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Objective. The aim of this study was to inves-
tigate the influence of menstrual dysfunction
in the form of oligomenorrhea and amenor-
rhea on bone mineral density (BMD) in wom-
en with polycystic ovary syndrome (PCOS).
Study Design. Eighteen amenorrheic, 32 oli-
gomenorrheic and 50 normally mensturating
polycystic women participated in this study.
Every woman underwent measurements of
lumbar spine, femoral neck, wards, trochan-
ter, shaft and total hip BMD by dual energy
X- ray absorptiometry (DEXA).

Results. The difference of mean serum total
testosterone levels between groups were stati-

cally significant (p<0.01). The bone density of
the lumbar spine (L2-L4) in the group of the
amenorrheic women was 0.97 + 0.09, signifi-
cantly lower than that in the eumenorrheic
group (1.12 + 0.07 SD; p=0.001) and the oligo-
menorrheic group (1.05 + 0.05; p=0.001).
Conclusions. PCOS patients with amenor-
rhea have lower BMD than PCOS with eu-
menorrhea and oligomenorrhea. Amenor-
rhea is the one of the reasons of lower bone
mineral density in patients with polycystic
ovary syndrome.
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Introduction

Polycystic ovary syndrome (PCOS)
is one of the most common endo-
crine disease in reproductive age
women characterized by chronic
anovulation and menstrual cycle dis-
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turbances like amenorrhea and oligo-
menorrhea, hyperandrogenemia and
insulin resistance®. PCOS is seen in
reproductive age group with the inci-
dence about 5-10%**. Most authors
agree that amenorrhea is associated with

different causes and may be associated
with a reduction in bone mineral density
in reproductive aged women®”. PCOS
is a complex disorder and several
components of the syndrome may affect
bone density®. In this study, the bone
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mineral density of the patient with
PCOS with different menstrual status
was compared.

Materials and methods

In this prospective study, 100 consecutive
patients aged between 18-32 years (mean
23 years) with PCOS were studied. The
study was carried out between 01 January
2007-30 April 2008 in the State Hospital,
Department of Obstetrics and Gynecology,
Erbaa, Turkey. An Institutional Review
Board approved the study protocol, and
informed consent was obtained for each
patient before they were involved in the
study. During the analysis of the data, all
patients with PCOS were divided into three
subgroups, according to the menstrual
cycle length.

Group 1 - Patients with regular men-
strual period

Group 2 - Patients with oligomenor-
rhea. Oligomenorrhea was defined as
cycle length >35 days.

Group 3 - Patients with amenorrhea.
Amenorrhea was defined as the absence
of vaginal bleeding for 6 months.

The diagnosis of PCOS was based
on according the definition of the new
Rotterdam criteria®. The patient with
PCOS was defined as having two of the
following three features:

1. menstrual cycle disturbances such as

oligomenorrhea and amenorrhea;

2. ultrasound features of polycystic

ovaries;

3. clinical and/or biochemical features

of hyperandrogenism.

Oligomenorrhea was defined by a
mean cycle length exceeding 35 days.
Amenorrhea was defined as the absence
of vaginal bleeding for 6 months and
none of women had received any me-
dication for this condition. Vaginal ul-
trasound scan of the ovaries with 7.5
MHz vaginal end probe were performed
in follicular phase by an experienced
sonographer. Presence of ten or more
sub-capsular follicles in each ovary
measuring 2-9 mm in diameter and
increased stroma were used to indicate
the polycystic ovary (PCO) appearance.
Clinical hyperandrogenism (i.e. hirsu-
tism, acne, oily face) and biochemical
hyperandrogenemia (serum total tes-
tosterone reference range: 14-76 mg/dL)
were documented.

Subjects were asked to fill in a stan-
dardized questionnaire, related to their
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social, medical, menstrual history. All
PCOS patients were in good health
didn't smoke and none of them was
on excessive physical training. Majo-
rity of them had similar lifestyles and
diets. Serum prolactine levels and thy-
roid functions were measured in all
participants, in any of the recruited
subjects who had hyperprolactinemia
or abnormal serum thyroid function
tests were not included in the study.
Exclusion criteria for women with PCOS
also included pregnancy, cigarette-smo-
king, use of oral contraceptives, anti-
diabetics or glucocorticoids or any me-
dication known to affect bone mineral
metabolism.

The data recorded included age, pa-
rity, age at menarche, weight, height and
body mass index (BMI). Body mass index
was calculated as weight (kg) divided by
height squared (m?).

Laboratory measurements

Blood samples were obtained in the
morning after an overnight fasting on the
third day of the menstrual cycle except
in those with amenorrhea. FSH, LH, E2,
PRL, fasting glucose, total testosterone
were all measured in all patients.

Bone Mineral Density

The BMD of the anterior-posterior
lumbar spine (L2-L4), left proximal fe-
mur including the femoral neck, Ward’s
triangle, and the greater trochanter,
shaft and total hip BMD were measured
by using conventional dual- energy X-ray
absorptiometry (DEXA) (LUNAR DPX-
PRO; Lunar, Madison WI, USA). Tech-
nical performance was monitored by
daily calibration scans using an anthro-
pomorphic Hologic phantom.

Serum fasting glucose, HDL, LDL, to-
tal cholesterol, TG, albumin, gamma
globulin levels were similar in the three
groups.

Statistical Analysis

All results are expressed as mean + SD.
Student’s t-test and the Mann-Whitney
U-test were used for comparisons of the
two groups when appropriate. Overall
significance of differences between
three groups was analyzed by one-way
ANOVA or Kruskal-Wallis tests. Pearson
correlation analysis was used for linear
correlations. P<0.05 was considered sta-
tically significant. Statistical analyze
was performed using SPSS version 15 for
Windows (Statistical Package for Social
Science, Chicago, IL, USA).

Results

Eighteen amenorrheic, 32 oligome-
norrheic and 50 normally menstruating
polycystic women participated in this
study. The characteristics of the patients
in the three study groups are shown in
Table 1. The three groups were similar
in terms of mean age, and BMI (p>0.05).
None of the subjects in either group was
in receipt of significant medication,
nor were they taking hormones for con-
traceptives or other purposes. Serum
prolactine levels and thyroid function
tests were within normal range in all the
subjects and there were no significant
differences between three groups.

Fifty of the 100 PCOS subjects (50%)
had oligomenorrhea and amenorrhea
since the beginning of their menarche.
PCO was diagnosed by ultrasonography
68 (68%) of 100 PCOS recipients. Hyper-
androgenemia was detected clinically in
43 (43%) cases and biochemically in 73
of 100 (73%). 85 women had higher LH
than FSH, elevated ratio of LH/FSH >2
was detected in 75 (75%) women.

The mean values of hormonal para-
meters in PCOS eumenorrheic, oligome-
norrheic and amenorrheic women, were
listed in Table 1. There were significant
differences in plasma LH level between
groups (p<0.01). Serum LH level was
significantly higher in the amenorrheic
group than in the eumenorrheic and
oligomenorrheic ~ groups  (p=0.008;
p=0.002 respectively). Similarly serum
FSH level was higher in the amenorrheic
group than in the eumenorrheic group
(p=0.007). Although the serum level
of FSH in oligomenorrheic group was
lower than amenorrheic group, this
was statistically insignificant (p=0.708).
There were no statistically significant
differences in serum LH and FSH levels
between oligomenorrheic and eume-
norrheic groups. Estradiol level didn't
significantly differ in between groups
(p=0.115). The LH/FSH ratio was found
to be higher in amenorrheic groups than
the other two groups.

Mean serum total testosterone levels
in between groups were statistically
significant (p<0.01). Serum level of to-
tal testosterone in amenorrheic groups
was significantly higher than those in
eumenorrheic (p=0.001) and oligomenor-
rheic (p=0.001) groups. On classifying
the women with PCOS into the three
subgroups regarding the menstrual

WVol. 5. No. 17 - 3/2009



ineco

Characteristics of three subgroups of Polycystic Ovary Syndrome Patients

Polycystic Ovary Syndrome

Mean + SD Mean + SD Mean + SD
Age (years) 23,10 £5,28 22,88 +5,67 NS 24,18 +5,13NS
Weight (kg) 68,26 + 18,57 64,94 + 1392 NS 67,76 + 16,75 NS
Height (cm) 158,52 + 6,13 155,63 + 6,49 NS 157,47 £ 6,91 NS
BMI (grs/cm) 27,05 + 4,90 27,45+ 5,70 NS 28,48 + 8,14 NS
Fasting Glucose (mg/dl) 96,76 + 11,53 99,09 + 8,74 NS 92,24 +9,05 NS
Total Testosterone (ng/ml) 83,23+ 15,04 90,11 +15,22%* 156,14 +41,38**
FSH (IU/1) 4,10+ 2,46 4,58 £1,92%* 6,26 + 3,23**
LH (TUN) 10,84 + 4,41 9,72 +4,12** 16,28 + 12,01**
PROLACTIN (ng/ml) 12,47 £ 7,02 15,01 £7,92 NS 20,56 + 20,45 NS
E2 (pmol/l) 125,14+ 95,45 83,63 +47,10 NS 84,67 + 68,40 NS

*statistical significant p<0.05; ** statistical significant p<0.01; NS - Not statistical significant

BMD values for three subgroups of Polycystic Ovary Syndrome Patients

Polycystic Ovary Syndrome
| Nommally Mensiruating (o-30) | Oligomenorheio(n=32) | _amenorsheica-18)
L2-L4 (gms/cm? £ SD) 1,12£0,07 1,05+ 0,05%* 0,97 £0,09**
Femur neck (gms/cm? + S) 0,98 +0,08 0,94+0,11** 0,88 +0,11**
Wards (gms/cm? + SD) 0,91+ 0,11 0,84 £0,12%* 0,79 £0,15**
Trochanter (gms/cm?+ SD) 0,81 +0,09 0,76 £ 0,09** 0,71 £0,14**
Shaft (gms/cm? + SD) 1,17 £0,13 1,10 +£0,12%* 1,03 £0,15%*
Total hip BMD (gms/cm?+ SD) 1,00+ 0,09 0,94 £ 0,10** 0,88 £0,13**

* statistical significant p<0.05; ** statistical significant p<0.01; NS - Non statistical significant

cycle length, it was found that there
were statistically significant differences
between groups (Table 2). The bone
mineral density of the lumbar spine
(L2-L4) in the group of the amenorrheic
women was 0.97 = 0.09 SD, and it was
significantly lower than that in the
eumenorrheic group (1.12 + 0.07 SD;
p=0.001) and the oligomenorrheic group
(1.05 + 0.05; p=0.001). The bone density
of the lumbar spine (L2-L4) in the
oligomenorrheic group was significantly
lower than the eumenorrheic group
(p=0.001) (Figure 1). The bone densi-
ty of the femoral neck was also statis-
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tically lower in amenorrheic group
(p=0.002) than in eumenorrheic and oli-
gomenorrheic groups (Figure 2). There
was no difference in between femoral
density of eumenorrheic (p=0.173) and
oligomenorrheic (p=0.175) groups. Simi-
larly the wards, trochanter and the shaft
BMD in amenorrheic group (p=0.001;
p=0.001; p=0.001 respectively) were sig-
nificantly lower than in oligomenor-
rheic and eumenorrheic groups. There
were no statistically significant dif-
ference between oligomenorrheic and
eumenorrheic groups in the wards, tro-
chanter and the shaft BMD.

Discussion

Polycystic ovarian disease is the one
of the most common cause for men-
strual dysfunction!”. In literature,
among unselected women, the preva-
lence of PCOS was defined 7% by the
presence of oligomenorrhea and bio-
chemical hyperandrogenism™), 4% by
the presence of oligo-ovulation and
clinical hyperandrogenism“. In this
study, the prevalence of PCOS among
unselected women was estimated 6% by
the presence of oligo- or an-ovulation and
biochemical hyperandrogenism, 5% by
the presence of oligo- or a-menorrhea and
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clinical hyperandrogenism. In the present
study, the 2003 Rotterdam consensus
workshop was used. It has expanded
the diagnostic criteria for PCOS by in-
cluding women with polycystic ovaries
and hyperandrogenism but normal
ovulatory function; and those with poly-
cystic ovaries and normal ovulation but
no clinical an biochemical findings of
hyperandrogenism®!?.

BMI, parity, duration of menstrual
irregularity were not different between
three groups, these findings reassure
us that a selection bias with a major
influence on the results had not taken
place. Patients older than 35 years were
excluded from the study because a
decline in bone mineral density has been
reported in premenopausal women?,
The mean age was not different between
PCOS groups and we didn’t find cor-
relation between age and bone mass in
our study.

Women with PCOS produces estradiol
lower than the normal women with
normal menstrual cycle?. Lower estra-
diol production with the absence of
the estradiol surge associated with
ovulation, are the reasons that affect
negatively the bone mineral density of
women with PCOS. However production
of androgens are increased in women
with PCOS and chronic elevation of
androgens cause positive effect on bone
in women with PCOS(®),

The degree of hypoestrogenism may
predict bone density measures in wo-
men with PCOS. So the serum levels of
estradiol were measured on the third
day of menstrual cycle, but there was no
difference between groups. Because the
great variability in the estradiol levels
across the menstrual cycle, measuring
the serum levels of estradiol only in the
third day of menstruation did not help
us.

Chronic elevation of androgens may
exert a positive influence on bone in
women with PCOS. The positive influ-
ence of androgens on BMD have been
explained by direct (androgenic) and
indirect (estrogenic) effects!'”. Direct
effects of androgens occur through an-
drogen receptors on bone related cells and
indirect effects occur after conversion of
androgens to 17f3-estradiol and estrone
in peripheral tissues'®. DiCarlo et al
compared BMD of the amenorrheic
women due to PCOS with the other
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Figure 1. The bone density of the lumbar spine (L2-L4) in the oligomenorrheic and the

eumenorrheic groups
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Figure 2. The bone density of the femoral neck in the amenorrheic, eumenorrheic and

oligomenorrheic groups

reasons causing amenorrhea except
from PCOS. Patient with PCOS related
amenorrhea had significantly higher
BMD compared to non-PCOS ame-
norrheic patients’®. Recent investiga-
tions have demonstrated a potential
interaction between androgen excess
and menstrual irregularity in the deter-
mination of BMD in women. Prezelj et
al found that hyperandrogenic but eu-
menorrheic women had significantly
higher BMD than hyperandrogenic ame-
norrheic women”. Adami et al have

evaluated endocrine profiles, BMD,
bone turnover markers in 51 patients
with PCOS, 26 patients with hypotha-
lamic amenorrhea, 24 patient with
idiopathic hirsutism and 35 healthy
women. In the subgroup of PCOS pa-
tients with amenorrhea, spinal and
femoral neck BMD were significantly
lower than PCOS patients with non-
amenorrhea and patient with idiopathic
hirsutism™. In a study, Castelo-Branco
et al evaluated BMD at the lumbar spine
in non-obese young hirsute women and
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they concluded that menstrual history
was a determinant of bone density. 27
hirsute women with oligomenorrhea
or amenorrhea were compared to 25
hirsute women with eumenorrhea and
non-hirsute controls. Women with men-
strual irregularities, both hirsute and
non-hirsute had significantly lower BMD
than those with regular menses®. In the
present study, the findings were similar
with literature. It was observed that
amenorrheic women with PCOS had
lower BMD in all sites measured than
eumenorrheic and oligomenorrheic wo-
men with PCOS. However, it was demon-
strated that amenorrheic women with
PCOS had significantly higher serum
total testosterone than oligomenorrheic
and eumenorrheic women with PCOS.
Therefore, it was concluded that an-
drogens could not show their positive
effect on BMD without the mid-cycle
estradiol peak and/or luteal phase pro-
gesterone production in women with
PCOS suggesting that estradiol plays a
critical role and shows very important
positive effect on bone in women with
PCOS. Also it was concluded that PCOS
is a complex disorder, and except from

androgens, several other components
of this syndrome are related with bone
mass in women with PCOS.

In the present study is limited by the
lack of nutritional evaluation and exact
information about physical activity of
study participants. In the present study,
DEXA (which is the preferred method
for assessing BMD) was used because of
its speed, availability, and low radiation
exposure especially for children. How-
ever, DEXA is limited because it mea-
sures a two dimensional area but not a
volumetric BMD. Volumetric bone mea-
surements allow assessment of bone
density independent of bone size.

A family history of osteoporosis is an
important factor for low BMD. The low
number of women in this study reported
a family history of osteoporosis or other
bone-related disorders. So it didn't make
a meaningful analysis of this risk factor.

This study still had several limi-
tations. The clinical diagnosis of hyper-
androgenism was made subjectively.
We didn't use a standardized scoring
method. The biochemical diagnosis
of hyperandrogenism was made by
measuring only serum levels of total

testosterone. Normal reference range
of androgens and the other hormo-
nal measurements as defined by ma-
nufacturers was used without establi-
shing normative values for our own
population.

It was concluded that amenorrheic
women with PCOS had lower BMD than
eumenorrheic and oligomenorrheic ones.
This study indicates that restoration of
menstruation in amenorrheic women
with PCOS will lead to improvement in
bone mass.

Although serum levels of total testo-
sterone were higher in amenorrheic
group than eumenorrheic group, eu-
menorrheic PCOS women had higher
bone mass. This suggests that hormonal
periodicity and estradiol are important
key factors for BMD in these patients. In
conclusion, amenorrhea has deleterious
effect on bone mineral density in patient
with polycystic ovary syndrome. In these
patients androgen overproduction has
mild positive effect on bone mass but
bone mass is mainly affected from
hormonal periodicity and the presence
of the estradiol surge associated with
ovulation. H
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