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Abstract
Background: To evaluate the association between cardiovascular risk and reproductive-aged women with
polycystic ovary syndrome (PCOS) according to body mass index (BMI) categories.

Methods: A literature search was conducted in MEDLINE, EMBASE, Cochrane Library and PubMed. Blood
pressure (BP) [including systolic BP (SBP), diastolic BP (DBP) and hypertension prevalence] and plasma
lipids [triglyceride, high-density lipoprotein (HDL)-cholesterol, nonHDL-cholesterol and low-density
lipoprotein (LDL)-cholesterol] were calculated at different BMI levels.

Results: SBP [MD (95% CI): 2.96 mmHg (1.62, 4.30), P < 0.001] and DBP [MD (95% CI): 1.64 mmHg (0.03,
3.24), P = 0.046] increased in reproductive-aged women with PCOS, however, hypertension prevalence
had no difference [OR (95% CI): 1.56 (0.76, 3.06), P = 0.198]. HDL-cholesterol were [SMD (95% CI): -0.24
(-0.39, -0.09), P = 0.002] lower and triglyceride [SMD (95% CI): 0.37 (0.26, 0.48), P < 0.001] higher in
reproductive PCOS women. Besides, LDL-cholesterol [SMD (95% CI): 0.25 (0.17, 0.34), P < 0.001] and
nonHDL-cholesterol [SMD (95% CI): 0.38 (0.29, 0.47), P < 0.001] were higher in reproductive-aged PCOS.
In the subgroup analysis, SBP and LDL-cholesterol were increased in BMI of < 25 kg/m2 and BMI of ≥ 30
kg/m2, but had no difference in BMI of 25-< 30 kg/m2. Triglyceride and nonHDL-cholesterol increased in
all BMI categories. However, DBP and hypertension prevalence had no difference in all BMI categories.

Conclusion: High baseline BP and dyslipidemia is represented in reproductive PCOS. Besides,
reproductive PCOS women are signi�cantly associated with increased cardiovascular risk independent of
BMI categories.

Background
Polycystic ovary syndrome (PCOS) is one of the most common female endocrinopathies, and is a highly
prevalent disorder affecting about 7–14% of reproductive women [1, 2]. The clinical manifestations of
PCOS are heterogeneous, however, the hallmarks of the syndrome remain anovulation, insulin resistance
and androgen excess. Moreover, each of these features is responsible for the promotion of cardiovascular
risk in this population.

The American Society for Reproductive Medicine Practice Committee reported cardiovascular risk was
increased in women with PCOS [3]. The current studies showed that cardiovascular risk factors were
more frequent among women with PCOS compared to non-PCOS women [4, 5]. This set of major risk
factors includes age, sex, body mass index (BMI) category, low-density lipoprotein cholesterol (LDL-C) or
triglyceride (TG), low high-density lipoprotein cholesterol (HDL-C), high systolic blood pressure (SBP) or
diastolic blood pressure (DBP), diabetes mellitus, tobacco smoking and family history of early
cardiovascular disease (CVD). Apart from the deleterious effects of PCOS per se, individual risk markers
including hypertension and lipid pro�le are important mediators of the further cardiovascular outcomes.
Blood pressure and lipid levels are nearly always included in risk assessment algorithms because of their
established independent contributions to cardiovascular risk prediction [6]. The studies of early
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cardiovascular epidemiology focused on risk factors related to atherosclerosis, which begins at a young
age. Detection of traditional cardiovascular risk factors and alternative markers of atherosclerosis in
women with PCOS at a young age increase the risk for symptomatic cardiovascular risk [7, 8]. Therefore,
PCOS may represent an important key to lipid alternations starting during adolescence or fertile age.

Dyslipidemia is common in young adult women with PCOS, and the disorder may be the most common
cause of dyslipidemia in women before the age of 40 years [9, 10]. Moreover, atherosclerotic appears
early life during life, this con�rms the need to assess and eventually treat altered lipid pro�le in young
women with PCOS [7]. LDL-C is considered to be the primary target to reduce cardiovascular risk,
prevalence metabolic syndrome in women with PCOS has concentrated attention on TG and HDL-C, with
relatively little attention to other lipid changes [11, 12]. In addition, Rotterdam guidelines suggested
evaluation for metabolic syndrome and indirectly indicated the need to measure only HDL-C and TG with
relatively little attention to other lipid parameters [13]. The Androgen Excess and PCOS Society guidelines
have reported that different LDL-C cutoff values depends on the degree of cardiovascular risk of women
with PCOS [7]. However, many clinicians do not measure lipid levels in PCOS or continue measuring only
HDL-C and TG.

The effect of obesity on PCOS and PCOS on obesity is complex. Although it is agreed that the prevalence
of increased BMI is high in PCOS [14, 15]. A previous meta-analysis showed that obesity was more
prevalent in women with PCOS than in women without PCOS [16]. PCOS occurs both in obese and lean
women. However, studies of cardiovascular risk in PCOS have not distinguished effects of BMI categories
from those of PCOS. There is little consensus that the possible increased cardiovascular risk, is merely
related to obesity. In the fact, lipid pro�le may differ in their association with lipid pro�le and PCOS
potentially. Based on BMI categories, our meta-analysis classi�ed as normal weight (18.5-<25 kg/m2),
overweight (25-<30 kg/m2), and obesity (≥ 30 kg/m2) [17]. However, there is no met studies to report
underweight (< 18.5 kg/m2) women with PCOS. These standard categories have been increasingly used
in published studies of BMI levels and PCOS, but the literature reporting these results has not been
systematically reviewed.

Therefore, the present meta-analysis of surrogate markers (i.e. blood pressure, lipids and hypertension
prevalence) regarding cardiovascular risk factors shows the effect of different BMI levels in reproductive-
aged women with PCOS. To reduce biases that may be present in all meta-analyses, only studies with
BMI matching and having su�cient numbers of subjects were included. To our knowledge, this is the �rst
meta-analysis to investigate the association between reproductive-aged women with PCOS and
cardiovascular risk factors according to BMI levels.

Methods
The present study was approved by the Ethics Committee Board of Lanzhou University Second Hospital
(D2019-098) and conducted in accordance with the Preferred Reporting Items for Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) [18].
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Search strategy

We searched Cochrane Library, PubMed, EMBASE and MEDLINE databases to 9 November 2020 for full
text articles in English describing trials and prospective cohort studies in reproductive-aged women that
assessed the association between cardiovascular risk factors with PCOS according to BMI categories.
The search terms were used as follows: (polycystic ovary syndrome or PCOS) and (cardiovascular risk).
The search strategy was limited to English language papers.

Study selection

We used a mix of medical subject heading (MeSH) and keywords including polycystic ovary syndrome,
Stein Leventhal, cardiovascular risk, blood pressure, hypertension, lipoprotein, dyslipidemia,
hyperlipidemia. A manual search of the list of references of all identi�ed studies and review articles was
performed for additional relevant studies.

The selection criteria of the retrieved articles in our meta-analysis were as follows: 1) case-control studies
or cohort studies; 2) reproductive-aged women with PCOS by the National Institutes of Health or
Rotterdam criteria; 4) no comorbidities; 5) no evidence of an androgen-secreting tumor, congenital
adrenal hyperplasia, or medication altering androgen metabolism or lipids; 6) each article with BMI
matching. Each study had to have evaluated ≥ 30 adults PCOS women ≥ 18 years but ≤ 45 years (to
avoid the perimenopause transition). Control subjects of the same catchment area, and found to be
without PCOS.

The exclusion criteria of the meta-analysis were as follows: 1) case-only studies; 2) studies with
incomplete data; 3) meta-analysis, letters, reviews, and editorial articles. Nonpatient-examined community
control studies were excluded, recognizing that PCOS occurs infrequently and that some phenotypic
elements of PCOS can occur in regularly menstruating women.

Assessment of study quality

Included studies were assessed for quality using the Newcastle-Ottawa Scale (NOS), a validated scale for
meta-analysis of observational studies [19]. We scored (max, nine points) the following items important
for risk of bias assessment in non-randomized cohort studies: representativeness of the exposed cohort;
adequate selection of controls; adequate de�nition of the outcome; adequacy of follow-up; comparability
of exposed and non-exposed women (two points).

Data extraction

Authors of studies eligible for inclusion in present meta-analysis were invited to join our study and share
their data. When not reported in the individual study, nonHDL-C was calculated as total cholesterol minus
HDL-C. Data extraction was independently performed by three investigators (C.C.Z., Q.Y.W., W.J.W).
Disagreement was resolved by consensus.
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Statistical analysis

The dichotomous outcome measure was the proportion of women with hypertension prevalence. Data
were presented as odds ratio (OR, 95% con�dence interval [CI]). Continuous normally distributed data
were summarized with a mean and standard deviation (SD), and if non-normally distributes a median
and interquartile range (IQR) were used. If the outcome was measured on the same scale, we used
weighted mean difference (MD) and 95% CI. Otherwise, standardized mean difference (SMD) and 95% CI
were calculated. Heterogeneity between the studies was assessed using I2 tests (I2 50% was considered
substantial heterogeneity). When the I2 statistic was lower than 30% and P < 0.10, a �xed-effect model
was used; otherwise, a random effects model was used. We assessed publication bias through Egger’s
regression test. Analyses were performed by STATA statistical software version 14.0 (StataCorp, College
Station, TX, USA). p-Value < 0.05 were considered statistically signi�cant for all analyses except
heterogeneity tests.

Results
Study design and analysis characteristics

The search yielded 593 potential reports as shown in Fig. 1. After removal of duplicates, 556 records
remained. Initial screening of the title and abstract resulted in the exclusion of 400 references and 156
studies proceeded to detailed evaluation. After further examination, 34 studies met the inclusion criteria
and were included in the meta-analysis [8, 20–52].

The basic characteristics of each study were summarized in Table 1. A total of 34 studies including
12711 subjects were included in the present meta-analysis. The present meta-analysis was assessed
blood pressure, prevalence of hypertension, TG, HDL-C, nonHDL-C and LDL-C according to BMI
categories.
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Table 1
Characteristics of included studies in the meta-analysis

Author/year Country Design Participants
age (years)

PCOS
vs.
control
(n)

BMI
level
(kg/m2)

Outcomes

Adali (2010) Turkey PC PCOS:
24.73 ± 
2.91

Control:
13.04 ± 
1.11

26 vs.
25

PCOS:
24.4 ± 
4.23

Control:
23.9 ± 
3.95

BP, HDL-C, LDL-C,
TG

Akram (2010) Pakistan RC PCOS: 20–
39

Control:
20–39

50 vs.
30

PCOS:
23.6 ± 
0.50

Control:
23.5 ± 
0.71

HDL-C, LDL-C, TG

Alexandraki
(2006)

Greece PC PCOS:
25.41 ± 
0.80

Control:
27.33 ± 
0.83

27 vs.
27

PCOS:
27.42 ± 
1.12

Control:
25.05 ± 
1.19

BP, HDL-C, LDL-C,
TG

Arikan (2007) Turkey PC PCOS:
22.82 ± 
5.53

Control:
24.64 ± 
4.22

39 vs.
30

PCOS:
21.48 ± 
6.50

Control:
20.90 ± 
6.04

HDL-C, LDL-C, TG

Berneis (2006) Italy PC PCOS: 25.1 
± 4.2

Control:
25.5 ± 3

30 vs.
24

PCOS:
28.4 ± 
5.8

Control:
28 ± 4.4

HDL-C, LDL-C, TG

Cascella
(2006)

Italy PC PCOS: 21.9 
± 2.7

Control:
22.2 ± 2.8

50 vs.
50

PCOS:
24.6 ± 
2.5

Control:
24.4 ± 
2.8

BP, HDL-C, LDL-C,
TG

PCOS, polycystic ovary syndrome; BMI, body mass index; PC, prospectively cohort study; RC,
retrospectively cohort study, BP, blood pressure (including systolic and diastolic blood pressure); SBP,
systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides.
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Author/year Country Design Participants
age (years)

PCOS
vs.
control
(n)

BMI
level
(kg/m2)

Outcomes

Cetinakalp
(2009)

Turkey PC PCOS:
24.58 ± 
4.61

Control:
25.48 ± 
3.38

129 vs.
91

PCOS:
24.47 ± 
4.64

Control:
24.2 ± 
3.31

HDL-C, LDL-C, TG

Cussons
(2009)

Australia PC PCOS: 30.4 
± 5.54

Control:
34.44 ± 7.8

19 vs.
19

PCOS:
24.1 ± 
2.9

Control:
22.9 ± 
3.2

BP, HDL-C, LDL-C,
TG

Diamanti-
Kandarakis
(2006)

Greece PC PCOS:
25.64 ± 
0.86

Control:
27.52 ± 
1.02

25 vs.
25

PCOS:
29.08 ± 
1.43

Control:
26.22 ± 
1.16

BP, HDL-C

El-Kannishy
(2009)

Egypt PC PCOS: 25.2 
± 3.6

Control:
24.4 ± 4.07

14 vs.
10

PCOS:
22.8 ± 
2.1

Control:
21.9 ± 
2.97

HDL-C, LDL-C, TG

Erdogan
(2007)

Turkey PC PCOS:
24.27 ± 
5.44

Control:
26.41 ± 
5.65

68 vs.
26

PCOS:
24.41 ± 
5.43

Control:
23.35 ± 
5.04

HDL-C, LDL-C, TG

Erdogan
(2009)

Turkey PC PCOS:
24.07 ± 
1.32

Control:
25.01 ± 
2.05

88 vs.
119

PCOS:
24.38 ± 
4.13

Control:
23.47 ± 
4.12

HDL-C, LDL-C, TG

PCOS, polycystic ovary syndrome; BMI, body mass index; PC, prospectively cohort study; RC,
retrospectively cohort study, BP, blood pressure (including systolic and diastolic blood pressure); SBP,
systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides.
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Author/year Country Design Participants
age (years)

PCOS
vs.
control
(n)

BMI
level
(kg/m2)

Outcomes

Joham (2014) Australia RC 28–33 183 vs.
4638

< 25 Prevalence of
hypertension

Joham (2014) Australia RC 28–33 117 vs.
1742

25.0–
29.9

Prevalence of
hypertension

Joham (2014) Australia RC 28–33 149 vs.
1181

≥ 30 Prevalence of
hypertension

Kargili (2010) Turkey RC PCOS: 25.7 
± 5.5

Control:
26.1 ± 5.4

168 vs.
52

PCOS:
26.8 ± 
3.4

Control:
25.4 ± 
2.8

HDL-C, LDL-C, TG

Ketel (2010) Netherland RC PCOS: 28.6 
± 4.5

Control:
27.7 ± 5.3

22
vs.14

PCOS:
22.0 ± 
2.2

Control:
22.2 ± 
1.7

HDL-C, LDL-C, TG

Ketel (2010) Netherland RC PCOS: 30.3 
± 4.2

Control:
28.6 ± 5.3

18 vs.
13

PCOS:
36.2 ± 
5.9

Control:
40.5 ± 
7.0

HDL-C, LDL-C, TG

Legro (2001) USA PC PCOS: 25 ± 
6

Control: 29 
± 7

42 vs.
27

PCOS:
23.1 ± 
2.4

Control:
23.0 ± 
1.8

BP, HDL-C, LDL-C,
TG

Legro (2001) USA PC PCOS: 28 ± 
5

Control: 32 
± 7

153 vs.
35

PCOS:
37.0 ± 
6.9

Control:
37.7 ± 
6.4

BP, HDL-C, LDL-C,
TG

PCOS, polycystic ovary syndrome; BMI, body mass index; PC, prospectively cohort study; RC,
retrospectively cohort study, BP, blood pressure (including systolic and diastolic blood pressure); SBP,
systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides.
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Author/year Country Design Participants
age (years)

PCOS
vs.
control
(n)

BMI
level
(kg/m2)

Outcomes

Liang (2012) Taiwan PC PCOS: 27 ± 
6.4

Control:
29.0 ± 5.1

110 vs.
20

PCOS:
31.1 ± 
3.9

Control:
30.4 ± 
3.7

Prevalence of
hypertension, HDL-
C, LDL-C, TG

Liang (2012) Taiwan PC PCOS: 26.8 
± 5.1

Control:
28.1 ± 4.2

110 vs.
50

PCOS:
20.6 ± 
2.0

Control:
20.4 ± 
2.0

Prevalence of
hypertension, HDL-
C, LDL-C, TG

Luque-
Ramirez
(2007)

Spain PC PCOS: 23.0 
± 5.4

Control:
24.8 ± 6.0

11 vs. 8 PCOS:
22.2 ± 
2.0

Control:
21.3 ± 
1.3

HDL-C, LDL-C, TG

Luque-
Ramirez
(2007)

Spain PC PCOS: 23.6 
± 4.6

Control:
29.3 ± 10.3

13 vs. 4 PCOS:
27.5 ± 
1.8

Control:
27.4 ± 
1.5

HDL-C, LDL-C, TG

Luque-
Ramirez
(2007)

Spain PC PCOS: 26.3 
± 6.7

Control:
28.5 ± 5.8

16 vs. 8 PCOS:
35.8 ± 
3.9

Control:
35.5 ± 
3.2

HDL-C, LDL-C, TG

Macut (2008) Serbia PC PCOS: 23.1 
± 5.1

Control:
24.6 ± 4.1

75 vs.
51

PCOS:
24.9 ± 
4.7

Control:
23.7 ± 
4.0

HDL-C, LDL-C, TG

PCOS, polycystic ovary syndrome; BMI, body mass index; PC, prospectively cohort study; RC,
retrospectively cohort study, BP, blood pressure (including systolic and diastolic blood pressure); SBP,
systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides.
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Author/year Country Design Participants
age (years)

PCOS
vs.
control
(n)

BMI
level
(kg/m2)

Outcomes

Moran (2009) Australia PC PCOS: 34.1 
± 6.9

Control:
33.8 ± 6.8

80 vs.
27

PCOS:
36.0 ± 
6.6

Control:
37.4 ± 
5.6

HDL-C, LDL-C, TG

Mayer (2005) Australia PC PCOS: 32.7 
± 1.8

Control:
33.2 ± 2.3

100 vs.
20

PCOS:
37.3 ± 
2.43

Control:
36.7 ± 
1.28

HDL-C, LDL-C, TG

Ni (2009) China PC PCOS: 27

Control: 28

578 vs.
281

PCOS:
21.9

Control:
21.9

BP, TG

Oral (2008) Turkey PC PCOS: 23.9 
± 3.3

Control:
24.2 ± 3.9

48 vs.
43

PCOS:
24.1 ± 
2.9

Control:
24.0 ± 
1.9

HDL-C, LDL-C, TG

Orio (2004) Italy PC PCOS: 22.2 
± 2.5

Control:
22.6 ± 2.3

30 vs.
30

PCOS:
22.4 ± 
2.1

Control:
22.1 ± 
1.8

BP, HDL-C, LDL-C,
TG

Philbois
(2018)

Brazil PC PCOS: 28.5 
± 5.2

Control:
31.2 ± 6.6

30 vs.
30

PCOS:
22.9 ± 
1.6

Control:
23.5 ± 3

BP

PCOS, polycystic ovary syndrome; BMI, body mass index; PC, prospectively cohort study; RC,
retrospectively cohort study, BP, blood pressure (including systolic and diastolic blood pressure); SBP,
systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides.
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Author/year Country Design Participants
age (years)

PCOS
vs.
control
(n)

BMI
level
(kg/m2)

Outcomes

Rizzo (2011) Italy PC PCOS: 24 ± 
5

Control: 24 
± 3

350 vs.
90

PCOS:
27 ± 7

Control:
27 ± 4

HDL-C, LDL-C, TG,
nonHDL-C

Sasaki (2011) Japan PC PCOS: 30.2 
± 3.9

Control:
31.5 ± 4.4

54 vs.
24

PCOS:
24.3 ± 
5.7

Control:
22.2 ± 
3.4

BP, HDL-C, LDL-C,
TG

Shroff (2007) USA PC PCOS: 32 ± 
6.5

Control: 36 
± 7.2

24 vs.
24

PCOS:
36 ± 5.4

Control:
35 ± 3.3

Prevalence of
hypertension, HDL-
C, LDL-C, TG

Soares (2009) Brazil PC PCOS: 24.5 
± 3.8

Control:
24.5 ± 5.1

40 vs.
50

PCOS:
22.7 ± 
3.3

Control:
23.1 ± 
3.2

BP, HDL-C, LDL-C,
TG

Sterling (2015) Canada RC PCOS: 33

Control: 35

71 vs.
323

PCOS:
24.6

Control:
23.6

Prevalence of
hypertension

Tarkun (2004) Turkey PC PCOS:
23.45 ± 4.3

Control:
24.4 ± 4.07

37 vs.
25

PCOS:
23.85 ± 
3.26

Control:
22.9 ± 
2.97

HDL-C, LDL-C, TG

PCOS, polycystic ovary syndrome; BMI, body mass index; PC, prospectively cohort study; RC,
retrospectively cohort study, BP, blood pressure (including systolic and diastolic blood pressure); SBP,
systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides.
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Author/year Country Design Participants
age (years)

PCOS
vs.
control
(n)

BMI
level
(kg/m2)

Outcomes

Tiras (1999) Turkey PC PCOS: 24.5 
± 6.0

Control:
23.6 ± 3.9

35 vs.
35

PCOS:
22.9 ± 
4.2

Control:
22.0 ± 
1.8

HDL-C, LDL-C, TG

Vryonidou
(2005)

Greece PC PCOS: 23.9 
± 5.4

Control:
24.7 ± 5.3

75 vs.
55

PCOS:
27.3 ± 
7.0

Control:
26.3 ± 
7.7

SBP, HDL-C, LDL-C,
TG

Yildiz (2002) Turkey PC PCOS: 22.9 
± 4.4

Control:
24.8 ± 4.2

59 vs.
23

PCOS:
23.0 ± 
2.4

Control:
22.1 ± 
2.2

HDL-C, TG

PCOS, polycystic ovary syndrome; BMI, body mass index; PC, prospectively cohort study; RC,
retrospectively cohort study, BP, blood pressure (including systolic and diastolic blood pressure); SBP,
systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides.

 

Risk of bias and quality assessment

The 34 studies included for systematic review were then reviewed with the NOS tool (Table 2). Some
studies did not report on allocation concealment. Binding was impossible. One study scored seven out of
nine points and one study scored six points, indicating high-quality. Three studies scored four points or
less.
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Table 2
Assessment of methodological quality (based on Newcastle-Ottawa Scale)

  Selection (max 4
stars)

Comparability (max
2 stars)

Exposure (max 3
stars)

Overall
quality

Adali (2010) *** ** ** Good

Akram (2010) ** ** ** Fair

Alexandraki (2006) *** ** ** Good

Arikan (2007) *** ** ** Good

Berneis (2006) **** ** ** Good

Cascella (2006) **** ** ** Good

Cetinakalp (2009) ** ** ** Fair

Cussons (2009) ** ** * Fair

Diamanti-Kandarakis
(2006)

** ** * Fair

El-Kannishy (2009) **** ** ** Good

Erdogan (2007) ** * ** Fair

Erdogan (2009) **** ** ** Good

Joham (2014) ** ** ** Fair

Kargili (2010) ** ** ** Fair

Ketel (2010) **** ** ** Good

Legro (2001) *** * ** Good

Liang (2012) *** * ** Good

Luque-Ramirez
(2007)

*** ** ** Good

Macut (2008) ** ** ** Fair

Moran (2009) *** ** ** Good

Mayer (2005) **** ** ** Good

Ni (2009) ** * ** Fair

Oral (2008) ** * ** Fair

Orio (2004) *** ** ** Good

Philbois (2018) ** ** ** Fair
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  Selection (max 4
stars)

Comparability (max
2 stars)

Exposure (max 3
stars)

Overall
quality

Rizzo (2011) ** ** ** Fair

Sasaki (2011) *** ** ** Good

Shroff (2007) *** ** ** Good

Soares (2009) ** ** ** Fair

Sterling (2015) ** * ** Fair

Tarkun (2004) ** ** ** Fair

Tiras (1999) ** ** ** Fair

Vryonidou (2005) **** ** ** Good

Yildiz (2002) ** * ** Fair

SELECTION

(1) Is the case de�nition adequate? (a) yes, with independent validation*, (b) yes, e.g. record linkage or
based on self-reports, (c) no description

(2) Representativeness of the cases: (a) consecutive or obviously representative series of cases*, (b)
potential for selection biases or not stated

(3) Selection of controls: (a) community controls*, (b) hospital controls, (c) no description

(4) De�nition of controls: (a) no history of disease (end-point)*, (b) no description of source

COMPARABILITY

Comparability of cases and controls on basis of design or analysis: (a) study controls for ___ (most
important factor)*, (b) study controls for any additional factor* (could be modi�ed to indicate speci�c
control for a second factor)

EXPOSURE

(1) Ascertainment of exposure: (a) secure record (e.g. surgical record)*, (b) structured interview where
blind to case/control status*, (c) interview not blinded to case/control status, (d) written self-report or
medical record only, (e) no description.

(2) Same method of ascertainment for cases and controls: (a) yes*, (b) no.

(3) Non-response rate: (a) same rate for both groups*, (b) non-respondents describe, (c) rate different
and no designation.

OVERALL QUALITY

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3
stars in exposure domain.

Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in
exposure domain.
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  Selection (max 4
stars)

Comparability (max
2 stars)

Exposure (max 3
stars)

Overall
quality

Poor quality: 0 or 1 star in selection domain OR 0 star in comparability domain OR 0 or 1 star in
exposure domain.

 

Blood pressure

Figures 2–4 are forest plots summarizing comparison of SBP, DBP and prevalence of hypertension,
respectively. Because the aim was assessed the effect of BMI categories on cardiovascular risk in
reproductive women with PCOS, we analyzed the outcomes based on BMI categories.

As shown in Figs. 2 and 3, SBP [MD (95% CI): 2.96 mmHg (1.62, 4.30), P < 0.001] and DBP [MD (95% CI):
1.64 mmHg (0.03, 3.24), P = 0.046] increased in reproductive-aged women with PCOS. In the subgroup
analysis of SBP, BMI of < 25 kg/m2 [MD (95% CI): 3.02 mmHg (1.11, 4.94), P < 0.002] and BMI of ≥ 30
kg/m2 [MD (95% CI): 4.27 mmHg (0.50, 8.04), P < 0.026] showed signi�cant results, while BMI of 25-< 30
kg/m2 [MD (95% CI): 1.56 mmHg (-0.60, 3.71), P = 0.157] did not show positive result. However, in the
subgroup analysis, DBP did not increase in BMI of < 25 kg/m2 [MD (95% CI): 1.75 mmHg (-0.23, 3.75), P = 
0.083], BMI of ≥ 30 kg/m2 [MD (95% CI): -0.24 mmHg (-3.16, 2.69), P = 0.873], and BMI of 25-< 30 kg/m2

[MD (95% CI): 3.13 mmHg (-0.98, 7.24), P = 0.136].

As shown in Fig. 4, prevalence of hypertension had non-signi�cant difference in reproductive-aged
women with PCOS [OR (95% CI): 1.56 (0.76, 3.06), P = 0.198]. Besides, there was no signi�cant difference
in BMI of < 25 kg/m2 [OR (95% CI): 1.33 (0.12, 15.14), P = 0.819], BMI of ≥ 30 kg/m2 [OR (95% CI): 1.53
(0.90, 2.61), P = 0.116], and BMI of 25-< 30 kg/m2 [OR (95% CI): 1.85 (0.80, 4.28), P = 0.153].

Lipid pro�les

Figure 5-8 are forest plots summarizing comparison of HDL-C, TG, nonHDL-C and LDL-C, respectively. As
shown in Figure 5 and 6, reproductive-aged women with PCOS had signi�cantly difference on HDL-C
[SMD (95% CI): -0.24 (-0.39, -0.09), P = 0.002] and TG [SMD (95% CI): 0.37 (0.26, 0.48), P < 0.001]. The
subgroup analysis of TG, BMI of < 25 kg/m2 [SMD (95% CI): 0.34 (0.20, 0.49), P < 0.001], BMI of ≥ 30
kg/m2 [MD (95% CI): 0.54 (0.31, 0.78), P < 0.001], and BMI of 25-< 30 kg/m2 [MD (95% CI): 0.25 (0.06,
0.43), P = 0.008] were increased in reproductive-aged women with PCOS. Meanwhile, the subgroup
analysis showed that HDL-C signi�cantly increased in BMI of < 25 kg/m2 [SMD (95% CI): -0.30 (-0.50,
-0.11), P = 0.002], and BMI of 25-< 30 kg/m2 [MD (95% CI): -0.33 (-0.65, -0.01), P = 0.041]. However, BMI of
≥ 30 kg/m2 had no signi�cant difference [MD (95% CI): 0.07 (-0.26, 0.40), P = 0.664].

Figure 7 and 8 are forest plots summarizing comparison of nonHDL-C and LDL-C, respectively. As shown
in Figure 7 and 8, reproductive-aged women with PCOS had signi�cant difference on nonHDL-C [SMD
(95% CI): 0.38 (0.29, 0.47), P < 0.001] and LDL-C [SMD (95% CI): 0.25 (0.17, 0.34), P < 0.001]. The
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subgroup analysis showed that nonHDL-C increased in BMI of < 25 kg/m2 [SMD (95% CI): 0.37 (0.24,
0.50), P < 0.001], BMI of ≥ 30 kg/m2 [MD (95% CI): 0.49 (0.30, 0.69), P < 0.001], and BMI of 25-< 30 kg/m2

[MD (95% CI): 0.33 (0.24, 0.50), P < 0.001]. In addition, LDL-C increased in BMI of < 25 kg/m2 [SMD (95%
CI): 0.28 (0.15, 0.41), P < 0.001] and BMI of ≥ 30 kg/m2 [MD (95% CI): 0.25 (0.06, 0.44), P = 0.010].
However, LDL-C did not increase in BMI of 25-< 30 kg/m2 [MD (95% CI): 0.19 (-0.01, 0.39), P = 0.066].

Publication bias

There was no publication bias for SBP (asymmetry test P = 0.510), DBP (asymmetry test P = 0.092), HDL
(asymmetry test P = 0.405), TG (asymmetry test P = 0.633), nonHDL-C (asymmetry test P = 0.938), and
LDL (asymmetry test P = 0.628) according to the results of Egger’s regression test.

Discussion
The novelty of this systematic review from 34 observational studies reports the correlation between
cardiovascular risk and BMI categories for reproductive-aged women with PCOS. To the best of our
knowledge, it is the �rst time that BMI categories were evaluated cardiovascular risk factors in
reproductive-aged women with PCOS. There are four main results in the present meta-analysis: (1)
baseline blood pressure increased in reproductive-aged women with PCOS, but there was non-signi�cant
difference on hypertension prevalence; (2) increased LDL-C, low HDL-C, and increased TG + increased
nonHDL-C were seen in reproductive-aged women with PCOS; (3) increased cardiovascular risk was seen
in reproductive-aged women with PCOS independent of BMI categories; (4) DBP and hypertension
prevalence had no difference in all BMI categories.

In present meta-analysis, increased baseline blood pressure was seen in reproductive PCOS women, but
there was no signi�cant difference on hypertension prevalence. There was no relationship between blood
pressure and BMI categories in reproductive-aged women with PCOS.

The study of Zimmermann et al. reported that BMI failed to reveal an association between reproductive-
aged women with PCOS and hypertension [53]. Hudecova et al. reported that after adjusting for BMI,
reproductive-aged women with PCOS had higher daytime systolic blood pressure, mean arterial values of
blood pressure, and an increased pulse rate irrespectively of clinically veri�ed hypertension [54]. Moreover,
a study from Australia reported that hypertension in reproductive PCOS women was not associated with
BMI, giving further information that the cardiometabolic abnormalities may be independent of weight in
PCOS [32]. However, previous studies showed that the prevalence of hypertension increased in
premenopausal [55] and perimenopausal PCOS women [56]. Schmidt et al. showed that hypertension and
hypertriglyceridemia were the only cardiovascular risk factor that persisted more frequently in
postmenopausal PCOS women. Therefore, hypertension is more prevalent in PCOS women from the
fourth decade of life in comparison to respective controls [55].
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There are some mainly factors for increased blood pressure in PCOS women, including endothelial
dysfunction and decreased vascular compliance [57]. The increased risk of hypertension was explained
by insulin resistance and hyperinsulinemia that exert hypertrophy of vascular muscle wall and reduce
compliance by interference with endothelium-dependent vasodilatation mechanisms [58].
Hyperinsulinemia advocated endothelin 1 (ET-1) production, meanwhile, it also in�uences the
hypertrophic effect on vascular endothelial and smooth muscle cells [57]. Besides, ET-1 is commonly
chronically increased in women with PCOS, which regulates endothelial function.

In weight-matched studies, our results showed that increased LDL-C, low HDL-C, and increased TG + 
increased nonHDL-C were seen in reproductive-aged women with PCOS. Moreover, dyslipidemia in
reproductive PCOS women had no relationship with body weight. The outcomes consistent with that of
the previous studies [9, 59]. PCOS women younger than 40 appears to have dyslipidemia [59]. Therefore,
PCOS per se increases lipid levels, though the absolute value and the related cardiovascular risk may be
different between individual patients. This is an important �nding that lipid pattern assessment for
decreased cardiovascular risk in reproductive PCOS women at all BMI categories.

The present meta-analysis reported that higher LDL-C was found in normal-weight (BMI of < 25 kg/m2)
and obese reproductive-aged women with PCOS (BMI of ≥ 30 kg/m2), and low HDL-C was seen in
normal-weight and overweight (BMI of 25-< 30 kg/m2) subjects. Moreover, reproductive PCOS women at
all BMI categories increased TG and nonHDL-C levels, including normal-weight, overweight and obesity.
The subset analyses from a meta-analysis showed higher LDL-C was found in women with higher BMI
categories [60]. However, our outcomes of reproductive PCOS women showed that increased LDL-C was
seen in normal-weight and obese subjects. Meanwhile, nonHDL-C increased in all BMI categories.
Because the measurement of LDL-C can be in�uenced by increased TG in cardiovascular risk assessment
[61], an appropriate way to estimate the amount of apoB-containing lipoprotein is the determination of
nonHDL-C [62].

The level of nonHDL-C has a comparable prognostic relevance, similar to LDL-C [63, 64]. It is necessary to
detect the nonHDL-C level in reproductive PCOS women. Higher nonHDL-C levels were generally found in
this population whose mean BMI was higher, but differences were also clearly found with PCOS even the
BMI was in the normal-weight and overweight categories. The increasing level of nonHDL-C predict long-
term cardiovascular risk, particularly at a young age. The suggests that obesity or overweight is not the
absolute factor for reproductive PCOS women. Because, atherosclerotic process starts early life during
life, this con�rms the need to assess and eventually treat altered lipid pro�le in young women with PCOS
[7].

Although obesity is an important confounder in relationship between PCOS and cardiovascular risk, non-
obese subjects also have a high dyslipidemia risk [57, 65]. In a meta-analysis of approximately 15000
women from 35 studies, women with PCOS had an increased prevalence of overweight, obesity and
central obesity [57]. In addition to the reproductive and psychological characteristics of PCOS, the
metabolic aberrations of PCOS worsen with obesity [66]. However, non-obese women with PCOS are also
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at an increased risk of similar cardiometabolic aberrations. Therefore, it is necessary to screened lipid
levels for reproductive PCOS women with all BMI categories.

Limitation
Several limitations should also be noted. First, PCOS is a heterogeneous disease and the phenotypes are
unable to exhibit in this meta-analysis. Second, there was a signi�cant clinical and statistical
heterogeneity in the pooled analysis. This could be due to confounding effects related to factors such as
age, BMI, study quality, ethnicity, PCOS phenotypes and other clinical features. Besides, the use of country
regions as a proxy for ethnicity due to lack of reporting of ethnic compositions in most studies. Further
studies should include ethnicity of participants to allow for better understanding on the differential
effects of this on PCOS or the metabolic syndrome. Third, the Egger’s test has low power when there are
less than 10 studies in the meta-analysis [67]. Our analyses included more than 10 studies for blood
pressure and lipid pro�le, but less than ten studies for hypertension prevalence, which may have resulted
in too low power to detect asymmetry.

Conclusion
In conclusion, our meta-analysis suggests that baseline blood pressure increases in reproductive-aged
women with PCOS, but prevalence of hypertension has non-signi�cantly difference. Besides, dyslipidemia
is common in reproductive-aged women with PCOS and is characterized not only by low HDL-C and
increased TG but also by high LDL-C and nonHDL-C. These lipid pro�les are worse in reproductive-aged
women with PCOS compared with controls, independent of BMI categories.
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Figures

Figure 1

Flow chart of the study selection procedure.
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Figure 2

Forest plot showing the effect of systolic blood pressure in reproductive women with polycystic ovary
syndrome (PCOS) (mmHg). Studies are classi�ed by different body mass index (BMI) categories (BMI of
< 25 kg/m2, BMI of ≥ 30 kg/m2 and BMI of 25-< 30 kg/m2).
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Figure 3

Forest plot showing the effect of diastolic blood pressure in reproductive women with polycystic ovary
syndrome (PCOS) (mmHg). Studies are classi�ed by different body mass index (BMI) categories (BMI of
< 25 kg/m2, BMI of ≥ 30 kg/m2 and BMI of 25-< 30 kg/m2).
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Figure 4

Forest plot of the association between reproductive polycystic ovary syndrome (PCOS) and hypertension
prevalence. Studies are classi�ed by different body mass index (BMI) categories (BMI of < 25 kg/m2, BMI
of ≥ 30 kg/m2 and BMI of 25-< 30 kg/m2).
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Figure 5

Forest plot showing the effect of high-density lipoprotein-cholesterol (HDL-C) in reproductive women with
polycystic ovary syndrome (PCOS). Studies are classi�ed by different body mass index (BMI) categories
(BMI of < 25 kg/m2, BMI of ≥ 30 kg/m2 and BMI of 25-< 30 kg/m2).
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Figure 6

Forest plot showing the effect of triglyceride in reproductive women with polycystic ovary syndrome
(PCOS). Studies are classi�ed by different body mass index (BMI) categories (BMI of < 25 kg/m2, BMI of
≥ 30 kg/m2 and BMI of 25-< 30 kg/m2).
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Figure 7

Forest plot showing the effect of nonhigh-density lipoprotein-cholesterol (nonHDL-C) in reproductive
women with polycystic ovary syndrome (PCOS). Studies are classi�ed by different body mass index
(BMI) categories (BMI of < 25 kg/m2, BMI of ≥ 30 kg/m2 and BMI of 25-< 30 kg/m2).



Page 31/31

Figure 8

Forest plot showing the effect of low-density lipoprotein-cholesterol (LDL-C) in reproductive women with
polycystic ovary syndrome (PCOS). Studies are classi�ed by different body mass index (BMI) categories
(BMI of < 25 kg/m2, BMI of ≥ 30 kg/m2 and BMI of 25-< 30 kg/m2).


