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Abstract

Objective: To verify whether aging can modify the clinical and biochemical characteristics 
of women with polycystic ovary syndrome (PCOS).
Material and methods: This observational cross-sectional study was conducted at the 
reproductive endocrinology clinics of Julio Muller University Hospital and Tropical 
Institute of Reproductive Medicine in Cuiabá, MT, Brazil, between 2003 and 2017. Both, 
796 PCOS and 444 non-PCOS normal cycling women underwent the same examination. 
PCOS was diagnosed using the Rotterdam criteria as recommended for adolescent and 
adult subjects. Anthropometric, metabolic, and endocrinological modifications with aging 
were initially examined in the two groups: control and PCOS. Further analyses were 
performed after a 5-year age stratification of data throughout the reproductive period. 
All participants signed a consent form approved by the local ethical committee.
Results: Biomarkers of adiposity were more remarkable in African descendant PCOS 
women. Body weight, waist/hip ratio, fat mass, and BMI were higher in PCOS women 
and tended to increase at all 5 age-strata, between ≤19 and 35 years of age. Serum 
androgen levels decreased with aging, markedly in PCOS subjects (P < 0.01 for all age-
strata comparisons), but remained elevated when compared with the levels found in 
controls. Carbohydrate markers, triglycerides, and total cholesterol tended to increase 
over time in PCOS (P < 0.01 for all age-strata comparisons). Total cholesterol also tended 
to increase with age in non-PCOS women (P = 0.041).
Conclusion: The present study has shown that the advancing age influences many features 
of PCOS women. Biochemical hyperandrogenism, the core criterion recommended in the 
current systems to define the syndrome, showed statistically significant tendencies to 
decrease with aging progression but did not normalize. The use of age-adjusted features 
for the diagnosis of PCOS are recommended.

Introduction

Polycystic ovary syndrome (PCOS) has a prevalence 
ranging from 5 to 20% in women of reproductive age, 
depending on the population and criteria used for making 

a definitive diagnosis (1, 2). The use of ultrasound may 
increase PCOS prevalence by two to threefold and adds two 
more phenotypes (1). As the criteria used for the diagnosis 
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of PCOS may decrease, or even normalize, during the 
reproductive lifetime, the prevalence of PCOS seems to 
decrease with age (2). The elapsed time for the appearance 
of a particular characteristic since the disease first appears 
is unknown. Menses abnormalities, polycystic ovary 
morphology, and hyperandrogenism, the most important 
features of PCOS that may even advance menarche, might 
change with age (3).

Biochemical hyperandrogenism, the clue criterion for 
the diagnoses of PCOS, seems to decrease with aging and 
this is an important issue in the clinical practice (1, 4, 5, 6). 
According the Rotterdam criteria, the ovarian morphology, 
or size, is also important for PCOS diagnoses, and it is 
known that the ovary reaches its maximum volume at 
1.2–3.8 years after menarche (7). In addition, the elapsed 
time for the ovaries acquiring the classic PCOM was not 
determined and, despite some controversy, it may vary 
among individuals and/or according to androgen levels 
(8, 9). It was shown that PCOM becomes more prevalent 
after 20 years of age (10). Therefore, for adolescents, only 
ovarian volume is used (11). Regarding menstrual cycle 
intervals or amenorrhea as results of oligo or anovulation 
(12), several studies, but not all, have reported a tendency 
for cycle normalization to occur with age, mainly in 
those women older than 30 years (13, 14, 15, 16, 17, 18). 
Thus, despite the worsening of metabolic parameters, the 
ovulatory function seems to improve in PCOS patients 
with advancing age as a consequence of the decrease in 
the follicle population (10, 12, 13, 19, 20, 21).

Because of these potential drawbacks, it was 
recently recommended that clinicians should pay close 
attention to practice guidelines regarding screening, 
diagnostic assessment, and life-stage for irregular menses 
or ovulatory dysfunction, clinical and biochemical 
hyperandrogenism for a definitive diagnosis of PCOS 
(12, 14). Therefore, because clinical, biochemical, and 
endocrine characteristics may change over time and cause 
some difficulties when attempting to standardize a PCOS 
diagnosis at different ages (22), the application of a not-
yet-established, age-adjusted criterion would be useful (2).

It is worth noting that, in addition to the possible 
modifications in the established criteria to diagnose PCOS 
with aging, other concurrent abnormal condition may 
also change with the aging process in PCOS subjects. 
Modifications in anthropometric parameters with 
advancing age may occur but the studies are scarce at 
this time (1, 4, 18, 23). Regarding lipids, total cholesterol 
(TC), low-density lipoprotein cholesterol (LDL-C), and 
triglycerides (TG) were reported to increase with aging in 
women with PCOS (4, 10, 15). Furthermore, carbohydrate 

metabolism markers may also change with age in PCOS 
women (4, 15, 18, 24). Despite design limitations, 
longitudinal (17, 18) and cross-sectional studies (13, 15, 
16, 19, 21, 24) have shown similar results.

For the reason that the majority of available data on 
the association of advancing age with PCOS characteristics 
enrolled a small sample size, they were stratified in very 
few strata and included a limited number of variables, 
the present study aims to boost and expand the current 
knowledge by assessing association of advancing age with 
the clinical, anthropometric, metabolic, and hormone 
characteristics of a large number of women with PCOS. In 
parallel, the same variables were compared and controlled 
with data obtained from non-PCOS normal cycling 
women in the same age period.

Materials and methods

Design, objective, and subjects eligibility

This observational cross-sectional study aimed to assess 
the influence of advancing age on clinical and biochemical 
features of PCOS women, and the study included 796 
women with PCOS and 444 non-PCOS normal cycling 
controls whom were seen the general and endocrinology 
clinics at Julio Muller University Hospital and the Tropical 
Institute of Reproductive Medicine in Cuiabá, MT, Brazil, 
between 2003 and 2017. The study was approved by the 
Ethical Committee of the School of Medical Sciences, 
Federal University of Mato Grosso, Brazil. Women who 
reported infertilities at one of the two Institutions whose 
final diagnosis was male or tubal infertility were included 
as control; all participants have signed a written consent 
form. PCOS and non-PCOS women were 27.4 ± 5.2 years 
and 29.3 ± 4.7 years of age, respectively (P < 0.001). In the 
control group, 393 women were Caucasian, 27 black, 
and 24 of other races. In PCOS, 580 were Caucasian, 
106 were black, and 110 of other races. For comparisons, 
non-PCOS normal cycling women were referred to the 
same protocol, including the endovaginal ultrasound to 
determine ovarian size and/or morphology. Follicle count 
was not reported because ultrasound was performed by 
different examiners and different machines over time. 
In addition, this parameter should not be used to define 
PCOM in adolescent PCOS (11, 25).

Classic 21-hydroxylase, 3β-hydroxysteroide 
dehydrogenase II (3β-HSDII) and 11β-hydroxylase 
deficiencies were excluded in the cases of 
17-hydroxyprogesterone (17-OHP4) levels ≤5 ng/mL  
(≤15 nmol/L), 17-hydroxypregnenolone (17-OHPE)  
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<0.42 ng/mL (<13.5 nmol/L), and compound S <0.8 ng/mL  
(<23 nmol/L) (26, 27). Primary hypothyroidism was 
excluded by a thyroid-stimulating hormone (TSH) level of 
≤4.2 µUI/mL and free thyroxin (fT4) level of ≤9.0 pmol/L 
(28, 29). Hyperprolactinemia was excluded when prolactin 
(PRL) levels were ≤1.1 nmol/L (30). Before analysis PCOS 
patients were also stratified in categories according to age, 
as follows: younger than 19 years, 20 to 24 years, 25 to 
29 years, 30 to 34 years, 35 to 39 years. Infertile women 
presenting normal ovulatory cycles who had non-ovarian 
(male or anatomical factors) cause of infertility were 
included as controls. Both, controls and PCOS patients 
who had used sex steroids or insulin-sensitizing drugs 
over the past 6 months or those who did not fulfill the 
Rotterdam criteria were excluded.

Definitions

In the adolescent group, the diagnosis of PCOS was 
defined by the presence of all three Rotterdam criteria 
(31). In adults, women older than 19 years, PCOS was 
diagnosed using at least two of the Rotterdam criteria 
(1). Normal menstrual cycle was defined by menstrual 
interval between 26 and 34 days. Amenorrhea was defined 
by the absence of menstrual period for ≥90 days. Frequent 
menses were defined as more than four menstrual episodes 
in a 90-day period, and infrequent menses were defined 
as menstrual cycle ≥45 days or ≤8 menstrual period in 
the past year (14, 32, 33). Biochemical hyperandrogenism 
was defined by at least one of the following criteria: 
total testosterone ≥2.1 nmol/L, free testosterone (FT) 
≥0.03 pmol/L, dehydroepiandrosterone sulfate (DHEAS) 
≥6.7 µmol/L, androstenedione (A4) ≥8.6 nmol/L, and 
free androgen index (FAI) ≥6 (27). Impaired fasting 
glucose (IFG) was defined by fasting plasma glucose 
concentration >100 mg/dL (5.5 mmol/L) or <126 mg/dL 
(7.0 mmol/L). Glucose intolerance (GI) was defined by a 
glucose concentration ≥7.8 nmol/L at 120 min after the 
ingestion of dextrose. Insulin resistance (IR) was defined 
by fasting insulin levels of >12.2 μU/mL (84.7 pmol/L) 
(34) and/or a HOMA-IR value of ≥2.7 (35). Type 2 diabetes 
mellitus (T2DM) was defined as fasting plasma glucose  
≥126 mg/dL (7.0 mmol/L) or glucose ≥200 mg/dL  
(11.1 mmol/L) at 120 min after the ingestion of dextrose.

Clinical and ultrasound evaluation

Standardized clinical screening included menstrual and 
reproductive history, measurements of blood pressure, 
presence of acne, hirsutism, and/or acanthosis nigricans, 

and anthropometric measurements. All data were 
registered in a template used in both institutions but in 
some participants a few observations were not recorded. 
Systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were measured with the study participants in a 
sitting position after at least 5 min of resting. Because 
inconsistent results due to ethnicity and inter-rater 
evaluation, the Ferriman–Gallwey score was not used 
and the clinical hyperandrogenism was registered 
as dichotomous variable, according to the patient’s 
complaints and the presence or the lack of hirsutism in 
the upper lip, chin, chest, upper or lower back, upper or 
lower abdomen, upper arms and thighs (27, 36). Ovarian 
morphology was examined by ultrasonography, using a 
vaginal transducer with a frequency of 5-8 MHz (Toshiba 
Xario SSA-660A, Toshiba Medical do Brazil LTDA, Taboão 
da Serra, SP, Brazil or Voluson® E8, GE Health Care, United 
Kingdom). Antral follicle count ≥12 follicles in at least 
one ovary and ovarian volume ≥10 cm3 were taken for 
assuming PCOM. The ovarian volume was calculated by 
the ellipsoid formula: π/6 × D1 × D2 × D3, where D1, D2, 
and D3 were taken as the maximum diameters (37). The 
ovarian volume was calculated as the mean value of the 
left and right ovary volumes.

Anthropometric measures

The subjects were weighed on an electronic scale and 
height was measured using a Harpenderstadiometer 
(Holtain Ltd., Crymych, Dyfed, UK). WC was measured 
at the midway point between the lower rib margin and 
the iliac crest, while the hip was measured at the widest 
circumference of the greater trochanters and the waist–
hip ratio (WHR) was obtained by dividing the WC by 
the hip circumference. BMI was calculated as body 
weight in kilograms divided by height in meters squared. 
Lean body mass (LBM) was calculated using the James 
equation, as follows: [1.07 × weight (kg)] − 148 × [weight 
2/(100 × height (m)] 2. Fat mass (FM) was calculated as 
body weight minus LBM. The visceral adiposity index 
(VAI) was estimated using the following equation:  
WC/[36.58 + (1.89 × BMI)] × (TG/0.81) × (1.52/HDL-C) 
(38). Lipid accumulation product (LAP) was calculated as  
[WC (cm) − 58] × [TG(mmol)] as established for women (39).

Biochemical and metabolic measurements

Blood samples were taken by cubital venipuncture between 
7:30 and 10:00 h, after 10–12 h of fasting, between the 
third and fifth days of a spontaneous menstruation or, 

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-19-0496
https://ec.bioscientifica.com	 © 2020 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-19-0496
https://ec.bioscientifica.com


S F de Medeiros et al. Changes in PCOS features with 
aging

77

PB–17

9:2

in the case of infrequent menses or amenorrhea, on any 
day regardless of the time elapsed since the last menstrual 
period; in this case, the progesterone (P4) level was used to 
certify that samples were collected in the follicular phase 
and the results were validated whenever the P4 level was 
lower than 6.3 nmol/L (30). A glucose oxidase technique 
(Beckman Glucose Analyses, Fullerton, CA, USA) was 
used to measure fasting glucose. For the oral glucose 
tolerance test (OGTT), blood samples were collected at 0, 
30, 60, 90, 120, and 180 min after the ingestion of 75 g 
of dextrose for the measurement of plasma glucose and 
insulin levels (40). Glycated hemoglobin was measured 
using the turbidimetric assay (Wiener Laboratories, 
Rosario, Argentina). Homeostatic Model Assessment 
of Insulin Resistance (HOMA-IR) and HOMA % B were 
calculated using the free HOMA 2 calculator software 
(Diabetes Trials Unit, Oxford, UK) (41). Triglycerides (TG), 
high-density lipoprotein cholesterol (HDL-C) and total 
cholesterol (TC) were measured after a 12-h overnight fast 
using an enzymatic assay (Wiener Laboratories, Rosario, 
Argentina). Low-density lipoprotein cholesterol (LDL-C) 
was calculated as TC − (HDL-C + TG/5) (42).

Hormone measurements

Serum thyroid-stimulating hormone (TSH), estradiol 
(E2), prolactin (PRL), sex-hormone-binding globulin 
(SHBG), total testosterone, DHEA, and free thyroxin 
(FT4) were measured with an electrochemiluminescence 
assay (Elecsys 1010, Roche Diagnostics GmbH). The 
intra- and inter-assay coefficients of variation were 
lower than 10% for all analytes. Serum P4 was measured 
using a chemiluminescence assay (Advia Centaur, 
Siemens Healthcare Diagnostics, UK) with a sensitivity 
of 0.7  nmol/L, coefficients of intra- and inter-assay 
variation were lower than 12 and 4%, respectively. A4, 
DHEAS, cortisol (F), and insulin were measured using a 
chemiluminescence assay with a sensitivity of 1.0 nmol/L, 
0.1 µmol/L, 0.2 nmol/L, and 2 µUI/mL, respectively 
(Siemens Medical Solution Diagnostics); the intra- and 
inter-assay oefficients of variation were 6.4 and 8.2% for 
A4; 4.9 and 8.8% for DHEAS; 5.8 and 8.6% for F; and 4.9 
and 6.4% for insulin. Free testosterone (FT) concentrations 
were measured using a free testosterone ELISA kit (GenWay 
Biotech Inc., CA, USA), with a sensitivity of 0.6 pmol/cL. 
The intra- and inter-assay coefficients of variation ranged 
from 5 to 10% and 8 to 12%, respectively. 17-OHP4 levels 
were verified using a coat-a-count RIA (Siemens Health 
Care Diagnostics Inc.) with a sensitivity of 0.7 nmol/L, 
and an inter- and intra-assay imprecision of 5.5 and 

7.9%, respectively. FAI was calculated as the testosterone 
(nmol/L)/SHBG (nmol/L) × 100. Free estrogen index (FEI) 
was estimated as 100 × E2 pmol/L/272.14 × SHBG (43).

Statistical analysis

After the exclusion of outliers using the Grub’s test, the 
distribution was assessed using the Shapiro–Wilk test and 
those with a non-Gaussian distribution were transformed. 
The skewed data were linearized using a logarithmic or 
square transformation according to the best fit. Prior to the 
analysis, the data were back-transformed into the original 
units. The results of continuous variables are presented 
as the mean and s.d. and nominal variables are expressed 
as number and percentages. Differences between two 
proportions were examined using the Z test. Differences 
between two continuous variables were determined using 
the Student t test because equal variances were found 
using the Levene’s test. Differences among more than 
two Gaussian variables were determined using one-way 
ANOVA followed by Tukey post hoc test. After stratification 
of age into the 5-year categories, the age-strata were 
analyzed as a discrete variable and the tendency of 
proportions to change with advancing age was verified 
using the Cochran-Armitage Trend test. After adjustment 
for BMI, the tendency of each anthropometric, metabolic 
and hormonal variable to change with advancing age was 
assessed using one-way analysis of covariance (ANCOVA) 
followed by the Bonferroni post hoc test. All of the 
statistical procedures were performed using the Statistical 
Package for the Social Sciences, software program, 
version 17 (IBM Corp.) and GraphPad Prism, version 4 
for Windows, GraphPad Software, Santiago, CA, USA. All 
tests were two-sided and P values <0.05 were considered 
to be statistically significant.

Results

Taking in account the Rotterdam criteria, prevalences 
and characteristics of the four different PCOS phenotypes 
are shown in Table 1. As a whole group, PCOS patients 
were significantly younger than the controls (27.4 ± 5.2 
vs 30.1 ± 4.6 yo, P = 0.001), with a difference between 
the means of less than 2 years. However, the average of 
ages in each 5-year age stratum was similar in PCOS and 
non-PCOS subjects. The comparisons of each age stratum 
between non-PCOS normal cycling controls and PCOS 
patients were as follows: ≤19-years stratum, non-PCOS 
(n = 10, x  = 16.2 ± 2.0) vs PCOS (n = 60, x  = 16.6 ± 2.0) 

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-19-0496
https://ec.bioscientifica.com	 © 2020 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-19-0496
https://ec.bioscientifica.com


S F de Medeiros et al. Changes in PCOS features with 
aging

789:2

Ta
bl

e 
1 

Pr
ev

al
en

ce
 a

nd
 c

ha
ra

ct
er

is
tic

s 
of

 th
e 

fo
ur

 p
ol

yc
ys

tic
 o

va
ry

 s
yn

dr
om

e 
ph

en
ot

yp
ic

al
 g

ro
up

s.

Va
ri

ab
le

f

A
B

C
D

O
A 

+ 
H

A 
+ 

PC
O

M
O

A 
+ 

H
A

H
A 

+ 
PC

O
M

O
A 

+ 
PC

O
M

n
x

 ±
 s.

d
.

n
x

 ±
 s.

d
.

n
x

 ±
 s.

d
.

n
x

 ±
 s.

d
.

PC
O

S 
G

ro
up

 n
 %

52
1

65
.9

13
3

16
.7

80
10

.0
62

7.
8

Ag
e 

ye
ar

s 
 

≤
19

60
16

.6
 ±

 2
.0

–
–

–
–

–
–

 
20

–2
4

10
4

22
.4

 ±
 1

.3
26

22
.3

 ±
 1

.4
20

22
.2

 ±
 1

.4
08

22
.6

 ±
 1

.7
 

25
–2

9 
19

1
27

.1
 ±

 1
.3

49
27

.3
 ±

 1
.3

37
27

.1
 ±

 1
.2

23
26

.7
 ±

 1
.1

 
30

–3
4

12
9

31
.7

 ±
 1

.3
38

31
.2

 ±
 1

.4
17

31
.9

 ±
 1

.3
24

31
.6

 ±
 1

.3
 

35
–3

9
37

36
.4

 ±
 1

.2
20

36
.3

 ±
 1

.3
06

37
.3

 ±
 1

.0
07

36
.2

 ±
 1

.6
 

Al
l a

ge
s

52
1

27
.3

 ±
 5

.0
13

3
27

.3
 ±

 5
.9

80
26

.6
 ±

 5
.2

62
28

.8
 ±

 4
.6

SB
P 

(m
m

H
g)

45
5

12
0 

± 
12

14
4

11
6 

± 
11

81
12

0 
± 

11
58

11
6 

± 
11

D
BP

 (m
m

H
g)

45
5

76
 ±

 9
14

4
75

 ±
 9

81
77

 ±
 8

58
74

 ±
 9

BW
 (k

g)
47

7
74

 ±
 1

7
14

8
73

 ±
 1

7
87

72
 ±

 1
5

60
71

 ±
 1

6
BM

I (
kg

/m
2 )

45
0

28
.8

 ±
 6

.4
13

5
28

.0
 ±

 6
.6

80
28

.0
 ±

 6
.2

54
27

.9
7 

± 
5.

6
W

C 
(c

m
)

42
6

86
 ±

 1
4

13
0

84
 ±

 1
5

78
83

 ±
 1

4
55

84
 ±

 1
3

W
H

R 
ra

tio
42

5
0.

8 
± 

0.
1

13
0

0.
7 

± 
0.

07
77

0.
7 

± 
0.

07
55

0.
7 

± 
0.

1
Te

st
os

te
ro

ne
 

(n
m

ol
/L

)
44

0
1.

9 
± 

0.
1

13
0

1.
7 

± 
0.

1
77

1.
9 

± 
0.

1
64

1.
0 

± 
0.

4a,
b

A4
 (n

m
ol

/L
)

40
5

9.
3 

± 
0.

6
12

9
8.

1 
± 

0.
5

74
9.

6 
± 

0.
6

64
5.

5 
± 

1.
8a,

b,
c

D
H

EA
S 

(µ
m

ol
/L

)
32

9
4.

9 
± 

2.
4

11
1

5.
2 

± 
2.

6
63

5.
8 

± 
2.

6
47

3.
7 

± 
1.

4c,
d,

e

FA
I (

%
)

38
8

6.
3 

± 
0.

8
11

4
4.

6 
± 

2.
1

67
6.

1 
± 

0.
8

64
2.

2 
± 

0.
2a,

b,
c

AN
O

VA
 fo

llo
w

ed
 b

y 
Tu

ke
y 

po
st

 h
oc

 te
st

: a A
 v

s 
D

, P
 <

 0
.0

01
; b B

 v
s 

C,
 P

 <
 0

.0
01

; c C
 v

s 
D

, P
 <

 0
.0

01
; d A

 v
s 

C,
 P

 =
 0

.0
02

; e B
 v

s 
D

, P
 =

 0
.0

01
.

f S
BP

, s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e;

 D
BP

, d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e;
 B

W
, b

od
y 

w
ei

gh
t; 

BM
I, 

bo
dy

 m
as

s 
in

de
x;

 W
C,

 w
ai

st
 c

ir
cu

m
fe

re
nc

e;
 W

H
R,

 w
ai

st
-h

ip
 r

at
io

; T
es

to
st

er
on

e,
 to

ta
l t

es
to

st
er

on
e;

 A
4,

 
an

dr
os

te
ne

di
on

e;
 D

H
EA

, d
eh

yd
ro

ep
ia

nd
ro

st
er

on
e;

 F
AI

, f
re

e 
an

dr
og

en
 in

de
x;

 O
A,

 o
lig

o/
an

ov
ul

at
io

n;
 H

A,
 c

lin
ic

al
 a

nd
/o

r 
bi

oc
he

m
ic

al
 h

yp
er

an
dr

og
en

is
m

; P
CO

M
, p

ol
yc

ys
tic

 o
va

ry
 m

or
ph

ol
og

y;
 A

, o
lig

o/
an

ov
ul

at
io

n,
 h

yp
er

an
dr

og
en

is
m

, p
ol

yc
ys

tic
 o

va
ry

 m
or

ph
ol

og
y;

 B
, o

lig
o/

an
ov

ul
at

io
n,

 h
yp

er
an

dr
og

en
is

m
; C

, h
yp

er
an

dr
og

en
is

m
, p

ol
yc

ys
tic

 o
va

ry
 m

or
ph

ol
og

y;
 D

, o
lig

o/
an

ov
ul

at
io

n,
 p

ol
yc

ys
tic

 o
va

ry
 

m
or

ph
ol

og
y.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-19-0496
https://ec.bioscientifica.com	 © 2020 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-19-0496
https://ec.bioscientifica.com


S F de Medeiros et al. Changes in PCOS features with 
aging

79

PB–17

9:2

(P = 0.008); 20–24 years stratum, non-PCOS (n = 41, 
x  = 22.6 ± 1.3) vs (n = 158, x  = 22.3 ± 1.4) (P = 0.157), 
25–29 years stratum, non-PCOS (n = 137, x  = 27.2 ± 1.4) 
vs PCOS (n = 301, x  = 27.1 ± 1.3) (P = 0.570). 30–34 years 
stratum, non-PCOS (n = 171, x  = 39.1 ± 1.4) vs PCOS = 207, 
x  = 31.6 ± 1.3) (P = 0.061); 35–39 years stratum, non-PCOS 
(n = 85, x  = 36.3 ± 1.3) vs PCOS (n = 70, x  = 36.5 ± 1.3) 
(P = 0.371). The proportion of Caucasians in the control 
group (393/444, 88.5%) was higher than in PCOS patients 
(581/770, 75.5%) (P < 0.001). On the other hand, black 
women were more frequent in PCOS (105/770, 13.6%) 
than in controls (27/444, 6.1%), (P < 0.001). Furthermore, 
women of other races were more frequent in PCOS (84/770, 
10.9%) than in controls (24/444, 5.4%), (P < 0.001). In 26 
(3.2%) PCOS women the ethnicities were not recorded.

In non-PCOS women, blood pressures and 
anthropometric characteristics did not change in the 
different ethnicities. Regarding the association of the 
different ethnicities and PCOS features (Supplementary 
Table 1, see section on supplementary materials given at 
the end of this article), it was found that in PCOS the SBP 
was higher in Caucasians than in African descendants 
(P < 0.001). Diastolic blood pressures were higher in 
African descendant and other ethnicities women with 
PCOS than in Caucasians with PCOS, clearly in women’s 
over 30 years of age (P < 0.001 and P = 0.002, respectively). 
These significances were observed only after the age  
of 25 years.

Regarding the biomarkers of adiposity, BW (P < 0.001), 
BMI (P < 0.001), WC (P < 0.001), WHR ratio (P < 0.001), 
FM(%) (P < 0.001), and LAP (P = 0.039) were higher in 
African descendants PCOS than in Caucasians PCOS 
women; VAI was higher in other ethnicities than in 
Caucasians (P < 0.001) (Supplementary Table 1). Among 
androgens, free testosterone showed to be higher in African 
descendants and other races women with PCOS when 
compared with Caucasians PCOS (P < 0.001, and P = 0.005, 
respectively). SHBG was lower in African descendants than 
in Caucasians PCOS (P = 0.003). 17-OHP4 concentrations 
was lower in African descendants than in Caucasians 
(P = 0.026) (Supplementary Table 2).

In relation to the association of ethnicity and 
metabolic markers, fasting glucose was significantly lower 
in Caucasian PCOS women when compared with African 
descendants (P < 0.001) or other races (P = 0.022). In PCOS 
patients, insulin concentrations were higher in AD and 
women of other races than in Caucasians (P < 0.001 and 
P = 0.008, respectively) (Supplementary Table 3). The lower 
level of fasting glucose in Caucasians was maintained in 
all 5 years age strata (Supplementary Table 4). In PCOS, 

African descendants presented higher levels of HbA1C 
when compared with Caucasians (P = 0.002) or other races 
(P < 0.001). HbA1C concentrations tended to be lower 
in Caucasians PCOS, particularly in women older than  
25 years (Supplementary Table 4). HOMA-IR was also 
higher in African descendants (P < 0.001) and other races 
in PCOS women (P = 0.008) than in Caucasians. HDL-C 
was higher in Caucasians PCOS when compared with 
African descendants (P < 0.001) and other races (P = 0.001). 
The higher level of HDL-C in Caucasians PCOS was  
remarkable between the ages of 30 and 34 years 
(Supplementary Table 4).

Regarding menstrual patterns, in the control group all 
women presented normal menstrual cycles. Among PCOS 
women, 418/796 (52.5%) had infrequent menses, 48/796 
(6.0%) presented frequent menses, 155/796 (19.5%) had 
amenorrhea, and 175/796 (22.0%) presented periods with 
normal intervals of 26–34 days. In the tendency analyses, 
the proportion of women with infrequent menses or 
amenorrhea increased over time (x2 = 11.3, P < 0.001 and 
x2 = 5.8, P = 0.015, respectively). On the other hand, the 
proportions of women with either frequent periods or 
normal cycling periods remained stable with age (x2 = 2.1, 
P = 0.150 and x2 = 0.3, P = 0.555, respectively).

The uterine volumes were 64.3 ± 2.6 cm3 in non-
PCOS normal cycling controls and 54.4 ± 2.2 cm3 in PCOS 
patients (P < 0.001); the endometrium thicknesses in the 
control and PCOS groups were 6.3 ± 1.7 mm and 6.4 ± 0.3 
mm, respectively (P = 0.033), and the ovarian volumes 
were 7.1 ± 0.4 cm3 and 10.7 ± 1.6 cm3 (P < 0.001). Despite 
ovarian volume being larger in PCOS patients than in 
controls in each five-year range age group, from ≤19 
years to 39 years (P < 0.001 for all strata comparisons), 
the tendency analyses showed that the ovarian volume 
presented a non-significant tendency to decline with 
advancing age either in controls (F = 1.026, P = 0.391) or in 
PCOS women (F = 1.685, P = 0.152). However, it is worth 
noting a non-significant decrease of 19% in the ovarian 
volume of controls with age (from 7.9 cm3 to 6.4 cm).

Acne was present in 19/444 (4.2%) controls, and 
in 153/796 (19.2%) PCOS women (P < 0.001). Isolated 
hirsutism was found in 8/444 (1.8%) controls and in 
179/796 (22.7%) PCOS women (P < 0.001). Hirsutism 
associated with acne was found in 2/444 (0.4%) controls 
and in 194/796 (24.3%) PCOS (P < 0.001). Therefore, 
375/796 (47.1%) PCOS patients presented clinical 
hirsutism. In addition, 268/796 (33.6%) women with 
PCOS and 417/444 (93.9%) controls did not present 
any sign of clinical hyperandrogenism (P < 0.001). In 
the tendency analyses, the proportion of PCOS patients 
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with clinical signs of hyperandrogenism decreased over 
time (x2 = 6.1, P = 0.013) at the expense of the significant 
decrease in acne with aging (x2 = 8.1, P = 0.004), but the 
proportion of PCOS patients with isolated hirsutism or 
hirsutism associated with acne, remained stable (x2 = 1.7, 
P = 0.189, and x2 = 1.9, P = 0.161, respectively). In controls, 
the proportion of patients with acne, hirsutism, and 
absence of any sign of clinical hyperandrogenism did not 
change over time.

Comparisons of blood pressure, anthropometric 
and anthropometric-metabolic characteristics between 
PCOS and control subjects, between ≤19 years and 39 
years of age are shown in Table 2. Both, SBP and DBP 
and all anthropometric parameters were significantly 
higher in PCOS women than in controls (P < 0.001 for 
all comparisons). In Table 3 is shown that most of the 
biomarkers of carbohydrate metabolism were significantly 
higher in PCOS subjects than in non-PCOS controls 
(P < 0.001 for all comparisons). Only G/I ratio was lower 
in PCOS subjects (P < 0.001). Regarding lipids, HDL-C 
was lower in PCOS but TC, LDL-C, and TG were higher 
in this subjects (P < 0.001 for all comparisons). SHBG was 
lower in PCOS (P < 0.001) (Table 3). These differences 
were also seen in all age strata after the twenties  
(Supplementary Table 5).

Body weight (BW), BMI, WC, WHR, FM(%), VAI and 
LAP were significantly higher in PCOS women in all 
5-year age strata (Supplementary Table 5). The tendency 
analyses of the SBP, DBP, and anthropometric variables 
over time in normal cycling women showed that only 
BMI had a statistically significant increase with age, even 
before their twenties (F = 4.039, P = 0.003). Oppositely, in 
PCOS subjects, BW, BMI, WC, WHR, and LAP showed 
significant tendency to increase in all 5-year age strata 
(F = 9.516, P < 0.001, Fig. 1 and Supplementary Table 5).  

Even though it is not shown in Fig. 1, VAI, and FM(%) also 
showed a tendency to increase with age.

Carbohydrates, lipids, and androgens baseline 
characteristics of PCOS and non-PCOS women are 
compared in Table 3. The proportions of abnormal 
carbohydrate markers in PCOS and non-PCOS normal 
cycling controls were as follows: IFG in 86/753 (11.4%) 
PCOS women and in 14/398 (3.5%) controls (P < 0.001); 
glucose intolerance (IG) was present in 105/471 
(22.3%) PCOS women and in 18/227 (7.9%) controls 
(P < 0.001); insulin resistance, using baseline insulin levels  
≥84.7 pmol/L, was found in 356/670 (53.1%) PCOS 
women and 47/305 (15.4%) controls (P < 0.001). HOMA-IR 
score was ≥2.7 in 113/647 (17.41%) PCOS women and 
5/278 (1.8%) controls (P < 0.001). T2DM was not found 
in controls but was diagnosed in 28/736 (3.8%) PCOS 
women. In the tendency analyses, the proportion of PCOS 
women with IFG increased with age (x2 = 5.5, P = 0.019) and 
the proportion of PCOS with IR also increased over time 
(P = 0.003). In addition, the proportion of PCOS women 
with HOMA-IR ≥2.7 also increased (x2 = 11.5, P = (0.001). 
The proportion of women with T2Dm was as follows: no 
case in the adolescent PCOS group, 3/158 (1.9%) between 
20 – 24 yo, 6/301 (2.0%) between 25 – 29 yo, 13/207 
(6.3%) between 30 – 34 yo, and 6/70 (8.5%) ≥35 years. 
In the tendency analysis the proportion of women with 
T2DM increased over time (x2 = 10.7, P = 0.001).

At baseline, and in each of the 5-year strata, 
carbohydrate metabolic markers were compared in 
controls and PCOS (Fig. 2 and Supplementary Table 4). 
Only HOMA-S was higher in the control group when 
compared with PCOS subjects. All the other carbohydrate 
markers were higher in PCOS patients (P < 0.005 for all 
comparisons). After the age of 25 years, in PCOS group, 
fasting glucose levels were higher when compared with 

Table 2 Comparison of clinical and anthropometric characteristics between normal cycling non-PCOS women and women  
with PCOS.

Variablea n Normal cycling non-PCOS x  ± s.d. N PCOS x  ± s.d. Pb

SBP (mmHg) 408 114 ± 9 737 118 ± 12 <0.001
DBP (mmHg) 408 73 ± 8 738 76 ± 9 <0.001
BW (kg) 421 65 ± 10 771 74 ± 16 <0.001
BMI (kg/m2) 402 24.3 ± 4.0 719 28.6 ± 6.4 <0.001
WC (cm) 399 72 ± 8 689 85 ± 14 <0.001
WHR ratio 399 0.7 ± 0.1 688 0.8 ± 0.1 <0.001
FM (%) 378 30.5 ± 6.3 709 36.0 ± 8.1 <0.001
VAI 376 1.0 ± 0.1 598 2.2 ± 1.8 <0.001
LAP (cm, mmol/L) 357 14.5 ± 2.6 609 34.4 ± 7.8 <0.001

aSBP, systolic blood pressure; DBP, diastolic blood pressure; BW, body weight; BMI, body mass index; WC, waist circumference; WHR, waist-hip ratio; 
FM(%), fat mass percentage; VAI, visceral adiposity index; LAP, lipid accumulation product; bStudent t test.
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controls (P < 0.001), and fasting insulin and insulin at 
120 min concentrations, HOMA-IR, and HOMA%B were 
higher in all age strata (P < 0.05 for all comparisons). 
HOMA-S was higher among all 5-year range age strata 
of controls (P < 0.05 for all comparisons). Regarding the 
tendency analyses, in PCOS patients, and after adjusting 
for BMI, fasting glucose (F = 2.446, P = 0.046), fasting insulin 
(F = 2.883, P = 0.022), and HOMA-IR (F = 2.775, P = 0.026) 
increased with advancing age (Fig. 2) but HOMA-S tended 
to decrease in all age strata (Supplementary Table 3). In 
controls, fasting glucose also tended to increase with 
advancing age (F = 2.636, P = 0.034; Fig. 2).

Regarding lipids (Fig. 2 and Supplementary Table 4), 
TC, LDL-C, and TG were higher in PCOS women than in 
controls in all 5-year age strata. HDL-C levels were lower in 
PCOS women than in controls, but statistical significance 
was shown only in women older than 30 years of age. 
TC (F = 6.499, P < 0.001) and TG (F = 4.034, P = 0.003) 
tended to increase in PCOS women with aging (Fig. 2). In 
controls, only TC showed tendency to increase over time  
(F = 2.446, P = 0.046).

The comparisons of androgens between controls and 
PCOS patients (Table 3) showed that most androgens are 
higher and SHBG is lower in the PCOS group (P < 0.001 
in all comparisons). Fig. 3 and Supplementary Table 6 
show the tendencies of the hormone concentrations 
between controls and PCOS women in each  

5-year-range age. The baseline concentrations of 
testosterone, FT, A4, DHEAS, and 17-OHP4 were 
significantly higher in all age strata of PCOS women 
(P < 0.05 for all comparisons). Sex-hormone-binding 
globulin (SHBG) was significantly lower in PCOS women 
in all age strata (P < 0.001 for all comparisons) and it 
tends to diminish over time without recalling statistical 
significance (F = 2.379, P = 0.051). Dehydroepiandrosterone 
(DHEA) levels were higher in PCOS women only in the 
range of 20-29 years of age.

In PCOS patients, testosterone (F = 7.898, P < 0.001), 
FAI (F = 3.247, P = 0.012), DHEA (F = 5.741, P < 0.001), 
DHEAS (F = 13.964, P < 0.001), A4 (F = 4.008, P = 0.013), 
and 17-OHP4 (F = 2.752, P = 0.027) showed statistically 
significant tendencies to decrease with aging progression 
(Fig. 3 and Supplementary Table 6). FT and cortisol also 
tended to decrease with age (data not shown). In the 
control group, also after adjusting for BMI (Fig. 3 and 
Supplementary Table 6), testosterone showed a statistically 
significant tendency to decrease from 20 years to 39 years 
of age (F = 2.587, P = 0.037) meanwhile FAI (F = 2.975, 
P = 0.020), A4 (F = 3.626, P = 0.007), and DHEAS (F = 2.630, 
P = 0.034) tended to decrease only after 30 years of age. 
Cortisol also decreased with advancing age (F = 4.051, 
P = 0.001) but SHBG, and DHEA did not show any trends 
to decrease in the normal cycling women during their 
reproductive years (Supplementary Table 6).

Table 3 Comparison of metabolic and androgen biomarkers between normal cycling non-PCOS women and women with PCOS.

Variablea n Normal cycling non-PCOS x  ± s.d. n PCOS x  ± s.d. Pb

Glucose (nmol/L) 395 4.7 ± 0.4 745 4.9 ± 0.6 <0.001
Glucose 120 (nmol/L) 224 5.3 ± 0.1 465 6.4 ± 0.1 <0.001
Insulin (pmol/L) 303 45 ± 4 665 76 ± 2 <0.001
Insulin 120 (pmol/L) 217 329 ± 59 446 612 ± 115 <0.001
G/I ratio 396 12.6 ± 1.7 651 7.9 ± 1.8 <0.001
HOMA-IR 397 0.9 ± 0.1 644 1.5 ± 0.1 <0.001
HOMA%B 397 102 ± 3 643 131 ± 5 <0.001
HbA1C (%) 350 5.0 ± 0.4 604 5.5 ± 0.1 <0.001
TC (mmol/L) 379 4.4 ± 0.8 693 4.6 ± 0.1 <0.001
TG (mmol/L) 379 0.9 ± 0.1 690 1.2 ± 0.1 <0.001
HDL-C (mmol/L) 378 1.4 ± 0.3 680 1.2 ± 0.1 <0.001
LDL-C (mmol/L) 377 2.5 ± 0.7 681 1.2 ± 0.3 <0.001
Testosterone (nmol/L) 373 0.9 ± 0.8 710 1.8 ± 0.1 <0.001
FT (pmol/cL) 358 2.6 ± 1 686 4.5 ± 2 <0.001
SHBG (nmol/L) 357 55 ± 1 653 34 ± 2 <0.001
FAI (%) 348 1.8 ± 0.2 634 5.7 ± 0.9 <0.001
A4 (nmol/L) 354 4.7 ± 1.7 671 8.7 ± 0.6 <0.001
DHEA (nmol/L) 302 14.1 ± 1.9 553 17.6 ± 1.4 <0.001
DHEAS (µml/L) 360 3.7 ± 0.2 678 4.7 ± 0.3 <0.001
17-OHP4 (nmol/L) 356 2.6 ± 0.2 687 3.6 ± 0.3 <0.001

aHOMA, homeostatic assessment model; G/I ratio, glucose/insulin ratio; HbA1C, glycated hemoglobin; TC, total cholesterol; TG, triglycerides; HDL-C, high 
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Testosterone, total testosterone; FT, free testosterone; SHBG, sex hormone–
binding globulin; FAI, free androgen index; A4, androstenedione; DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; 17-OHP4, 
17-hydroxyprogesterone; bStudent t test.
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Discussion

The current study investigated possible changes in the 
clinical and biochemical characteristics of PCOS women 
over time. With this purpose, the study included a 
representative number of patients with PCOS up to 
the age of 40 and compared them with normal cycling 
women without PCOS. In short, the results reported 
here showed that (a) the impact of ethnicities on PCOS 
characteristics both at baseline and along the advancing 
age are still unclear but adiposity markers abnormalities 
are more severe in African descendants; (b) the menstrual 
intervals did not improve over time; instead, infrequent 
menses and amenorrhea tended to increase with age, at 
least until the age of 39 years; (c) blood pressures were 
higher in PCOS, but remained stable with advancing 
age; (d) most of the anthropometric parameters tended 
to increase in PCOS subjects in all 5-year age strata;  
(e) the carbohydrate metabolism markers, and TC tended 
to increase with advancing age in PCOS; in controls,  

only TC tended to significantly increase over time;  
(f) both ovarian and adrenal androgens tended to decrease 
over time in both PCOS and control groups; however, in 
PCOS subjects, androgen concentrations remained higher 
in all age-strata when compared with controls. Even only 
women under 40 were included in the current study, it 
is possible that in older women some differences may be 
even more evident.

The proportion of non-Caucasian women was 
higher in the PCOS group, but little is known about the 
influence of race on the prevalence or characteristics of 
PCOS (1). In the present study abnormal fat distribution, 
and fat percentage, and biomarkers of dysglycemia and 
dyslipidemia were more remarkable in African descendants 
PCOS. From the metabolic perspective, but not included 
in the present study, Japanese women with PCOS seem 
less obese and Indian women seem to present higher 
insulin resistance (44, 45). Metabolic syndrome in PCOS 
women seems to be more prevalent in black patients (46); 
however, this comparison was not performed in our study. 

Figure 1
Comparison of the modifications in the 
anthropometric parameters between normal 
cycling women and PCOS patients with advancing 
age. Results are given in x  ± s.d. δTrend analysis, 
from ≤19 years to 39 years in controls and in 
PCOS women using Ancova with Bonferroni post 
hoc test. a = P < 0.001, for controls and PCOS 
within group comparison. b = P < 0.05, for controls 
and PCOS within group comparison.
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In concordance with results found in the current study, 
DHEAS tend to be higher in Caucasian women with PCOS 
than in black women (47, 48, 49). On the other hand, 
free testosterone levels were higher in African descendant 
PCOS than in Caucasians PCOS. Taking in account 
these findings, appropriate ethnic guidelines have been 
suggested for better screening and characterization of 
PCOS in different populations (50, 51).

Regarding the menstrual cycle length, a number of 
cross-sectional (6, 13, 19) and a few longitudinal studies 
(4, 17) have reported that menstrual cycles become more 
regular in PCOS aging women and this normalization 
has been attributed to a decline in the number of ovarian 
follicles and to an increased number of ovulatory cycles 
with aging (4, 18). The prevalence of infrequent periods 
and amenorrhea, surrogates for oligo and anovulation, 
in more than 70% of PCOS patients seen in the current 
study is in accordance with previous reports (10, 17, 19, 
46). However, in the current study both amenorrhea and 
infrequent menses increased over time and the women 

with normal menstrual cycling periods remained stable. 
The increase in the number of PCOS patients with 
infrequent menses or amenorrhea over time when free 
of previous treatment seems to be new and indicates a 
possible worsening of this a condition when patients had 
not been submitted to any treatment before analysis.

Moreover, the increase of infrequent periods 
and amenorrhea with age found in the current study 
indicate that this criterion persists useful for making the 
diagnosis of PCOS until the end of the fourth decade. 
Non-significant decrease in amenorrhea or no changes 
in infrequent menses were described by others (17, 19). 
It is worth noting that many studies on this subject 
did not report in detail the menstrual cycle pattern 
(10, 13, 17, 52). Contrary to others (13, 17, 52), in the 
current study the number of PCOS patients with regular 
cycles remained stable with age and the number of 
menstrual cycles per year was also reported to be stable 
in PCOS (10). The inconsistencies among studies may 
be due to the population characteristics, study design,  

Figure 2
Comparison of the modifications in the 
carbohydrate and lipid markers between normal 
cycling women and women with PCOS with 
advancing age. Results are given in x  ± s.d. δTrend 
analysis, from ≤19 years to 39 years of aging in 
controls and in PCOS women using Ancova with 
Bonferroni post hoc test. a = P < 0.001, for controls 
and PCOS within group comparison. b = P < 0.05, 
for controls and PCOS within group comparison.
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diagnostic criteria, or to previous interventions. In 
addition, most changes observed in the menstrual pattern 
and ovary volume over time have been found only 
in women over 35 years. Due to the low power of the 
available studies, more investigation is needed, mainly 
including a higher number of individuals over 30 years 
of age.

The present study confirmed that the ovaries of PCOS 
women are bigger compared to the ovaries of non-PCOS 
normal cycling women (10, 15). After stratification into the 
5-year range age strata, from ≤19 years to 39 years of age, 
the current study could not show any significant decline 
in ovary volume over time, neither in PCOS patients 
nor in the control women. Favorably with this outcome 
similar observations were also previously reported (10, 
18, 19). Two studies have reported that in PCOS the 
ovarian volume remains stable until the age of 35 years 
and present a minor decline afterwards (53, 54, 55, 56). 
The lack of significance in the ovarian volume decreases 
with age also suggests that this remains reliable to make 
PCOS diagnoses during the aging process. The finding 

of stable ovarian volume with age have been attributed 
to a slower depletion of ovarian reserve in PCOS (16, 19, 
55). On the other hand, others have reported a decrease 
in ovarian volume over time in both healthy individuals 
(10, 55, 56) and in women with PCOS, markedly after the 
age of 37 years (4, 12). Even in those studies that have 
reported a decrease in ovarian volume, the decreases were 
not remarkable and occurred only in the end of the fourth 
decade. Anyway, these possible discrepancies among 
studies are not clear at this time, but they have been 
attributed to inter-rater variability and the use of different 
machines to measure the ovaries.

The prevalence of the four PCOS phenotypical groups 
(A, B, C, D) was consistent with studies performed in 
other populations (57, 58, 59, 60). Similar blood pressures 
and anthropometric parameters in the four phenotypes 
found in the current study are in concordance with 
previous reports (60, 61). Higher levels of testosterone, 
A4, DHEAS, and FAI in PCOS patients with phenotypes 
A and C were expected and equally found in other study 
(60). To dissect the clinical and laboratorial characteristics 

Figure 3
Comparison of the modifications in the androgen 
markers between normal cycling women and 
women with PCOS with advancing age. Results 
are given in x  ± s.d. δTrend analysis, from ≤19 
years to 39 years of aging in controls and in PCOS 
women using Ancova with Bonferroni post hoc 
test. a = P < 0.001, for controls and PCOS within 
group comparison. b = P < 0.05, for controls and 
PCOS within group comparison.
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of each phenotypes by age-strata over time was not an 
objective of the current study.

In PCOS women as a whole group acne tended to 
decrease with age, but hirsutism remained stable in all age 
strata. As far as we know, there is only one longitudinal 
report that have shown a decrease in the intensity of 
both acne and hirsutism with aging in PCOS women 
(20). Recently, acne and hirsutism were reported to suffer 
a small decrease with aging statistical significance (10). 
Women without any clinical sign of hyperandrogenism 
decreased with age in PCOS, perhaps due to the decline 
of androgen levels over time. The definition of hirsutism 
by the presence or absence of thick hair in the upper lip, 
chin, chest, upper or lower back, upper or lower abdomen, 
upper arms and thighs during the clinician evaluation (or 
by the patient complaint) was used in the present study 
to avoid inconsistent results due to ethnicity and inter-
rate variability when the Ferriman-Gallwey score is used. 
In addition, the patient complaint has relevance in the 
treatment and well-being of patients.

All anthropometric parameters showed a tendency 
toward worsening with the advancing age in PCOS 
women. In normal controls, a minor increase in BW, BMI, 
WC, and FM was already reported (51). In PCOS women 
older than 30 years, but not before this age, higher BMI, 
WC, and WHR values have also been shown (10, 17, 18, 
62). The demonstration of a major increase in LAP in PCOS 
women during the reproductive years was consistent 
with the findings of another recent publication (62). It is 
thought that the worsening of anthropometric measures 
in PCOS with age may reflect a complex relationship 
between androgen carbohydrate, and lipid abnormalities 
in PCOS subjects.

In PCOS women, metabolic abnormalities generally 
display an early start and worsening in conjunction 
with the existence of hyperandrogenemia (63). Higher 
fasting glucose levels, in PCOS women compared with 
controls, within each age strata seen in the present study 
corroborates previous publications (10), but glucose was 
reported to be negatively correlated with age in another 
report (24). A few observational studies have shown that 
PCOS women present impaired glucose tolerance after 
30 years of age (10, 18, 62) and the increase in fasting 
glucose levels over time in PCOS have been attributed to 
a derangement in insulin sensitivity (17).

Fasting insulin did not tend to increase in the controls 
in the current study at all ages. Otherwise, insulin levels 
gradually increased in PCOS subjects beginning as early as 
≤19 years of age. The tendency of increasing insulin levels 
over time seen in the present study has rarely been shown. 

A number of reports have shown however, that at baseline 
insulin levels are higher in PCOS women, mainly after 
25 to 30 years of age (18, 60). On the other hand, other 
studies have denied that insulin increases in PCOS over 
time (4, 6, 13, 19, 21, 23, 62, 64, 65), particularly in those 
patients in whom BMI, WC, and WHR remained stable. 
The baseline concentration of fasting insulin was in fact 
reported to decrease (17) or remain stable (4, 15) during the 
aging process. It is possible that a decrease in androgens 
(65) and an increase in fat distribution abnormalities 
influences insulin levels over time; additionally, different 
populations, or different study eligibility might explain 
possible inconsistencies across studies.

After correcting for BMI, the current results show that 
the IR increased with aging in the PCOS group between 
20 and 39 years of age. HOMA-IR score was reported to be 
higher in PCOS women than in controls only in women 
older than 30 years (18, 24, 52). It is possible that IR worsens 
as a result of the accumulation of abdominal fat (18, 24). 
Contrary to this a longitudinal study, including PCOS 
women, evaluated in two different occasions, no more 
than seven years apart, reported a decline of HOMA-IR 
score (31). Furthermore, another publication showed that 
the differences in this metabolic marker between normal 
controls and PCOS women become less evident over time 
(16). All in all, it can be assumed that IR worsens in PCOS 
patients during the reproductive years and this worsening 
seems to be a result of increasing abdominal obesity (18). 
Different from the findings of the present study, minor IR 
was reported in healthy women with aging (18, 52).

A statistically significant decrease in androgen levels 
with aging was well-documented in the current study, 
in both control and PCOS groups. Though testosterone 
levels are higher in PCOS women, the decrease in their 
concentrations with aging was greater in controls. In 
PCOS women, testosterone decreased in 20%, from 20 to 
24 year strata, what is not different from the decrease of 
25% reported in a longitudinal study including women 
between 22 years and 43 years of age (5). In general, 
without normalization, a decline in testosterone levels 
in PCOS patients ranging from 20 and 50% have been 
reported, markedly after 30 years of age (3, 5, 6, 8, 16, 18, 
19, 21, 24, 66, 67, 68). This fact shows that the biochemical 
hyperandrogenism, as a parameter to diagnose PCOS, 
becomes weak with age and may hamper the diagnosis 
of PCOS after 30 years of age. Despite these findings, two 
prospective studies did not show significant changes in 
testosterone levels in PCOS women with advancing age 
(67, 69). In addition, a small number of cross-sectional 
studies also did not report any decrease in testosterone 
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levels in PCOS women either younger or older than 30 
years (70, 71). These inconsistent results may be explained 
by different criteria used to diagnose PCOS, study size, 
previous treatment, and/or ethnic characteristics of the 
population included. Despite controversies, most data 
support the knowledge that as women grow older, there is 
a significant decrease in androgen production, but not as 
much as in non-PCOS women. The mechanisms are largely 
attributed to a decreased theca cell number and function 
in PCOS over time (72, 73, 74). The concentrations 
of SHBG have been described either to increase (15) or 
stabilize in PCOS.

A significant decrease in DHEA with aging in normal 
ovulatory women was reported (71), but in the current 
study, despite showing a decrease of 30%, statistical 
significance was not reached in non-PCOS subjects up 
to 39 years of age. However, similar to the current study, 
the DHEA levels were reported by others to decline 
in PCOS women with the aging process (3, 19). The 
decrease in DHEA with aging is attributed to alterations 
in the sensitivity or responsivity of the adrenal to the 
adrencorticotropic hormone (ACTH) stimulation with a 
diminished adrenocortical production rate with age (6, 
49, 72, 73) and a decrease in the zone reticular mass (73). 
A decrease in the pulse secretion of DHEA with age was 
also observed but no neuroendocrine contribution was 
reported (75). In normal cycling women older than 20 
years, the decrease in DHEAS of about 24%, observed in 
the current study in controls, is in accordance with other 
studies that have also reported reduction in DHEAS after 
the 20s in normal ovulatory women (10, 17, 18, 19, 24, 49, 
70, 71, 75, 76). A decline of 18 to 36% in DHEAS in PCOS 
women, between the ages of 20 years and 45 years, have 
been reported (4, 5, 77), giving support to the findings of 
the current study. The mechanisms involved in the adrenal 
androgen decline with aging are unclear, but it seems to be 
related to a diminished adrenal stimulation over time or 
to a diminished activity of certain steroidogenic enzymes 
(5, 71, 78).

Finally, certain limitations of this study must be 
considered. The cross-sectional design is limited to 
reveal possible associations in a determined moment and 
does not disclose a cause-effect relationship. However, 
longitudinal studies designed to verify modifications in 
the characteristic of PCOS women are not free of bias 
and the changes in the life style and previous therapeutic 
interventions between visits are the main drawbacks. 
Furthermore, the few longitudinal studies currently 

available (4, 17, 31, 56, 79) have shown results comparable 
to those of cross-sectional designs. The final methods used 
to quantify androgens in the present study are not the 
current gold standards, but the immunoassays used were 
adequate for use during the period of sample collection. 
In addition, all imprecisions of these methods were given 
in a detailed manner. Moreover, a control group was 
included for comparisons using the same assays and the 
endpoints were differences or changes in hormone analysis 
other than the absolute values. Despite these limitations, 
the main objective of the present study was fulfilled. 
The study included a large number of patients carefully 
diagnosed with PCOS using recommended methods and 
included non-PCOS normal cycling women from the 
same age ranges. Finally, all variables were analyzed after 
the correction for BMI. The inclusion of patients with ages 
ranging from ≤19 years to 39 years provided information 
for this wide age period and for each of the 5-year  
age strata.

Conclusions

The present study strengthens and extends the current 
knowledge by showing that the advancing age influence 
many characteristics of PCOS women, including those used 
in the current systems to define the syndrome, particularly 
the androgen concentrations. Ovarian volumes seem to 
be more stable, at least until the age of 39 years. Blood 
pressures are higher in PCOS than in non-PCOS women, 
being striking in African descendant PCOS. Biomarkers 
of adiposity amount and distribution change over time 
and also are more severe in non-Caucasian PCOS subjects. 
Fasting glucose levels were lower in Caucasian PCOS but 
tended to be higher in PCOS women over 25 years of age. 
Fasting insulin levels are higher in African descendant 
PCOS and tended to be higher than in non-PCOS over 
time. The androgen levels fall with age but remain 
elevated. As the androgen status criterion may affect the 
prevalence of PCOS when the syndrome is diagnosed at 
different periods of reproductive years, it is recommended 
that an age-specific androgen cut-off is considered, at 
least for diagnosis of biochemical hyperandrogenism 
in women with PCOS, aged from ≤19 years to 39 years. 
Future controlled studies including PCOS women at all 
ages, even after menopause, free of any type of previous 
treatment would give opportunity for tailoring more 
precise diagnosis and better preventive care.
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