
P
f
S

L
a

b

c

a

A
R
R
A

K
P
M
I

1

e
t
a
t
(
s
h
w

f

C

h
0

Maturitas 81 (2015) 398–405

Contents lists available at ScienceDirect

Maturitas

jou rn al hom ep age: www.elsev ier .com/ locate /matur i tas

roposed  criteria  for  the  identification  of  polycystic  ovary  syndrome
ollowing  menopause:  An  ancillary  study  of  the  Brazilian  Longitudinal
tudy  of  Adult  Health  (ELSA-Brasil)�
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Objectives:  To  propose  plausible  criteria  with  which  to  identify  menopausal  women  with  PCOS.
Study  design:  A  cross-sectional  study  involving  the  baseline  data  of 713  menopausal  women  at  admission
to  the  Brazilian  Longitudinal  Study  of  Adult  Health  (ELSA-Brasil)  in  Salvador,  Bahia,  Brazil.
Main  outcome  measures:  PCOS  was  identified  by the  presence  of  two of  three  criteria.  (1)  A  history  of amen-
orrhea  or  oligomenorrhea  (OL)  (regular  intermenstrual  intervals  ≥35  days  during  reproductive  life);  (2)
clinical or biochemical  hyperandrogenism  (HA),  identified  by a score  ≥5  points  in  a  hirsutism  question-
naire  constructed  and  validated  for  women  in this  age  group,  or  total  or free  testosterone  ≥the  95th
percentile  for women  considered  normal;  (3)  insulin  resistance  (IR)  (a  homeostatic  model  assessment
[HOMA]  index  ≥ 2.2). Validation  was performed  using  probable  epidemiological  endpoints.
Results:  According  to these  criteria,  7.6%  of the  women  in  the  sample  had  PCOS.  Of  these,  7.4%  had  HA  and
OL,  72.2%  had  HA  and  IR,  14.8%  had  OL and IR  and  5.6%,  had  HA,  OL and  IR. Women  with PCOS  were  younger,
had  had  fewer  pregnancies  and  entered  menopause  earlier.  Positive  associations  were  found  between

PCOS  and  overweight  (PR:  1.31;  95%CI:  1.18–1.46),  obesity  (1.44;  1.01–2.06),  carbohydrate  metabolism
disorders  (impaired  glucose  tolerance  and  diabetes  mellitus)  (1.30;  1.03–1.65),  and  with  diabetes  alone
(1.41;  0.83–2.39),  although  this  latter  association  failed  to reach  statistical  significance.
Conclusion:  The  women  selected  in  accordance  with  these  criteria  had  the  characteristics  of  PCOS  that
are  not  only  expected,  but  also  widely  associated  with  this  disorder.

©  2015 Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Polycystic ovary syndrome (PCOS) is the most common
ndocrinopathy in women of reproductive age, with a prevalence
hat ranges from 2 to 15% [1,2]. Oligoovulation, hyperandrogenism
nd ovaries with a polycystic appearance characterize the condi-
ion. Strongly associated with obesity and type 2 diabetes mellitus
T2DM), its association with dyslipidemia and arterial hyperten-

ion is positive albeit less intense. On the other hand, the syndrome
as been associated with diverse cardiovascular risk factors [3] and
ith subclinical vascular disease [4].

� This study was  conducted at the Federal University of Bahia’s Research Center
or  the ELSA-Brasil Longitudinal Study, Salvador, Bahia, Brazil.
∗ Corresponding author at: Rua Basílio da Gama, s/n, Campus Universitário do
anela, 40110-040 Salvador, Bahia, Brazil. Tel.: +55 7132837422.

E-mail address: ligiagabrielli@uol.com.br (L. Gabrielli).

ttp://dx.doi.org/10.1016/j.maturitas.2015.04.013
378-5122/© 2015 Elsevier Ireland Ltd. All rights reserved.
Nevertheless, demonstrating an increase in the occurrence of
cardiovascular events in women with PCOS has proven diffi-
cult, with various hypotheses having been formulated to explain
this apparent paradox. First, these events usually occur after
menopause, a time at which identifying PCOS is no easy task. The
cessation of menstruation and a reduction in hyperandrogenism
and in the polycystic appearance of the ovaries, in addition to
the inexistence of validated and established standards with which
to evaluate serum testosterone levels or to quantify body hair in
menopausal women  makes diagnosis of the syndrome at this time
of life difficult [3,5]. Secondly, improvements in the syndrome in
the final reproductive years may  contribute toward reducing these
women’s cardiovascular risk [6]. Regular menstruation and fertility
after 35 years of age is not uncommon, sometimes accompanied

by a reduction in hyperandrogenism [7,8]. A third explanation
may  concern the existence of a protective factor inherent to these
women [5,9] that could diminish the risk factors associated with
this condition. Nevertheless, some features of the syndrome have

dx.doi.org/10.1016/j.maturitas.2015.04.013
http://www.sciencedirect.com/science/journal/03785122
http://www.elsevier.com/locate/maturitas
http://crossmark.crossref.org/dialog/?doi=10.1016/j.maturitas.2015.04.013&domain=pdf
mailto:ligiagabrielli@uol.com.br
dx.doi.org/10.1016/j.maturitas.2015.04.013
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een shown to remain after menopause. The high serum testos-
erone levels and the polycystic morphology of the ovaries serve as

arkers of a risk of coronary disease or an increase in the extent of
oronary disease [10,11]. Higher testosterone levels are common
n menopausal women with PCOS whose ovaries continue to have

 polycystic appearance [12].
Only one study on the prevalence of PCOS in the menopause

as identified [5]. That paper reported a rate of PCOS of 6.7% in
 small sample of unselected women using the Rotterdam crite-
ia, which are recommended for women of reproductive age [3].
o avoid using diagnostic criteria defined specifically for younger
omen and aiming at incorporating characteristics related to the
hysiopathology of the syndrome into the diagnosis, a group of

nvestigators proposed and tested what they refer to as a puta-
ive phenotype for PCOS in the menopause. Those investigators
eported an association between some components of this pheno-
ype and cardiovascular disease and the distinct hormone profile
xpected in women with PCOS [13,14].

For women of reproductive age, the Androgen Excess Society
ecommends including hyperandrogenism as a basic component
or a diagnosis of PCOS [15]. The phenotypes proposed consist of

 combination of hyperandrogenism, menstrual dysfunction and
varies with polycystic morphology, with those investigators sug-
esting that diagnosis of the syndrome should potentially signal
he risk of insulin resistance (IR) and its resulting metabolic abnor-

alities. Those who oppose the inclusion of hyperandrogenism as
n obligatory diagnostic criterion argue that phenotypes without
his component may  equally predispose to IR and its consequences
16]. Although not yet obligatory in defining PCOS in women of
eproductive age, IR, in addition to being an important patho-
hysiological element, has been taken into consideration when
henotypes for the identification of the syndrome are proposed
13,17].

Until long-term longitudinal studies are conducted to monitor
omen with PCOS, estimates of the risk of cardiovascular events in

hese women can only be made by identifying the diagnostic crite-
ia appropriate for the postmenopausal phase. Since not all women
ith PCOS are diagnosed during their reproductive life, [18] iden-

ifying them at any stage in their lives may  raise awareness of the
isks to which they are exposed, enabling specific recommenda-
ions to be made and healthcare interventions to be implemented,
ith subsequent consequences for prognosis [3].

The aim of the present study was to propose and validate plausi-
le criteria for identifying postmenopausal women with PCOS that
ould be used within the context of epidemiological research.

. Methods

.1. Study population

This study was conducted with female staff members of the
ederal University of Bahia, one of the centers included in the Longi-
udinal Adult Health Study (ELSA-Brasil) [19]. ELSA-Brasil involves

 total of 8212 women and 6893 men  recruited at six different
enters. The objective was to form a cohort that would be moni-
ored through telephone interviews and periodic visits to the study
enters for further exams and interviews. T2DM and cardiovascu-
ar disease were among the principal endpoints of the ELSA-Brasil
tudy, and the data accumulated from this study now form a major
esearch platform.
.2. Criteria proposed

Criteria were proposed based on the assumption that andro-
enic manifestations and menstrual disturbances constitute
 81 (2015) 398–405 399

essential elements by which to diagnose the syndrome and also
on the pathophysiological importance of IR, a component expected
to be common in women with PCOS in the age range of interest and
that predisposes to cardiometabolic abnormalities. The study then
proposed to identify PCOS in any menopausal women with two of
the following three features: (a) clinical or biochemical hyperan-
drogenism; (b) menstrual dysfunction; and (c) IR. In this way, four
phenotypes, all, in principle, considered plausible, were identified,
as follows:

1. Hyperandrogenism Oligo/amenorrhea
2. Hyperandrogenism Insulin resistance
3. Oligo/amenorrhea Insulin resistance
4. Hyperandrogenism Oligo/amenorrhea Insulin resistance

Oligo/amenorrhea was defined as a customary intermenstrual
period ≥ 35 days. Hyperandrogenism was defined as a score ≥ 5
in the Hirsutism Questionnaire (Hirsuta), validated for use in this
population [20] or total or free testosterone levels at or above the
95th percentile of the women  in this study who were menopausal,
not oligomenorrheic, not infertile and who had no known pre-
vious diagnosis of PCOS. IR was  considered to be present in
women with a homeostasis model assessment (HOMA) index ≥ 2.2,
obtained using the formula: fasting insulin (mU/l) × fasting glucose
(mmol/l)/22.5 [21]. This cut off point was  defined for this study
population following evaluation of the receiver operating charac-
teristic (ROC) curve in which the results of the glucose tolerance
test and the HOMA index were compared (sensitivity 60%, speci-
ficity 71.1%, correctly classified tests 70% and overall performance
of the test 0.7256). This value corresponds to the 75th percentile of
the non-obese and non-diabetic study population [22].

With the objective of comparing the group identified using
the proposed criteria with women of reproductive age with
PCOS, premenopausal women with both menstrual dysfunction
and hyperandrogenism, defined according to the same criteria
described above using total and free testosterone levels, were iden-
tified and the 95th percentile was  calculated for this group of
women. This selection process is in agreement with the criteria
recommended by the National Institutes of Health in 1990.

2.3. Validation of the criteria

The proposed criteria were applied to the menopausal women
with these phenotypes identified at admission to the ELSA-Brasil
study. Women  were considered menopausal if they had been
amenorrheic for at least a year and had follicle-stimulating hor-
mone (FSH) levels ≥25 mIU/ml. Women  currently in use of oral
contraceptives or testosterone were excluded from the study. None
of the participants was in use of corticosteroids.

To validate these criteria, the case group was compared with
the non-case group with respect to the occurrence of probable out-
comes such as overweight, obesity and disorders of carbohydrate
metabolism, i.e. glucose intolerance together with type 2 diabetes
mellitus (T2DM) or T2DM alone.

Overweight was defined as body mass index (BMI) ≥ 25 and obe-
sity as BMI  ≥ 30. T2DM was  defined as being present in women:
(a) reporting diabetes, in use of diabetes drugs, with two abnor-
mal  tests; (b) either reporting diabetes or in use of drugs, with at
least one abnormal test; or (c) reporting diabetes, in use of drugs,
with normal tests. In addition, T2DM was considered to be present
in those women with (d) no previous diagnosis, not using drugs,
but with at least two abnormal tests. Women with a history of

type 1 diabetes were excluded from the study. For a diagnosis
of T2DM, fasting glucose > 126 mg/dl, glycated hemoglobin ≥ 6.5%
and a glucose tolerance test > 200 mg/dl at 120 min were required
[23]. This same test was used to identify women with glucose
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ntolerance, which was defined as glucose levels >140 and
200 mg/dl at 120 min  after a 75-g oral glucose load [24].

.4. Biochemical tests

Blood samples were centrifuged for 30 min  and the separated
erum was stored at −80 ◦C until hormone measurement. Fasting
lucose, 2-h glucose following a 75-g glucose load and insulin test-
ng were performed in plasma samples. FSH, luteinizing hormone
LH) and sex hormone-binding globulin (SHBG) were measured
sing a chemiluminescence immunoassay technique (Immulite
000, Siemens Healthcare Diagnostics Products, Llamberis, United
ingdom). Total testosterone was also measured using a chemi-

uminescence immunoassay (Architect 2000, Abbott Laboratories,
L, USA). Free testosterone levels and the free androgen index were
alculated based on testosterone and SHBG levels, using the Ver-
eulen equation for the former and the formula (T/SHBG) × 100

both in nmol/l) for the latter.

.5. Data analysis

In accordance with the normality of distribution, means or
edians were calculated with measures of dispersion (standard

eviation [SD] or interquartile range [IQR]), and Student’s t-test or
he Mann–Whitney test was used. Some variables were classified
sing traditional cut-off points or by taking the median calculated
rom the data in the present study into consideration. When it
as not possible to use the chi-square test, this was  substituted

y Fisher’s exact test, as appropriate. Some variables with more
han two categories were analyzed using Cuzick’s test for trend.

To study the association between PCOS and the selected
ndpoints, the high prevalence rates of these outcomes in this
opulation were taken into consideration, and Poisson regression
as used [25,26]. Co-variables such as age, education, oral con-

raceptive use and physical activity were taken into consideration
n adjusting all the models. Furthermore, overweight and obesity

ere evaluated as co-variables when the outcomes were associ-
ted with glucose intolerance and T2DM. To construct the model,
he variables were selected based on theory, on the results of the
tratified analysis and using backward procedures in which those
hat changed the principal association by at least 10% remained
n the final model. Prevalence ratios (PR) were calculated, together

ith their respective 95% confidence intervals (95%CI). Goodness of
t tests were performed on the final models (Hosmer–Lemeshow
nd Kolmogorov–Smirnov). All the statistical analyses were con-
ucted using the Stata software program, version 12.0 (StatsCorp,
ollege Station, TX, USA).

.6. Ethical aspects

As a multicenter study, the ELSA-Brasil study protocol was  sub-
itted to and approved by the Brazilian National Ethics Council

CONEP), as well as by the internal review boards of all the par-
icipating institutes. This study in particular was approved by the
nternal review board of the Collective Health Institute, Federal
niversity of Bahia.

. Results

Overall, 713 menopausal women were evaluated, with 72.9%
ndergoing hormone assessment and 49.4% completing the
irsutism questionnaire. When both clinical and biochemical

yperandrogenism were taken together, i.e. response to the
uestionnaire and hormone analysis, data were obtained on hyper-
ndrogenism for 85.3% of the women (608/713). The mean age of
hese women was 59.2 years, with 77% describing themselves as
s 81 (2015) 398–405

black or brown-skinned according to the Brazilian Institute of Geog-
raphy and Statistics (IBGE) classification. In relation to education
level, 53.4% of these women had completed high school, while 42%
had graduated from university and 24.4% were postgraduates. The
mean BMI  of the study population was  27.8 kg/m2, with 70.7% being
overweight and 28% obese. T2DM was identified in 16.3% of the
women and glucose intolerance in 37.8%, with 72% and 8.6%, respec-
tively, currently being treated with oral hypoglycemic agents. None
of the participants had testosterone levels suggestive of ovarian
tumors or untreated adrenal hyperplasia.

According to the proposed criteria, 7.6% of the menopausal
women were identified as having PCOS, with 7.4% fitting phenotype
1, 72.2% phenotype 2, 14.8% phenotype 3 and 5.6% phenotype 4. The
participants with PCOS were younger, had had fewer pregnancies
and reached menopause at an earlier age. Their body weight, BMI
and waist circumference were greater than those of the women
without the criteria defined in this study. They had higher fasting
and 2-h glucose levels, higher fasting insulin levels and, conse-
quently, a higher HOMA index. Total cholesterol and high-density
lipoprotein (HDL) cholesterol were lower and C-reactive protein
was higher. Unlike SHBG, total and free testosterone levels and
the free androgen index were much higher in these women than
in those not classified as having PCOS. The LH/FSH ratio was also
found to be much higher in the women affected by the syndrome.
No significant differences were found in relation to height, to the
waist-to-hip ratio or glycated hemoglobin, LDL cholesterol or arte-
rial blood pressure (Table 1).

Similar results were found for the premenopausal women, with
measurements being similar to those found in the postmenopausal
participants and no statistically significant differences between the
groups. Nevertheless, there were differences in some measure-
ments such as total cholesterol, HDL cholesterol and the LH/FSH
ratio. Tests comparing the pre- and postmenopausal women with
PCOS showed these groups to be similar in the majority of the
parameters evaluated (Table 1).

The participants with phenotypes defining PCOS not only had
higher total testosterone levels and a higher HOMA index, but a
gradient was found for both variables, with mean values increas-
ing as a function of the number of criteria present (p = 0.00). Other
characteristics related to the health of the women  with PCOS also
varied according to the number of criteria present, with tests for
trend being significant through the strata (Table 2). The boxplots
show how testosterone, HOMA and C-reactive protein varied posi-
tively with the number of criteria, whereas HDL-cholesterol varied
negatively (Fig. 1).

The categorical analysis confirmed that the menopausal women
identified as having PCOS in accordance with the defined crite-
ria compared to those who  did not fit into this definition tended
to belong to the younger age groups of this population and were
more likely to have a university degree. These women reached
menopause earlier, were more likely to be overweight and had a
waist circumference above the recommended size for women. As
expected, IR was more common in the women with PCOS com-
pared to those unaffected by this syndrome, particularly in the more
severe categories. No significant differences were found between
the two  groups insofar as skin color was  concerned. Likewise, the
data showed no differences with respect to hypertension. Two-
hour glucose levels were higher, although not significantly so, in
the group of women  with PCOS (Table 3).

Symptoms associated with the criteria used were more common
among women fitting the proposed definition of PCOS compared to
the remaining participants. Nevertheless, the differences between

the groups with respect to infertility rates or a previous diagnosis
of PCOS were not statistically significant (Table 4).

Significant positive associations were found between PCOS and
overweight, obesity and disorders of carbohydrate metabolism. In
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Table  1
Characteristics of female staff members at the Federal University of Bahia participating in a cohort of the ELSA-Brasil study. Polycystic ovary syndrome was identified in
accordance with the criteria recommended by the National Institutes of Health for premenopausal women and by the criteria proposed in this study for postmenopausal
women. Salvador, Brazil, 2008–2010.

Variables Postmenopausal Premenopausal

PCOSa No PCOS Statistical test PCOS No PCOS Statistical test

n = 54 n = 659 Postmenopausal
PCOS/No PCOS

n = 24 n = 451 Premenopausal
PCOS/No PCOS

PCOS pre/post-
menopause

Median (IQR)b Median (IQR) Mann–Whitney Median (IQR) Median (IQR) Mann–Whitney

Age (years) 58 (8) 59 (10) 0.0164 48 ((14) 46 (8) 0.8882 0.0000
Number of

pregnancies
2 (2) 3 (2) 0.0322 2(2) 2 (2) 0.5194 0.2284

Age  at menopause 45 (9) 48 (8) 0.0085 – – – –
Fasting glucose

(mg/dl)
111.5 (25) 106 (17) 0.0037 105.5 (16) 101 (12) 0.0234 0.0573

2-h  glucose (mg/dl) 149 (73) 133 (62) 0.0529 136 (68) 120 (42) 0.0103 0.4090
HbA1c (%) 5.5 (0.9) 5.3 (0.8) 0.2937 5.1 (1.0) 5.0 (8.0) 0.5787 0.0197
Insulin (�U/ml) 12.2 (5.6) 5.5 (5.9) 0.0000 6.1 (11.3) 5.5 (6.6) 0.2055 0.0015
HOMA-IR 3.4 (2) 1.5 (3.7) 0.0000 1.7 (2.95) 1.4 (1.75) 0.0982 0.0011
Total  cholesterol

(mg/dl)
217 (66) 233 (60) 0.0235 220.5 (51) 216 (50) 0.9403 0.9482

HDL  cholesterol
(mg/dl)

56 (18) 63 (20) 0.0000 60.5 (16.5) 61 (20) 0.8965 0.0290

LDL  cholesterol
(mg/dl)

130 (56) 143 (53) 0.2214 137.5 (42.5) 130 (45) 0.8114 0.7576

Triglycerides
(mg/dl)

130.5 (66) 116 (73) 0.0955 98.5 (94) 96 (67) 0.9762 0.0299

C-reactive protein
(mg/l)

2.7 (4.6) 2.0 (2.9) 0.0396 2.8 (3.8) 1.31 (2.4) 0.0110 0.8810

Total  testosterone
(ng/dl)

39.5 (34) 19 (15) 0.0000 43.5 (16) 23 (16) 0.0000 0.2852

Free  testosterone
(pg/ml)

8.1 (7.4) 2.9 (2.5) 0.0000 6.5 (3.4) 3.0 (2.5) 0.0000 0.8049

Free  androgen
index

5.3 (4.8) 1.5 (1.6) 0.0000 3.7 (2.1) 1.5 (1.5) 0.0000 0.4231

SHBG (nmol/l) 32.8 (23) 43.5 (27) 0.0002 42.1 (26) 51.7 (34) 0.1833 0.0237
LH/FSH ratio 0.5 (0.2) 0.4 (0.2) 0.0203 0.6 (0.9) 0.6 (0.6) 0.7350 0.0112
Systolic blood

pressure
(mm  Hg)

125.8 (29.5) 127 (25.5) 0.9696 119.8 (26.8) 115.0 (22.5) 0.0795 0.2936

Diastolic blood
pressure
(mm  Hg)

78.3 (12.5) 77 (13) 0.3042 74.3 (15.8) 74.5 (14) 0.2096 0.9568

Mean (SD) Mean (SD) Student’s t-test Mean (SD) Mean (SD) Student’s t-test

Weight (kg) 72.8 (10.7) 68.2 (13.1) 0.0122 72.2 (13.4) 64.5 (13.8) 0.0571 0.8291
Height (m)  1.58 (0.1) 1.57 (0.1) 0.8969 1.61 (0.1) 1.6 (0.0) 0.5874 0.0102
BMI c (weight/height2) 29.6 (4.5) 27.7 (4.9) 0.0051 28.1 (5.3) 26.1 (4.9) 0.0578 0.2042
Waist circumference (cm) 95.8 (12.5) 91.2 (12.7) 0.0114 92.4 (12.4) 86.1 (11.5) 0.0103 0.2708
Waist-to-hip ratio 0.89 (0.1) 0.88 (0.1) 0.2102 0.88 (0.0) 0.84 (0.0) 0.0082 0.4083

a Polycystic ovary syndrome.
b Interquartile range.
c Body mass index.

Table 2
Mean values obtained for the postmenopausal university workers participating in the ELSA-Brasil cohort. Data distributed in accordance with the number of criteria present
and  the polycystic ovary syndrome phenotypes based on the proposed definitions (n = 713). Salvador, Brazil, 2008–2010.

Number of criteria present 0 1 2 3 p-Valuea

n = 385 n = 274 n = 51 n = 3

Age 59.5 59.2 56.7 58.3 0.045
BMIb 26.6 29.1 29.5 30.7 0.000
Waist  circumference 88.2 95.4 95.7 97.1 0.000
Fasting glucosec 109.1 124.6 119.5 108.7 0.000
Fasting insulind 4.0 11.1 14.6 10.2 0.000
HOMAe 1.1 3.4 4.4 2.7 0.000
HDL  cholesterolf 67.9 59.9 55.2 53.0 0.000
Systolic blood pressure (mm  Hg) 129.0 129.8 130.5 121.3 0.582
Diastolic blood pressure (mm  Hg) 76.7 77.8 79.4 71.3 0.077

a Cuzick’s test for trend.
b Body mass index (weight/height2).
c mg/dl.
d �U/ml.
e Homeostasis model assessment.
f High density lipoprotein cholesterol.
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Fig. 1. Relevant health features in women with polycystic

he stratified analysis, age significantly modified the association
ith overweight and with disorders of carbohydrate metabolism.
one of the other co-variables evaluated changed the crude asso-
iations of the previously established limit; therefore, they were
ot included in the models. The past use of oral contraceptives

ailed to reach this limit, but was included in the models related
o weight, since it was shown to be associated with these variables
nd because the association is theoretically plausible.

PCOS, as defined here, was positively and significantly associ-
ted with overweight following adjustment for age and the use
f oral contraceptives. It was also associated with disorders of
arbohydrate metabolism (glucose intolerance and T2DM) when
djusted for age, and with obesity in an unadjusted model. A pos-
tive association was found with T2DM alone; however, this did
ot reach statistical significance. In the group of premenopausal
omen, an association was found between PCOS and overweight

nd with T2DM alone, when controlled for age, or when analyzed
ogether with glucose intolerance (Table 5).

. Discussion

In line with the body of evidence available in the international
iterature on PCOS, this study proposes a set of criteria with which
o identify the syndrome after menopause, with results showing
hat these criteria successfully selected a group of women with
haracteristics that were expected and strongly associated with
COS.

Adding IR to menstrual dysfunction and hyperandrogenism,

riteria already traditionally acknowledged for a diagnosis of PCOS
n premenopausal women, introduced an element known to be
ssociated with the syndrome and held by many as a crucial com-
onent in potentiating the risks associated with this condition
 syndrome according to the number of diagnostic criteria.

following menopause [17,27]. It is not simply a case of identifying
women with IR, but, rather, a sub-group of women with their own
characteristics who have an additional factor, hyperandrogenism,
that when associated with IR, potentiates cardiometabolic risks
[28]. Data from the Study of Women’s Health across the Nation
(SWAN) show a strict correlation between the HOMA index and
testosterone levels following adjustment for BMI  [29]. The present
study identified a group of women  in whom IR, hyperandrogenism
and excess weight are highly prevalent.

The prevalence of IR in the women  identified as having the crite-
ria for PCOS was greater. In addition, C-reactive protein levels were
higher and HDL levels were lower, indicating an atherogenic profile
that is associated with increased cardiovascular risk. The presence
of high testosterone levels has been shown to be an important factor
that is strongly associated with subclinical cardiovascular disease.
In the Multi-Ethnic Study of Atherosclerosis (MESA), an evaluation
conducted with menopausal women showed a positive correlation
between carotid intima-media thickness and testosterone levels
irrespective of insulinemia, suggesting subclinical atherosclerosis
[28]. The similarities found here with the group of women  of
reproductive age with PCOS, selected in this study using consol-
idated criteria, strengthen the power of the proposed phenotypes
to identify postmenopausal women  with this syndrome. The dif-
ferences found between these groups may  be due to the older age
of the menopausal women, in whom IR was more common than
in the younger group. The age-dependent decline in the sensitiv-
ity of the peripheral tissues to insulin is well established, even
when body weight is normal, [30]. Investigators have shown how

hyperinsulinemia and IR are more relevant in older compared to
younger women with PCOS, highlighting the importance of this
phenomenon in the phenotype of the syndrome in older women
[31].
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Table  3
Prevalence of polycystic ovary syndrome according to sociodemographic, clinical and biochemical characteristics in female staff at the Federal University of Bahia participating
in  the ELSA-Brasil cohort, identified according to the criteria proposed for a diagnosis of PCOS in menopause (n = 713). Salvador, Brazil, 2008–2010.

Characteristics n = 713 Prevalence of PCOSa p-Value

(%) (95% CI)

Age 0.218
35–54  years 175 9.71 (5.76–15.10)
55–74 years 538 6.88 (4.89–9.36)

Race/skin colorb 0.466
Black  242 5.4 (2.89–9.01)
Brown 290 8.6 (5.66–12.46)
White  135 8.9 (4.68–15.01)
Yellow 11 9.1 (0.22–41.25)
Indigenous 13 15.4 (1.92–45.45)

Years of schooling 0.039
<11  years 109 2.8 (0.57–7.83)
≥11  years 604 8.4 (6.35–10.95)

Age  at menopause 0.008
<45  years 209 12.4 (8.26–17.69)
45–49  years 218 6.9 (3.90–11.09)
>50  years 266 4.9 (2.63–8.21)

BMIc 0.007
<25  209 2.87 (1.06–6.14)
25–30 304 8.88 (5.94–12.66)
≥30  199 10.55 (6.65–15.68)

Waist  circumference 0.017
≥88  cm 280 4.64 (6.88–12.63)
<88  cm 433 9.47 (2.49–7.81)

2-h  glucosed 0.080
≥140  mg/dl 295 8.8 (5.84–12.65)
<140  mg/dl 341 5.3 (3.16–8.21)

Insulin resistancee 0.000f

Normal (<2.0) 427 0.7 (0.15–2.04)
Borderline (2.0–2.2) – –
Moderate (2.2–3.0) 90 18.9 (11.41–28.51)
Severe (≥3.0) 165 20.6 (14.71–27.59)

Blood  pressure 0.704
Normal 223 7.2 (4.16–11.39)
Prehypertension 286 7.0 (4.32–10.59)
Hypertension 202 8.9 (5.37–13.71)

a Polycystic ovary syndrome.
b Accord ing to the classification defined by the Brazilian Institute of Geography and Statistics (IBGE).
c Body mass index (weight/height2).
d Measured 2 h following a 75 g oral glucose load, in mg/dl.
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Table 4
Prevalence of components of the proposed criteria for the identification of poly-
cystic ovary syndrome in the menopause in female staff members of the Federal
University of Bahia participating in the ELSA-Brasil cohort (n = 713). Salvador, Brazil.
2008–2010.

Components PCOS (%) No PCOS (%) p-Value

Oligomenorrheaa 27.8 2.5 0.000
Hirsutismb 80.0 15.1 0.000
Total testosteronec 28.3 2.5 0.000
Free testosteronec 41.3 1.5 0.000
Free androgen index 34.8 2.1 0.000
Insulin resistanced 94.3 30.8 0.000

a Intermenstrual interval ≥ 35 days.
b ≥5 points on the hirsutism questionnaire.
c

e HOMA (homeostasis model assessment).
f Fisher’s exact test.

The questionnaire administered at baseline in the ELSA-Brasil
tudy failed to obtain data on previous dysfunctional uterine bleed-
ng, a common occurrence in anovulatory women, thus reducing
he possibility of identifying participants with menstrual dys-
unction. Identifying these cases more accurately would probably
educe the proportion of participants with the other phenotypes. It
s important to emphasize possible limitations in the data obtained
n the menstrual characteristics of these postmenopausal women
s a result of possible recall bias, once these women  had not been
enstruating for at least one year at the beginning of the study.

ince it was not possible to perform pelvic ultrasonography, the
nclusion of ovarian morphology in the proposed criteria was  not
ogitated. It is known that, even after menopause, the ovaries of
omen with PCOS may  retain a polycystic appearance and that
omen with this characteristic tend to have a hyperandrogenic
ormone profile [12].

The present data confirm that the severity of PCOS is cumulative,
.e. the more diagnostic criteria present, the greater the associa-
ions with metabolic or cardiovascular health risk factors [13,14].
COS is a heterogenic syndrome with various signs, symptoms and

ormonal markers that classify its severity based on the number of
omponents presented [3].

The criteria proposed here were able to identify women
ith PCOS and can be used in population-based studies. These
≥95th percentile of women considered healthy.
d HOMA (homeostasis model assessment) ≥ 75th percentile of non-obese and

non-diabetic women.

women had an increased risk of excess weight and disorders of
carbohydrate metabolism, with a potential increased risk of car-
diovascular disease, the major endpoint in the evaluation of PCOS

in menopausal women. The longitudinal follow-up of these par-
ticipants of the ELSA-Brasil study will allow these criteria to be
consolidated, adding to what is already known on the health of this
group of women.
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Table  5
Association between polycystic ovary syndrome and probable outcomes in pre- and post-menopausal female staff members at the Federal University of Bahia participating
in  the ELSA-Brasil cohort (n = 713). Salvador, Brazil, 2008–2010.

Outcomes Post-menopausal women  Pre-menopausal women

Prevalence (%) PR 95%CI Prevalence (%) PR 95%CI

BMIa ≥ 25 kg/m2 6.80 6.56
Crude 1.29 (1.16–1.43) 1.32 (0.98–1.77)
Adjustedb 1.31 (1.18–1.46) 1.34 (1.02–1.77)

BMIa ≥ 30 kg/m2 9.09 7.84
Crude 1.44 (1.01–2.06) 1.60 (0.88–2.89)
Adjustedb 1.41 (0.96–2.06) 1.64 (0.91–2.97)

Glucose intolerance and T2DMc 6.71 9.02
Crude 1.30 (1.03–1.65) 1.74 (1.13–2.66)
Adjustedd 1.42 (1.13–1.79) 1.78 (1.16–2.72)

T2DM 11.21 4.17
Crude 1.41 (0.83–2.39) 0.82 (0.12–5.81)
Adjustedd 1.58 (0.93–2.67) 1.01 (0.14–7.22)

a Body mass index (weight/height2).
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b Adjusted for age and the use of oral contraceptives.
c Type 2 diabetes mellitus.
d Adjusted for age.
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