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Polycystic ovary syndrome: defi nltl@?l@\’b
aetiology, diagnosis and treatmoﬁﬁ O

Hector F. Escobar-Morreale'?3% (g\(b @\Q

Abstract | Polycystic ovary syndrome (PCOS) is one of the most com n ine and
metabolic disorders in premenopausal women. Heterogeneous by, re S is defined by a
combination of signs and symptoms of androgen excess and ov&n d}@nc‘cion in the absence
of other specific diagnoses. The aetiology of this syndrome re@ain: ely unknown, but

mounting evidence suggests that PCOS might be a co \ u{@ ic disorder with strong

n Q%tyle factors. PCOS is frequently
és\%y metabolic disorders and

me, PCOS are not complicated, requiring

da d diagnostic methods and appropriate

epigenetic and environmental influences, includin
associated with abdominal adiposity, insulin resisi
cardiovascular risk factors. The diagnosis and
only the judicious application of a few wel

therapeutic approaches addressing hy, §ndr m, the consequences of ovarian dysfunction
and the associated metabolic dlsor @%ﬁls@ncle aims to provide a balanced review of the
latest advances and current limit. r knowledge about PCOS while also providing a few
clear and simple principles, b on Q@ent evidence-based clinical guidelines, for the proper
diagnosis and long-term clpb maf¥gement of women with PCOS.
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Nat Rev Endocrinol 2018;14:270-284
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Polycystic ovary syndrome (PCOS) is a heterogenq\g@’sq‘fsorder that is defined by a combination
of signs and symptoms of androgen excess hlre)&@?gm and/or hyperandrogenaemia) and ovarian
dysfunction (oligo-ovulation and/or polycystng)\@?ian morphology (PCOM)), provided that other

specific diagnoses, such as hyperprolagﬁa@?‘ma and non-classic congenital adrenal hyperplasia,
O &
have been excluded. & O
X
b’(} Kfo
The prevalence of PCOS m@\r%l@enopausal women ranges from ~6% to ~20%, possibly making

this syndrome the most@%qyﬁmn endocrine and metabolic disorder in women of reproductive age.
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est for biochemical hyperandrogenism
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Step 3: only if irregular menstrual cycles or hyperandrogenism

Adolescents: pelvic ultrasound is not indicated
Consider at risk of PCOS, and reassess in 1-2 years
Adults: request pelvic ultrasound to assess for PCOM
If positive (exclude other causes)*=PCOS diagnosis
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PCOS e Impaired Glucose Tolerance

Meta-analysis results for glucose metabolic disturbances and cardiovascular disease risk factors.

Outcome

Comparison in glucose metabolism disturbances
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Figure 2. Forest Plot Showing Prevalence of Polycystic Ovary Syndrome in Patients With Pediatric Type 2 Diabetes ({b . (h@
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PCOS e Diabete mellito di tipo 2

Rischio di sviluppare il Diabete di tipo 2

%o

Study Year RR (95% Cl) Weight
Boudreaux 2006 . 1.96 (0.70, 5.52) 1.72
Celik 2014 . 2.71(0.13, 55.18) 0.24
Forslund 2020 L 17.41(212,14271) 048
Hart 2015 4 3.28 (2.91, 3.69) 9.07
Hudecova 2011 | T 7.25(0.91, 57.67) 0.49
Kakoly 2019 -~ 4.10 (3.00, 5.60) 6.78
Kazemi Jaliseh 2017 - 2.38 (1.51,3.74) 5.12 b\)
Rubin 2017 * 3.38 (3.1, 3.67) 9. 3@@ 6\
Morgan 2012 * 2.94 (2.68, 3.24) Q
Ollila 2017 - 2.91 (1.82, 4.65) Q %)
Schmidt 2011 T 1.60 (0.70, 3.65) 0 {Q
Wang 2011 — 2.01 (1.15, %x
Sirmans 2014 » 3.76 (3.20 @ 866
Cibula 2000 —— 4 03 @ 3.86
Joham 2014 | —.— &9. 412
Iftikhar 2012 * I 3) 0.88
Boumosleh 2017 et ?93 ( @5 3.90) 3.07
Ng 2019 | N 07, 2.22) 6.14
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Legro 1999 ; AP 1299 (0.76,20290)  0.28
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Lo 2006 R 46 4.35 (4.00, 4.72) 9.35
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Q}he direction or the magnitude of the effect
remained significant when the analysis was
restricted to studies including participants
matched for age (n = 13; RR 3.57, 95% CI 3.07—-
4.14) or to studies including only premenopausal
women (n=11; RR 3.68, 95% CI 2.93-4.62)
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Risk of type 2 diabetes mellitus in polycystic ovary syndrome is
associated with obesity: a meta-analysis of observational studies

Overall (I-squared = 46.2%) \rb

" - Rodis D. Paparodis® - Julia K. Bosdou® - Christina Bothou* - Djuro Macut® -
Dimitrios G. Goulis' - Sarantis Livadas®

Year

2006

2020

2017

2017

2014 Q K

2017 O_>\

Q
2001 Q?v EO\OQ

O \.
Quale il ruolo dell’ ob

@&% (Q)Qo 8.74)
2& 8 (1.79, 464.59)
5 44 (3.03, 9.78)
2220 (1.37, 360.55)

1.68 (0.74, 3.79)

9.41 (0.57, 154.55)

2.06 (0.53, 8.09)

3.85 (1.99, 7.43)

Weight

19.27

28.46

4.85

23.50

4.82

14.23

100.00
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PCOS Mother Control Risk Ratio Risk Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95%Cl Year M-H, Fixed, 95% CI
Yildiz 2003 6 37 0 24 2.0% 855 (050, 145.19] 2003
Yilmaz 2005 7 40 2 20 87X 1.75 [0.40, 7.66] 2005 T
Davies 2011 5 41 67 674 25.0% 123[0.52, 2.88] 2011 ——
Dunaif and Legro 90 573 11 225 S13%  3.21(1.75,5.89) 2011 il
Vipin 2016 5 45 4 44 13.1% 1.22[0.35, 4.25] 2016 S @
Total (95% CI) 736 987 100.0% 2.43 (158, 3.75) - \®
Total events 113 84 OO
Heterogeneity: Chi¥ = 5.41, df = 4 (P = 0.25); FF = 26X
0,01 0.1 10 100
Test for overall effect: Z = 4.03 (P < 0.0001) Lower in PCOS mothers Higher in PCOS mothers \(b% @fb
PCOS father  Control father Risk Ratio Risk Ratio Q\ é
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl _ Year M-H, Random, 95% CI N @ ’\A
Yildiz 2003 7 26 0 12 4.0 7.22[0.45, 117.02] 2003 X c}
Yilmaz 2005 8 38 1 20 7.0% 4.21[0.57, 31.33] 2005 A b %
Hunter 2007 4 60 ] 111 15.1% 0.82 [0.26, 2.56] 2007 —_— ® ‘\
Dunaif and Legro 114 496 11 187 25.2% 3.91(2.15, 7.09] 2011 e 6
Davies 2011 8 41 106 674 24.1% 1.24 [0.65, 2.37] 2011 e e %
Yipin 2016 27 41 9 42 24.6% 2.07(1.65,5.71) 2016 —'—\Q) Q
Total (95% CI 702 1046 100.0% 2.27(1.25.4.12] 0
Total evemts 168 136 \ Q
Heterogeneity. Tau® = 0.27, Chi¥ = 11.96, of = 5 (P = 0.04); ¥ = S8% 5ot o AN -
Test for overall effect: Z = 2.71 (P = 0.007) ) Lower in PCOS fad igher @C?ﬁalhers
PCOS sister  Control sister Risk Ratio Q R tio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI () M-HKXed, 95% CI
Dunaif and Legro 13 495 10 511 100.0%  1.34 [0.59, 3.03) \\/\" é\J
Total (95% CI) 495 511 100.0% 1.34 [0.59, 3.03) %
Total events 13 10 E OQ

Heterogeneity: Not applicable
Test for overall effect: Z = 0.71 (P = 0.48)

&0 e}ve

10 SOD'

rin PCOS sisters ngher in PCOS sisters

PCOS Brother Control Brother Risk % Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fi 5% \rur M-H, Fixed, 95% CI
Yildiz 2003 0 25 0 15
Yilmaz 2005 0 17 0 15
Hunter 2007 0 43 2 90 20.6%
Baillergeon 2007 3 17 1 28 9.6 . e —
Dunaif and Legro 7 270 6 317 6 . ﬂ? 4.03) 2011
Total (95% CI) 372 459,\%. @S.Sl [0.63, 3.62]
Total events 10 L] % Q
Heterogeneity: Chi* = 1.87, df = 2 (P = 0.39), F = %O obz 1 % %
Test for overall effect: Z = 0.93 (P = 0.35) ‘\(b Lower in PCOS brother Higher in PCOS brother

K és
@ ro@ with polycystlc ovary syndrome: a

b\

gtes mellitus and insulin
tance in mothers, fathers,
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b\r

%\ systematic review and meta-analysis

Bulent Yilmaz, M.D.,* Priyathama Vellanki, M.D.,” Baris Ata, M.D., M.5c. and Bulent Okan Yildiz, M.D.%
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@ﬁ%&tes mellitus and insulin
Mother 6\ tance in mothers, fathers,
< \Q sters, and brothers of women

PCOS Mother Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI \\(b (b@ WIth po chyStI c ova ry syndro m e a
Yildiz 2003 11 37 0 24 24.7% 15.13 [0.93, 245.39] 2003
Yilma_z 2005 7 40 0 20 24.5%  7.68([0.46, 128.12] 2005 é\(-b syStematlc rEVIew and meta anaIySIS
Dunalf and Legro 20 83 4 214 5088 1.26[0.79, 2.01] 2011 Sl O \ 6 Bulent Yilmaz, M.D.,? Priyathama Vellanki, M.D.,” Baris Ata, M.D., M.Sc., and Bulent Okan Yildiz, M.D.%
Total (95% CI) 160 258 100.0% 3.62 [0.54, 24.37] e —— % (b
Total events 38 41 \(b' 0
Heterogeneity: Tau® = 1.80; Chi® = 5.39, df = 2 (P = 0.07); * = 63% E - =~ PoA ]

0.01

Test for overall effect: Z = 1.32 (P = 0.19) Lower in PCOS Mothers  Higher in % %thu.Q Im p aired Glucose Tolerance
6\5 &

PCOS Mother Control Std. Mean Difference std. MeafDiff, Q
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, R _é&ﬂ
Sir-Petermann 2002  12.4 8.2 85 10.8 86 55 28.1%  0.19([-0.15,0.53] 2002 Q\ i‘e')
Yildiz 2003 18.7 9.18 19 12.7 8.2 24 18.8% 0.68 (0.06, 1.30] 2003 . Q‘—'—
Yilmaz 2005 185 6.8 40 10.2 2.2 20 19.5% 1.43(0.83, 2.03] 2005 %\ —_—
Dunaif and Legro 19 13 554 13 8 212 33.6% 0.51 (0.35, 0.67] Zﬂlls& - F t. . I.
Total (95% CI) 698 311 100.0% 0.63 [0.24, 1.02] Q\ . @ < aS Ing Insu In
Heterogeneity: Tau’ = 0.11; Chi* = 12.82, df = 3 (P = 0.005); I’ = 77% \O CS i S S S
Test for overall effect: Z = 3,15 (P = 0.002) &
%\\, (o) Decreases DM Increases DM
QX S

PCOS Mother Control Std. Mean Di Q@u Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rando % IV, Randam, 95% CI
Sir-Petermann 2002 2.68 1.88 S5 2.82 1.82 55 27.0% ~0 D 2002 ——

Yildiz 2003 356 2 19 2.15 146 24 17.2% 1 2003 —_— HOMA_IR
Yilmaz 2005 39 19 40 251 119 20 19.5% 136] 2005 _
30

Dunaif and Legro 5 5.8 549 3.5 2 212 36.3% 61 0.46] 2011 —_
Total (95% CI) 663 311 100, [0.04, 0.73) -‘-
Heterogeneity: Tau’ = 0.08; Chi* = 9.54, df = 3 (P = 0.02); I* = 6, ‘\ o
s 0.5 1
Test for overall effect: Z = 2.17 (P = 0.03) .\ ?8 &K Lower in PCOS mother Higher in PCOS mother
SNAPOLZ
F <
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Father

PCOS father  Control father Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Yildiz 2003 g 26 0 12 10.5% 8.19[0.51, 131.20] 2003
Yilmaz 2005 10 38 1 20 16.8% 5.26 [0.72, 38.24] 2005 = \(b
Dunaif and Legro 5 44 28 187 33.8% 0.76[0.31, 1.85] 2011 — ‘\Q 6
Vipin 2016 27 41 9 42 39.0% 3.07[1.65, 5.71] 2016 — oo
Total (95% CI) 149 261 100.0% 2.32 [0.84, 6.46] ~eogliine— (b'% >
Total events 38 \\ &Q
Heterogeneity: Tau?® = 0. 60 Chn =8.18, df = 2 (P = 0.04); I* = 63% b1 100
Test for overall effect; Z = 1.62 (P = 0.11) ,_we, b ,,COS fathers H,gh%{(}m@\m
\"o
PCOS father Control father Std. Mean Difference Std. iff
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl Year IVaRafdlom, [ol}
Sir-Petermann 2002 165 125 74 12.2 6.9 52 23.4% 0.40 [0.05, 0.76] 2002 O‘ <
Yildiz 2003 28.1 117 11 226 95 12 10.5% 0.50[-0.23, 1.23] 20032 0 . Q“i
Yilmaz 2005 16.7 65 38 101 31 20 16.0% 1.17 [0.58, 1.75] 2005 ?* N\ —_—
Dunaif and Legro 20 15 484 17 10 184 29.8% 0.22 [0.05, 0.39] 2011 & D" |
Vipin 2016 147 6.9 41 103 48 42 20.3% 0.74 [0.29, 1.18] 2016 \é ®\® —
Total (95% Cl) 648 310 100.0% 0.55 [0.22, 0.88) OQ . &Q -
Heterogeneity: Tau? = 0.09; Chi? = 12.91, df = 4 (P = 0.01); I = 69% AN 4 4 + )
Test for overall effect: Z = 3.27 (P = 0.001) \/ er in PCOS father Higher in PCOS father
N
ga O
PCOS father Control father Std. Mean Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, F& Year IV, Fixed, 95% CI
Sir-Petermann 2002 3.89 3.3 74 2.45 2 52 16.5% 1)‘86] 2002 ——
Yildiz 2003 5.18 1.9 11 4.1 2 12 3.1% {?[ -0.8¢/1.37] 2003 —
Yilmaz 2005 3.42 1.87 38 2.45 l.03 20 7.0% fb ﬁllﬂ 1.14] 2005 —
Dunaif and Legro 56 5.5 476 4.3 2.8 183 73. 4@Q A@ 0.09, 0.44] 2011 =
Total (95% CI) 599 267 DQ% \C)Q‘) 34 [0.19, 0.48] *
Heterogeneity: Chi* = 2.50, df = 3 (P = 0.48); I = 0% } }

Test for overall effect: Z = 4.48 (P < 0.00001)

0\">Q

Qé

B R

Lower in PCOS fathers Higher in PCOS fathers

6\
\Q

Impaired Glucose Tolerance

Fasting insulin

HOMA-IR

@ﬁ%&tes mellitus and insulin

tance in mothers, fathers,

sters, and brothers of women

\\fo @ with polycystlc ovary syndrome: a
systematic review and meta-analysis

Bulent Yilmaz, M.D.,* Priyathama Vellanki, M.D.,” Baris Ata, M.D., M.5c. and Bulent Okan Yildiz, M.D.%
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PCOS e Sindrome Metabolica

Criteri

2102 (> 40) per gl uomini
. . N = 40) per gli uomini
Circonferenza della vita (cm) Q} ~AQ} > 88 (> 35) per le donne
RN
¥. o’
Glicemia a digiuno (mg/dL [mmol/L]) R =100 (= 5,6)
e 2
\v Qv
Pressione arteriosa (mmHg) 00 Q&Q’ = 130/85
Va \
S
Trigliceridi, a digiuno (mg/dL [mmol/L]) Q\é (\Q}Q’ =150(=1,7)

O O
AN O . -
Colesterolo lipoproteine ad alta d%@é&wﬁ} (mg/dL [mmaol/L]) <40(<1,04) per gli uomini
Q' O

<50(<1,29) per le donne
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. (5 Diabetes & Metabolic Syndrome: Clinical Research & Reviews i
Q . ELSEVIER journal homepage: www.elsevier.com/locate/dsx —
N2
\(b @ The association between metabolic syndrome and polycystic ovary
- \ ‘\\(b syndrome: A systematic review and meta-analysis =
\(b ’\(b. Masoumeh Otaghi *, Milad Azami ", Ali Khorshidi ", Milad Borji ¢, Zainab Tardeh
ée ’\\
o 9
Meta-analysis of studies on the association between metabolic syndrome and polycystic ovary sy@'g%ng @cording to metabolic syndrome diagnostic criteria.
AN e
Diagnostic criteria IDF? Jss® COOK I\ @?-‘P{ﬂ\ﬂ" AHA/NHLBI¢ WHO*® Jis!
Studies (n) 16 2 2 66%4 %’ 5 3 7
OR® 241 2.80 2.08 O G}ﬂ 1.44 8.10 1.43
95%C1" 1.75-3.31 0.47—16.58 0.29-14.99.\ & .51-3.90 1.18-1.74 2.51-26.11 0.95-2.15
I 73.3% 87.9% 69.1% 00 Q\ 69.1% 0% 72.7% 75.5%
* IDF: International diabetes foundation. éﬁ‘( \06\
b 1S5 Joint scientific statement. N 0
© NCEP ATPIIL: The national cholesterol education program adult Tregfne @\ne].
4 AHA/NHLB: American Heart Association and the National Heart g e@i Blood Institute.
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Huang et al. (2010)

Bhattacharya ct al. (2011)
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Oztas et al. (2016)
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Recommendations from the 2023 international o . 6,\\'
evidence-based guideline for the assessment and . (b,(\ %\
management of polycystic ovary syndrome (&\
Robel::J.Normln, g &@ . %\
etworl \e i \\\'
. : , o’ &
1.9 Impaired glucose tolerance and type 2 diabetes risk A2 D
1.9.1 EBR  Healthcare professionals and women with PCOS should be awﬁ}} Qﬁuregardless of age and BMI, women with ool
PCOS have an increased risk of impaired fasting glucose, im{4ir ucose tolerance, and type 2 diabetes. 100,
1.9.2 EBR  Glycaemic status should be assessed at diagnosis in all aé?z%s @3‘3 adolescents with PCOS. PG
\Q) (\:0 L] @)
1.9.3 CR Glycaemic status should be reassessed every 1-3 {@s, @?&d on additional individual risk factors for diabetes. ool oy
1.9.4 CR Healthcare professionals, women with PCO%’SX& %fﬁ\er\stakeholders should prioritize preventative strategies to G ale e
reduce type 2 diabetes risk. N A\
1.9.5 CR Funding bodies should recognize that l\@)\S{{b\\lghly prevalent, has significantly higher risk for diabetes, and Qoo s
should be funded accordingly. o,‘\\’ D_O
1.9.6 CR Diabetes general population gui@ﬁes\éa\ould consider the inclusion of PCOS as an independent risk factor for PG
diabetes. 20 0{9
1.9.7 PP Healthcare professionals,‘@ t@ﬁ‘d adolescents with PCOS and their first-degree relatives should be aware of the
increased risk of diabetgsNndghe need for regular glycaemic assessment.
1.9.8 PP Women with type 1 @3 %ﬁ% 2 diabetes have an increased risk of PCOS, and screening should be considered in
individuals with&%&;e
NN
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Glycaemic testing ((§\(b\ N\
1.9.9 EBR  Healthcare professionals and women with PCOS should reco ndcﬁ;:a 75-g oral glucose tolerance test (OGTT) Geep G
as the most accurate test to assess glycaemic status in PCOS g?‘@ess of BMI. +100]0)
1.9.10 EBR If an OGTT cannot be performed, fasting plasma gluc %n%t& glycated haemoglobin (HbA1c) could be DI
considered, noting significantly reduced accuracy. ) OO0
1.9.11 EBR An OGTT should be considered in all women wi ©and without pre-existing diabetes, when planning ool
pregnancy or seeking fertility treatment, given t@ iglorisk of hyperglycaemia and the associated comorbidities in OO0
pregnancy. If not performed preconception, a@ 7! could be offered at the first prenatal visit and all women with
PCOS should be offered the test at 24-29@}1{e19%estation.
1.9.12 PP Insulin resistance is a pathophysmlogl@?n%s@r in PCOS; however, clinically available insulin assays are of limited
clinical relevance and are not reco en\@ in routine care (refer to 3.1.10).
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Pharmacological Management O\’b X
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TasLE 1: Effect of different treatments on impaired glucose tolerance and impai&@” ,tg}"l%g glucose in women with polycystic ovary
syndrome. o” %
Y \Q}% 6@
Intervention Impaired glucose tolerance (IGT) ,ﬂ}. \Q} Impaired fasting glucose (IFG)
——
Lifestyle 6& &)
.9
modifications Improved (28, 29, 33, 34) & & Improved (28, 29, 33, 34)

(i) Improvement in 2-hour glucose levels @he@ @GTT
Metformin (46, 47) V. &
(ii) Reversion from IGT to normal gl%&gé &cﬂ%rance (47)
N

Reduction in fasting glucose levels compared to placebo
(42)

Reduction in fasting glucose levels compared to placebo

Thiazolidinediones Reversion from IGT to normalcgﬁl\coq’@(qolerance (60)
NN

(58)
SGLT2i Neutral e ﬁ Neutral effect (61)
GLP-1 RA Improved with the co@la\@ﬁm of liraglutide and Improved with the comblpatlon of liraglutide and
metfpr (62) metformin (62)
DPP4i Improved with tl{lzﬁro b\ir.lation of saxagliptin and Improved with the combir.lation of saxagliptin and
Q} g}brmm (63) metformin (63)
Inositol \QQ \@hproved (78) Improved (78)
o2
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The Potential Utility of Tirzepatide for the Management of o
Polycystic Ovary Syndrome (50@
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SURPASS 1 SURPASS 2 SURPASS 3 P 4 SURPASS 5
Tirzepatide Vs Tirzepatide Vs Tirzepatide Vs e Vs Tirzepatide Vs
Placebo Semaglutide Insulin deglude; olns@! glargine Pl{!oabo i
Baseline Insulin glargine

Bodyweight 8788.2) B5.4|84.8  92.5|04.8] 83.8| 96.7 94.5|94.3|9\~(b4.3@0| 9071901 90.3  85.8)94.8| 96] 84.2
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® Polycystic ovary syndrome

CrossMark

Anju E Joham, Robert | Norman, Elisabet Stener-Victorin, Richard S Legro, Stephen Franks, Lisa | Moran, Jacqueline Boyle, Helena | Teede

2003 Rotterdam criteria® endorsed by NIH* and international evidence-based PCOS

guidelines
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Figure 3: PCOS diagnostic criteria and phenotypes \\>U O{\
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Ask fal M monitor at each visit.
$ Sl
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Step 2: Glucose scerening (‘w*ormed by risk)

Medium risk High risk

PCOS qR| q PCOS +other diabetes risk factors | Pre-conception or early pregnancy
HbA: ast\lég ucose, every Jyears | OGTT every 1-3 years OGTT and repeat at 24-28 weeks
4NN
8 &

)Q) 6\ Step 3: Check blood pressure
>

Q)Q At least annually

N

Step 4: Lipid screening

At diagnosis in overweight or overweight women
Repeat based on risk

Obstructive sleep apnoea (05A) should be considered

Screen and treat only if symptomatic
No overall metabolic benefit in treating OSA

Lancet Diabetes Endocrinol 2022;10:668-80
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Patterns of Glycemia in Normaf Pregnancy
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