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Abstract

Background: The pathophysiology of polycystic ovary syndrome (PCOS]) is complex

and heterogeneous. This systematic review and meta-analysis aimed to determine the
triglyceride-glucose index and lipid ratios in women with and without PCOS.

Methods: Literature searches were performed in PubMed, Scopus, Web of Science, Scielo,
and Embase for studies reporting the triglyceride-glucose index and total cholesterol/
high-density lipoprotein (HDL]-cholesterol, triglyceride/HDL-cholesterol, and low-density
lipoprotein (LDL]-cholesterol/HDL-cholesterol ratios. Results are reported as standardized
mean differences (SMDs) along with their 95% confidence intervals (Cls).

Results: The search identified 61 observational studies, including case-control (n=37),
cohort (n=2), and cross-sectional (n=22) studies reporting results of interest according

to different PCOS diagnosis criteria. Compared with the control group, the PCOS group
presented increased circulating triglyceride-glucose index (n=9 studies, SMD, 0.41; 95% ClI,
0.08-0.74) and total cholesterol/HDL-cholesterol (n=35 studies, SMD, 1.70; 95% Cl, 0.69-
2.70), triglyceride/HDL-cholesterol (n=31 studies; SMD, 0.81; 95% Cl, 0.43-1.19), and LDL-
cholesterol/HDL-cholesterol (n=25 studies, SMD, 2.40; 95% ClI, 0.45-4.35) ratios. Statistical
heterogeneity values were very high (/2>90%). The PCOS group displayed significantly higher
body mass index and homeostatic model assessment of insulin resistance. The PCOS group
was younger than the control group and had a higher total cholesterol/HDL-cholesterol ratio,
and other lipid variables were comparable in all groups.

Conclusion: Patients with PCOS show significantly higher triglyceride-glucose index and
total cholesterol/HDL-cholesterol, triglyceride/HDL-cholesterol, and LDL-cholesterol/HDL-
cholesterol ratios than those without the syndrome.
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Introduction
Polycystic ovary syndrome (PCOS) is a complex
and heterogeneous endocrine multigenic and

metabolic disorder that occurs in female patients
from the intrauterine life and infancy, during
reproductive years and postmenopausal period,
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and up to old age affecting multiple organs and
systems.!-> PCOS may manifest as hyperandro-
genism, hyperinsulinism, dyslipidemia, metabolic
syndrome, infertility, progressive liver dysfunc-
tion, and nonalcoholic fatty liver disease.*%9

Despite the discovery of some mechanisms
involved in PCOS onset, its etiology and patho-
physiology are still not fully understood.!0!!
Although external factors may cause PCOS, insu-
lin resistance is one of the most important inter-
nal factors.19 The influence of insulin on adipose
tissue and inflammation is crucial to the patho-
genesis of PCOS, as insulin stimulates adipogen-
esis and lipogenesis and inhibits lipolysis, leading
to fat accumulation.!®!213 Insulin resistance
results in a reduction in omentin levels, inde-
pendent of the patient’s body mass index (BMI),
and leads to higher plasma levels of free fatty
acids, which affect the liver and adipose tissue.!?
In this regard, dyslipidemia is the most common
metabolic disorder in patients with PCOS.10:12

In patients with PCOS, various metabolic path-
ways involve lipids, such as the biosynthesis of
steroid hormones, sphingolipid metabolism, and
fatty acid metabolism.!%14 Thus, some studies
have shown that the levels of triglycerides and
apolipoprotein B (Apo-B) are increased in corre-
lation with the BMI in patients with PCOS.12.14
Furthermore, the atherogenic index of plasma
and the triglyceride/high-density lipoprotein
(HDL)-cholesterol ratio have been linked to spe-
cific PCOS characteristics such as insulin resist-
ance and obesity.!! Although the prevalence of
obesity, abdominal fat distribution, dyslipidemia,
and impaired glucose metabolism is higher in
women with PCOS, the prevalence of cardiovas-
cular disease is not high.10:14 Despite this preva-
lence, not all lipid profile elements or ratios
created from these elements necessarily show
higher levels in women with PCOS than in those
without it.13:15 To the best of our knowledge, evi-
dence of the differences between lipid ratios in
women with or without PCOS has not been sys-
tematized. This is relevant because the varying
lipid ratios could better reflect the metabolic
interactions of lipid fractions and are cardiovas-
cular risk markers.1%:15-18 Therefore, through a
systematic review and meta-analysis, this study
aimed to synthesize the available evidence on the
comparison of triglyceride—glucose index levels
and relevant lipid ratios (total cholesterol/HDL-
cholesterol, triglyceride/HDL-cholesterol, and

low-density lipoprotein (LDL)-cholesterol/HDL-
cholesterol) in women with and without PCOS.

Methods

Protocol registration, data sources,

eligibility criteria, and data extractions

The Preferred Reporting Items for Systematic
Reviews and  Meta-Analysis  Guidelines
(PRISMA) were employed for the conception
and reporting of this systematic review and meta-
analysis (see the PRISMA checklist in Table
S1).1° An abbreviated version of the protocol was
uploaded to the International Prospective
Register of Systematic Reviews under the code
CRD42024553484.

The literature search was carried out in PubMed,
Scopus, Web of Science, Scielo, and Embase. In
addition, a hand search was conducted based
on the reference lists of the identified articles.
Medical subject headings terms and free-text
terms were used in the search strategy. No restric-
tions on the date or language were set. The com-
plete search strategies are presented in Table S2.
The systematic search was simultaneously run in
all databases on November 26, 2024.

We included case—control, cohort, and cross-
sectional studies that reported the triglyceride—
glucose index and the total cholesterol/
HDL-cholesterol, triglyceride/HDL-cholesterol,
LDL-cholesterol/HDIL-cholesterol  ratios in
women with (PCOS group) and without PCOS
(control group). In addition, we excluded studies
that were (1) conducted in animals, (2) confer-
ence abstracts, (3) duplicated, (4) case reports,
(5) systematic reviews, and (6) scoping reviews.
PCOS was defined according to the respective
articles included in the meta-analysis and based
on international recommendations.

The articles collected from various databases
were imported into the data management soft-
ware Rayyan Qatar Computing Research
Institute,?® and duplicate publications were
removed. Four reviewers independently assessed
the title and abstract of each study and compared
them according to the selection criteria. The full
text of the studies that passed this phase were
evaluated by the same four reviewers. During the
full-text screening phase, the Fleiss’ kappa coef-
ficient (Fleiss k) was applied to determine the
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level of agreement among the authors who
reviewed the articles.21:22 Discrepancies in the
inclusion or exclusion criteria for every article
were resolved through consensus. The four
reviewers independently extracted information
from each included article. In the case of missing
information, the authors of the corresponding
articles were contacted. The following data were
extracted: first author, publication date, study
location, sample size, age, PCOS diagnostic crite-
ria, triglyceride—glucose index, and selected lipid
ratios in the PCOS and control groups. Meta-
analyses were planned for the triglyceride—glucose
index and the analyzed lipid ratios by comparing
the PCOS and control groups. Other clinical
parameters (age, BMI, and homeostatic model
assessment of insulin resistance (HOMA-IR))
traditionally related to PCOS were studied as sec-
ondary outcomes in separate meta-analyses if
reported in at least three publications for the
respective main outcomes.

Risk of bias and publication bias

The risk of bias was independently assessed by
two reviewers using the Newcastle-Ottawa scale
(NOS) for cohorts and case—control studies. An
adjusted version of the NOS was used for cross-
sectional studies (NOS-C).23 A rating of =7 stars
indicated a low risk of bias, whereas <7 stars
meant a high risk of bias.?* Publication bias was
evaluated using funnel plots, the Egger test, and,
if needed, the trim-and-fill method.?>

Data synthesis, meta-analyses, and

subanalyses

The method by Hozo et al.2® was employed to
convert the medians and their interquartile ranges
into means along with their corresponding stand-
ard deviations (SDs). For variables with standard
errors (SE) reported, SD was determined using
the following equation: SE X \/(sample size).?’

Statistical analyses were conducted using STATA
17.0 (Stata Corporation, College Station, TX,
USA). Mean differences (MDs) or standardized
mean differences (SMDs) with their correspond-
ing 95% confidence intervals (CIs) were used for
the meta-analysis. Random-effect meta-analyses
were performed using the Sidik—Jonkman method
and 95% of CIs were corrected using the trun-
cated Knapp-Hartung SE.282° Between-study
heterogeneity was assessed using the I? statistic

(with their respective 95% CI), tau-squared (tau?)
statistics, and Cochran’s Q test. High heterogene-
ity was defined as an I? value >70% or a p-value
<0.05 for the Cochran’s Q test. Subgroup analy-
ses were planned based on the study design, world
regions, menopausal status, insulin resistance,
and hyperandrogenism if sufficient information is
available. Sensitivity analyses were performed
excluding studies with a high risk of bias and
studies with MD/SMD >1.00.

Results

Selection of studies and clinical characteristics
The database searches yielded 1298 articles. After
removing duplicates, the title and abstracts for
826 articles were screened. Finally, full-text
screening (Fleiss k =0.561; moderate agreement)
identified 61 articles that met all the eligibility cri-
teria for this systematic review and meta-analy-
is.30-90 The flowchart of the selection process
and observational studies are shown in Figure 1.

In total, 37 case—control, 22 cross-sectional, and
2 cohort studies, including a total of 14,402
women (PCOS group, n=6230; control group,
n=8172), were identified. The countries that
contributed the most to this review were India
(12 studies) and Turkey (10 studies). PCOS was
diagnosed according to the Rotterdam criteria
(54 studies),®! the United States National
Institutes of Health (4 studies),’? and Androgen
Excess and Polycystic Ovary Syndrome Society
criteria (2 studies),®? and one study did not report
the diagnostic criteria. The characteristics of all
included studies are summarized in Table 1.

Quality assessment and publication bias

Thirty-one studies demonstrated a low risk of
bias, whereas 30 had a high risk of bias (Table
S3). Publication biases were found when evaluat-
ing the difference in the total cholesterol/HDL-
cholesterol, triglyceride/HDL-cholesterol, and
LDL-cholesterol/HDL-cholesterol ratios in the
PCOS and control groups (Egger’s test, p<<0.10,
and asymmetry was found in the funnel plots),
which were corrected with the trim-and-fill
method for the ratios of total cholesterol/HDIL-
cholesterol (SMD, 2.18; 95% CI, 1.36-3.00;
Figure S1), triglyceride/HDIL-cholesterol (SMD,
1.13; 95% CI, 0.80-1.45; Figure S2), and LDL-
cholesterol/HDL-cholesterol (SMD, 3.43; 95%
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Figure 1. PRISMA flow diagram.

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis Guidelines.

CI, 1.9-4.96; Figure S3). No publication bias
was found when evaluating the difference in the
triglyceride—glucose index (Egger’s test, p>0.10).

Meta-analyses

Nine studies (#=5367) evaluated the triglycer-
ide—glucose index, which was higher in the PCOS
group than in the control group (SMD, 0.41;
95% CI, 0.08-0.74; p<0.05, tau?=0.16,
P=91.58%; I? 95% CI, 69.89%—-96.26%; Figure
2(a)). In this population (z=5 studies, n=3941
women), no significant differences in age were
found between the PCOS and control groups

(MD, 0.36; 95% CI, —0.96 to 1.69; Figure 2(b)).
In eight studies (#=5243), the BMI was signifi-
cantly higher in the PCOS group than in the con-
trol group (MD, 3.88;95% CI, 0.89—6.87; Figure
2(c)). In six studies (2=4984), the HOMA-IR
was significantly higher in the PCOS group than
in the control group (MD, 1.92; 95% CI, 0.29—
3.55; Figure 2(d)).

Thirty-five studies (n=4440) reported higher total
cholesterol/HDL-cholesterol ratios in the PCOS
group than in the control group (SMD, 1.70;95%
CI, 0.69-2.70; p<<0.001, tau2=8.50, I2=99.48%;
2 95% CI, 94.47%-99.91%; Figure 3(a)). In this
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Table 1.

Marker mean = SD

Marker mean =SD in
women with PCOS

Marker analyzed

PCOS definition

criteria

Participants

Median/mean/range
age (IQR/SD)

Country

Year

Authors

in the control group

(PCOS/control)

0.99+0.58 0.67+0.59

Rotterdam Triglyceride-

168(68/100)

PCOS(+): 26 (23.25-29.75)
PCOSI(-): 25 (24-27)

China

2016

Xu et al .8

glucose index

1.03+0.73

0.99+0.84

TG/HDL ratio

8.37+0.55

8.6+0.6

Rotterdam Triglyceride-

3941 (819/3122)

PCOS(+): 29.56 +3.77
PCOS(-): 29.66 +2.95

China

2023

Yang et al.87

glucose index

4.25+1.629 4.4+0.74

Rotterdam Triglyceride-

124(71/53)

265*6.3

Turkey

2024

Yavuzcan et al.88

glucose index

0.79 =1.54

1.15x1.4

TG/HDL ratio

Rotterdam

748 (406/342)

17-40

China

2012

Zhang et al.8?

8.49+0.53 8.27+0.43

Triglyceride-

Rotterdam

175(114/61)

PCOS(+): 29 (7)

China

2022

Zheng et al.?0

glucose index

PCOS(-): 29 (5)

HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; NIH, National Institutes of Health; PCOS, polycystic ovary syndrome; TC, total cholesterol; TG,

triglyceride.

population (28 studies, n=3544), the PCOS
group was younger than the control group (MD,
—1.33; 95% CI, —2.57 to —0.09; Figure 3(b)). In
31 studies (=4061), BMI was also significantly
higher in the PCOS group than in the control
group (MD, 2.78; 95% CI, 1.74-3.82; Figure
3(c)). In 18 studies (n=2256), the HOMA-IR
was significantly higher in the PCOS group than
in the control group (MD, 1.67; 95% CI, 0.97—
2.36; Figure 3(d)).

Thirty-one studies (#=5983) evaluated the tri-
glyceride/HDL-cholesterol ratio, which was
higher in the PCOS group than in the control
group (SMD, 0.81;95% CI,0.43-1.19;»p<<0.001,
tau?=1.03, I?’=97.66%; I* 95% CI, 92.51%—
99.05%; Figure 4(a)). In 23 studies (n=4345),
no significant differences in age were found in the
PCOS and control groups (MD, —0.74; 95% CI,
—1.90 to 0.41; Figure 4(b)). In 29 studies
(n=5675), BMI was significantly higher in the
PCOS group (MD, 2.69; 95% CI, 1.23-4.15;
Figure 4(c)). In 21 studies (#=4636), the
HOMA-IR was significantly higher in the PCOS
group than in the control group (MD, 1.89; 95%
CI, 1.27-2.52; Figure 4(d)).

Twenty-five studies (z=3440 women) evaluated
the LDL-cholesterol/HDI-cholesterol ratio,
which was higher in the PCOS group than in the
control group (SMD, 2.40; 95% CI, 0.45-4.35;
p»<0.05, tau?=22.21, I?=99.78%; I*> 95% CI,
96.26%-99.99%; Figure 5(a)). In this population
(19 studies, 7=2907), no significant differences
in age were found between the PCOS and control
groups (MD, —0.54; 95% CI, —1.67 to 0.60;
Figure 5(b)). In 21 studies (z=3061), BMI was
significantly increased in the PCOS group (MD,
2.59; 95% CI, 1.40-3.77; Figure 5(c)). In 15
studies (n=2237), HOMA-IR was significantly
increased in the PCOS group (MD, 1.78; 95%
CI, 1.00-2.56; Figure 5(d)).

Subgroup and sensitivity analyses

The triglyceride—glucose index subgroup analyses
(Figure S4) by world regions and study designs
did not reveal significant differences, except for
cross-sectional studies and those conducted in
Asia. In the sensitivity analysis including only
studies with a low risk of bias (Figure S5(A)), no
significant difference was found in the triglycer-
ide—glucose index between the PCOS and control
groups (SMD, 0.25; 95% CI, —=0.16 to 0.65;
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(a) PCOS Healthy SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Al-MurshediHetal. 45 4.58 a2 52 434 22 —— 1.14[ 071, 1.57] 9.91
Bilginer MC et al. 42 397 a2 42 389 .11 = 0.69[ 0.25, 1.14] 9.80
Duzenli FN et al. 96 43 1.2 80 445 .74 —l— -0.15[-0.44, 0.15] 11.24
Elmugadam Aetal. 150 45 2 150 45 2 —— 0.00[-0.23, 0.23] 11.85
QuCetal. 102 4.63 .31 200 438 3 —— 0.82[ 0.58, 1.07] 11.68
Xu X et al. 68 .99 58 100 .67 .59 —il— 0.55[ 0.23, 0.86] 11.08
Yang H et al. 819 86 6 3,122 837 .55 0.41[ 0.33, 0.49] 12.70
Yavuzcan A et al. 71 425 1629 53 44 74 —l— -0.11[-0.47, 0.24] 10.67
Zheng Y et al. 114 8.49 53 61 827 .43 0.44[ 0.13, 0.76] 11.08
Overall 0.41[ 0.08, 0.74]
Heterogeneity: 1° = 0.16, I’ = 91.58%, H® = 11.88
Test of 8, = 8;: Q(8) = 58.24, p = 0.00
Test of © = 0: t(8) = 2.83, p = 0.02

—_—

-5 0 5 1 15
Random-effects Sidik-Jonkman model LowTyGTlevels: HighTyGlovels
Truncated Knapp-Hartung standard errors

(®)

PCOS Healthy Mean Difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Al-Murshedi Hetal. 45 29 6.06 52 27 571 L 2.00[-0.34, 4.34] 10.72
Bilginer MC et al. 42 2465 4.17 42 2571 4.46 —— -1.06 [-2.91, 0.79] 14.39
Elmugadam Aetal. 150 29.03 6 150 285 55 o= 0.53[-0.77, 1.83] 20.03
Xu X et al. 68 26.25 4.81 100 2525 2.22 1.00[-0.08, 2.08] 22.81
Yang H etal. 819 29.56 3.77 3,122 2966 2.95 ] -0.10[-0.34, 0.14] 32.04
Overall 0.36 [ -0.96, 1.69)
Heterogeneity: T° = 0.70, I” = 70.59%, H* = 3.40
Test of 6, = 8: Q(4) = 8.60, p = 0.07
Test of 8 = 0: t(4) = 0.76, p = 0.49

S S

-4 -2 0 2 4
Random-effects Sidik-Jonkman model LowAge  High Age
Truncated Knapp-Hartung standard errors

(C) PCOS Healthy Mean Difference ~ Weight
Study N Mean SD N Mean SD with 95% CI (%)
Al-MurshediHetal. 45 3583 4.64 52 24.09 3.56 ‘ - 11.74[10.11, 13.37] 12.75
Bilginer MC et al. 42 27.28 558 42 2637 4.52 —— 091[ -1.26, 3.08] 12.23
Duzenli FN et al. 96 26.12 16.81 80 241 16.14 ——W— 2.02[ -2.88, 6.92] 882
Elmugadam Aetal. 150 28.6 48 150 229 1.3 i) 5.70[ 4.90, 6.50] 13.32
QuCetal. 102 2437 536 200 20.53 267 3.84[ 294, 4.74] 1327
Xu Xetal. 68 2345 442 100 2051 267 : 294 1.87, 4.01] 1317
Yang H et al. 819 2373 364 3,122 21.7 3.09 i) 2.03[ 1.78, 2.28] 13.49
Zheng Y et al. 114 24.42 4.4 61 23.16 47 . o 1.26[ -0.14, 2.66] 12.94
Overall i 3.88[ 0.89, 6.87]

Heterogeneity: ° = 11.77, I’ = 98.16%, H’ = 54.45
Test of 6 = 6;: Q(7) = 212.33, p = 0.00
Testof © = 0: 1(7) = 3.07, p = 0.02

5 0 5 10 15

Random-effects Sidik-Jonkman model Low BMilevels  High BMI levels

Truncated Knapp-Hartung standard errors

(d) PCOS Healthy Mean Difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Al-MurshediHetal. 45 4.1 1.78 52 222 1.58 —i— 1.88[ 1.21, 2.55] 17.93
Duzenli FN et al. 96 5.02 11.18 80 4 844 ————T— 1.02[-1.96, 4.00] 9.05
Elmugadam Aetal. 150 .98 7 150 .15 & O 0.83[ 0.72, 0.94] 18.89
Qu Cetal. 102 357 214 200 157 .68 | | 2.00[ 1.68, 2.32] 18.68
Xu X etal. 68 646 546 100 1.56 .68 —l—4.90[ 3.82, 598] 16.54
Yang H et al. 819 274 165 3122 195 1.15 =] 0.79[ 0.69, 0.89] 18.90
Overall . 1.92[ 0.29, 3.55]
Heterogeneity: 7° = 2.1, I = 99.43%, H* = 176.02
Testof 6, = 6;: Q(5) = 111.41, p = 0.00
Test of 6 = 0: t(5) = 3.03, p = 0.03

— T
-2 0 2 4 6
Bandors-aliocts Sigik donkmannodal Low HOMA-IR levels  High HOMA-IR levels

Truncated Knapp-Hartung standard errors

Figure 2. Forest plots in participants with and without polycystic ovary syndrome assessing (a) triglyceride-
glucose index, (b) age, (c) body mass index, and (d) HOMA-IR.
HOMA-IR, homeostatic model assessment of insulin resistance.
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(a)

(b)

PCOS Healthy SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abruzzese GA et al. 93 419 143 88 298 .56 1.10[ 079, 1.42] 289
Ahmed A et al. 50 117 13 50 .16 3 = 437 3.65 5.09] 285
Al-Hakeim H et al. 84 6.11 247 40 443 255 067 029, 1.06] 289
Ambiger S et al. 60 66 221 60 287 .63 230 1.83, 2.76] 288
Arkhypkina TL et al. 128 43 33 60 31 .07 5] 436 3.82, 4.89] 287
Arshad F-A et al. 89 44 13 115 349 21 = 5.07[ 4.50, 5.63] 2.87
Bhardwaj S et al. 80 367 93 8 335 .82 0.36[ 0.05, 0.68] 289
Bilginer MC et al. 42 352 9 42 347 73H 0.06 [ -0.37, 0.49] 2388
Blum MR et al. 48 47 11100 43 15M 0.29[ -0.06, 0.63] 289
Bogavac T et al. 150 357 .07 39 318 .13 | | 455[ 397, 5.13] 287
Chang CY et al. 50 37 1 34 32 sHl 054 0.10, 098] 288
Chen LH et al. 34 37 11 36 31 T 0.65[ 0.17, 1.14] 2.88
Djuro M et al. 100 39 115 50 378 1.21 . 0.10[ -0.24, 0.44] 289
Ghaffarzad A et al. 36 516 122 29 4.11 136 0.82[ 0.31, 1.33] 288
Gonzéalez-SalazarMetal. 64 39 14 96 3.1 9 0.71[ 0.38, 1.04] 289
Gokeen BB et al. 23 397 86 20 3 59 1.30[ 064, 1.96] 286
Giiliicii S et al. 41 325 68 46 266 .56 0.95[ 051, 140] 288
Haddad S et al. 59 38 17 27 32 .02 0.42[ -0.04, 0.88] 288
Hamadneh J et al. 26 44 14 124 416 15 162 1.16, 2.08] 288
Hassan SM et al. 32 448 153 32 291 .68 1.33[ 078, 1.87] 287
Jabbour R et al. 41 319 113 43 239 48 0.93[ 048, 1.38] 2388
Jiang Q et al. 104 364 95 112 322 87 M 046[ 0.19, 0.73] 289
Kazemi M et al. 237 38 17 42 29 81 W 056 0.23, 0.89] 289
Kumar A et al. 85 393 95 8 335 49 0.77[ 046, 1.08] 289
LatchRetal. 40 381 .83 40 3.11 3 1.12[ 0.65 1.59] 288
Meera S etal. 129 477 118 110 2612 .98 1.98[ 167, 229] 289
Orio F etal. 30 17 4 30 12 4 1.25[ 0.70, 1.80] 287
Queiroz RL et al. 6 5 13 6 4 7 0.96[ -0.24, 2.15] 2.78
Ramanand S et al. 38 43 64 30 397 55 0.55[ 0.06, 1.04] 2.88
Swetha R et al. 30 46 14 30 44 1 0.41[ -0.10, 0.92] 288
Taneja P etal. 100 42 .95 100 3.05 .41 157 125, 1.89] 289
Turkglioglu | et al. 91 363 112 51 347 .98M 0.15[ -0.19, 0.49] 289
Vanaja P et al. 50 10.17 467 50 6.35 3.29 095 053, 1.36] 288
Wild R etal. 29 51 3 30 3 2 —l—18.89[15.44, 22.34] 213
Xiang S-K et al. 105 471 .88 109 284 1.18 179 147, 2.11] 289
Overall 1.70[ 0.69, 2.70]
Heterogeneity: ° = 8.50, I” = 99.48%, H’ = 193.42
Test of 6, = 8;: Q(34) = 944.52, p = 0.00
Test of 6 = 0: 4(34) = 3.42, p = 0.00
LowTCHDL levels  * High TCHbL tevels 2°
Random-effects Sidik-Jonkman model
Truncated Knapp-Hartung standard errors
PCOS Healthy Mean Difference Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abruzzese GAetal. 93 2623 538 88 27.81 5.1 -1.58[ -3.11, -0.05] 3.66
Ahmed A et al. 50 2893 7.54 50 2853 6.84 040[ -242, 322] 3.19
Al-Hakeim H et al. 84 27.77 842 40 2655 7.84 122 -1.88, 4.32] 3.08
Arkhypkina TLetal. 128 264 2 60 261 2 030[ 024, 0.36] 3.90
Arshad F-A et al. 89 26.84 598 115 2823 .49 -1.39[ -1.54, -1.24] 3.89
Bhardwaj S et al. 80 2649 465 80 2861 559 -212[ -3.71, -0.53] 3.64
Bilginer MC et al. 42 2465 417 42 2571 446 -1.06[ -291, 0.79] 3.56
Blum MR et al. 48 305 65 100 395 69— -9.00[-11.33, -6.67] 3.39
Bogavac T et al. 150 255 4.52 39 27.67 5.39 -217[ -3.83, -0.51] 3.62
Chang CY et al. 50 248 5 34 289 5 -410[ -6.28, -1.92] 3.44
Chen LH et al. 34 343 33 36 345 45 -0.20[ -2.06, 1.66] 3.56
Djuro M et al. 100 26.32 526 50 27.96 5.66 -1.64[ -347, 0.19] 3.57
Ghaffarzad A et al. 36 2636 4.2 29 27.96 247 -1.60[ -3.33, 0.13] 3.60
Gliliict S et al. 41 225 158 46 226 1.63 -0.10[ -0.78, 0.58] 3.85
Haddad S et al. 59 307 5 27 237 5 7.00[ 472, 928 341
Hamadneh J et al. 26 2358 .55 124 34.45 1.07 Ml -10.87 [-11.29, -10.45] 3.88
Hassan SM et al. 32 2934 572 32 3141 438 -207[ -466, 0.52] 3.29
Jabbour R et al. 41 24 4 43 25 4 -1.00[ -2.71, 0.71] 3.60
Jiang Q et al. 104 2975 3.6 112 3048 4.15 -0.73[ -1.77, 0.31] 3.78
Kumar A et al. 85 23.87 445 85 2247 231 140 033, 247] 378
Latch R et al. 40 2558 39 40 2563 238 -0.05[ -1.47, 1.37] 3.69
Meera S et al. 129 2391 397 110 257 5.58 -1.79( -3.01, -0.57] 3.74
Orio F etal. 30 243 56 30 248 42 -0.50[ -3.00, 2.00] 3.32
Swetha R et al. 30 245 41 30 264 45 -1.90( -4.08, 028 344
Taneja P et al. 100 23.34 4.33 100 22.44 243 090[ -0.07, 1.87] 3.80
Tirkglioglu | et al. 91 251 63 51 267 64 -1.60[ -3.77, 057] 345
Vanaja P et al. 50 29 59 50 273 53 1.70[ -0.50, 3.90] 3.44
WildRetal. 29 28 1 30 32 6 -4.00[ -6.21, -1.79] 3.43
Overall -1.33[ -2.57, -0.09]

Heterogeneity: 7° = 9.43, I” = 99.29%, H” = 141.73

Testof §, =

Test of 8 = 0: t(27) = -2.19, p = 0.04

Random-effects Sidik-Jonkman model
Truncated Knapp-Hartung standard errors

- Q(27) = 3105.57, p = 0.00

-5 0 5 10

Low Age  High Age

Figure 3. (Continued)
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(C) PCOS Healthy Meén Difference ~ Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abruzzese GA et al. 93 29.09 756 88 215 1.89 - 7.59[ 5.96, 9.22] 3.27
Ahmed A et al. 50 27.98 516 50 27.33 4.22 0.65[-1.20, 2.50] 3.19
Al-Hakeim H et al. 84 27.67 621 40 2424 7.27 —— 3.43[ 0.96, 5.90] 2.94
Arshad F-A et al. 89 23.52 .397 115 22.03 .47 | | 149 1.37, 1.61] 357
Bhardwaj S et al. 80 2551 3.96 80 24.97 433 -l 0.54[-0.75, 1.83] 3.38
Bilginer MC et al. 42 27.28 558 42 26.37 452 | 091[-1.26, 3.08] 3.06
Blum MR et al. 48 365 79 100 339 67 260[ 0.15, 5.05] 295
Bogavac T et al. 150 20.96 2.06 39 20.33 2.16 0.63[-0.10, 1.36] 3.51
Chang CY et al. 50 222 41 34 21 27 1.20[-0.37, 2.77] 3.29
Chen LH et al. 34 245 48 36 23 3 il 1.50[-0.36, 3.36] 3.18
Djuro M et al. 100 24.98 6.38 50 24.66 6.7 —MW— 0.32[-1.88, 252] 3.05
Ghaffarzad A et al. 36 26.72 439 29 2555 43 — 1.17[-0.96, 3.30] 3.08
Gonzélez-Salazar Metal. 64 2993 413 96 22.11 265 R 3 7.82[ 6.77, 8.87] 3.44
Gokeen BB et al. 23 3178 491 20 21.88 1.87 —— 9.90([ 7.61, 12.19] 3.01
Giiliicti S et al. 41 238 269 46 215 3.46 - 2.30[ 0.99, 361] 3.37
Haddad S et al. 59 25.8 6 27 244 3 i 1.40([-0.99, 3.79] 297
Hamadneh J et al. 26 27.12 2 124 2767 22 W -0.55[-0.64, -0.46] 3.58
Hassan SM et al. 32 2683 523 32 255 63 —l— 1.33[-1.51, 4.17] 278
Jabbour R et al. 41 2633 7.3 43 2191 322 —+il— 4.42[ 2.03, 6.81] 297
Jiang Q et al. 104 25.35 3.48 112 24.14 364 : 3 1.21[ 0.26, 2.16] 3.46
Kazemi M et al. 237 322 863 42 236 3.96 —— 8.60[ 5.94, 11.26] 2.85
Kumar A et al. 85 25.03 3.56 85 20.12 258 E 3 491[ 3.98, 5.84] 347
Latch Retal. 40 2265 119 40 2286 1.3 M -0.21[-0.76, 0.34] 3.54
Meera S et al. 129 28.89 2.76 110 21.08 1.13 ] 7.81[ 7.26, 8.36] 3.54
Orio F et al. 30 287 67 30 273 5 —il— 1.40([-1.59, 4.39] 271
Ramanand S et al. 38 25 49 30 21.23 233 —— 3.77[ 1.86, 568] 3.17
Swetha R et al. 30 255 34 30 249 25 - 0.60[-0.91, 2.11] 3.31
Taneja P et al. 100 25.21 3.34 100 20.32 263 l 3§ 4.89[ 4.06, 572] 3.49
Tiirkgiioglu | et al. 91 244 61 51 226 42 1.80[-0.08, 3.68] 3.17
Vanaja P et al. 50 267 42 50 258 41 090[-0.73, 2.53] 3.27
Xiang S-K et al. 105 242 42 109 218 32 240[ 1.40, 3.40] 345
Overall 278[ 1.74, 3.82]
Heterogeneity: 1° = 7.29, I” = 99.08%, H’ = 109.02
Test of 6, = 8;: Q(30) = 2050.99, p = 0.00
Test of 8 = 0: (30) = 5.44, p = 0.00
) 5 10 15
Random-effects Sidik-Jonkman model Low BMI levels High BMI levels
Truncated Knapp-Hartung standard errors
(d) PCOS Healthy Mean Difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abruzzese GAetal. 93 284 188 88 148 .73 i 1.36[ 0.94, 1.78] 6.02
Al-Hakeim H et al. 84 263 151 40 192 103 |1 0.71[ 0.19, 1.23] 5.94
Ambiger S et al. 60 7.29 408 60 216 .67 —— 5.13[ 4.08, 6.18] 5.31
Bhardwaj S et al. 80 172 55 80 145 42 0.27[ 0.12, 0.42] 6.16
Chang CY et al. 50 1.2 8 34 4 4 H 0.50[ 0.21, 0.79] 6.10
Chen LH etal. 34 72 115 36 27 32 ——®%——4.50[ 0.59, 8.41] 1.89
Djuro M et al. 100 346 228 50 33 1.85 0.16[-0.57, 0.89] 5.73
Ghaffarzad A et al. 36 5.16 372 29 341 253 1.75[ 0.16, 3.34] 4.50
Gokeen BB et al. 23 351 179 20 119 59 2.32[ 1.50, 3.14] 562
Giiliich S et al. 41 451 96 46 27 266 1.81[ 0.95, 2.67] 5.57
Haddad S et al. 59 23 14 27 14 7 |1 0.90[ 0.34, 1.46] 5.90
Jabbour R et al. 41 185 161 43 138 66 0.47[-0.05, 0.99] 5.94
Kazemi M et al. 237 24 235 42 8 .33 E 2 160[ 0.89, 2.31] 5.74
Meera S et al. 129 416 166 110 1.18 .285 B 298[ 267, 3.29] 6.09
Orio F etal. 30 32 2 30 3 1 B 290[ 2.18, 3.62] 5.74
Ramanand S et al. 38 22 17 30 147 91 | ] 0.73[ 0.43, 1.03] 6.10
Trkglioglu | et al. 91 25 31 51 17 14 0.80[-0.10, 1.70] 5.52
Xiang SK et al. 105 5.27 1.04 109 183 .57 = 3.44[ 322, 3.66] 6.13
Overall > 1.67[ 0.97, 2.36]
Heterogeneity: 1° = 1.75, I* = 97.59%, H” = 41.55
Test of §, = 6;: Q(17) = 791.04, p = 0.00
Test of © = 0: t(17) = 5.07, p = 0.00

6 8
e Low HOMA-IR levels ~ High HOMA-IR levels

Random-effects Sidik-Jonkman model

Truncated Knapp-Hartung standard errors

Figure 3. Forest plots in participants with and without polycystic ovary syndrome assessing (a) total
cholesterol/HDL-cholesterol ratio, (b) age, (c] body mass index, and (d) HOMA-IR.
HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment of insulin resistance.
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( a) PCOS Healthy SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abruzzese GA et al. 93 3.04 302 88 126 .55 0.81[ 0.51, 1.11] 3.28
Al-Hakeim H et al. 84 344 152 40 194 1.1 1.07[ 0.67, 1.47] 3.23
Ambiger S et al. 60 6.34 197 60 234 .37 2.82[ 232, 3.33] 3.15
Arkhypkina TLetal. 128 .96 .22 60 .66 .15 150[ 1.15, 1.84] 3.26
Arshad F-A et al. 89 346 .073 115 269 .18 5.36[ 4.77, 5.95] 3.09
Bilginer MC et al. 42 1.9 136 42 154 11 0.29[-0.14, 0.72] 3.21
Blogojevic IP etal. (A) 32 .646 .348 17 .58 .266 0.20[-0.38, 0.79] 3.09
Blogojevic IP etal. (B) 114 718 6 50 .57 .351 0.28[-0.06, 0.61] 3.27
Blum MR et al. 48 3 31 100 3.1 22 -0.04[-0.38, 0.30] 3.26
Butler A et al. 137 14 16 97 8 il 0.46[ 0.20, 0.72] 3.30
Djuro M et al. 100 1 .79 50 87 .75 0.17[-0.17, 0.51] 3.26
Do-Kyeong S et al. 450 1.65 1.185 450 145 .74 0.20[ 0.07, 0.33] 3.34
Ghaffarzad A et al. 36 362 217 29 244 252 0.51[ 0.01, 1.00] 3.16
Guler | et al. 53 25 17 33 16 1 0.61[ 0.17, 1.06] 3.20
Gokeen BB et al. 23 292 23 20 17 55 0.71[ 0.09, 1.32] 3.06
Giillicti S et al. 41 174 9 46 131 .68 0.54[ 0.11, 0.97] 3.21
Haddad S et al. 59 25 28 27 15 .05 0.43[-0.03, 0.89] 3.19
Hariprasath G et al. 60 3.07 1.03 35 235 .52 0.82[ 0.39, 1.25) 3.21
Isik H et al. 42 226 1.3 31 147 55 0.75[ 0.27, 1.23] 3.17
Katuzna M et al. 340 14, .8 180 1.1 8 0.00[-0.18, 0.18] 3.33
Lakshmi K et al. 150 4.5 3.83 100 145 .64 1.02[ 0.75, 1.29] 3.30
Latch Retal. 40 3.07 79 40 218 24 1.52[ 1.03, 2.02] 3.16
Meera S et al. 129 329 133 110 13 49 1.93[ 1.62, 2.24] 3.28
Nadir A et al. 125 1.787 1.162 54 146 .851 0.30[-0.02, 0.62] 3.27
Pikee S etal. 50 325 1.13 44 29 202 0.22[-0.19, 0.62] 3.22
Roa-Barrios M et al. 62 377 157 48 266 1.52 0.72[ 033, 1.11] 3.23
Shroff R et al. 150 34 25 110 24 18 0.45[ 0.20, 0.70] 3.31
Ulutas F et al. 20 1.18 53 20 1.07 .36 0.24[-0.38, 0.86] 3.06
Xiang S-K et al. 105 257 126 109 1.1 .99 1.30[ 1.01, 1.60] 3.29
Xu Xetal. 68 99 .84 100 1.03 .73 -0.05[-0.36, 0.26] 3.28
Zhang J et al. 406 1.15 14 342 .79 1.54 0.25[ 0.10, 0.39] 3.34
Overall 0.81( 0.43, 1.19)
Heterogeneity: 1° = 1.03, I = 97.66%, H’ = 42.80
Test of 8, = 6;: Q(30) = 626.77, p = 0.00
Test of 8 = 0: (30) = 4.35, p = 0.00

2 4
Random-effects Sidik-Jonkman model Low TQ/HDL levels High Tg/HDL levels
Truncated Knapp-Hartung standard errors

(b) PCOS Healthy Mean Difference ~ Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abruzzese GA et al. 93 26.23 538 88 27.81 5.1 -1.68 [ -3.11, -0.05] 4.48
Al-Hakeim H et al. 84 27.77 842 40 2655 7.84 1.22[ -1.88, 4.32] 3.51
Arkhypkina TL et al. 128 264 2 60 261 2 0.30[ 0.24, 0.36] 4.91
Arshad F-A et al. 89 26.84 598 115 28.23 .49 -1.39[ -1.54, -1.24] 4.91
Bilginer MC et al. 42 2465 417 42 2571 4.46 -1.06 [ -2.91, 0.79] 4.30
Blogojevic IP etal. (B) 114 255 533 50 27.42 4.66 -1.92[ -3.63, -0.21] 4.38
Blum MR et al. 48 305 65 100 395 6.9 —— -9.00[-11.33, -6.67] 4.01
Butler Aetal. 137 291 61 97 296 6.5 -0.50[ -2.13, 1.13] 4.43
Djuro M et al. 100 26.32 526 50 27.96 5.66 -1.64[ -3.47, 0.19] 4.31
Do-Kyeong S et al. 450 24 5 450 24 4 0.00[ -0.59, 0.59] 4.84
Ghaffarzad A et al. 36 26.36 4.2 29 27.96 247 -1.60[ -3.33, 0.13] 4.37
Guler | etal. 53 254 67 33 28 59 -2.60[ -5.38, 0.18] 3.72
Glilict S et al. 41 225 158 46 226 163 -0.10[ -0.78, 0.58] 4.82
Haddad S et al. 59 307 5 27 237 5 7.00[ 4.72, 9.28] 4.04
Hariprasath G et al. 60 238 4.18 35 24.06 4.01 -0.26[ -1.98, 1.46] 4.38
Isik H et al. 42 26.86 517 31 2844 567 -1.58 [ -4.08, 0.92] 3.90
Katuzna M et al. 340 243 6.3 180 27.7 103 -3.40[ -4.83, -1.97] 4.53
LakshmiK et al. 150 24.87 4.73 100 24.38 5.27 0.49[ -0.76, 1.74] 4.61
LatchRetal. 40 2558 39 40 2563 238 -0.05[ -1.47, 1.37] 4.54
Meera S etal. 129 2391 397 110 257 558 -1.79[ -3.01, -0.57] 4.63
Nadir A etal. 125 25 35 54 254 441 -040[ -1.58, 0.78] 4.65
Ulutas, F et al. 20 304 7.6 20 28.1 448 230 -1.57, 6.17) 3.03
Xu X et al. 68 26.25 4.81 100 2525 2.22 1.00[ -0.08, 2.08] 4.69
Overall -0.74[ -1.90, 0.41]

Heterogeneity: 12 =6.28, I = 99.08%, H’ = 108.11

Test of 6; = 6;: Q(22) = 574.99, p = 0.00
Testof 6 = 0: t(22) =-1.34, p = 0.19

Random-effects Sidik-Jonkman model
Truncated Knapp-Hartung standard errors
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Low Age High Age

Figure 4. (Continued)
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( C) PCOS Healthy Mealn Difference ~ Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abruzzese GA et al. 93 29.09 756 88 215 1.89 = 759 596, 9.22] 3.46
Al-Hakeim H et al. 84 2767 621 40 24.24 7.27 343[ 0.96, 590] 3.26
Arshad F-A et al. 89 2352 .397 115 22.03 .47 149 1.37, 1.61] 363
Bilginer MC et al. 42 27.28 558 42 2637 452 L 0.91[ -1.26, 3.08] 3.34
Blogojevic IP etal. (A) 32 19.9 1.83 17 209 1.93 @ -1.00[ -2.10, 0.10] 3.56
Blogojevic IP etal. (B) 114 24.82 6.29 50 22.1 2.07 2.72[ 093, 4.51] 343
Blum MR et al. 48 365 7.9 100 339 67 : 260[ 0.15, 5.05] 3.27
Butler A et al. 137 341 75 97 267 66 E 3 7.40[ 554, 9.26] 3.42
Djuro M et al. 100 24.98 638 50 2466 6.7 B 3 0.32[ -1.88, 2.52] 3.33
Do-Kyeong S et al. 450 229 35 450 225 27 # 0.40([ -0.01, 0.81] 3.62
Ghaffarzad A et al. 36 26.72 439 29 2555 43 E 1.17[-0.96, 3.30) 3.35
Guler | etal. 53 254 67 33 28 59 —- -260[ -5.38, 0.18] 3.18
Gokcen BB et al. 23 31.78 491 20 21.88 1.87 g 9.90([ 7.61, 12.19] 3.31
Gilliict S et al. 41 238 269 46 215 3.46 230[ 099, 3.61 352
Haddad S et al. 59 258 6 27 244 3 140[ -0.99, 3.79] 3.29
Hariprasath G et al. 60 26.21 308 35 232 15 3.01[ 1.92, 4.10] 356
Isik H et al. 42 2464 623 31 242 42 0.44[ -2.10, 2.98] 3.25
Katuzna M et al. 340 232 7.1 180 221 55 1.10[ -0.09, 2.29] 354
Lakshmi K et al. 150 27.02 6.03 100 24.31 4.93 271[ 1.29, 4.13] 3.50
Latch R etal. 40 2265 119 40 2286 1.3 -0.21[-0.76, 0.34] 3.62
Meera S et al. 129 28.89 276 110 21.08 1.13 | 7.81[ 7.26, 8.36] 3.61
Nadir A et al. 125 285 68 54 251 63 340 1.28, 552] 335
Pikee S etal. 50 26.24 543 44 21.35 251 L 3 4.89[ 3.14, 6.64] 3.44
Roa-Barrios M et al. 62 28 6 48 266 .8 140 1.14, 1.66] 3.63
Shroff R et al. 150 29 6110 35 9 6.00[ -7.82, -4.18] 3.42
Ulutas F et al. 20 361 424 20 21.8 264 M- 14.30[12.11, 16.49] 3.34
Xiang S-K et al. 105 242 42 109 218 32 2.40([ 140, 340] 357
Xu X etal. 68 23.45 4.42 100 20.51 2.67 294 1.87, 4.01] 356
Zhang J et al. 406 22.88 422 342 2079 26 209 158, 260] 3.62
Overall 269( 1.23, 4.15]
Heterogeneity: 1° = 14.01, I = 99.17%, H* = 121.06
Test of 8 = 6;: Q(28) = 978.16, p = 0.00
Test of 8 = 0: (28) = 3.77, p = 0.00
40 0 10 20

Random-effects Sidik-Jonkman model EowlBLlevels HigHiBMlievels

Truncated Knapp-Hartung standard errors

(d) PCOS Healthy Mean Difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Abruzzese GAetal. 93 284 183 88 148 .73 E 3 1.36[ 0.94, 1.78] 4.97
Al-Hakeim H et al. 84 263 151 40 192 1.03 . N 0.71[ 0.19, 1.23] 4.91
Ambiger S et al. 60 7.29 4.08 60 216 .67 —l—5.13[ 4.08, 6.18] 4.39
Butler A et al. 137 38 6 97 16 2 220[ 208, 2.32] 5.09

Djuro M et al. 100 346 228 50 33 1.85 ——
Do-Kyeong Setal. 450 1.75 .88 450 .8 1.03 5]
Ghaffarzad A et al. 36 516 372 29 341 253

0.16[-0.57, 0.89] 4.73
0.95[ 0.82, 1.08] 5.09
1.75[ 0.16, 3.34] 3.72

Gokcen BB et al. 23 351 179 20 119 .59 2.32[ 150, 3.14] 4.64
Giiliicii S et al. 41 451 96 46 27 266 1.81[ 095, 2.67] 4.60
Haddad S et al. 59 23 14 27 14 7 | 0.90[ 0.34, 1.46] 4.88
Hariprasath Getal. 60 3.8 .72 35 175 .32 2.05[ 1.80, 2.30] 5.05
Isik H et al. 42 402 402 31 106 .65 ——— 2.96[ 153, 439] 3.92
Kaluzna M et al. 30 2 16 180 18 16 0.20[-0.09, 0.49] 5.04
Meera S et al. 129 4.16 166 110 1.18 .285 B 2.98( 267, 329] 5.03
Nadir A et al. 125 25 125 54 2 118 |1 0.50[ 0.11, 0.89] 4.99
Roa-BarriosMetal. 62 4.09 43 48 197 .19 ] 212[ 1.99, 2.25] 5.09
Shroff R et al. 150 3.97 3.25 110 3.67 2.88 —J— 0.30[-0.46, 1.06] 4.70
Ulutas F et al. 20 359 162 20 124 49 - 2.35[ 1.61, 3.09] 4.72
Xiang S-K et al. 105 527 1.04 109 183 .57 H 3.44[ 3.22, 366] 5.06
Xu X et al. 68 646 546 100 156 .68 —— 4.90( 382, 598 4.35
Zhang J et al. 406 3.65 308 342 223 142 3 142( 1.07, 1.77] 5.01
Overall - 1.89[ 1.27, 2.52]
Heterogeneity: 1° = 1.77, I’ = 98.78%, H* = 81.86

Test of 8, = 8;: Q(20) = 811.20, p = 0.00

Test of 8 = 0: t(20) = 6.30, p = 0.00

0 2 4 6
Random-effects Sidik-Jonkman model Low HOMAR levels  High HOMACIR lavels
Truncated Knapp-Hartung standard errors

Figure 4. Forest plots in participants with and without polycystic ovary syndrome assessing (a) triglyceride/
HDL-cholesterol ratio, (b) age, (c) body mass index, and (d) HOMA-IR.
HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment of insulin resistance.
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Truncated Knapp-Hartung standard errors

Figure 5. (Continued)

PCOS Healthy SMD Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Ahmed A et al. 50 .97 A1 50 .15 .02 m 10.37[ 8.88, 11.86] 3.92
Al-Hakeim H et al. 84 393 193 40 247 144 0.82[ 043, 1.21] 4.02
Ambiger S et al. 60 4.33 19 60 14 61 208 1.63, 2.52] 4.02
Arkhypkina TL et al. 128 23 22 60 132 .07 527 4.65 5.88] 4.01
Arshad F-A et al. 89 3.33 .07 115 1.18 11 S B 22.71[20.49, 24.93] 3.81
Bhardwaj S et al. 80 1.76 5 80 1.96 .63- -0.35[ -0.66, -0.04] 4.02
Calderon-Margalit Retal. 55 1.98 88 668 1.95 .76 0.04[ -0.24, 0.31] 4.02
Chang CY etal. 50 24 1 34 19 T # 0.56[ 0.12, 1.00] 4.02
Chen LH et al. 34 23 9 36 19 T - 0.50[ 0.02, 0.97] 4.02
Ghaffarzad A et al. 36 3.44 98 29 262 1.02 . 0.82[ 0.31, 1.33] 4.01
Gokcen BB et al. 23 244 69 20 167 .51 1.26[ 0.60, 1.91] 4.01
Giiliicii S et al. 41 19 .56 46 1.57 5 - 0.62[ 0.19, 1.05] 4.02
Haddad S et al. 69 2.1 11 27 19 1A 0.22[ -0.24, 0.67] 4.02
Hassan SM et al. 32 303 135 32 16 .67 1.34[ 0.80, 1.88] 4.01
Jiang Q et al. 104 237 74 112 205 .76 0.43[ 0.16, 0.70] 4.02
Meera S et al. 129 34 1.012 110 1.43 .806 213[ 1.82, 245] 4.02
Queiroz RL et al. 6 3.38 13 6 252 55 0.86[ -0.32, 2.04] 3.96
Ramanand S et al. 38 23 58 30 225 .39 0.10[ -0.38, 0.58] 4.02
Sasaki A et al. 54 1.85 8 24 147 62§ 0.51[ 0.02, 0.99] 4.01
Swetha R et al. 30 28 9 30 24 8 - 0.47[ -0.04, 0.98] 4.01
Taneja P et al. 100 285 .86 100 1.8 .29 ‘ 164[ 1.32, 1.96] 4.02
Teede H et al 51 28 J1 26 25 5 - 0.46[ -0.02, 0.95] 4.01
Vanaja P et al. 50 2.87 .85 50 1.78 8 1.32[ 089, 1.75] 4.02
Wild R et al. 29 3 3 3 17 # 586[ 4.68, 7.03] 3.96
Xiang S-K et al. 105 2.34 5 109 1.61 6 1.32[ 1.02, 1.62] 4.02
Overall 240 045, 4.35]
Heterogeneity: 1° = 22.21, I = 99.78%, H’ = 455.33
Test of 6 = 6;: Q(24) = 1051.31, p = 0.00
Test of 8 = 0: t(24) = 2.54, p = 0.02
10 20 30
Random-effects Sidik-Jonkman model Low LDL/HDL levels High LBU/HDL levele
Truncated Knapp-Hartung standard errors
PCOS Healthy Mean Difference ~ Weight
Study N Mean SD N Mean SD with 95% CI (%)
Ahmed A et al. 50 2893 7.54 50 28.53 6.84 0.40[-242, 3.22] 4.30
Al-Hakeim H et al. 84 27.77 842 40 26.55 7.84 1.22[-1.88, 4.32] 4.04
Arkhypkina TL et al. 128 264 2 60 261 2 0.30[ 0.24, 0.36] 6.18
Arshad F-A et al. 89 26.84 598 115 28.23 49 3] -1.39[-1.54, -1.24] 6.18
Bhardwaj S et al. 80 2649 465 80 28.61 5.59 -2.12[-3.71, -0.53] 543
Calderon-MargalitRetal. 55 454 344 668 454 357 0.00[-0.98, 0.98] 5.88
Chang CY et al. 50 248 5 34 289 5—— -4.10[-6.28, -1.92) 4.90
Chen LH et al. 34 343 33 36 345 45 -0.20[-2.06, 1.66] 5.20
Ghaffarzad A et al. 36 2636 4.2 29 27.96 247 -1.60[-3.33, 0.13] 5.31
Glillict S et al. 41 225 158 46 226 1.63 -0.10[-0.78, 0.58] 6.03
Haddad S et al. 59 30.7 5 27 237 5 —— 7.00[ 472, 9.28] 4.81
Hassan SM et al. 32 2934 572 32 3141 48 —W -2.07[-4.66, 0.52] 4.52
Jiang Q et al. 104 29.75 3.6 112 3048 4.15 -0.73[-1.77, 0.31] 5.84
Meera S et al. 129 2391 397 110 257 5.58 5|f -1.79[-3.01, -0.57] 5.72
Sasaki A et al. 54 302 39 24 315 44 r -1.30[-3.25, 0.65] 5.11
Swetha R et al. 30 245 41 30 264 45 —- -1.90 [ -4.08, 0.28] 4.90
Taneja P et al. 100 23.34 4.33 100 2244 243 L 3 0.90[-0.07, 1.87] 5.88
Vanaja P et al. 50 29 59 50 273 53 i 1.70[-0.50, 3.90] 4.89
Wild R et al. 29 28 1 30 32 6 —l— -4.00[-6.21, -1.79] 4.87
Overall < -0.54 [ -1.67, 0.60]
Heterogeneity: 1° = 4.72, I = 98.93%, H = 93.32
Test of 8, = 8;: Q(18) = 518.58, p = 0.00
Testof 8=0:1(18) =-1.00, p = 0.33
5 0 5 10
Random-effects Sidik-Jonkman model LowiAge Hightige
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( ) PCOS Healthy Mea.n Difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Ahmed A et al. 50 2798 516 50 27.33 4.22 0.65[-1.20, 2.50] 4.67
Al-Hakeim H et al. 84 2767 621 40 2424 727 3.43[ 0.96, 5.90] 4.23
Arshad F-A et al. 89 23.52 397 115 22.03 .47 || 149[ 1.37, 161] 535
Bhardwaj S et al. 80 2551 396 80 24.97 4.33 E 3 0.54[-0.75, 1.83] 5.00
Calderon-Margalit Retal. 55 293 6.5 668 299 747 _i, -0.60[-2.64, 1.44] 454
Chang CY et al. 50 222 41 34 21 27 - 1.20[-0.37, 2.77] 4.84
Chen LH etal. 34 245 48 36 23 3 - 1.50[-0.36, 3.36] 4.65
Ghaffarzad A et al. 36 26.72 439 29 2555 43 —- 1.17[-0.96, 3.30] 4.48
Gokcen BB et al. 23 31.78 491 20 21.88 1.87 —— 9.90[ 7.61, 12.19] 4.37
Giliict S et al. 41 238 269 46 215 346 E & 2.30[ 0.99, 361] 498
Haddad S et al. 59 258 6 27 244 3 —l— 140[-0.99, 3.79] 4.29
Hassan SM et al. 32 2683 523 32 255 6.3 —— 1.33[-1.51, 4.17] 3.97
Jiang Q et al. 104 25.35 348 112 24.14 364 ] 1.21[ 0.26, 2.16] 5.15
Meera S et al. 129 28.89 2.76 110 21.08 1.13 | | 7.81[ 7.26, 8.36] 5.29
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Figure 5. Forest plots in participants with and without polycystic ovary syndrome assessing (a) LDL-
cholesterol/HDL-cholesterol ratio, (b) age, (c] body mass index, and (d) HOMA-IR.
HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low-density lipoprotein.
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p=0.18), showing high heterogeneity (tau2=0.13,
P=91.41%; I? 95% CI, 74.32%-99.97%). In the
sensitivity analysis where only studies with SMD
<1.00 were included (Figure S5(B)), the PCOS
group exhibited a higher triglyceride—glucose
index than the control group (SMD, 0.33; 95%
CI, 0.02-0.64; p<<0.05) displaying high hetero-
geneity (tau?=0.12, ?=89.23%; I* 95% CI,
69.7%-97.87%).

In the subgroup analyses (Figure S6) by world
regions and study designs, differences in the total
cholesterol/HDIL-cholesterol ratio displayed high
heterogeneity, and no significant differences were
found only in studies conducted in the USA. In
the sensitivity analysis including only studies with
a low risk of bias (Figure S7(A)), the PCOS group
had higher total cholesterol/HDI-cholesterol ratio
than the control group (SMD, 1.40; 95% CI,
0.53-2.27; p<0.001), showing high heterogene-
ity (tau?=2.22, I’=98.63%; I? 95% CI, 95.04%—
99.89%). In the sensitivity analysis of studies with
SMD <1.00 (Figure S7(B)), the PCOS group
had a high total cholesterol/HDL-cholesterol
ratio (SMD, 0.54; 95% CI, 0.40-0.68; p<<0.05),
presenting low  heterogeneity (tau?=0.05,
P=55.18%; I 95% CI, 14.67%-74.79%).

In the subgroup analyses (Figure S8) by world
regions and study designs, differences in the tri-
glyceride/HDL-cholesterol ratio displayed high
heterogeneity, and no significant differences were
found in studies conducted in the USA. In the
sensitivity analysis including only studies with a
low risk of bias (Figure S9(A)), the PCOS group
had consistently higher triglyceride/HDL-
cholesterol ratio than the control group (SMD,
0.85; 95% CI, 0.17-1.54; p<<0.001), presenting
high heterogeneity (tau?=1.63, ?=98.97%; I?
95% CI, 94.69%-99.45%). In the sensitivity
analysis of only studies with SMD <1.00 (Figure
S9(B)), the PCOS group had a higher triglycer-
ide/HDL-cholesterol ratio than the control group
(SMD, 0.36; 95% CI, 0.24-0.48; p<0.05),
showing low  heterogeneity (tau?=0.05,
P=66.89%; I? 95% CI, 38.89%—78.94%).

The LDL-cholesterol/HDL-cholesterol ratio sub-
group analyses (Figure S10) by world regions and
study designs did not reveal significant differences,
except for case—control studies (SMD, 2.55; 95%
CI, 0.09-5.00; p<<0.001). In the sensitivity analy-
sis including only studies with a low risk of bias
(Figure S11(A)), no significant difference in the

LDIL-cholesterol/HDI -cholesterol ratio was found
in the PCOS and control groups (SMD, 4.94;
95% CI, —1.61 to 11.49; p=0.12), presenting with
high heterogeneity (tau?=61.0, I?=99.94%; 95%
CI, 97.83%-99.99%). In the sensitivity analysis
where only studies with SMD <1.00 were included
(Figure S11(B)), the PCOS group had a higher
LDIL-cholesterol/HDI ~cholesterol ratio than the
control group (SMD, 0.39; 95% CI: 0.18-0.59;
$»<0.001), with low heterogeneity (tau?2=0.08,
P=63.42%; 95% CI, 42.58%—-87.14%).

No other analyses were feasible because of the
lack of specific information in the available
literature.

Discussion

This study primarily showed that the triglyceride—
glucose index and total cholesterol/HDL-
cholesterol, triglyceride/HDL-cholesterol, and
LDL-cholesterol/HDIL-cholesterol ratios were
higher in the PCOS group than in the control

group.

To improve the prediction of cardiovascular dis-
ease, several lipoprotein ratios have been
defined.!” These ratios can provide information
about risk factors that are difficult to quantify
through classic systematic analyses and evidence
supports their utility as cardiovascular risk mark-
ers.* In this way, various systematic reviews have
demonstrated the predictive value of the triglycer-
ide—glucose index,%%-°¢ LDIL-cholesterol/HDL-
cholesterol,?”-%¢ and triglyceride/HDL-cholesterol
ratios.?® These lipid ratios have also been evalu-
ated in patients with PCOS showing, for exam-
ple, that the triglyceride—glucose index is positively
and independently correlated with the prevalence
of metabolic syndrome, possibly because it is a
good indicator of insulin resistance, as are triglyc-
eride/HDL-cholesterol and total cholesterol/
HDL-cholesterol ratio.87-100 This is relevant
because insulin resistance is a fundamental com-
ponent of PCOS pathophysiology and explains
why up to 70% of women diagnosed with PCOS
have dyslipidemial®! and compared with patients
without PCOS, the values of lipid ratios are
higher, as our results show. Thus, lipid ratios
have been considered practical methods for
detecting insulin resistance in other studies.>!:102

Insulin resistance is the central factor that explains
lipid abnormalities in patients with PCOS, as it
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stimulates lipolysis and alters the expression of
lipoprotein and hepatic lipases. Insulin suppresses
very LDL (VLDL) production by reducing free
fatty acids and could directly suppress VLDL
production.193 Therefore, insulin resistance stim-
ulates the activity of microsomal triglyceride
transfer protein and enhances VLDL assembly.193
In this sense, many women with PCOS exhibit
characteristics consistent with metabolic syn-
drome, including high levels of triglycerides, total
cholesterol, and LDIL-cholesterol and decreased
levels of HDL-cholesterol, as it is also involved in
the pathophysiology of this other syndrome.104

Despite this, not all studies have shown that
patients with PCOS have an altered lipid profile.
A study showed that although the PCOS group
had higher triglyceride levels than the control
group, blood lipoprotein levels assessed in the
PCOS and healthy control groups were within the
normal range.!% However, because lipoprotein
ratios may better reflect the clinical interactions
of lipid fractions, evidence of the variations in
their levels is clinically important.!?7 To the best of
our knowledge, only one systematic review evalu-
ated this possibility, although only for lipoprotein
(a).%* This systematic review of 23 observational
studies that included 2337 patients showed that
the PCOS group had higher levels of lipoprotein
(a) than the control group, with similar results
based on BMI.%*

Therefore, considering that lipid ratios may be
better predictors of insulin resistance than their
individual components and that insulin resistance
is a key component of PCOS,1% our results con-
firm that, probably due to insulin resistance-
related mechanisms,® lipid ratios were higher in
the PCOS group than in the control group. This
aligns with other markers showing high levels
associated with adipose tissue in patients with
PCOS. One example is visfatin, a protein cytokine
highly expressed in adipose tissue and closely
linked to glucose and lipid metabolism.!97 Thus,
visfatin levels are positively correlated with HDL,
and negatively correlated with HOMA-IR, Apo-
B, cholesterol, LDL, and total cholesterol/HDIL-
cholesterol ratio.l%7 Similarly, high levels of
androgens have found to be closely related to
insulin resistance, which impacts glucose and lipid
metabolism have been found. Likewise, elevated
levels of chemerin have been observed, a marker
associated with insulin resistance in obese adults
affecting adipose tissue and glucose metabolism in

PCOS women.!%® In summary, insulin resistance
increases the level of individual lipid components,
thereby elevating lipid ratios.

This has significant clinical implications, as evi-
dence shows that these ratios have value as pre-
dictors of cardiovascular events in the general
population.®>97:109 Given their elevated values in
patients with PCOS, it is likely they can also pre-
dict these events in this population, and this find-
ing needs to be confirmed in future studies.!1?
Similarly, considering that lipid ratios also predict
metabolic syndrome in women with PCOS® and
the presence of metabolic syndrome can further
increase an existing cardiometabolic risk, evi-
dence-based guidelines recommend its detection.
Therefore, elevated levels of lipid ratios also have
a clinical utility for this purpose.l1!

One aspect to consider in the interpretation of
our results is the high heterogeneity (I2>90%),
probably related to the different phenotypes and
PCOS severity and the different diagnostic crite-
ria of the studies included in the meta-analysis.
Nevertheless, the analyzed evidence was obtained
from women of similar age, except for one out-
come, where the PCOS group was younger than
the control group.

Limitations and strengths

This systematic review has some limitations. First,
high heterogeneity is the most significant limita-
tion, as it suggests that the included studies may
have clinical and methodological differences. This
makes it challenging to draw firm conclusions and
may restrict the applicability of the results to spe-
cific populations. Second, the high risk of bias in
some studies can affect the reliability of the meta-
analysis results. Third, publication bias suggests
that studies with non-significant or unfavorable
results may be underreported, leading to an over-
estimation of the differences between women with
and without PCOS. However, in this case, the
publication bias could be corrected by the trim-
and-fill method. Fourth, limited subgroup and
sensitivity analyses restrict the understanding of
potential effect modifiers and the robustness of
the results. Comorbidities, sociodemographic life-
styles, and other variables should be considered in
future studies to avoid confounding bias. Fifth,
the inclusion of several cross-sectional studies
restricts our findings to associations rather than
causal relationships. Nevertheless, this limitation
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continues to impede the understanding of the
temporal association between PCOS and the
studied outcomes. Future searches should prior-
itize evaluating the sensitivity, specificity, and
optimal cut-off point of these markers to estimate
the risk of developing PCOS.

The strength of this systematic review and meta-
analysis included the exhaustive search of availa-
ble evidence and the statistical approach based on
the random-effect Sidik—Jonkman model and
truncated Knapp—Hartung SE that provide more
adequate error rates than the DerSimonian—Laird
method for the evaluation of chronic medical
conditions when statistical heterogeneity is sub-
stantial.!12:113 To the best of our knowledge, this
systematic review and meta-analysis presents the
first comprehensive synthesis of existing studies
examining these markers in patients with PCOS.

Conclusion

Patients with PCOS show significantly higher
triglyceride—glucose index and total cholesterol/
HDL-cholesterol, triglyceride/HDIL-cholesterol,
and LDL-cholestero/HDL-cholesterol ratios
than women without the syndrome. These new
markers may allow for easy and practical moni-
toring of patients with PCOS; however, the limi-
tations, particularly the high heterogeneity and
risk of bias, should be considered when interpret-
ing the results and applying them to clinical prac-
tice. Future research should focus on high-quality
studies with comprehensive information to better
elucidate the relationship between PCOS and
these metabolic markers.
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