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Abstract: Background: Polycystic ovary syndrome (PCOS) is closely related to various adverse
cardiovascular manifestations and increased cardiovascular risk. However, atrial fibrillation (AF)
development and atrial conduction abnormalities have not been thoroughly studied in patients
with PCOS. Methods: This meta-analysis (CRD42021261375) was conducted in accordance with the
PRISMA guidelines. Our aim was to investigate associations between PCOS and disorders in atrial
conduction parameters linked with an increased risk for AF occurrence. Results: Five cohort studies
with aggregate data on 406 adult women (229 with PCOS and 177 age-matched without PCOS)
were included in this analysis. Our results showed a significantly increased mean difference in
P-wave maximum duration (+7.63 £ 7.07 msec; p < 0.01) and P-wave dispersion (+11.42 + 5.22 msec;
p =0.03) of patients with PCOS compared to healthy women. The mean difference in P-wave
minimum duration (—2.22 + 2.68 msec; p = 0.11) did not reach the statistical threshold between
the compared groups. Echocardiographic measurements of atrial electromechanical delay (AED)
also indicated a statistically significant mean difference in favour of the PCOS group in all assessed
parameters, except for atrial electromechanical coupling (PA) in the tricuspid annulus. Particularly,
PCOS was associated with increased lateral PA, septal PA, inter- and intra-AED durations (mean
difference: +17.31 £ 9.02 msec; p < 0.01, +11.63 £ 7.42 msec; p < 0.01, +15.31 £ 9.18 msec; p < 0.01,
+9.31 £ 6.85 msec; p < 0.01, respectively). Conclusions: PCOS is strongly associated with alterations in
several electrocardiographic and echocardiographic parameters indicating abnormal atrial conduction.
Therefore, PCOS could be considered as a causal or triggering factor of AF. Larger studies are needed
to confirm these results and investigate direct associations between PCOS and AF.

Keywords: polycystic ovaries; atrial fibrillation; atrial conduction disorders; P-wave; atrial electrome-
chanical delay; atrial arrhythmias; insulin resistance; systematic inflammation; ovulatory dysfunction

1. Introduction

Polycystic ovary syndrome (PCOS) is a common complex endocrine-metabolic dis-
ease affecting women of reproductive age, and is clinically characterized by ovulatory
dysfunction, hyperandrogenism, infertility and increased cardiovascular risk [1-3]. PCOS
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is complicated by obesity, insulin resistance (IR), diabetes mellitus, dyslipidemia, and
metabolic syndrome, caused by a genetic predisposition to abnormal-excessive steroido-
genesis, irregular peripheral insulin sensitivity and lipid metabolism alterations [4-9].
Additionally, IR and the compensatory hyperinsulinemia have been blamed for the in-
creased rates of hypertension in patients with PCOS due to hypertrophy of vascular smooth
muscle cells and activation of the renin-angiotensin-aldosterone system [10]. These factors
along with the endothelial dysfunction induced by elevated androgen levels and IR are
responsible for the association of PCOS with the development of comorbid cardiovascular
diseases [11-13].

Atrial fibrillation (AF) constitutes the most prevalent sustained arrhythmia in clinical
practice, which consists of electrophysiological and electromechanical abnormalities which
are caused by intra-atrial and inter-atrial conduction disorders [14,15]. Prolonged maxi-
mum P-wave duration (Pmax), increased P-wave dispersion (Pdis) and echocardiographic
measurements of atrial electromechanical delay (AED) are all well-known electrophysiolog-
ical markers indicating that atria prone to fibrillate [16]. According to recent studies, these
parameters have been shown to independently predict the development of AF [17,18].

Despite being known for its adverse cardiovascular implications, PCOS has not been
thoroughly investigated as a predictor of atrial conduction disorders and possibly AF
occurrence. The aim of this study was, therefore, to review and meta-analyze up-to-
date scientific data from patients with PCOS and healthy controls, in order to assess if
PCOS could be considered as a direct causal factor of abnormal atrial conduction, thereby
increasing the risk of AF triggering.

2. Materials and Methods

The present systematic review and meta-analysis was performed according to the Pre-
ferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines [19].
Its predetermined research protocol has been registered a priori in the PROSPERO database
(CRD42021261375).

2.1. Literature Search

A literature search was performed independently by two main reviewers (ASP and
DVM) in PubMed (MEDLINE), Scopus, Web of Science, and Cochrane Library (CENTRAL)
databases. The last search was performed on 7 June 2022. Basic keywords used in search
strings were [“polycystic ovary syndrome” or PCOS] and [“atrial fibrillation” or AF or
“atrial conduction disorders” or “P-wave” or “atrial arrhythmias”] in both free text and in
Medical Subject Headings (MeSH) format. Additionally, the reference lists of the eligible
studies were hand-searched to identify further potentially eligible papers not previously
detected (snowball strategy).

2.2. Eligibility Criteria

Studies were included in this analysis if they were observational (prospective or
retrospective), cohort or case-control studies reporting the difference in atrial conduction
and electromechanical times among adult women (>18 years old) with or without PCOS.
Eligible study populations should therefore consist of both: (1) an exposed group of women
with PCOS, as defined according to the Rotterdam (histological or clinical) diagnostic
criteria of PCOS [2], and (2) a non-exposed group of women without PCOS.

Studies were excluded if: (1) they were conference abstracts or letters; (2) they were
published in a language other than English and German; (3) they were conducted in
pediatric populations; (4) they did not report any effect measures [mean values (£standard
deviations, SD)] for the outcomes of interest or if the study findings were unavailable; and
(5) they a control group of women participants without PCOS, despite evaluating atrial
conduction and electromechanical times in patients with PCOS.
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2.3. Outcomes of Interest and Definitions

The selected studies should report evidence about the primary and/or the secondary
outcomes of interest. The primary outcome of this analysis was the difference in electrocar-
diographic data concerning the P-wave maximum and minimum duration (Pmax and Pn,
respectively), as well as the difference between the Ppax and the P, defined as P-wave
dispersion (Pg;s) [20], among age-matched women with and without PCOS. To that end,
a 12-lead ECG was obtained from each study participant of the selected studies with a
standardized paper speed of 50 mm/s and signal size of 10 mm/mV, and all the aforemen-
tioned markers of atrial conduction have been recorded as mean + SD milliseconds (msec),
if possible.

The identification of between-group differences in atrial electromechanical delay (AED)
echocardiographic measurements was the secondary outcome of this analysis. In particular,
the following indicators of atrial conduction heterogeneity were obtained by tissue Doppler
imaging and were documented as mean + SD msec, where available:

1.  the average time interval from onset of P-wave on surface ECG to the beginning of the
late diastolic wave, (atrial electromechanical coupling, PA), which was obtained from:

a. the lateral mitral valve annulus (PA lateral),
b. the septal mitral valve annulus (PA septal),
c. and the right ventricular tricuspid annulus (PA tricuspid),

2. the difference between PA lateral and PA tricuspid (PA lateral—PA tricuspid), defined
as inter-AED, and the difference between PA septum and PA tricuspid (PA septum—
PA tricuspid), defined as intra-AED [16].

2.4. Data Extraction and Quality Assessment

Two main reviewers (DVM and ASP) independently undertook and completed both
study selection and data extraction. After deduplication, the two independent reviewers
screened all articles at the title and abstract level. Potentially eligible studies were further
reviewed based on the full text. Discrepancies were resolved either by consensus or in
consultation with a third reviewer (CT). The eligible studies were reviewed comprehen-
sively to extract the predetermined data of interest. An electronic data extraction form
(Excel) was used to record data on study design, sample size, population characteristics,
utilized PCOS diagnostic criteria, endocrinological variables, and measured outcomes of
interest, where available. The corresponding study authors were also contacted via email
to obtain any significant missing data. The methodological quality of the included studies
was independently assessed using the Newcastle-Ottawa scale [21], while the possibility of
publication bias was visually assessed via the funnel plot method described by Egger and
colleagues [22].

2.5. Data Synthesis and Analysis

The aforementioned endocrinological, electrocardiographic and echocardiographic
data have been recorded for both women with and without PCOS. To allow for expected
effect size dispersion between studies, random effects models and the inverse variance
method were used to perform our meta-analysis according to the expected heterogeneity.
In particular, random-effects models were utilized for the analyses, due to the interpreter-
dependency which is usually the case in the interpretation of echocardiographic and elec-
trocardiographic findings. Continuous variables were summarized as mean (+standard
deviation; SD) and were analyzed by weighted mean differences, where applicable. Het-
erogeneity was tested with the Cochrane x? test and quantified by the I? statistics and its
95% confidence intervals, with an I? = 30-60% being considered as moderate. Revman 5.4.
software was utilized for the statistical analysis.
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3. Results

After an extensive literature search and study selection as presented in the PRISMA
Flowchart (Figure 1), five cohort studies, investigating the predictive role of PCOS in terms
of atrial conduction disorders, were included in our analysis. In total, 406 adult women
were studied: 229 with PCOS and 177 age-matched without PCOS. The characteristics (study
design, country, study sample size, PCOS diagnostic criteria, assessed outcomes, and score
of Newcastle-Ottawa Scale) of the eligible studies are summarized in Table 1. In accordance
with the quality evaluation criteria of the Newcastle-Ottawa scale, all included studies were
characterized as “good”, fulfilling the predetermined Selection, Comparability, and Out-
come/Exposure criteria: three or four stars in the Selection (S) domain AND 1 or 2 stars in

Comparability (C) domain AND two or three stars in Outcome/Exposure (O-E) domain.

PRISMA Flow Diagram

Records identified through Records identified through
database searching in database searching in: Additional records identified
Pubmed Web of Science (n=161) through other sources
(n=44) Scopus (n=88) (n=3)
CENTRAL (n=17)
| |
) Records excluded
(n=316):
o Y Duplicates (n = 82)
.GE, Records screened R Reviews (n = 2)
o (n=323) v Non-English (n = 1)
a Off-topic (n = 223)
Non-human (n = 2)
bt Case reports (n = 6)
(N v
= Full-text articles assessed Full-text articles
) for eligibility ——»|  without comparison with a control group
u (n=7) (n=2)
—

A4

Studies included in the
meta-analysis
(n=5)

Figure 1. PRISMA flow diagram for study selection.
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Table 1. Design and characteristics of the included studies.

. Quality Score
FlrstyAuthor, Study Type Country Sample Size, (N) D.P cos . Outcomes Assessed in NOS
ear iagnosis (S/C/O-E)
L4 ECG: Pmax, Pmin, and Pg;s
N = 60: e Doppler tissue echocardio-
Bayir et al., . 40 adult women graphy: Lateral PA,
2016 prospective Turkey with PCOSand ~ Rotterdam 2003 3/1/2
cohort criteria Septal PA,
[23] 20 age-matched . .
without PCOS Tricuspid PA,
Inter-AED,
Intra-AED.
° ECG: PmaX/ Pminr and Pdis
N =86 Doppler tissue
Gazietal., . 48 adult women . )
2015 prospective Turkey with PCOS and Rotter.darr} 2003 echocardiography: Lateral PA, 3/1/3
cohort criteria Septal PA,
[24] 38 age-matched . .
without PCOS Tricuspid PA,
Inter-AED,
Intra-AED.
N = 75: ° ECG: Pmax, Pmin, and Pyjs
50 women ;/vith Doppler tissue echocardio-
Tas"zlggf al,  pservational Turke PCOS (18-40  Rotterdam 2003 graphy: Lateral PA, 313
[25] cohort Y years of age) and criteria Septal PA,
25 age-matched Tricuspid PA,
without PCOS Inter-AED,
Intra-AED.
ECG: Prmax, Pmin, and Pg;s
N =99: . Doppler tissue echocardio-
Zehir et al., observational 51.adult women o L dam 2003 graphy: Lateral PA,
2014 Turkey with PCOS and . 4/1/3
cohort criteria Septal PA,
[26] 48 age-matched . .
without PCOS Tricuspid PA,
Inter-AED,
Intra-AED.
N = 86:
40 women with .
Erdogan . [ ECG: Pmax, Pminr and Pdis
etal, %013 cross-sectional Turkey PCOS (18-40 Rotterglarp 2003 o  Other echocardiographic 3/1/3
[27] study years of age) and criteria measurements
46 age-matched
without PCOS

Legend: PCOS, polycystic ovary syndrome; ECG, electrocardiogram; Pmax, P-wave maximum; Pmin, P-wave
minimum; Pdis, P-wave dispersion; PA, atrial electromechanical coupling; AED, atrial electromechanical delay;
NOS, Newcastle-Ottawa-Scale; S/C/O-E, Selection, Comparability, and Outcome/Exposure.

Our results showed a significantly increased mean difference in Ppax duration
(+7.63 £ 7.07 msec; p < 0.01) and Pgis (+11.42 + 5.22 msec; p = 0.03) of patients with
PCOS compared to healthy participants, as illustrated in Figure 1. The mean difference
in Py duration (—2.22 &+ 2.68 msec; p = 0.11) did not reach the statistical threshold be-
tween the two groups (Figure 2). Egger’s funnel plots for the primary outcome of our
meta-analysis are depicted in Figure 3, demonstrating the potential risk of bias within the
included studies.
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a. Pmax (msec) PCOS healthy Mean Difference Mean Difference

Study or Subgroup  Mean [msec] SD [msec] Total Mean[msec] SD[msec] Total Weight IV, Rand: 95% Cl v, 95%Cl

Bayir etal 2016 108 96 40 98 5.5 20 202% 10.00[6.17,13.83] —
Erdogan et al 2013 996 168 40 897 16 46 178% 9.90 [2.94, 16.86] _—
Gazietal 2015 97 7 48 102 8 38 206% -5.00[8.22-1.78) I

Tasolaretal 2014 1176 53 50 106.6 6.3 25 208% 11.00([8.13,13.87] ——
Zehiretal 2014 1301 99 51 1175 6.7 48 206% 1260(9.29,15.91] ——
Total (95% CI) 229 177 100.0%  7.63[0.56, 14.71] e
Heterogeneity. Tau®= 60.55; Ch"= 74.57, df = 4 (P < 0.00001); F= 95% 450 4130 5 140 2?0
Test for overall effect Z=2.11 (P=0.03) Favours [healthy] Favours [PCOS]
b. Pmin (msec) PCOS healthy Mean Difference Mean Difference

Study or Subgroup  Mean [msec] SD [msec] Total Mean[msec] SD[msec] Total Weight IV, Rand: 95% Cl IV, Rand: 95%Cl

Bayir etal 2016 66 28 40 67 3 20 255% -1.00[2.58,058] N |

Erdogan et al 2013 443 11 40 478 139 46 134% -330[859,199 —

Gazietal 2015 70 6 48 77 7 38 21.4% -7.00[9.80,-4.20] —

Tasolaretal 2014 651 58 50 65.2 79 25 190% -0.10[3.59,3.39] ——

Zehiretal 2014 798 85 51 798 6.7 48 20.7% 0.00 [3.01,3.01] S

Total (95% CI) 229 177 100.0% -2.22[-4.90,0.47] <S>

Heterogeneity. Tau®= 6.72; Chi*= 16.83, df= 4 (P=0.002); F= 76% =0 =0 3 T >

Testfor overall effect Z=1.62 (P=0.11) Favours [healthy] Favours [PCOS]

c. Pdis (msec) PCOS healthy Mean Difference Mean Difference

Study or Subgroup  Mean [msec] SD [msec] Total Mean[msec] SD[msec] Total Weight IV, Random, 95% CI IV, Rand 95% CI

Bayir etal 2016 443 76 40 3 28 20 206% 13.30[10.64,15.96) ——
Erdogan et al 2013 55.2 156 40 421 12 46 16.9% 13.10(7.15,19.05) _—
Gazietal 2015 27 5 48 24 6 38 208% 3.00(0.63,5.37) —

Tasolaretal 2014 535 72 50 41.4 57 25 203% 1210[9.10,15.10) -
Zehiretal 2014 50.5 37 8 347 3 48 21.4% 1580(14.48,17.12) -
Total (95% Cl) 229 177 100.0% 11.42[6.20, 16.64] B
Heterogeneity: Tau®= 32.63; Chi*= 85.51, df= 4 (P < 0.00001); F= 95% 1 t t t

-20 -10 0 10 20
[

Test for overall effect: Z= 4.29 (P < 0.0001) Favours [healthy] Favours [PCOS]

Figure 2. Forest plots of comparison for the primary outcome of the study (atrial conduction times,
electrocardiographic findings): (a) Differences in Pmax duration (msec) among women with and
without PCOS, (b) Differences in Pp,;, duration (msec) among women with and without PCOS and
(c) Differences in Pyjs duration (msec) among women with and without PCOS [23-27].

SEMDy SEMD)

a. Pmax ] b. Pmin

. H 1 O - i o
-0 35 ] F3 = “1bo 50 [] 50 10

SEND)

c. Pdis

Figure 3. Egger’s funnel plots of comparison for the primary outcome of the study (atrial conduction
times, electrocardiographic findings): (a) Differences in Pmax duration (msec) among women with
and without PCOS, (b) Differences in Py, duration (msec) among women with and without PCOS
and (c) Differences in Pg;s duration (msec) among women with and without PCOS.

Concerning the secondary outcome of echocardiographic measurements of AED, our
analysis indicated a statistically significant mean difference in favour of the PCOS group in
all assessed parameters of AED, except for the tricuspid PA (Figure 4). In particular, PCOS
was associated with increased lateral PA, septal PA, inter- and intra-AED durations (mean
difference: +17.31 & 9.02 msec; p < 0.01, +11.63 £ 7.42 msec; p < 0.01, +15.31 &+ 9.18 msec;
p <0.01, +9.31 £ 6.85 msec; p < 0.01, respectively).
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a. Lateral PA PCOS healthy Mean Difference Mean Difference
Study or Subgroup  Mean [msec] SD [msec] Total Mean[msec] SD[msec] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bayiretal 2016 85.3 105 40 56 2.4 20 25.0% 29.30[25.88,32.72] -
Gazietal 2015 58.7 1.9 48 49.2 101 38 24.3% 9.50 [4.85,14.15] -
Tasolaretal 2014 62.2 36 50 523 6.1 25 254% 9.90 [7.31,12.49] -
Zehiretal 2014 77.3 8.2 51 56.9 5.6 48 253% 20.40[17.65,23.15] -
Total (95% Cly 189 131 100.0% 17.31[8.33, 26.29] i
Heterogeneity: Tau® = 80.90; Chi*= 94.30, df = 3 (P < 0.00001); F= 87% = 4 5 E P
Testfor overall effect: Z= 3.78 (P = 0.0002) Favours [healthy] Favours [PCOS]
b. Septal PA PCOS healthy Mean Difference Mean Difference
Study or Subgroup  Mean [msec] SD [msec] Total Mean[msec] SD[msec] Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bayir etal 2016 66.8 7.2 40 49.3 3 20 251% 17.50[14.91,20.09] -
Gazietal 2015 47 99 48 40 99 38 23.9% 7.00[2.78,11.21] —
Tasolaretal 2014 481 35 50 437 42 25 255% 4.40(2.49,6.31) ——
Zehiretal 2014 581 51 51 40.7 35 48 255% 17.40[15.69,19.11)] -
Total (95% Cl) 189 131 100.0% 11.63[4.21, 19.05] —eaii—
Heterogeneity. Tau* = §5.37; Chi*= 121.20, df= 3 (P < 0.00001); F= 98% N = 3 T o
Test for overall effect Z= 3.07 (P = 0.002) Favours healthy] Favours [PCOS]
c. Tricuspid PA PCOS heaithy Mean Difference Mean Difference
Study or Subgroup  Mean [msec] SD [msec] Total Mean[msec] SD[msec] Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bayir etal 2016 453 4 40 435 42 20 261% 1.80[0.42,4.02] ™
Gazietal 2015 398 9 48 358 101 38 23.4% 4.000.10,8.10] =
Tasolaretal 2014 34 44 50 351 33 25 265% -1.10[2.88,0.68] —=T
Zehiretal 2014 50.3 97 5 377 9 48 240% 1260(8.92,16.28] —a
Total (95% CI) 189 131 100.0%  4.14[-1.04,9.32] e
Heterogeneity: Tau®= 25.48; Chi"= 44.35, df = 3 (P < 0.00001); F= 93% _=20 _110 110 290
Testfor overall effect Z=1.57 (P=0.12) Favours [healthy] Favours [PCOS]
d. Inter-AED PCOS healthy Mean Difference Mean Difference
Study or Subgroup  Mean [msec] SD [msec] Total Mean[msec] SD[msec] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bayiretal 2016 413 95 40 15 23 20 24.9% 26.30([23.19,29.41) -
Gazietal 2015 19 74 48 15 6.4 38 25.0% 4.00[1.08,6.92] =l
Tasolaretal 2014 285 4.1 50 17.2 58 25 251% 11.30(8.76,13.84] -
Zehiretal 2014 419 9 51 222 6.2 48 24.9% 19.70[16.67,22.73) -
Total (95% Cl) 189 131 100.0% 15.31[6.09, 24.53] R ol
Heterogeneity: Tau® = 86.29; Chi*= 122.31, df = 3 (P < 0.00001); F= 98% #_50 '235 ) 2=5 t
Testfor overall effect: Z= 3.25 (P = 0.001) Favours [healthy] Favours [PCOS]
e. Intra-AED PCOS healthy Mean Difference Mean Difference
Study or Subgroup  Mean [msec] SD [msec] Total Mean[msec] SD[msec] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bayiretal 2016 223 8.1 40 86 36 20 245% 13.70[10.74,16.66) —
Gazietal 2015 93 4.1 48 7.8 45 38 252% 1.50 [-0.34, 3.34) e
Tasolaretal 2014 141 27 50 8.6 35 25 253% 5.50 [3.94, 7.06] -
Zehiretal 2014 228 58 51 59 47 48 251% 16.70[14.63,18.77] -
Total (95% Cl) 189 131 100.0%  9.31[2.46, 16.15] R -

it 3 - . - - B = + + + +
Heterogeneity: Tau® = 47.63; Chi*= 139.20, df= 3 (P < 0.00001); F= 98% o ®n 5 e 24

Testfor overall effect: Z= 2.66 (P = 0.008)

Favours [healthy] Favours [PCOS]

Figure 4. Forest plots of comparison for the secondary outcome of the study (atrial electromechanical

delay, Doppler tissue echocardiographic findings): (a) Differences in lateral PA duration (msec)

among women with and without PCOS, (b) Differences in septal PA duration (msec) among women

with and without PCOS, (c) Differences in tricuspid PA duration (msec) among women with and

without PCOS, (d) Differences in inter-atrial electromechanical delay (msec) among women with and

without PCOS, and (e) Differences in intra-atrial electromechanical delay (msec) among women with

and without PCOS [23-27].

When extracting the endocrinological variables evaluated in each study (Table 2), it
was (qualitatively) shown that the homeostasis model assessment of IR was significantly
higher among women with PCOS compared to controls in three out of four studies in which
it was assessed, and was positively linked with prolonged inter-AED in two of them. A
quantitative analysis of the studied endocrinological variables could not be performed due
to the inconsistent presentation of the relevant variables across the eligible studies.
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Table 2. Endocrinological variables assessed in each eligible study among women with and without

PCOS.
E . . . . Significant
Study nflocrmologlcal Women with Women without p-Value Association with
Variable Assessed PCOS PCOS
Inter-AED
Bayir et al., 2016 Fasting glucose
23] (mg,/dL) 789 + 5.8 79.0 £ 5.6 0.936 N/A
FSH (mIU/mL)
LH (mIU/mL)
Estradiol (pg/mL)  5.07 (292-10.1)  7.68 (2.02-19.10) 0.001 E:
Testosterone (ng/dL)  6.62 (2.35-39.25) 6.74 (2.03-19.47) 0.442 n's'
. Fasting glucose 432 +17.8 28.8 £11.3 0.001 .
Gazi etzil" 2015 (mg/gdL) 75.5 (14.7-314) 17.2 (2.5-44) 0.001 p = 0.052,6-0242
(24] Fasting insulin 86 + 12 87 +8 0.945 (univariate)
(uIU/mL) 15.28 + 23.45 12.74 £ 17.57 0.627 18-
Homeostasis model 1.40 (0.37-36.15) 1.44 (0.38-18.99) 0.659 oS-
assessment of insulin n-s:
resistance (IR)
Estradiol (pg/mL)
Testosterone r=-0572,p<0.001
(nmol/L) 67.1 +£10.1 109.7 + 8.3 <0.001 n.s.
Fasting glucose 225+048 1.17 £0.13 <0.001 r=—0.550, p < 0.001
Tasolar ‘;tSal" 2014 (mngu?l/L) 424035 39402 ns. r=0.939, pp< 0.001
23] Fasting insulin 10£0.7 56 £0.6 <0.001 r =0.940, p < 0.001
(mU/L) 1.90 £0.42 0.95 £0.12 <0.001 3 =0.603, p <0.001
Homeostasis model (multivariate)
assessment of IR
FSH (mIU/mL)
LH (mIU/mL) 54+11 55+£1.1 n.s. N/A
Estradiol (pg/mL) 62+20 6.1+1.0 ns. N/A
Testosterone (ng/dL) 60.8 + 5.07 58.9 + 4.8 n.s. N/A
Zehir et al., 2014 Fasting glucose 81+74 529 £6.1 <0.001 ns.
[26] (mg/dL) 82.3+4.8 86.3 5.8 n.s. N/A
Prolactin(ng/mL) 172+ 14 167 £12 n.s. N/A
DHEA-S (mg/dL) 2932 + 623 245.0 £29.2 <0.001 n.s.
Homeostasis model 31£07 1.6+04 <0.001 r=0.680, p < 0.001
assessment of IR
Fasting glucose
Erdogan et al., 2013 Fas(trirrllgg/iigilin 87+6 85 + 4 e N/A
[27] ! (mU/L) 19.8 £20.3 9.6 £3.1 0.014 N/A
424 +4.17 2.07 £ 0.72 0.013 N/A

Homeostasis model
assessment of IR

4. Discussion

Our meta-analysis of five cohorts with adult women with and without PCOS demon-
strated that atrial conduction is influenced in PCOS, while the prevalence of atrial conduc-
tion and AED disorders is significantly higher in women with PCOS compared to healthy
ones. PCOS seems to be a predictor of abnormal atrial conduction and, hence, could be
considered as a pre-disposer for AF occurrence. Our findings yielded a strong, direct asso-
ciation between PCOS and increases in Pmax, Pgis and echocardiographic measurements of
AED (lateral PA, septal PA, inter- and intra-AED durations). To our knowledge, our study
is the first meta-analysis aiming to clarify these aspects, and therefore contributes not only
to the identification of new possible causing and triggering factors of atrial conduction
abnormalities and arrhythmias, but also to new interdisciplinary approaches to common
gynecological diseases, such as PCOS.
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The pathophysiology behind the effects of PCOS on electrocardiograms and the devel-
opment of heterogenic atrial activity has not been sufficiently elucidated. PCOS is related
to low-grade systematic inflammation and a higher risk of adverse cardiovascular events
due to metabolic syndrome, hypertension, IR, obesity and dyslipidemia [11]. From an en-
docrinological point of view, insulin seems to be the main driver of cardiovascular disease
risk in patients with PCOS. Of note, IR was assessed by a homeostasis model assessment of
IR in four of the included studies, and was reported to be significantly higher in women
with PCOS in three of them. IR and the compensatory hyperinsulinemia are considered per
se as a potential mediator of excess ovarian androgen production, which modifies gonadal
steroidogenesis process [28]. This contributes to the development of visceral adiposity,
which further exacerbates obesity—a major predictor of AF occurrence and recurrence,
maintaining this vicious cycle [29,30].

Metabolic syndrome, as expressed by obesity, dyslipidemia, hypertension and, pri-
marily, IR, creates functional and structural vascular dysfunction, and causes inter- and
intra-atrial conduction delays by stimulating interstitial fibrosis, worsening diastolic func-
tion and increasing the atrial size [31-35]. Apart from the well-known risk factors triggered
by IR, hyperhomocysteinemia is also present in PCOS due to the dysregulation of en-
zymes participating in homocysteine metabolism [i.e., Methyltetrahydrofolate Reductase
(MTHFR) and hepatic Cystathione 3-Synthase (CBS)] [36]. Hyperhomocysteinemia induces
increased inflammatory cytokine expression/activity, the injury of endothelial cells and
proliferation of muscle cells, and has also been linked with increased risk for AF develop-
ment and major adverse cardiovascular events [37]. Furthermore, a reasonable question
arises: whether these comorbidities—known for their arrhythmogenic effects [38]—trigger
AF, and PCOS is just a confounder and not the cause of the arrhythmia. Nonetheless,
in four out of five included studies in our analysis, the two compared groups were, in
general, well matched not only in terms of baseline characteristics but also in terms of other
cardiovascular risk factors.

Moreover, two other mechanisms suggested as possible explanations for the increased
rate of atrial conduction disorders in PCOS are systematic inflammation and autonomic
dysfunction [39]. Multiple studies on inflammatory diseases have indicated structural
and electrophysiological changes as a result of the systematic inflammation in the atrial
myocardium [40-42]. Increased plasma volume, enhanced neurohormonal activation
and ventricular diastolic dysfunction which accompany systematic inflammation might
contribute to the left atrium enlargement and electrical instability. Despite all of this, the
exact pathophysiologic mechanism behind the association of PCOS with abnormal atrial
conduction remains unknown.

Furthermore, a direct cause-effect link between PCOS and atrial arrhythmias has not
been yet established. Nevertheless, this can be hypothesized given the fact that atrial con-
duction disorders provide a suitable substrate for re-entry and thus constitute a precursor
for AF development. A variety of studies showed that alterations in P-wave electrocardio-
graphic parameters, mainly the increase in Pmax and Pgjs, are simple predictive markers for
the development and recurrence of idiopathic AF [17,43,44]. AED has been also linked to a
higher risk of AF, as it has been proven to be longer in patients with AF than in controls [45].
On the other hand, these correlations between atrial conduction times and atrial arrhythmia
occurrence have not been evaluated and validated in patients with PCOS to date. However,
a recent large cohort study deriving results from a national registry robustly showed that
women with PCOS were at a 2-fold greater risk than controls [46]. To the best of the authors’
knowledge, this was the first study to investigate and evince that PCOS appears to be an
independent risk factor for AF.

This analysis should be interpreted in the context of some limitations. First and
foremost, the five included studies are observational non-randomized-controlled trials,
and are thus susceptible to inherent biases. Hence, the observational nature of the eligible
studies, and the fact that they are single-centered with a relatively small number of patients,
decreases the external validity of our study’s message. Additionally, the included studies
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are all restricted to a specific geographic area, which might reduce the generalizability
of our analysis to other populations. Moreover, although our study highlighted a strong
association between PCOS and atrial conduction abnormalities, it is not meant to establish
a direct causal relationship between PCOS and AF. This is because the analyzed studies
were not able to assess the development and long-term incidence of AF in PCOS patients
and controls. Finally, emerging data suggest that PCOS is complicated with obesity, IR,
low-grade systematic inflammation and the fibrosis process and, consequently, it could be
considered as a confounding factor and not a direct predictor of atrial conduction disorders
leading to AF occurrence.

Future studies need to address the aforementioned limited factors by means of random-
ized design and geographic diversity. It is also important to delve into the pathophysiology
of this comorbidity and validate whether PCOS have a causal or cofounding association
with atrial conduction disorders. This could lead to novel interdisciplinary approaches
between cardiovascular and gynecological endocrinology research, enhance the collabora-
tion between researchers of both fields, and ultimately raise awareness among concerned
clinicians and patients.

5. Conclusions

PCOS is strongly associated with increases in Pmax, Pgis, AED and electromechanical
coupling parameters, indicating abnormal atrial conduction. The alterations in these elec-
trocardiographic and echocardiographic parameters imply that PCOS could be a causing
or triggering factor of AF. Larger and more representative studies are needed to confirm
our results and to investigate direct associations between these two clinical entities.
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