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Abstract

%DFNJURXQG The endometrial hyperplasia measured by ultrasound in polycystic ovary
syndrome (PCOS) women is strongly related to pathologic endometrial thickness, but
WKHUHLVQRFRQVHQVXVRQWKHUHODWLRQEHWZHHQVHUXPOXWHLQL]LQJKRUPRQH /+ DQGHLWKHU
of these factors: pathologic endometrial hyperplasia and body mass index (BMI).
0DWHULDOVDQG0HWKRGV,QWKLVREVHUYDWLRQDOFURVVVHFWLRQDOVWXG\WKUHHKXQGUHG¿IW\
infertile PCOS women were involved in this research. An endometrial biopsy was taken
by using a pipelle instrument, regardless of menstrual cycle’s day and all samples were
UHSRUWHG E\ WKH VDPH SDWKRORJLVW %DVDO VHUXP /+ OHYHO ZDV FRPSDUHG EHWZHHQ WZR
subgroups (hyperplasia and non-hyperplasia). The intended population was divided into
WKUHHJURXSVDFFRUGLQJWR%0,DQGEDVDOVHUXP/+ODWHURQWKHFRPSDULVRQZDVPDGHLQ
three groups. Chi-square test was applied to compare nominal variables between groups.
Mann-Whitney U, and one way ANOVA tests were used to compare means on the basis
of the result of normality test.
5HVXOWV The frequency of endometrial hyperplasia was 2.6%. Endometrial thickness
LQ WKH SDWLHQWV ZLWK HQGRPHWULDO K\SHUSODVLD ZDV VLJQL¿FDQWO\ KLJKHU WKDQ WKDW RI D
QRUPDOHQGRPHWULXP YVUHVSHFWLYHO\3  7KHUHZDV
QRUHODWLRQEHWZHHQHQGRPHWULDOK\SHUSODVLDDQGVHUXP/+ 3  7KH$129$
WHVWVKRZHGVHUXP/+OHYHOVZHUHQRWWKHVDPHDPRQJWKUHH%0,JURXSV 3  
3RVWKRFWHVWZDVDOVRSHUIRUPHG,WVKRZHGWKDWWKH/+OHYHOLQQRUPDO%0,JURXS
ZDVVLJQL¿FDQWO\KLJKHUWKDQWKRVHRIRWKHUJURXSV 3 DQG3  EXWWKHUH
was no statistical difference between overweight and obese groups (P=0.8). We found
no relationship between BMI and endometrial thickness in PCOS patients (P=0.6).
&RQFOXVLRQ Sonographic endometrial stripe thickness is predictive for endometrial hySHUSODVLDLQ3&26ZRPHQ:HFRXOGQRW¿QGRXWDQ\UHODWLRQVKLSEHWZHHQVHUXP/+OHYHODQG%0,ZLWKHQGRPHWULDOWKLFNQHVVLQ3&26SDWLHQWV+RZHYHURXUVWXG\FRQ¿UPHGD
GLYHUVHUHODWLRQVKLSEHWZHHQVHUXP/+OHYHODQG%0,LQ3&26SDWLHQWV
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Introduction

Materials and Methods

Polycystic ovary syndrome (PCOS), the most
common cause of anovulatory infertility, affects
RIZRPHQRIIHUWLOHDJH  7KHGH¿QLWLRQ
RI3&26LQFRPSOLDQFHZLWKWKH5RWWHUGDP
FULWHULD ZDV FRQ¿UPHG LQ (6+5($650 FRQsensus meeting, provided that at least two out of
three following features exist: oligo-ovulation or
anovulation, elevated levels of androgens (Hyperandrogenemia) or clinical manifestations of androgen excess (Hyperandrogenemism) and polycystic
ovaries as observed by ultrasonography (2). The
endometrium in PCOS women has a wider spectrum compared to that of normal endometrium and
has a higher incidence of hyperplasia and carcinoma (3, 4).

,QWKLVFURVVVHFWLRQDOVWXG\WKUHHKXQGUHG¿IW\
3&26LQIHUWLOHZRPHQZHUHHQUROOHGEHWZHHQ'HFHPEHU  DQG 0DUFK  LQ 5R\DQ ,QVWLWXWH
which is a referral-based fertility and endocrinology clinic. The present study was approved by the
,QVWLWXWLRQ 5HYLHZ %RDUG DQG (WKLFV &RPPLWWHH
RI 5R\DQ ,QVWLWXWH 7KH UHVHDUFK ZDV SHUIRUPHG
LQDFFRUGDQFHZLWK+HOVLQNL'HFODUDWLRQDQGDFWHG
in compliance with the committee of Publication
Ethics (COPE) guidelines. All participants signed
informed consent. The diagnosis of PCOS was
EDVHG RQ WKH  5RWWHUGDP FULWHULD   &DVHV
with hyperprolactinemia, thyroid dysfunction, hypothalamic amenorrhea, Cushing’s syndrome and
ovarian failure were diagnosed by hormonal investigations and excluded from this study. Eligible
PCOS patients were asked about menstrual retardation, if the patient had had a menstrual retardaWLRQEHWDKXPDQFKRULRQLFJRQDGRWURSLQ ȕK&* 
would have been checked, then in the absence of
pregnancy, endometrial thickness was measured
by trans-vaginal ultrasound, and endometrial biopsy was taken on the same day. If the patient had
not had a delay in menstruation, endometrial thickness would have been measured and endometrial
biopsy had been taken on the same day as well.
6HUXP/+OHYHOZDVPHDVXUHGGXULQJWKHQH[WF\cle’s days 2 or 3 in patients with regular menstrual
cycles and after administration of progesterone in
patients with irregular menstrual cycles. Irregular
PHQVHVGH¿QHGDVPHQVWUXDOSHULRGVZHUHVKRUWHU
than 21 days or longer than 35 days. Intermenstrual interval was recorded and divided into two
groups fewer than 3 months and 3 or more than
3 months. Endometrial thickness was measured
by using trans-vaginal ultrasound by the same
gynecologist for all patients. In the same way, an
endometrial biopsy was taken by using a pipelle
instrument (Endo cell, wallanch surgical devices
Inc., orange, CT, USA) by the same gynecologist.

The incidence rate of hyperplasia in PCOS
women is higher than that of normal women (5,
6). High prevalence of endometrial hyperplasia in
such women is attributed to persistently high levels of estrogen (mainly estrone) without progesterone (that inhibit proliferation). However, the
endometrial function of women with PCOS completely differs from a normal endometrium and is
consistent with a predisposition to hyperplasia and
carcinoma (7-10).
Because of the increased gonadotropin-reOHDVLQJ KRUPRQH *Q5+  SXOVDWLOLW\ OXWHLQL]LQJ
KRUPRQH /+ K\SHUVHFUHWLRQLVRQHRIWKHKDOOmarks of PCOS. Increasing levels observed in
DERXW  RI 3&26 SDWLHQWV ZLWK HOHYDWHG /+
SXOVHDPSOLWXGHDQGLQFUHDVHG/+SXOVHIUHTXHQcy leading to a two to three fold elevation in seUXP/+OHYHOYHUVXVIROOLFOHVWLPXODWLQJKRUPRQH
(FSH) serum level (11).

$Q LQFUHDVHG /+)6+ KDV EHHQ XVHG DV D GLagnostic test for PCOS for many years, but recent consensus recommendations are against the
ones which were used before (12). Some studies
UHSRUWHGWKHEDVDOVHUXP/+OHYHOVFRUUHODWHGLQversely with body mass index (BMI) in PCOS patients (13, 14), but it is not approved by Hendriks
et al. (6), who found no relationship between BMI
DQG/+OHYHOLQ3&26SDWLHQWV7KHDLPRIWKLV
study is to investigate the relationship between
VHUXP /+ OHYHO DQG HQGRPHWULDO WKLFNQHVV ZLWK
endometrial hyperplasia. Besides, we want to
FRPSDUHVHUXP/+OHYHOVLQ3&26ZRPHQZLWK
different BMI.

The endometrial tissues were sent for pathological diagnosis. All specimens were diagnosed by the
same pathologist. The world health organization
(WHO) criteria were used for the diagnosis of endometrial hyperplasia (15). Endometrial hyperplaVLDZDVUHSRUWHGDVDPRUSKRORJLFFODVVL¿FDWLRQLQWR
four classes of hyperplasia, composed of complex
or simple architecture combined variously with the
presence or absence of cytologic atypia (14).
Int J Fertil Steril, Vol 10, No 1, Apr-Jun 2016
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Before the initiation of treatment cycle, height
and weight were measured by well-trained nurse.
BMI was calculated as body weight in Kg divided
by the square of height in meters. To investigate the
UHODWLRQVKLSEHWZHHQVHUXP/+FRQFHQWUDWLRQDQG
BMI, the patients were divided into three groups in
DFFRUGDQFHZLWKWKHLU%0,QRUPDO %0, 
RYHUZHLJKW %0, DQGREHVH %0, 
6WDWLVWLFDODQDO\VLV
The data was statistically analyzed by using
SPSS software version 20. P<0.05 was considered
DVVWDWLVWLFDOO\VLJQL¿FDQWOHYHO7WHVWDQG0DQQ
Whitney U test were used to compare means on
the basis of the result of normality test. With regard to the results of the Kolmogorov- Smirnov
1RUPDOLW\WHVWIRUHQGRPHWULDOWKLFNQHVV = 
P=0.0001), we used non parametric Mann-Whitney
U test to compare endometrial thickness between
WKHWZRJURXSVDQGWKHUHVXOWUHYHDOHGDVLJQL¿FDQW
GLIIHUHQFHDPRQJJURXSV = 3   One
way analysis of variance (ANOVA) was used to
FRPSDUH /+ PHDQV EHWZHHQ WKUHH %0, JURXSV
Chi-square test was used to compare nominal variables between groups. We used multivariate logistic regression by backward to determine predictive

factors for endometrial hyperplasia. Female age,
%0, VHUXP /+ OHYHO DQG HQGRPHWULDO WKLFNQHVV
were included in the regression model.

Results
7KUHHKXQGUHG¿IW\LQIHUWLOH3&26SDWLHQWVZHUH
involved in this study. The women’s age, BMI and
duration of infertility were 28.5 ± 4.4 year, 28.8
± 5.1 kg/m2 DQG    \HDU PHDQ  6'  UHspectively. We found the frequency of endometrial
hyperplasia was 2.6%. Basic characteristics of participants are summarized and illustrated in Table 1.
Table 2 shows participants’ endometrial pathology reports. Endometrial hyperplasia (simple,
complex with or without atypia) was reported in
 FDVHV DQG D QRUPDO SDWKRORJ\ SUROLIHUDWLYH
secretory and polyp) was reported in 313 cases.
Twenty eight biopsies were reported inadequate.
The mean of endometrial thickness in the normal
JURXSZDVPPDQGLQWKHK\SHUSODVLF
group was 10.78 ± 3.70.
Although other characteristics of two groups
ZHUH QRW VLPLODU QR VWDWLVWLFDO VLJQL¿FDQW GLIIHUence was found between normal and hyperplastic
groups (Table 1).

Table 1: ŽŵƉĂƌŝƐŽŶŽĨƚǁŽŐƌŽƵƉƐ;ŚǇƉĞƌƉůĂƐƟĐǀƐ͘ŶŽŶͲŚǇƉĞƌƉůĂƐƟĐͿŽĨWK^ǁŽŵĞŶ

1RUPDO
Q 
0HDQ 6'

+\SHUSODVLD
Q 
0HDQ 6'

7RWDO
Q 
0HDQ 6'

3YDOXH

Age

28.45 (4.42)

 

28.54 (4.41)

0.416**

Age of menarche

 

13.00 (1.32)

13.27 (1.65)

0.756***

'XUDWLRQRILQIHUWLOLW\

7.15 (4.45)

 

7.21 (4.45)

***

/+OHYHO

8.41 (6.67)

 

 

0.600***

BMI

28.81 (5.11)

 

28.82 (5.14)

0.286***

n (%)

n (%)

n (%)

Type of infertility

Primary
Secondary

260 (83.1%)
 

 
1 (11.1%)

 
56 (16.0%)

0.537****

Menstrual
Pattern

5HJXODU
Irregular

18 (5.3%)
 

0 (0%)
 

18 (5.1%)
 

****

IMI

<3 month
PRQWK

162 (47.8%)
177 (52.2%)

7 (77.8%)
2 (22.2%)

 
 

0.070****

*

͖Ϯϴ;ϴ͘ϬйͿŽĨƉĂƚŚŽůŽŐǇƌĞƉŽƌƚƐǁĞƌĞŝŶĂĚĞƋƵĂƚĞ͕**; t test, ***͖DĂŶŶͲtŝƚŚŶĞǇƚĞƐƚ͕****͖&ŝƐŚĞƌĞǆĂĐƚƚĞƐƚ͕/D/͖/ŶƚĞƌŵĞŶƐƚƌƵĂůŝŶƚĞƌǀĂů͕
>,͖>ƵƚĞŝŶŝǌŝŶŐŚŽƌŵŽŶĞ͕D/͖ŽǇŵĂƐƐŝŶĚĞǆĂŶĚWK^͖WŽůǇĐǇƐƟĐŽǀĂƌǇƐǇŶĚƌŽŵĞ͘
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Table 2:WĂƚŚŽůŽŐǇƌĞƉŽƌƚŽĨĞŶĚŽŵĞƚƌŝĂůďŝŽƉƐǇŝŶWK^ǁŽŵĞŶ

5HSRUW

n

 YDOLG

&ODVVL¿FDWLRQ

Proliferative

216

61.6 (67.1)

Normal

Secretory



 

Q 

Polyp

3

 

Simple hyperplasia

5

1.4 (1.6)

Hyperplasia

Complex hyperplasia with atypia

3

 

Q 

Complex hyperplasia without atypia

1

0.3 (0.3)

Total

322

 

Inadequate (missing)

28

8.0

WK^͖WŽůǇĐǇƐƟĐŽǀĂƌǇƐǇŶĚƌŽŵĞ͘
Table 3:ŽŵƉĂƌŝƐŽŶŽĨƐĞƌƵŵ>,ůĞǀĞůĂŶĚĞŶĚŽŵĞƚƌŝĂůƚŚŝĐŬŶĞƐƐŝŶƚŚƌĞĞŐƌŽƵƉƐ;ŶŽƌŵĂů͕ŽǀĞƌǁĞŝŐŚƚĂŶĚŽďĞƐĞͿŽĨWK^ǁŽŵĞŶ

%0,JURXSV

1RUPDOa
Q 

6HUXPEDVDO/+

** ± 7.4



7.73 ± 4.8

0.007*

Endometrial thickness



7.7 ± 2.7



0.68

2YHUZHLJKWE
Q 

2EHVHF
Q 

3YDOXH

*
͖KŶĞtĂǇEKs;>^ƉŽƐƚ,ŽĐƚĞƐƚͿ͕a͖;ϮϬфD/чϮϱͿ͕b͖;ϮϱфD/фϯϬͿ͕c͖;ϯϬчD/Ϳ͕**͖^ŝŐŶŝĮĐĂŶƚůǇŚŝŐŚĞƌƚŚĂŶƚǁŽŽƚŚĞƌŐƌŽƵƉƐ͕WK^͖
WŽůǇĐǇƐƟĐŽǀĂƌǇƐǇŶĚƌŽŵĞ͕D/͖ŽĚǇŵĂƐƐŝŶĚĞǆĂŶĚ>,͖>ƵƚĞŝŶŝǌŝŶŐŚŽƌŵŽŶĞ͘ĂƚĂƉƌĞƐĞŶƚĞĚĂƐŵĞĂŶ± ^͘

:HDOVRFRPSDUHGVHUXP/+OHYHODQGHQGRPHtrial thickness in three groups (normal, overweight
DQG REHVH  RI SDUWLFLSDQWV 5HVXOWV DUH LOOXVWUDWed in Table 3. One way ANOVA was performed
ZKLFKVKRZHGVHUXP/+OHYHOVZHUHQRWHTXDOEHWZHHQJURXSV ) 3  /HDVWVLJQL¿FDQW
GLIIHUHQFH /6' SRVWKRFWHVWZDVDOVRFRQGXFWHG
ZKLFK VKRZHG WKDW WKH /+ OHYHO LQ QRUPDO %0,
JURXS ZDV VLJQL¿FDQWO\ KLJKHU WKDQ WKDW RI RWKHU
groups (P=0.005 and P=0.004), but there was no
statistical difference between overweight and
REHVHJURXSV 3  7KHUHZHUHQRVLJQL¿FDQW
differences among three BMI groups in terms of
endometrial thickness (P=0.6).
Multivariate logistic regression test demonstrated
that the endometrial thickness was predictive factor
for endometrial hyperplasia in PCOS women (odds
UDWLR   FRQ¿GHQFH LQWHUYDO 
3  )HPDOH¶VDJH%0,DQG/+OHYHOZHUHQ¶W
predictive for endometrial hyperplasia.

Discussion
Important risk factors for endometrial cancer
in PCOS women were reported in previous studLHV LQFOXGLQJ REHVLW\ DJH \HDUV QXOOLSDULW\

hypertension, infertility and diabetes (7, 16-18).
Therefore, PCOS women particularly those with
chronic anovulation may be exposed to higher
risk of endometrial hyperplasia and endometrial
cancer. The mechanisms which cause endometrial hyperplasia and carcinoma are possibly hyperestrogenemia. Hyperandrogenism, hyperinsuOLQHPLDDQGREHVLW\DUHDOVRULVNIDFWRUV  
Hyperinsulinemia stimulates adrenal and ovarian
androgen production, endogenous estrogen production from progesterone, and it also decreases
hepatic sex hormone binding globulin production
(18, 21). On the other hand, the combination of
insulin resistance and hyperinsulinemia seems to
increase the circulation of androgen levels (22,
 DQGLQGXFHFRQVWDQWSURGXFWLRQRI/+  
Insulin, androgens and estrogens raise mitotic activity through insulin-like growth factor (7, 18).
All These alterations motivate endometrial proliferation and mutagenic potential, which may
elevate the risk of endometrial hyperplasia and
cancer (18).
The prevalence of endometrial hyperplasia in
our study was 2.6%. Holm et al. (18), in a large
FRKRUWRI'DQLVKSUHPHQRSDXVDOZRPHQ Q  
with PCOS found a low prevalence of endometrial
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thickness (1%) and endometrial cancer (0.1%). In
comparison to previous study, our population had
higher risk of hyperplasia; this difference may be
related to variation of PCOS phenotypes between
two different races.
In our survey, only endometrial thickness was
predictive of hyperplasia. It means that for every
1 mm increase in endometrial stripe thickness,
the odds ratio of hyperplasia increased by 1.26.
Higher endometrial thickness in hyperplastic
group in our study is similar to Cheung (10) and
McCormick et al. (25) studies. They reported the
only endometrial stripe thickness was predictive
of hyperplasia and for every 1 mm increase in endometrial stripe thickness the risk of hyperplasia
increased by 1.48. On the other hand, some previous studies had contrast results about the usefulness of endometrial stripe thickness in PCOS
SDWLHQWV:HFRXOGQRW¿QGVWDWLVWLFDOVLJQL¿FDQW
GLIIHUHQFH LQ VHUXP /+ OHYHO EHWZHHQ QRUPDO
DQGK\SHUSODVWLFJURXSVHLWKHU:HFRXOGQRW¿QG
any other studies conducted on the relationship
EHWZHHQVHUXP/+OHYHODQGK\SHUSODVLD,QRXU
VWXG\VHUXP/+OHYHOZDVKLJKHULQK\SHUSODVWLF
group, but the difference was not statistically sigQL¿FDQW6LPLODUWRWKHSUHYLRXVVWXGLHVZHFRXOG
QRW¿QGDQ\UHODWLRQVKLSEHWZHHQDJHDQGHQGRmetrial hyperplasia (10, 26).
As the menstrual cycle length increased and
PCOS women extended menstrual cycles of more
than 60 days, they were at risk of endometrial hyperplasia (27). In our study similar to McCormick
et al. (25) inter menstrual interval was not associated with hyperplasia, but prior studies whose
participants had longer durations of amenorrhea
UHSRUWHGFRQÀLFWLQJUHVXOWV  
Similar to previous studies (11, 13), we observed
VHUXP/+/HYHOWREHVLJQL¿FDQWO\KLJKHULQVRPH
PCOS women with normal BMI, but Hendriks
HW DO   KDG IRXQG QR FRUUHODWLRQ EHWZHHQ /+
concentration and age or BMI in PCOS patients.
3DJiQHWDO  IRXQGWKH/+SXOVHIUHTXHQF\LV
HOHYDWHGLQ3&26EXWQRLQÀXHQFHRI%0,RQHLther marker of hypothalamic function was detected. In PCOS, the pituitary response to a weightEDVHGGRVHRI*Q5+LVLQYHUVHO\UHODWHGWR%0,
these evidences suggested that in PCOS patients
WKHHIIHFWRI%0,RQ/+EHLQWHUSRVHGDWDSLWXLtary and not a hypothalamic level.
Int J Fertil Steril, Vol 10, No 1, Apr-Jun 2016
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The present study reveals that there is no relationship between BMI and endometrial thickness
in PCOS patients in compliance with to Iatrakis et
al. (28) study. In contrast, McCormick et al. (25)
reported that women with hyperplasia had sigQL¿FDQWO\ KLJKHU %0, LQ FRPSDULVRQ ZLWK WKRVH
ZLWKRXW K\SHUSODVLD +HOOHU HW DO   UHSRUWHG
that higher BMI was associated with endometrial hyperplasia in comparison with lower BMI.
/LNHZLVH=HQJHWDO  FRPSDUHGHQGRPHWULDO
WKLFNQHVV DQG HQGRPHWULDO EORRG ÀRZ LQ WKUHH
BMI groups in non-PCOS patients; they found no
relationship between BMI and endometrial thickness in these patients. They also reported obesity
%0,NJP2) seems to have a negative effect on
HQGRPHWULDO DQG VXEHQGRPHWULDO EORRG ÀRZ 'XH
to the limitations, we did not evaluate endometrial
pattern, endometrial spiral arterial resistance index
5, DQGSXOVDWLOLW\LQGH[ 3, YDOXHVDQGV\VWROLF
GLDVWROLFUDWLR 6' LQ3&26SDWLHQWVLQRXUVWXG\
We suggest comparing these variables among normal weight, overweight and obese PCOS women
in future studies.

Conclusion
Sonographic endometrial stripe thickness is predictive for endometrial hyperplasia in PCOS womHQ:HFRXOGQRW¿QGDQ\UHODWLRQVKLSEHWZHHQVHUXP/+OHYHODQG%0,ZLWKHQGRPHWULDOWKLFNQHVV
LQ3&26SDWLHQWV+RZHYHURXUVWXG\FRQ¿UPHGD
GLYHUVHUHODWLRQVKLSEHWZHHQVHUXP/+OHYHODQG
BMI in PCOS patients.
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