019-01860-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-019-01860-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-019-01860-w&domain=pdf
mailto:liumery@163.com
https://doi.org/10.1007/s12020-019-01860-w
https://doi.org/10.1007/s12020-019-01860-w


Keywords Polycystic ovary syndrome ● Interventions ● Metabolism ● Network meta-analysis ● Randomized controlled trials

Introduction

Polycystic ovary syndrome (PCOS), as a common and
complex endocrine disease that affects up to 13% of women
of reproductive age, is characterized by oligoovulation or
anovulation, elevated androgen levels, and polycystic ovary
changes in ultrasound readings [1]. Although women with
PCOS often suffer from infertility or menstrual disorders,
they are also more prone to systemic endocrine disorders,
not only reproductive endocrine disorders but also insulin
resistance, which could lead to abnormal glucose and lipid
metabolism or even cardio-cerebrovascular diseases, espe-
cially in overweight PCOS patients [2]. However, doctors
and patients often neglect the adverse and long-term effects
of abnormal glucose and lipid metabolism because of the
main treatment demands related to infertility or menstrual
disorders.

Currently, PCOS therapies include ovulation induction
agents, insulin sensitizers, oral contraceptive agents, sur-
gery, and lifestyle modification [3–7]. Ovulation induction
agents are often used to stimulate follicle development and
have a short treatment time [8], so few studies have focused
on their effects on metabolic status in PCOS patients.
However, metformin, as an insulin sensitizer combined with
ovulation induction agents could improve ovulation and
pregnancy rates [9], and could also reduce blood glucose
and improve insulin resistance. On the other hand, metfor-
min can produce many side effects such as nausea, stomach
pain, and diarrhea, when used alone [10]. In addition, the
commonly used oral contraceptive agents such as ethiny-
lestradiol and cyproterone acetate tablets, desogestrel and
ethinylestradiol tablets, and drospirenone and ethinylestra-
diol tablets could reduce androgen levels and regulate
menstruation to normal but increase the risk of venous
thrombosis and metabolic abnormality in long-term usage
[11, 12]. Furthermore, laparoscopic ovarian drilling reduces
androgen levels by destroying the interstitial tissue of the
ovary, and after the surgery, patients exhibit lower glucose
levels or glucose/insulin ratios [13]. Moreover, lifestyle
modification could produce a similar reduction in blood
glucose and insulin levels as metformin does in PCOS
women [14].

However, PCOS is a lifelong disorder, especially
regarding the metabolic effects, and the treatment should be
long term [15]. The effect of different interventions for
PCOS patients on metabolism and which intervention is
most effective remain to be verified. For this reason, we
designed this network meta-analysis (NMA) to compare the

effects of different interventions on metabolism in over-
weight women with PCOS.

Materials and methods

Literature search

This meta-analysis was registered with the PROSPERO
international prospective register of systematic reviews and
the registration number is CRD 42018097086. We searched
the medical literature for relevant studies using Pubmed,
EMBASE, and Cochrane Central from inception to May
2018. A total of 2291 records were identified using elec-
tronic search strategies; in addition, one relevant record was
obtained from the references list of the included studies. We
used both free text words and medical subject heading
(MeSH) terms combining keywords: (“Polycystic ovary
syndrome” [Mesh] OR “PCOS” OR “stein-leventhal syn-
drome”) AND (“Metformin” [Mesh] OR “oral contra-
ceptive agent” OR “OCP” OR “diane” OR “cyproterone
acetate plus ethinylestradiol” OR “marvelon” OR “deso-
gestrel plus ethinylestradiol” OR “yasmin” OR “drospir-
enone plus ethinylestradiol” OR “Life Style” [Mesh] OR
“Exercise” [Mesh] OR “Diet” [Mesh] OR “laparoscopic
ovarian drilling”), and limited the publication type to ran-
domized controlled trials (RCTs). There were no language
or district restrictions.

Three types of oral contraceptive agents were investi-
gated: 2 mg cyproterone acetate plus 0.05 mg ethinyles-
tradiol (EE/CA), 0.15 mg desogestrel plus 0.03 mg
ethinylestradiol (EE/DSG), and 3 mg drospirenone plus
0.03 mg ethinylestradiol (EE/DRSP). Lifestyle modifica-
tion consisted of both exercise and diet control. Exercise
included strength training or aerobic exercise such as
regular walking, jogging, or cycling. Diet control indi-
cated that each subject was assessed by a dietitian or
nutritionist and consumed a regular diet to control calorie
intake. Since the aim of ovulation induction agents was
confined to follicular development and could not be used
for long, our goal was to assess the effects of long-term (at
least 4 weeks) interventions on metabolism, so the ovu-
lation induction agents were not included in this meta-
analysis.

The records were reviewed independently by two groups:
A.W. and T.M., and Q.L. and C.S. Then, we summarized
the included studies. Disagreements were solved by con-
sensus together with M.L.

Endocrine (2019) 64:220–232 221



Inclusion and exclusion criteria

Inclusion criteria

(1) PCOS women aged 18–49 years with an average body
mass index (BMI) ≥ 25 (kg/m2); (2) two out three of the
following criteria, according to the Rotterdam Consensus
criteria: PCOS diagnosed with polycystic ovaries, clinical or
biochemical signs of hyperandrogenism, and oligomenor-
rhea or amenorrhea; (3) RCT; (4) included at least one main
outcome; (5) comparisons between the relevant interven-
tions; (6) the calculation formula of the homeostasis model
assessment of insulin resistance (HOMA-IR) was fasting
blood glucose (mmol/L) × fasting blood insulin (mIU/L)/
22.5; and (7) the intervention time was at least 4 weeks.

Exclusion criteria

(1) PCOS patients under 18 years of age or over 49 years of
age with an average BMI <25 (kg/m2); (2) non-RCT; (3) no

main outcome; (4) combination with other unrelated drugs
such as ovulation-inducting agents, other contraceptives, or
insulin sensitizers; (5) comparison with no relevant con-
trols; and (6) patients with other diseases such as congenital
adrenal hyperplasia, Cushing’s syndrome, androgen-
secreting neoplasm, hyperprolactinemia, kidney or liver
disease, and so on.

Outcomes, data extraction, and assessment of
quality of methods

The main outcomes included HOMA-IR, total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-c), and total
triglycerides (TGs).

Data were extracted as shown in Table 1: study, year,
region, interventions, size, follow-up, and outcomes. If one
record had no available data, especially for the main out-
comes, we actively contacted the author and then removed
the record if the author did not reply.

Table 1 Main characterisitcs of
studies included in the network
meta-analysis

Study Year Region Interventions Size Follow-up Outcomes

Lord et al. [20] 2006 UK Metformin vs placebo 31 12 weeks 2, 3, 4

Gambineri et al. [21] 2006 Italy Metformin+ diet vs diet 39 12 months 3, 4

Tang et al. [22] 2006 UK Metformin+ lifestyle vs lifestyle 122 6 months 2, 4

Vigorito et al. [23] 2007 Italy Lifestyle vs diet 90 3 months 2, 3, 4

Ma et al. [24] 2007 China Metformin+ lifestyle vs lifestyle 43 3 months 2, 3, 4

Hutchison et al. [25] 2008 Australia Metformin+ lifestyle vs EE/CA
+ lifestyle

38 3 months 1, 2, 3, 4

Thomson et al. [26] 2008 Australia Diet vs lifestyle 52 20 weeks 1, 2, 3, 4

Kebapcilar et al. [27] 2009 Turkey Metformin+ EE/CA vs EE/CA 43 3 months 1, 2, 3, 4

Kebapcilar et al. [28] 2010 Turkey Metformin vs metformin+ EE/
CA vs EE/CA

36 3 months 1, 2, 3, 4

Kriplani et al. [29] 2010 India EE/DSG vs EE/DRSP 58 6 months 1, 2, 3, 4

Fux Otta et al. [30] 2010 Argentina Metformin+ lifestyle vs lifestyle 29 4 months 1, 2, 3, 4

Bhattacharya et al.
[31]

2012 India EE/CA vs EE/DSG vs EE/DRSP 150 12 months 1

Bonakdaran et al.
[32]

2012 Iran Metformin vs placebo 33 3 months 1

Esfahanian et al. [33] 2012 Iran Metformin vs diet 30 3 months 1, 2, 3, 4

Curi et al. [34] 2012 Brazil Metformin vs lifestyle 27 6 months 1

Amiri et al. [35] 2014 Iran Metformin+ diet vs diet 51 6 months 2, 3, 4

Almenning et al. [36] 2015 Norway Exercise vs placebo 25 10 weeks 1, 2, 3, 4

Feng et al. [37] 2015 China Metformin vs metformin+ EE/
CA

82 3 months 1, 2, 3, 4

Wang et al. [38] 2016 China EE/CA+ lifestyle vs EE/DRSP
+ lifestyle

68 3 months 1, 2, 3, 4

Song et al. [39] 2017 China Metformin+ EE/CA vs EE/CA 160 12 weeks 1, 2, 3, 4

Interventions: EE/CA 2 mg cyproterone acetate plus 0.05 mg ethinylestradiol, EE/DSG 0.15 mg desogestrel
plus 0.03 mg ethinylestradiol, EE/DRSP 3 mg drospirenone plus 0.03 mg ethinylestradiol

Outcomes: 1 homeostasis model assessment of insulin resistance, 2 total cholesterol, 3 low-density
lipoprotein cholesterol, 4 total triglycerides
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The included studies were assessed for quality using the
Cochrane Risk of Bias tool for RCTs [16], which consists of
seven items: random sequence generation and allocation
concealment (selection bias), blinding of participants and
personnel (performance bias), blinding of outcome assess-
ment (detection bias), incomplete outcome data (attrition
bias), selective outcome reporting (reporting bias), and
other sources of bias.

Statistical analysis

First, we carried out a pairwise meta-analysis to directly
compare the different PCOS interventions. We unified the unit
of the outcomes previously reported [17] and the units of TC,
LDL-c, and TGs were converted to mmol/L. The weighted
mean difference (WMD) and 95% confidence interval (95%
CI) between two groups were synthesized using the mean
difference (MD) and standard deviation, and sample size or the
data were converted from the MD and sample standard
deviation at the end point between two groups [18]. In this
pairwise meta-analysis, the I2 and Q tests were used to assess
the heterogeneity of the treatment effects, which was deemed
significant when P was <0.05 or I2 was more than 50%. When
there was significant heterogeneity, the random effects model
was used. Moreover, funnel plots were created by Stata soft-
ware (version 14.0, StataCorp, College Station, TX) and were
used for publication bias.

Second, the NMA was performed with a Bayesian fra-
mework to compare different interventions with R software
(version 3.5.0, MathSoftCorp, AT&T Bell Laboratories).
The analysis model was based on the definition of likelihood
and prior probability. After using the rJAGS package to
perform 20,000 simulations and 5000 simulations as a burn-
in phase, we confirmed the convergence and calculated the
pooled estimates of MD and 95% credibility interval (CrI) to
compare the 12 kinds of interventions to each other. Addi-
tionally, the surface under the curve ranking area (SUCRA)
was calculated to rank the different interventions. Compared
with other interventions, one intervention showed a higher
SUCRA value, so it might have a greater effect on the end
point [19]. The consistency assumption of direct evidence
and indirect evidence was assessed by the node-splitting
method. When the results showed that the direct evidence of
the outcomes was consistent with indirect evidence (P
values were >0.05), the consistency model was adopted.

Results

Characteristics of studies included

As Fig. 1 shows, one additional reference was manually
found by the reviewers. Among the total 2292 records, 1110

records were duplicates and were removed. Then, 1026
records were removed after reading the title and abstracts,
leaving 156 studies. The full-text articles were reviewed and
20 records [20–39] were eventually included in this NMA.
The included studies were published between 2006 and
2017. Since there was no eligible records related to
laparoscopic ovarian drilling, 12 kinds of interventions were
included: metformin, EE/CA, EE/DSG, EE/DRSP, lifestyle,
exercise, diet, metformin+ lifestyle, metformin+ diet, EE/
CA+ lifestyle, metformin+ EE/CA, and EE/DRSP+ life-
style, as shown in Fig. 2.

Quality assessment of the included studies

Among the 20 studies included, 1 study used a high-risk
random sequence generation method [32], 3 studies did not
describe the method used to generate random sequences
[27, 28, 39], and other studies had a low risk. We evaluated
7 studies and found that they had an unclear bias risk
because they did not describe an acceptable allocation
concealing method [27–29, 32, 33, 38, 39], and others
described an acceptable method of allocation concealment.
Eleven studies did not describe the blinding method and had
a high risk of not blinding participants and personnel
[24–29, 33, 34, 36, 38, 39]. However, the outcomes inclu-
ded in this meta-analysis were objective, so all studies
included had a low risk of blinding related to the blinding of
the outcome assessment. Four studies had high drop-out
rates during follow-up, so we rated them as having a high
risk of attrition bias [24, 33, 34, 38]. All of the included
studies had a low risk of other biases.

Pairwise meta-analysis

We performed 15 direct comparisons and calculated the
MDs and 95% CIs. The results are illustrated in Table 2.

Fig. 1 Flow diagram of the process of identifying, including and
excluding studies identified in the literature search for randomized
controlled trials comparing different interventions for polycystic ovary
syndrome
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Fig. 2 Network plots of different interventions for polycystic ovary
syndrome treatment. The width of the line is directly proportional to
the number of treatments for each pair; the area of the circle represents
the cumulative number of patients per intervention. EE/CA 2mg
cyproterone acetate plus 0.05 mg ethinylestradiol, EE/DSG 0.15 mg

desogestrel plus 0.03 mg ethinylestradiol, EE/DRSP 3 mg drospir-
enone plus 0.03 mg ethinylestradiol, HOMA-IR homeostasis model
assessment of insulin resistance, TC total cholesterol, LDL-c low-
density lipoprotein cholesterol, TGs total triglycerides

Table 2 Metabolic profiles of PCOS interventions by pairwise meta-analysis

Comparison HOMA-IR TC LDL-c TGs

Metformin vs placebo 0.62 (−0.46, 1.70) –0.87 (–1.58, –0.16)a –0.97 (–1.70, –0.24)a 0.10 (–0.38, 0.58)

Metformin vs EE/CA −0.90 (−1.55, −0.26)a –0.36 (–0.91, 0.19) 0.20 (–0.34, 0.38) 0.15 (–0.13, 0.43)

Metformin vs lifestyle 0.54 (0.22, 0.87)a –b –b –b

Metformin vs diet 0.35(−0.51,1.21) 0.57 (–0.25, 1.39) 0.44 (–0.09, 0.97) 0.35 (–0.24, 0.94)

Metformin vs metformin+ EE/CA 0.20 (−0.45, 0.85) 0.03 (–0.55, 0.61) 0.16 (–0.21, 0.53) 0.28 (0.04, 0.52)a

EE/CA vs EE/DSG 1.53 (−0.10, 3.16) –b –b –b

EE/CA vs EE/DRSP 0.25 (−1.40, 1.90) –b –b –b

EE/CA vs metformin+ EE/CA 0.49 (0.24, 0.74)a 0.19 (0.02,0.36)a 0.03 (–0.10, 0.17) 0.00 (–0.11, 0.11)

EE/DSG vs EE/DRSP −0.04 (−0.55, 0.47) –0.31 (–0.62, –0.00)a 0.29 (0.06, 0.52)a −0.16 (–0.34, 0.02)

Lifestyle vs diet −0.31 (−0.88, 0.27) –0.13 (–0.30, 0.04) –0.10 (–0.32, 0.13) 0.02 (–0.08, 0.13)

Lifestyle vs metformin+ lifestyle –b 0.43 (0.08, 0.78)a 0.36 (0.07, 0.65)a –0.06 (–0.33, 0.21)

Exercise vs placebo −0.69 (–2.71, 0.78) –0.16 (–0.46, 0.77) –0.15 (–0.78, 0.48) 0.16 (–0.06, 0.38)

Diet vs metformin+ diet 1.26 (0.36, 2.16)a –b 0.26 (–0.31, 0.83) 0.77 (–0.12, 1.66)

Metformin+ lifestyle vs EE/CA+ lifestyle –b 0.20 (–0.51, 0.91) 0.50 (–0.21, 1.21) –0.10 (–0.65, 0.45)

EE/CA+ lifestyle vs EE/DRSP+ lifestyle 0.20 (–3.33, 3.73) –0.36 (–0.18, 0.90) 0.06 (–0.31, 0.43) –b

PCOS polycystic ovary syndrome, EE/CA 2 mg cyproterone acetate plus 0.05 mg ethinylestradiol, EE/DSG 0.15 mg desogestrel plus 0.03 mg
ethinylestradiol, EE/DRSP 3 mg drospirenone plus 0.03 mg ethinylestradiol, HOMA-IR homeostasis model assessment of insulin resistance, TC
total cholesterol, LDL-c low-density lipoprotein cholesterol, TGs total triglycerides
aValues mean significance
bNot available
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The HOMA-IR data demonstrated that the HOMA-IR
levels of patients treated with metformin were relatively
lower than those in the EE/CA treatment group (WMD=
−0.90, 95% CI= –1.55 to –0.26) and higher than those in
the lifestyle group (WMD= 0.54, 95% CI= 0.22 to 0.87).
Women who were treated with metformin combined with
EE/CA exhibited lower HOMA-IR levels than women who
were treated with EE/CA (WMD= 0.49, 95% CI= 0.24 to
0.74), and the HOMA-IR levels of women who were treated
with metformin combined with diet were lower than women
who were in the diet-only group (WMD= 1.26, 95% CI=
0.36 to 2.16) (Table 2).

According to the TC data, the TC levels of women who
were treated with metformin (WMD= –0.87, 95% CI=
−1.58 to −0.16) were significantly lower than the TC levels
of women who were given a placebo. The TC levels of
women treated with EE/DSG (WMD=−0.31, 95% CI=
−0.62 to −0.00) were lower than the TC levels of women
treated with EE/DRSP. Women treated with metformin
combined with EE/CA exhibited lower TC levels than
women who were treated with EE/CA (WMD= 0.19, 95%
CI= 0.02 to 0.36), and women treated with metformin
combined with lifestyle exhibited lower TC levels than
women who only modified their lifestyle (WMD= 0.43,
95% CI= 0.08 to 0.78) (Table 2).

For LDL-c levels, patients treated with metformin
(WMD=−0.97, 95% CI=−1.70 to −0.24) had lower
LDL-c levels than those treated with a placebo. Women
who were treated with EE/DRSP had lower LDL-c levels
than women who were treated with EE/DSG (WMD= 0.29,
95% CI= 0.06 to 0.52). Moreover, women who were
treated with metformin combined with lifestyle showed
lower LDL-c levels than women who only modified their
lifestyle (WMD= 0.36, 95% CI= 0.07 to 0.65) (Table 2).

Compared with metformin only (WMD= 0.28, 95%
CI= 0.04 to 0.52) (Table 2), metformin combined with EE/
CA was more effective in reducing TGs.

Network meta-analysis

As illustrated in Tables 3–6 and Fig. 3, the results of dif-
ferent interventions for PCOS were compared by NMA.

Compared with the placebo, there was no statistical
significance for any of the interventions based on HOMA-
IR level. However, patients treated with metformin+ life-
style had lower HOMA-IR levels than those treated with
metformin (MD= 1.88, 95% CrI= 0.61 to 3.14), EE/CA
(MD= 2.47, 95% CrI= 0.98 to 3.98), lifestyle (MD=
1.30, 95% CrI= 0.19 to 2.38), diet (MD= 1.55, 95%
CrI= 0.26 to 2.84), and metformin+ EE/CA (MD= 1.96,
95% CrI= 0.44 to 3.46) (Table 3). Moreover, patients who
were treated with metformin combined with EE/CA showed
lower HOMA-IR levels than patients who were treated with

EE/CA alone (MD= 0.52, 95% CrI= 0.09 to 1.00)
(Table 3).

With respect to TC levels, women who were treated with
lifestyle (MD=−1.59, 95% CrI=−3.09 to −0.06), diet
(MD=−1.43, 95% CrI=−2.88 to −0.00), metformin+
lifestyle (MD=−2.04, 95% CrI=−3.64 to −0.41), EE/
CA+ lifestyle (MD=−2.23, 95% CrI=−4.11 to −0.35),
and EE/DRSP+ lifestyle (MD=−2.59, 95% CrI=−4.66
to −0.50) (Fig. 3 and Table 4) exhibited lower TC levels
than women who received a placebo.

Similarly, women treated with metformin (MD=−0.92,
95% CrI=−1.76 to −0.17), EE/CA (MD=−0.97, 95%
CrI=−1.90 to −0.20), lifestyle (MD=−1.46, 95% CrI=
−2.48 to −0.51), diet (MD=−1.36, 95% CrI=−2.33 to
−0.44), metformin+ lifestyle (MD=−1.82, 95% CrI=
−2.88 to −0.79), metformin+ diet (MD=−1.60, 95%
CrI=−2.76 to −0.56), EE/CA+ lifestyle (MD=−2.25,
95% CrI=−3.58 to −1.08), metformin+ EE/CA (MD=
−1.01, 95% CrI=−1.94 to −0.23), and EE/DRSP+ life-
style (MD=−2.29, 95% CrI=−3.69 to −1.07) (Fig. 3
and Table 5) had significantly lower LDL-c levels than
women who received a placebo.

This NMA revealed that there was no statistical sig-
nificance of any of the interventions compared with the
placebo, and there was no statistical significance between
the interventions in TG levels (Fig. 3 and Table 6).

Surface under the curve ranking area

As the results of SUCRA illustrated, metformin+ lifestyle,
EE/CA+ lifestyle, and exercise had the largest three
SUCRA values in the level of HOMA-IR. EE/DRSP+
lifestyle, EE/CA+ lifestyle, and metformin+ lifestyle
showed the largest three SUCRA values for the reduction of
TC and LDL-c. Metformin+ diet, diet, and lifestyle had the
largest three values for the reduction in TG levels (Table 7).

Inconsistency test between direct and indirect
evidence

For the levels of HOMA-IR, TC, LDL-c. and TGs, the
results showed that the direct evidence of the outcomes
were consistent with the indirect evidence (P values were
>0.05), so the consistency model was adopted (Fig. 4).

Discussion

Some researchers believe that PCOS is closely related to
metabolic syndrome because of the abnormal glucose and
lipid metabolism [40]. This disorder may cause serious
complications such as hyperglycemia, hypertension,
hyperlipidemia, and so on [41]. However, most patients are
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diagnosed with PCOS because of irregular menstruation or
infertility; thus, in most cases, the focus of attention lies on
irregular menstruation or infertility, ignoring the possible
long-term effects of PCOS on abnormal glucose and lipid
metabolism. Therefore, in early treatment, doctors should
pay more attention to monitoring and choosing effective
treatments for glucose and lipid metabolism and should
inform patients about the risks associated with this disorder.

The pairwise meta-analysis (Table 2) indicated that
metformin combined with EE/CA or lifestyle had better
effects on overweight PCOS patients with respect to redu-
cing the levels of HOMA-IR, TC, LDL-c, and TGs. Some
studies have revealed that oral contraceptive agents can
decrease peripheral insulin receptors [42] and induce sub-
clinical abnormalities in carbohydrate metabolism [43].
However, according to the results of the pairwise meta-
analysis, metformin combined with EE/CA could be a better
intervention to improve glucose metabolism.

Our NMA (Fig. 3) revealed that for the HOMA-IR level,
the same results were obtained as were found in the pair-
wise meta-analysis: metformin combined with EE/CA or
lifestyle had better effects in terms of the HOMA-IR level
than metformin, EE/CA, or lifestyle alone (Table 3).
Meanwhile, lifestyle, diet, metformin+ lifestyle, EE/CA+
lifestyle, and EE/DRSP+ lifestyle could be effective in
reducing TC (Table 4), and most interventions, with the

exception of exercise, could reduce LDL-c (Table 5) in
the overweight PCOS patients. However, none of the
interventions exhibited differences in reducing TG levels
(Table 6). In addition to the adverse effects on glucose
metabolism, some studies have suggested that in women
with PCOS, the use of oral contraceptive agents is asso-
ciated with significant changes in lipid profiles, including
elevated LDL-c [44]. These consequences come from the
adverse effects of estrogen and the androgen progesterone
on lipid metabolism [45]. However, our study showed that
oral contraceptive agents especially EE/CA and EE/DRSP
combined with lifestyle modification, could significantly
reduce TC and LDL-c. Lifestyle modification was a com-
prehensive approach in the areas of nutrition, behavior, and
physical activity that consisted of both diet and exercise
control [46]. Diet control was mostly a hypocaloric diet, and
aerobic exercise was the main form of exercise control.
Lifestyle modification alone could be effective in reducing
lipid parameters. When combined with EE/CA or EE/
DRSP, the lifestyle modification could reduce the adverse
effects of contraceptives on lipid metabolism. Thus, the
combined therapies can not only normalized abnormal
menstruation, but also might improve lipid metabolism in
overweight PCOS patients.

According to the SUCRA values (Table 7), three inter-
ventions may be particularly effective in improving

Fig. 3 Mean difference (95% credibility interval (CrI)) for the network
comparison of polycystic ovary syndrome interventions for HOMA-
IR, TC, LDL-c, and TGs. Both the mean difference and 95% CrI are
less than zero; that is to say, the intervention is beneficial for reducing
the parameter. EE/CA 2 mg cyproterone acetate plus 0.05 mg

ethinylestradiol, EE/DSG 0.15 mg desogestrel plus 0.03 mg ethiny-
lestradiol, EE/DRSP 3 mg drospirenone plus 0.03 mg ethinylestradiol,
HOMA-IR homeostasis model assessment of insulin resistance, TC
total cholesterol, LDL-c low-density lipoprotein cholesterol, TGs total
triglycerides
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Table 7 SUCRA values and
ranks of PCOS interventions
among end-point outcomes

Interventions HOMA-IR TC LDL-C TGs

SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank

Metformin 0.29 8 0.40 6 0.27 9 0.23 8

EE/CA 0.05 10 0.26 8 0.33 8 0.54 4

EE/DSG 0.48 5 –a –a –a –a –a –a

EE/DRSP 0.42 7 –a –a –a –a –a –a

Lifestyle 0.58 4 0.63 4 0.58 5 0.59 3

Exercise 0.75 3 0.08 9 0.08 10 0.22 9

Diet 0.43 6 0.56 5 0.51 6 0.60 2

Metformin+ lifestyle 0.88 1 0.81 3 0.78 3 0.53 5

Metformin+ diet –a –a –a –a 0.68 4 0.94 1

EE/CA+ lifestyle 0.76 2 0.83 2 0.92 2 0.45 7

Metformin+ EE/CA 0.27 9 0.39 7 0.38 7 0.49 6

EE/DRSP+ lifestyle –a –a 0.93 1 0.93 1 –a –a

SUCRA surface under the cumulative ranking curve, PCOS polycystic ovary syndrome, EE/CA 2 mg
cyproterone acetate plus 0.05 mg ethinylestradiol, EE/DSG 0.15 mg desogestrel plus 0.03 mg ethinylestra-
diol, EE/DRSP 3 mg drospirenone plus 0.03 mg ethinylestradiol, HOMA-IR homeostasis model assessment
of insulin resistance, TC total cholesterol, LDL-c low-density lipoprotein cholesterol, TGs total triglycerides
aNot available

Fig. 4 Node-splitting method for assessing the consistency of HOMA-
IR, TC, LDL-c, and TG levels, P values were >0.05, which showed
that the direct evidence of the outcomes was consistent with the

indirect evidence. HOMA-IR homeostasis model assessment of insulin
resistance, TC total cholesterol, LDL-c low-density lipoprotein cho-
lesterol, TGs total triglycerides
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HOMA-IR and reducing lipid levels: metformin+ lifestyle,
EE/CA+ lifestyle, and EE/DRSP+ lifestyle. In our study,
metformin+ lifestyle was the most effective with respect to
the improvement of HOMA-IR. In addition, EE/DRSP+
lifestyle appeared to be the best intervention for reducing TC
and LDL-c. Moreover, metformin+ diet was more effective
in reducing TG levels. In brief, oral contraceptive agents,
especially EE/CA and EE/DRSP combined with lifestyle or
metformin could not only improve insulin resistance but can
also decrease TC and LDL-c. Metformin+ lifestyle could be
the best way to improve insulin resistance, while metformin
+ diet could be the best way to reduce TG levels. These
combined therapies would be the better choice for metabolic
disorders in overweight PCOS patients.

Nevertheless, it is essential to discuss some key issues
that existed in our study. First, we included 20 RCTs, but
some interventions were missing due to the lack of studies.
The EE/DRSP+ lifestyle intervention only appeared in the
studies investigating TC and LDL-c, so we could not
summarize the effectiveness on all the metabolic markers.
Second, we limited the average BMI to ≥ 25 (kg/m2); thus,
the conclusions are only applicable to overweight PCOS
patients. Moreover, the intervention time and the dose of
metformin, exercise volume, and diet control would be the
target of future analysis. However, the conclusions and
limitations of this study may provide some directions for the
design of new trials.

In conclusion, our evidence revealed that for overweight
PCOS patients, oral contraceptive agents such as EE/CA
and EE/SRSP, combined with metformin or lifestyle control
can reduce the adverse effects on glucose and lipid meta-
bolism that result from oral contraceptive agents used alone.
Metformin+ lifestyle, EE/CA+ lifestyle, and EE/DRSP+
lifestyle are particularly effective in improving HOMA-IR
and reducing the levels of TC and LDL-c. Moreover, met-
formin+ diet is more effective in reducing TG levels. These
results provide clinical guidance for the treatment of PCOS,
demonstrating that lifestyle control combined with con-
ventional treatment of PCOS such as metformin, EE/CA,
and EE/DRSP is the best way to improve HOMA-IR levels
and lipid metabolism in overweight PCOS patients. Hence,
large-scale clinical trials are urgently needed to study the
appropriate dosage of metformin, exercise volume, and
dietary control.
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