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Object: To evaluate the association between serum
ferritin levels and insulin resistance and metabolic
syndrome in obese and non-obese women.

Methods: Retrospective study. Five hundred thirty-
nine women, 286 of whom had PCOS and 253 of whom did
not have PCOS, were included in the study.

Results: Serum ferritin correlated with menstrual
cycle length, sex hormone-binding globulin, total
testosterone, androstenedione, triglyceride, and
total cholesterol both in obese and non-obese women.
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Obese women (BMI>25) with high ferritin (ferritin
>45.5 ng/mL, n=270) levels had higher insulin
resistance, impaired glucose tolerance, and liver
enzymes than obese women with low ferritin levels
(ferritin < 45.5 ng/mL, n=269). However, among non-
obese women, insulin resistance and metabolic
disturbances were not significantly different between
high and low ferritin groups. Women with high
ferritin levels had a greater risk of PCOS and
hyperandrogenism than women with low ferritin levels.
Independent of obesity, hypertriglyceridemia was the
major metabolic disturbance in women with elevated
serum ferritin levels.

Conclusions: The pathogenesis of increased iron
stores correlated with insulin resistance and
metabolic syndrome among obese and non-obese
premenopausal women was different. The
hypertriglyceridemia in women with PCOS might be
associated with iron metabolism.

Polycystic ovary syndrome, ferritin, obesity, insulin
resistance, metabolic syndrome.
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Serum ferritin levels in obese and non-obese women

Ming-I Hsu MD', Chun-Sen Hsu MD', Chii-Ruey Tzeng?, MD.

'Department of Obstetrics and Gynaecology, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan
*Department of Obstetrics and Gynaecology, Taipei Medical University Hospital, Taipei Medical University,

Taipei, Taiwan
Abstract

Object: To evaluate the association between serum ferritin levels and insulin resistance and metabolic

syndrome in obese and non-obese women.

Methods: Retrospective study. Five hundred thirty-nine women, 286 of whom had PCOS and 253 of whom
did not have PCOS, were included in the study.

Results: Serum ferritin correlated with menstrual cycle length, sex hormone-binding globulin, total
testosterone, androstenedione, triglyceride, and total cholesterol both in obese and non-obese women. Obese
women (BMI>25) with high ferritin (ferritin > 45.5 ng/mL, n=270) levels had higher insulin resistance,
impaired glucose tolerance, and liver enzymes than obese women with low ferritin levels (ferritin < 45.5
ng/mL, n=269). However, among non-obese women, insulin resistance and metabolic disturbances were not
significantly different between high and low ferritin groups. Women with high ferritin levels had a greater
risk of PCOS and hyperandrogenism than women with low ferritin levels. Independent of obesity,

hypertriglyceridemia was the major metabolic disturbance in women with elevated serum ferritin levels.
Conclusions: The pathogenesis of increased iron stores correlated with insulin resistance and metabolic

syndrome among obese and non-obese premenopausal women was different. The hypertriglyceridemia in

women with PCOS might be associated with iron metabolism.

Keywords: Polycystic ovary syndrome, ferritin, obesity, insulin resistance, metabolic syndrome.
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Introduction

Ferritin is a ubiquitous intracellular protein that is essential for the regulation of iron homeostasis.
Serum ferritin level is a widely available clinical biomarker used to estimate body iron status. Polycystic
ovary syndrome (PCOS) is an endocrine disorder that affects 6-7% of premenopausal women (Azziz et al.,
2004). PCOS is clinically diagnosed by hyperandrogenism and chronic anovulation; however, its morbidity
may include insulin resistance, type 2 diabetes mellitus, hypertension, cardiovascular disease and infertility
(Lobo et al, 2000). Increased serum ferritin levels have been found in women with PCOS
(Escobar-Morreale et al.,, 2005). Serum ferritin concentrations differ significantly according to sex, body
status and ethnicity (Kim et al., 2011; Cheng et al., 2012). The correlation between serum ferritin levels and
metabolic components in obese and non-obese women is not well understood. We therefore conducted this
retrospective study to evaluate the relationship between ferritin levels, insulin resistance, metabolic

disturbances, and PCOS-related syndrome among obese and non-obese women.

Materials and Methods

This study was approved by the Institutional Review Board of the Wan Fang Medical Center at Taipei
Medical University, Taipei, Taiwan and was conducted at the Outpatient Clinic of the Wan Fang Medical
Center at Taipei Medical University from 2010 Nov. 1 to 2012 Jul. 31. This study was registered at
ClinicalTrail.gov (NCT01256970).

Study population

The participating women were recruited from among the patients who visited our Reproductive
Endocrinology Clinics with chief complaints of infertility, menstrual disturbance, dysmenorrhea, and
hirsutism. Each patient enrolled in this study signed an informed consent form The following patients were
excluded when establishing the study populations: (1) women who had been diagnosed with congenital
adrenal hyperplasia, androgen-secreting tumor, Cushing’s syndrome, disorders of the uterus, and
chromosomal anomalies; (2) young women who had had menarche for less than 3 years, or women who
were older than 45; and (3) women who received hormones or drugs for major medical diseases. The serum
homocysteine level has been used for cardiac vascular risk evaluation beginning 2010 Nov.1. By 2012 Jul.
31, 400 women had been evaluated. Of these, 61 women were further excluded due to hyperprolactinemia
(N=47) and ovarian failure (N=14). Finally, 339 women were included in this study.

Data collection

The subjects’ medical history included a detailed menstrual and medical/surgical history,
anthropometric measurements (weight, height, waist circumference, and hip circumference), and blood
pressure. The number of menstrual cycles during the previous year was recorded. The waist-to-hip ratio

(WHR) was defined as waist circumference/hip circumference. The dates and assays for blood sampling

3



have been previously described [14]. Total testosterone levels were measured by a commercial Kkit,
TESTOSTERONE RIA DSL-4000 (Diagnostic Systems Laboratories, Inc. Webster, Texas 77598). The
range of expected values is defined as the central 95% of the 168 female observations, corresponding to a
range of 0.1 to 0.8 (ng/mL). Homocysteine levels were measured by a commercial kit (Abbott Laboratories,
Abbott Park, IL 60064, USA). The range of expected values is defined as the central 95% of the 170 female
observations, corresponding to a range of 4.6 to 12.4 pumol/L (Abbott AXSYS, Homocysteine, REF 5F51).
Hyperhomocysteinemia was defined for women with serum homocysteine levels > 12.4 pmol/L.

The following components were measured and calculated: (1) total testosterone, androstenedione,
dehydroepiandrosterone sulfate (DHEA-S), 17-a-OH progesterone, and the free androgen index; (2) fasting
insulin, fasting glucose, 2-hour OGTT glucose level, and the homeostasis model assessment of the insulin
resistance index (HOMA-IR); (3) serum follicle-stimulating hormone (FSH), luteinizing hormone (LH), and
prolactin; (4) total cholesterol, triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein
(LDL); and (5) GOT (Glutamic Oxaloacetic Transaminase), GPT (Glutamic Pyruvic Transaminase), and
high-sensitivity C-reactive protein (hs-CRP). The free androgen index (FAI) was calculated using the
formula FAI=T (nmol/I) X100/SHBG (nmol).

PCOS was diagnosed according to the 2003 Rotterdam criteria, which required a minimum of 2 of the
following 3 criteria for a diagnosis of PCOS: polycystic ovary morphology (PCOM), oligomenorrhea or
amenorrhea (ANOV), and hyperandrogenism (HA). The definitions of ANOV and PCOM have previously
been described in detail [15]. Hyperandrogenism (HA) was defined as hirsutism and/or biochemical
hyperandrogenemia (BioHA). Hirsutism was evaluated using the modified Ferriman-Gallwey (mF-G)
method, which was performed by a single technician. Hirsutism was defined as an mF-G score > 6. BioHA
was defined as a total serum testosterone > 2.78 mmol/L.

Insulin sensitivity, impaired glucose tolerance, diabetes, and metabolic syndrome
The insulin sensitivity index was evaluated by the HOMA-IR using the following formulas:

HOMA-IR= (fasting insulin [pU/mL] x fasting glucose [mg/dL])/405.

WHO 2006 diagnostic criteria for diabetes were employed (fasting plasma glucose > 7.0 mmol/L or 2-hour
plasma glucose > 11.1 mmol/L). Impaired glucose tolerance was defined as two-hour glucose levels of 7.8
to 11.1 mmol/L in the 75-g oral glucose tolerance test. In women with impaired glucose tolerance, the
fasting plasma glucose level should be <7 mmol/L.

Metabolic syndrome (MBS) was defined (2005 National Cholesterol Education Program -Adult Treatment
Panel III) as the presence of at least three of the following criteria: abdominal obesity (waist circumference
> 80 cm in women), serum TG > 1.7 mmol/L, serum HDL<1.3 mmol/L, systolic blood pressure > 130

mmHg and/or diastolic blood pressure > 85 mmHg, and fasting plasma glucose >7.0 mmol/L.

Statistical analysis
Statistical analysis was performed using SPSS 13.0 for Windows (SPSS, Inc., Chicago, IL). We

evaluated the correlation between the serum homocysteine levels and PCOS-related parameters using
Pearson’s correlation coefficients with the two-tailed method. The data are presented as the mean + standard

deviation in table 2. We used the chi-squared and Fisher’s exact tests to compare categorical variables and
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ANOVA to compare continuous variables in table 2. Logistic regression analyses and an odds ratio with a
95% confidence interval were used to examine the relationship between hyperhomocysteinemia and the
associated risk factors. Differences between groups were considered significant if the p-value was less than
0.05.

Results

The correlation analysis of homocysteine with the relative parameters are shown in Table 1. Serum
homocysteine levels are correlated with the serum total testosterone level and the diastolic pressure.

There are 188 women with PCOS and 151 women without PCOS in all 339 studied cases. Serum
homocysteine level are not different between women with PCOS and women without PCOS (homocysteine
11.1£3.0 vs. 10.8+£2.7umol/L, p=0.292).

Tahlae 1; Correlation of ferntin with dinical atd biochemical inmdin resmstance and metabolic smdrome (n=53%)

Total (n=338) obese (n=433) Moreobese (n=3023)

Comelation  pevalue Correlation  pevalue Comrelation  pewalue
Age 0052 0353 -0.07& 0251 -0.096 0095
Eody W ass Index nam <0.001* 0149 nozs* 0044 0442
Menstrual cycle length 032 <0.001* 0372 =0.001* 0124 ooz
Sext Hormone-hindng g obuin -0.24% «<0.001* -0.192 nooz* -0.197 nool*
tughe sensitivty C-reactive proten 024 <0.001* 0229 <0.001* 0.074 0202
Total testosterone nan <0.D01* 0151 oo+ 0324 =0.001*
Androstened one 0181 =0.001* 0164 o1z 0.257 =0.001*
Drshyrdrospiandro sterone sulfate a5 0132 nnse 0373 0056 0333
17- 0 OH proge derone 003 0375 0060 0361 0104 00628
Fasgting inmilin 0257 <0.D01* 03233 nooz* 0.oog 0272
Fasting gucoss n2m <0.001* 0258 <0.001* 0.0e2 0115
HOMA-IR? n3m <0.001* 0306 <0.001* 0043 0455
Haemogchin Al 0224 <0.001* 0258 ooop# 0.0628 02z9
GOoT? 0561 <0001+ 0421 <0.001* 0042 0411
Chiol estercl 0165 <0.001* 0158 00le* 0129 00ze*
High-density ipope otein -0.196 <0Do1* -0.137 nosye 0045 0437
Lo density Epoprotein 01358 <0.001* 0091 0168 0.094 o107
Trigyeends 0334 <0001+ 03264 <0.001* 0324 <0ooi#
Svetolic presaye 0210 <0.001* 01a7y nnis= -0.049 0397
Diastolic pressue 02 =0.po1* 0175 noog* -0.040 0457

According to the three diagnostic components of polycystic ovary syndrome, all 339 studied cases
could be classified into eight subgroups: normal control (N=44; 10.7+2.9), polycystic ovary morphology
(PCOM) only (N=33; 11.5£3.0), oligo/amenorrhea (Oligo/AN) only (N=49; 10.2+2.4), hyperandrogenism
(HA) only (N=25; 11.0£2.4), PCOM and Oligo/AN (N=58; 10.4+2.2), PCOM and HA (N=22; 11.4£2.8),
Oligo/AN and HA (N=28; 11.3+3.0), and PCOM+Oligo/AN+HA (N=80; 11.4+3.4). We found that the
serum homocysteine levels were not different among women with these eight PCOS-related phenotypes
(p=0.166).

However, the significantly elevated homocysteine could be found for women with biochemical



hyperandrogenemia (serum total testosterone > 2.78 mmol/L). Women with hyperandrogenemia has
significant higher serum homocysteine levels than women with normal serum total serum levels (11.9+3.4
vs. 10.7£2.6, p=0.001).

Table 2 presents the clinical and biochemical characteristics of women with hyperhomocysteinemia and
euhomocysteinemia. Women with hyperhomocysteinemia had a significantly higher risk for biochemical
hyperandrogenemia and higher serum levels of total testosterone than women with euhomocysteinemia. The
prevalence of PCOS, PCOM, Oligo/AN, and metabolic disturbance were not different between the two
groups. Furthermore, the parameters of insulin resistance and the lipid profiles were also similar between the
two groups. The sign of clinical hyperandrogenism (hirsutism and the FG Score) were not different between

women with and without hyperhomocysteinemia.

Table-2: & compatison of bochemical characteristics of chese and non-obese women with hgh and low ferritin

Chasa Honobess
Loar Hih Loar High
Fertin =45 Famtin= 45 p-vahie Farntin=45 FemtingZ 45 pvahie
Case voovh ey 88 145 178 127
Ferritin (namol/L) 245+124 1165991 =0001* 254+120 Bl4+3RE =0001*
Merstraal eyele length (days) 4 5ehd 5 11281158 =0001% 61,1667 35809 00
PCOS 47 B3 0ol 3o % 0 oe*
SHEG (mmalL)"” 20172 a1=129 «0001% 58.7+284 4782276 ooop*
Total testos tevame (renoliL) 22409 26811 0ooE* 1508 2110 =0001#*
Androstenedione (ngfdl) 25¢1.3 25213 Doz 2411 3014 =0001*
Insulin sevs ihvity and ghcose foleranee
Fasting Insulin (al T ml.) 152118 218£187 nois* B10% Bdsdp 0pse
Fasting ghicose (mg/dL) S4.0:100 101,127 4 iTnperiy 81775 B4zl 0243
Zrhowr ghicoss (mgfdL) 1155540 148 7483 8 =0001* 9824240 100553 5 04z0
HOMA-IR® 3530 57455 0005+ 1.5+21 1511 0240
[azhetes mellifns F 18%% 0o+ 1% 2% 0592
Livar fanction
FOT (1) 24.1£101 320209 oo 20570 555 0538
GPT (1) 241139 41 32344 =0001* 167497 178492 03m
Lipyd profiles and blood pressws
Cholesterol (mgidL) 1851431 % 194 2+39 4 nnes 17954331 1855524 0108
Tug lyeerides (mgidL) 105 92808 142 21250 0 ooe* 60,8280 06 0 00g*
HDL"(mgidL) 450126 425:112 0l a00:14% S2aE£150 0208
LDL"(mg/dL) 11924262 1253322 0135 10014285 104 B 28 5 0167

Logistic regression analyses were used to examine the relationship between hyperhomocysteinemia and
the associated risk factors for all 339 subjects. The variables entered in this model included PCOM,
Oligo/AN, biochemical hyperandrogenemia, and hirsutism. The results demonstrate that hyperandrogenemia
is the only parameter that is significantly associated with hyperhomocysteinemia (Odds Ratio (OR) =2.24;
95% confidence interval (CI): 1.26-4.01). PCOM (1.21; 0.71-2.06), Oligo/AN (0.58, 0.34-1.01) and



hirsutism (0.95, 0.56-1.62) were not associated with the risk of hyperhomocysteinemia.

Comments

Women with polycystic ovary syndrome (PCOS) are often assumed, a priori, to be at an increased risk
for cardiovascular disease (CVD). The underlying physiological mechanism of this increased vascular risk
remains unexplained, but it may be related to worsening of endothelial dysfunction and/or structural vessel
properties induced by oxidative stress [16]. An association between PCOS and CVD has not been
established [4]. There is a possible association between PCOS and diabetes, lipid abnormalities, and other
cardiovascular risk factors [17,18]. However, at long-term follow-up, the morbidity and mortality from of
coronary heart disease among women with PCOS is not as high as previously predicted [19]. Menstrual
cycle irregularity may be a marker of metabolic abnormalities predisposing women to increased risk for
CVD [20]. However, there is little evidence for an association between hyperandrogenism per se and
cardiovascular events [4].

Hyperhomocysteinemia is thought to be well-established risk factor for cardiovascular disease.
Homocysteine, a sulfur-containing amino acid formed during the metabolism of methionine, exerts cytotoxic
effects on the vascular endothelium [8]. Elevated total plasma homocysteine levels have been established as
an independent risk factor for thrombosis and cardiovascular disease. A strong relationship between plasma
homocysteine levels and mortality has been reported in patients with angiographically confirmed coronary
artery disease [21]. The homocysteine level is correlated with the total testosterone level in this study. An
association between homocysteine and insulin resistance has not been found in our study, and a previous
report suggested that there is no correlation between the serum homocysteine concentration and insulin
concentration, body mass, type of obesity, and diabetes status [16,22, 23].

Hyperandrogenism is usually defined as clinical and/or biochemical. However, hyperhomocysteinemia
was associated with biochemical hyperandrogenemia, but not with hirsutism, in this study. The phenotypic
variation in hyperandrogenic women might influence the findings of abnormal metabolic and cardiovascular
risk parameters. Carmina found that homocysteine was elevated only in cases of classic hyperandrogenism
with chronic anovulation PCOS, but not in cases of hyperandrogenism and polycystic ovaries in women
with normal ovulatory cycles [13]. Our study demonstrated that hyperhomocysteinemia was associated with
biochemical hyperandrogenism but not with clinical hyperandrogenism (Hirsutism). Although hirsutism was
found more commonly in women with confirmed coronary artery disease [24], our results did not
demonstrate abnormal serum homocysteine levels in women with hirsutism. This might imply the different
pathways of metabolic disturbance between clinical and biochemical hyperandrogenism.

Several studies, including some population-based studies, have linked plasma homocysteine levels to
blood pressure [25]. The association between homocysteine levels and diastolic pressure is also reported in
this study. Mechanisms that could explain the relationship between homocysteine and blood pressure
include increased arterial stiffness, endothelial dysfunction with decreased availability of nitric oxide, low
folate status, and insulin resistance [25]. The correlation between homocysteine, total testosterone, and
blood pressure might explain why hyperandrogenemic women with PCOS exhibited an elevated blood

pressure independent of age, insulin resistance, obesity, or dyslipidemia [26]. The studied women evaluated



in the present study were recruited from the outpatient clinic of a tertiary care center and do not reflect the
true distribution of the general population. Therefore, the results should be applied to the general population
with caution. The study populations consisted entirely of Chinese Taiwanese. We previously published
findings indicating that the prevalence of hirsutism was less common in our population [27]. The study
should be verified in different ethnic populations.

We concluded: For women with PCOS, elevated serum total testosterone level should be the major
factor that associated with increased serum homocysteine levels. The association between biochemical
hyperandrogenism and hyperhomocysteinemia might contribute to the cardiovascular risk for women with
PCOS.
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Serum ferritin levels in obese and non-obese women.
Ming-I Hsu MDI, Chun-Sen Hsu MDl, Chii-Ruey Tzengz, MD.!

Department of Obstetrics and Gynaecology, Wan Fang Hospital, Taipei Medical University, Taipei,
Taiwan; 2Department of Obstetrics and Gynaecology, Taipei Medical University Hospital, Taipei

Medical University, Taipei, Taiwan
Abstract

Object: To evaluate the association between serum ferritin levels and insulin resistance and metabolic
syndrome in obese and non-obese women.

Methods: Retrospective study. Five hundred thirty-nine women, 286 of whom had PCOS and 253 of
whom did not have PCOS, were included in the study.

Results: Serum ferritin correlated with menstrual cycle length, sex hormone-binding globulin, total
testosterone, androstenedione, triglyceride, and total cholesterol both in obese and non-obese women.
Obese women (BMI>25) with high ferritin (ferritin > 45.5 ng/mL, n=270) levels had higher insulin
resistance, impaired glucose tolerance, and liver enzymes than obese women with low ferritin levels
(ferritin < 45.5 ng/mL, n=269). However, among non-obese women, insulin resistance and metabolic
disturbances were not significantly different between high and low ferritin groups. Women with high
ferritin levels had a greater risk of PCOS and hyperandrogenism than women with low ferritin levels.
Independent of obesity, hypertriglyceridemia was the major metabolic disturbance in women with elevated
serum ferritin levels.

Conclusions: The pathogenesis of increased iron stores correlated with insulin resistance and metabolic
syndrome among obese and non-obese premenopausal women was different. The hypertriglyceridemia in
women with PCOS might be associated with iron metabolism.

Funding : This work was supported by the National Science Council Grant NSC 101-2629-B-038-001

Keywords: Polycystic ovary syndrome, ferritin, obesity, insulin resistance, metabolic syndrome.
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Endometrial thickness in women with ovulatory dysfunctionf{z
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3Department of Traditional Medicine, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan

Abstract Keywords

This study is designed to evaluate the relationship between endometrial thickness and clinical/
biochemical parameters in women with chronic anovulation. One hundred and twenty women
with ovulatory dysfunction were prospective included, endometrial thickness and endocrine
and metabolic parameters were measured. The interval between the examination day and the
day of the most recent menstrual bleeding (the anovulatory interval) for the studied subject
was an average of 145+ 186 days. The endometrial thickness averaged 7.1+3.2mm.
Correlation analyses revealed that the endometrial thickness was positively correlated with
body mass index but was not correlated with age, serum androgens, or estradiol (E,) levels. We
further classified the subjects into two groups based on endometrial thickness: Group A,
endometrial thickness <7 mm and Group B, endometrial thickness >7 mm. The anovulatory
interval, follicle-stimulating hormone, luteinizing hormone, E, and androgen levels were not
significantly different between Groups A and B. Group B had higher body weight and more risk
for metabolic syndrome. We concluded that endometrial thickness in women with ovulatory
dysfunction is positively correlated with body weight status but is not correlated with serum

Amenorrhea, body mass index, endometrium,
polycystic ovary syndrome
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androgens or E, levels.

Introduction

Endometrial thickness is the primary parameter used to screen for
endometrial hyperplasia and/or endometrial cancer [1].
Endometrial thickness is positively correlated with endometrial
hyperplasia [1]. The long-term risk of endometrial hyperplasia
and endometrial carcinoma is thought to be due to chronic
anovulation and unopposed estrogen [2]. Women with chronic
anovulation have an increased risk for developing endometrial
cancer, and endometrial hyperplasia may be a precursor to
adenocarcinoma [2]. The relative risk of developing endometrial
carcinoma increases by more than three-fold following a diagnosis
of chronic anovulation [3]. The correlation between chronic
anovulation and endometrial cancer is thought to be related to
prolonged estrogen stimulation that results in endometrial
hyperplasia, which is the major cause of endometrial cancer. In
the presence of documented anovulation, an endometrial thick-
ness of more than 7mm can be associated with endometrial
hyperplasia, and in this case, an endometrial biopsy is
recommended [1]. Transvaginal ultrasound measurement of
endometrial thickness was thought to be a biomarker of estrogen
exposure in a study of postmenopausal women [4]. However, the
risk of increased endometrial thickness in women of reproductive

1The abstract of this work was submitted to the American Society for
Reproductive Medicine 67th Annual Meeting 15-19 October 2011.
{Capsule: Endometrial thickness in women with ovulatory dysfunction is
correlated with BMI but not with serum hormone levels.

*These authors contributed equally to this work.

Address for correspondence: Ming-I Hsu, M.D., Department of Obstetrics
and Gynecology, Wan Fang Hospital, Taipei Medical University, No.111,
Sec. 3, Xinglong Rd., Taipei 11696, Taiwan. Tel: +886-2-29307930.
Fax: +886-2-29300036. E-mail: hsumingi @yahoo.com.tw

age with ovulatory dysfunction has not been studied. Because
endometrial thickness is the key parameter for evaluating
endometrial hyperplasia in women with chronic anovulation, we
conducted this prospective study to evaluate the relationship of
endocrine and metabolic parameters with endometrial thickness in
women with ovulatory dysfunction.

Materials and methods

This study was approved by the Institutional Review Board of
Wan Fang Medical Center at Taipei Medical University in Taipei,
Taiwan, and was conducted at the Reproductive Endocrinology
Clinic of Wan Fang Medical Center at Taipei Medical University
between 1 June 2009 and 31 July 2012.

The number of menstrual cycles during the previous year was
recorded. Ovulatory dysfunction was defined as oligomenorrhea/
amenorrhea in this study. Average menstrual interval was defined
as 365 divided the number of menstrual cycles in the previous
year. Oligomenorrhea was defined as an average menstrual
interval >35 days per year. [5]. The subjects included oligome-
norrheic women of reproductive age who presented to our
outpatient clinic with more than 45 days after their most recent
menstrual bleeding. All of the subjects provided informed
consent. The following subjects were excluded from the study
populations: (1) women who had been diagnosed with hyperpro-
lactinemia, hypogonadotropic hypogonadism, ovarian  failure,
uterine disorders (e.g. Asherman’s syndrome, Miillerian agenesis,
myoma, adenomyosis, endometrial polyps or a congenital uterine
abnormality) or chromosomal anomalies; (2) women with a serum
progesterone level of >1.4ng/mL; (3) women who had experi-
enced menarche less than three years prior to the start of the
study; (4) women who underwent abdominal but not vaginal

RIGHTS LI N Hiy



2 Y-M. Liao et al. Gynecol Endocrinol, Early Online: 1-4

Table 1. Clinical and biochemical presentations of anovulatory women classified as having an endometrial thickness of <7 mm (Group A) or an
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endometrial thickness of >7 mm (Group B).

Group A Group B
Endometrial thickness Endometrial thickness A versus B
Total Range <7mm >7mm p Value

Case number 120 64 56
Endometrial thickness (mm) 71432 1.0-23.6 50£14 95429
Age (y/o) 299+438 20-41 29.5+5.0 30.4+4.7 0.288
Number of cycle per year 52433 1-18 4.6+£3.2 5.8+33 0.062
Anovulatory interval (days)f 144.8 +186.3 45-1556 170.3+241.4 115.7+82.1 0.110
PCOS 77%(85/120) 74% (43/64) 79% (42/56) 0.530
Hyperandrogenemia 47% (56/120) 39% (25/64) 55% (31/56) 0.075
metabolic syndrome 37%(85/120) 25% (16/64)* 50% (28/56)* 0.004*

Hypertension 30%(36/120) 22% (14/64)* 39% (22/56)* 0.038*

HDL<1.3 mmol/L 56%(67/120) 48% (31/64) 64% (36/56) 0.082

Triglycerides >1.7 mmol/L 19%(23/120) 16% (10/64) 23% (13/56) 0.296

Waist >80cm 59%(71/120) 50% (32/64)* 70% (39/56)* 0.029*

FPG >7.0 mmol/L 25%(30/120) 16% (10/64)* 36% (20/56)* 0.013*
Height (cm) 159.3 £4.5 148-170 159.0+4.4 159.8 +4.6 0.341
Weight (kg) 65.5+18.1 42-128 61.34+15.8% 70.3 £19.4* 0.006*
BMI (kg/m?) 25.8+7.0 16.0-47.6 24.3+6.2% 27.5+7.5% 0.011*
Waist (cm) 86.0+15.9 57-134 82.5+17.4% 90.0+16.4* 0.009*
Hip (cm) 99.9+12.0 81-128 97.4+£11.2% 102.7 £12.2% 0.014*
Waist to hip ratio 0.86+0.08 0.7-1.1 0.84 £0.09 0.87£0.08 0.065
Total testosterone (nmol/L) 244+1.0 0.5-5.2 23+09 26+1.1 0.123
Androstenedione (ng/dL) 10.7£5.0 0.4-35.3 109+5.4 10.6 £4.7 0.739
DHEAS (ng/dL)t 5024 42838 244-12423 4657 +2494 5443 +3157 0.131
SHBG (nmol/L) 36.7+22.9 5.0-135.2 42.0+£258 30.6 £17.2% 0.006*
17-OH PRG (ng/dL) 3.0+1.8 0.2-13.3 29+1.6 3.0+2.0 0.820
LH (mIU/mL) 11.2+75 0.2-34.0 122+8.2 10.1+6.4 0.118
FSH (mIU/mL) 6.6+1.7 2.8-11.2 6.8+1.7 6.5+1.6 0.347
E, (ng/mL) 58.9+93.4 10.0-876.0 56.2+£72.9 62.1+113.0 0.729
TSH (mIU/mL) 20£1.2 0.3-5.8 20£1.1 21+£12 0.870
Prolactin (ng/mL) 140+£7.6 2.8-40.5 13.6+75 145+7.7 0.497
Progesterone (ng/mL) 0.7£0.3 0.2-1.5 0.7£0.3 0.7£0.3 0.957
Fasting insulin (ulU/mL) 107.9+104.1 3.6-582.6 96.8 £85.4 120.6 +121.6 0.214
Fasting glucose (mg/dL) 53+£12 4.1-12.4 5.1£0.9% 5.5+ 1.4% 0.040*
HOMA-IR} 3.8+£3.7 0.1-35.4 32+34 45+58 0.128
Cholesterol(mg/dL) 52+1.0 3.4-8.2 52+09 52+1.0 0.732
Triglyceride (mg/dL) 1.2+1.1 0.3-6.4 1.1£0.8 14£13 0.138
HDL(mg/dL): 1.4+0.5 0.7-3.2 1.5+0.6 1.3+0.5 0.064
LDL(mg/dL)I 32+£09 1.5-6.1 32£0.8 32+£09 0.732
hsCRP (mg/dL)i 2.7+4.0 0.2-21.1 2.6+4.5 29434 0.708
GOTIU/L)t 26.3+16.2 9.0-157.9 27.2+189 253+12.6 0.531
GPTUU/L): 27.4+23.6 9.4-161.8 27.6+£22.9 27.2+24.6 0.930

Data are either mean &= SD or are percentage; *p <0.05.

tAnovulatory interval is the days between examination and the first day of last menstrual bleeding in studied subject.
{DHEAS: dehydroepiandrosterone sulfate, GOT: Glutamic Oxaloacetic Transaminase, GPT: Glutamic Pyruvic Transaminase, and FPG: fasting plasma

glucose

ultrasonography and (5) women who had received hormones or
drugs for major medical diseases, such as diabetes or cardiovas-
cular disease. A total of 120 women were prospectively recruited
for the study (Figure 1). The subjects’ medical histories, including
their menstrual, medical, and surgical histories, were recorded.
Anthropometric parameters were measured in all of the subjects
when informed consent was provided.

This study was designed to evaluate endometrial thickness
during prolonged anovulation. Blood samples were collected from
the subjects more than 45 days after their most recent menstrual
bleeding. Progesterone levels were measured in every subject
using a commercial kit (DPC Coat-A-Count Progesterone,
Siemens Medical Solutions Diagnostics, Los Angeles, CA,
USA). Anovulation was confirmed by determining that the
progesterone level was <1.4ng/mL. The following parameters
were measured or calculated: (1) serum androgens, including
total testosterone, androstenedione, dehydroepiandrosterone
sulfate (DHEA-S), sex hormone-binding globulin (SHBG), and

17-0-OH progesterone; (2) insulin sensitivity and glucose
tolerance, including fasting insulin and glucose levels and the
homeostasis model assessment of the insulin resistance index
(HOMA-IR); (3) hormonal parameters, including serum thyroid-
stimulation hormone (TSH), follicle-stimulating hormone (FSH),
luteinizing hormone (LH), serum estradiol (E,) and prolactin
levels; (4) lipid profiles, including total cholesterol, triglycerides,
high-density lipoprotein (HDL) and low-density lipoprotein
(LDL) and (5) liver function and inflammatory markers, including
GOT (glutamic oxaloacetic transaminase), GPT (glutamic pyruvic
transaminase) and high-sensitivity C-reactive protein (hsCRP).
The measurement of the aforementioned biomarkers has been
previously described [6]. Hyperandrogenemia was defined as
total serum testosterone of >2.98 mmol/L (0.86ng/mL, where
1 ng/mL =3.47 mmol/L).

Polycystic ovary syndrome (PCOS) was diagnosed using the
2003 Rotterdam criteria, which require a minimum of two of the
following three criteria for a diagnosis of PCOS: polycystic
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Table 2. Correlation analysis between the endometrial thickness and
related parameters.

Pearson’s correlation p Value
Age (y/o) 0.115 0.212
Menarche (y/o) —0.112 0.223
Number of cycle per year 0.262 0.004*
Anovulatory intervalf —-0.224 0.014*
Height (cm) 0.065 0.483
Weight (kg) 0.240%* 0.009*
BMI (Kg/m?) 0.229% 0.012*
Waist (cm) 0.195%* 0.033%*
Hip (cm) 0.242% 0.008*
Waist to hip ratio 0.086 0.348
Total testosterone (nmol/L) 0.080 0.386
Androstenedione (ng/dL) —0.074 0.423
DHEAS (ng/dL)i 0.134 0.145
17-OH PRG (ng/dL) 0.031 0.737
LH (mIU/mL) —0.128 0.163
FSH (mIU/mL) —0.154 0.092
E, (ng/mL) 0.009 0.923
TSH (mIU/mL) —0.041 0.655
Prolactin (ng/mL) 0.044 0.634
SHBG (nmol/L)} —0.182* 0.047%*
Fasting Insulin (uIU/mL) 0.050 0.590
Fasting Glucose (mg/dL) 0.158 0.086
HOMA-IR? 0.086 0.350
Cholesterol (mg/dL) —0.199 0.030*
Triglyceride (mg/dL) 0.096 0.295
HDL(mg/dL) —0.213* 0.020*
LDL(mg/dL) —0.088 0.340
hsCRP (mg/dL)} 0.142 0.121
systolic pressure 0.235% 0.011%*
Diastolic pressure 0.320* <0.001*

*p<0.05

tAnovulatory interval is the days between examination and the first day
of last menstrual bleeding in studied subject.

{DHEAS: dehydroepiandrosterone sulfate

ovarian morphology, oligomenorrhea or amenorrhea, and bio-
chemical hyperandrogenism. The insulin sensitivity index was
evaluated using the HOMA-IR and the following formula:

HOMA — IR = (fasting insulin[pU/mL]
x fasting glucose[mg/dL])/405.

Ultrasonography

Real-time ultrasonography was performed with a 5-MHz vaginal
transducer. A single ultrasound machine was used to evaluate
endometrial thickness in all patients (Medison SA-8000 Live,
Seoul, Korea). The vaginal probe was covered with a coupling gel
and inserted into a condom, which was then inserted into the
vaginal fornix, with the subject in the lithotomy position. With the
uterus imaged in the longitudinal plane, the endometrial thickness
was measured at the thickest point between the two basal layers of
the anterior and posterior uterine walls. Two ultrasound
technicians performed all of the examinations. One board-
certified obstetrics-gynecology physician reviewed all of the
printed images from each transvaginal ultrasound examination.

Statistical analysis

Statistical analysis was performed using SPSS 13.0 for Windows
(SPSS, Inc., Chicago, IL, USA). The data are presented as the
mean =+ standard deviation. We used y? and Fisher’s exact tests to
compare the categorical variables and ANOVA to compare the
continuous variables (Table 1). The means of more than two

Endometrium and anovulation 3

N=582
All Participants

I

N=256
Oligomenorrheic women had recent menstrual bleeding

lasted for more than 45 days

0

N=207
49 cases excluded
13 cases - Ovarian failure (FSH >15)
36 cases — Progesterone > 1.5ng/mL

I

N=120
87 cases excluded due to

Image by abdomen ultrasound

Figure 1. Flow chart of samples used in analyses.

groups were compared using one-way ANOVA with post hoc
Dunnett’s tests. Equal variances were not assumed. Differences
between groups were considered to be significant when p <0.05.
We evaluated the correlations between the endometrial thickness
and the examined parameters using two-tailed Pearson’s correla-
tion coefficients (Table 2).

Results

One hundred and twenty anovulatory women aged 20-41 years
old (mean + SD, 29.9 4.8 years) were enrolled in this study. Of
these, 85 (77%) were diagnosed with PCOS, and 35 (23%) were
diagnosed with idiopathic ovulatory dysfunction. The clinical and
biochemical characteristics of the subjects are presented in
Table 1. Transvaginal sonography and a laboratory examination
were performed during prolonged anovulation. The average
interval between the examination day and the day of the most
recent menstrual bleeding for the subjects (the anovulatory
interval) was 144.8 £186.3 days (range, 45-1556 days). The
endometrial thickness in the subjects ranged from 1.0 to 23.6 mm
with an average of 7.1 + 3.2 mm.

Table 2 shows a positive correlation of endometrial thickness
with body weight, body mass index (BMI), blood pressure and
anovulatory interval. In contrast, endometrial thickness was
negatively correlated with HDL and SHBG levels. However,
endometrial thickness was not correlated with age, serum total
testosterone, androstenedione, DHEAS, FSH, LH or E, levels.
Specifically, the average endometrial thickness was greater in the
overweight/obese (BMI > 25) women than in the lean (BMI <25)
women (7.7 +3.8 versus. 6.6 £2.3mm, p=0.046). We further
classified all of the subjects into two groups based on endometrial
thickness (Table 1): Group A, endometrial thickness <7 mm
(n=64); Group B; endometrial thickness >7 mm (n = 56). Group
B showed a significantly greater body weight and BMI compared
to Group A. The number of cycles per year, anovulatory interval,
serum total testosterone, androstenedione, DHEAS, TSH, E,, LH,
FSH and prolactin levels were not significantly different between
Group A and Group B. Group B had significantly higher BMI and
more prevalence of hypertension, glucose intolerance and
metabolic syndrome than Group A.

Stepwise linear regression analysis was applied to the
aforementioned parameters (age, the number of cycles per year,
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the anovulatory interval, BMI, fasting insulin and glucose levels,
the HOMA-IR, cholesterol, triglycerides, HDL, LDL, GPT, LH,
FSH, E,, PRL, total testosterone, SHBG and DHEAS). The
number of cycles per year and BMI were significant predictors of
endometrial thickness.

Discussion

Endometrial thickness is an important predictor of endometrial
hyperplasia [1]. In women with chronic anovulation, the
endometrium is exposed to the prolonged stimulatory effects of
estrogens, which are unopposed by the inhibitory effects of
progesterone that is produced during an ovulatory menstrual
cycle. The prevalence of endometrial hyperplasia is similarly high
in women with PCOS and in women with chronic anovulation [7].
However, in our study, endometrial thickness in women with
prolonged anovulation was variable (1.0-23.6 mm).

Both the endometrial volume and thickness significantly
increase in the follicular phase of the menstrual cycle, reaching
a plateau around the time of ovulation and remaining relatively
stable throughout the luteal phase [8]. Endometrial thickness
during a prolonged follicular phase has not been well studied. A
state of relative hypoestrogenemia after GnRH-analogue admin-
istration can be predicted with a high degree of accuracy via
ultrasonographic measurement of endometrial thickness [9].
Endometrial thickness and hormonal status are thought to be
highly correlated, an assumption that is not supported by our
results. The intermenstrual interval and the duration of anovula-
tion are also independent of endometrial thickness. In contrast,
body weight and the BMI have a strong positive correlation with
endometrial thickness.

In our study, overweight/obesity was a major risk factor for
increased endometrial thickness in women with ovulatory
dysfunction. Overweight/obese women with prolonged anovula-
tion had a significantly increased endometrial thickness compared
to lean women. Furthermore, women with thicker endometrium
had higher risk of hypertension and metabolic syndrome than
women with thinner endometrium. latrakis et al. [10] reported that
women with PCOS and insulin resistance had a thicker
endometrium compared to normal control women. Andolf
et al.’s [11] study of postmenopausal women revealed a high
prevalence of thick endometrium in asymptomatic women, while
endometrial thickness was correlated with BMI. It is possible that
obesity and insulin resistance expose the endometrium to the
trophic effects of hyperinsulinemia, combined with the increased
peripheral conversion of circulating estrogens [10]. It is also
possible that lower serum SHBG levels in overweight/obese
women may combine with increased free estrogen levels to
increase the estrogenic effect on the endometrium.

Although endometrial thickness may not be the only predictor
of endometrial hyperplasia, it is still an important marker for the
clinical screening of endometrial abnormalities. We did not
perform an endometrial biopsy on every subject; therefore, a
correlation between endometrial thickness and endometrial
hyperplasia could not be identified. Chronic anovulation, obesity,
and hyperinsulinemia are all associated with PCOS and

Gynecol Endocrinol, Early Online: 1-4

endometrial carcinoma. It has been assumed that PCOS predis-
poses women to endometrial cancer [12]. Cheung [1] performed
endometrial biopsies on 56 women with PCOS and suggested that
average intermenstrual interval and endometrial thickness are
significant predictors of endometrial hyperplasia [1]. Our study
demonstrates that endometrial thickness correlate with the
duration of anovulation negatively, which might be explained by
the fact that the average intermenstrual interval and endometrial
thickness were independent risk factors for endometrial
hyperplasia.

Conclusion

Endometrial thickness in women with ovulatory dysfunction was
positively correlated with BMI but uncorrelated with the serum E,
and androgens levels. Endometrial thickness in obesity and
hypertension women with ovulatory dysfunction should be closely
monitored.

Declaration of interest

Authors declare they do not have any potential conflict of interest.

This work was supported by National Science Council (NSC) grant
NSC 101-2629-B-038-001 and Taipei Medical University and Wan Fang
Hospital grant 100-TMU-WFH-02-01.

References

1. Cheung AP. Ultrasound and menstrual history in predicting
endometrial hyperplasia in polycystic ovary syndrome. Obstet
Gynecol 2001;98:325-31.

2. Balen A. Polycystic ovary syndrome and cancer. Hum Reprod
Update 2001;7:522-5.

3. Coulam CB, Annegers JF, Kranz JS. Chronic anovulation syndrome
and associated neoplasia. Obstet Gynecol 1983;61:403-7.

4. Sit AS, Modugno F, Hill LM, et al. Transvaginal ultrasound
measurement of endometrial thickness as a biomarker for estrogen
exposure. Cancer Epidemiol Biomarkers Prev 2004;13:1459-65.

5. Chiazze Jr L, Brayer FT, Macisco Jr JJ, et al. The length and
variability of the human menstrual cycle. JAMA. 1968;203:377-80.

6. Lin YH, Chiu WC, Wu CH, et al. Anti-Miillerian hormone and
polycystic ovary syndrome. Fertil Steril 2011;96:230-5.

7. Tingthanatikul Y, Choktanasiri W, Rochanawutanon M, Weerakeit
S. Prevalence and clinical predictors of endometrial hyperplasiain
anovulatory women presenting with amenorrhea. Gynecol
Endocrinol 2006;22:101-5.

8. Campbell BK, Clewes JS, Kendall NR, Johnson IR. Defining
endometrial growth during the menstrual cycle with three-dimen-
sional ultrasound. BJOG 2004;111:944-9.

9. Barash A, Weissman A, Manor M, et al. Prospective evaluation of
endometrial thickness as a predictor of pituitary down-regulation
after gonadotropin-releasing hormone analogue administration in an
in vitro fertilization program. Fertil Steril 1998;69:496-9.

10. Iatrakis G, Tsionis C, Adonakis G, et al. Polycystic ovarian
syndrome, insulin resistance and thickness of the endometrium.
Eur J Obstet Gynecol Reprod Biol 2006;127:218-21.

11. Andolf E, Dahlander K, Aspenberg P. Ultrasonic thickness of the
endometrium correlated to body weight in asymptomatic postme-
nopausal women. Obstet Gynecol 1993;82:936-40.

12. Hardiman P, Pillay OC, Atiomo W. Polycystic ovary syndrome and
endometrial carcinoma. Lancet 2003;361:1810-2.

RIGHTS LI N Hiy



Steroids 78 (2013) 761-766

Contents lists available at SciVerse ScienceDirect

Steroids

\\

STEROIDS*

journal homepage: www.elsevier.com/locate/steroids

Changes in the PCOS phenotype with age
Ming-I. Hsu *

Department of Obstetrics and Gynecology, Wan Fang Hospital, Taipei Medical University, No.111, Sec. 3, Xinglong Road, Taipei 11696, Taiwan

ARTICLE INFO ABSTRACT

Article history:

Received 21 March 2013

Received in revised form 23 March 2013
Accepted 23 March 2013

Available online 25 April 2013

Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder of reproductive-age women.
The diagnosis of PCOS is mainly based on the following three components: (1) hyperandrogenism, (2)
oligo-amenorrhea, and (3) the observation of polycystic ovaries on a sonogram. The comorbidities may
include insulin resistance, type II diabetes mellitus, hypertension and cardiovascular disease. Impor-
tantly, the diagnostic criteria and complications related to PCOS are age-dependent. Androgen production
in women may decrease because of ovarian aging or decreased production by the adrenal glands over

Key Word.s" time. The prevalence of hirsutism and acne decreases with age. Ovarian volume and follicle number also
Polycystic ovary syndrome . . . . .
Phenotypes decrease with age, with the age-related decrease in follicle number seemingly greater than that of ovar-

Age ian volume. Aging may also be associated with increased risk of insulin resistance and metabolic distur-
Obesity bances. Therefore, these age-related changes may affect the observed incidence and complications of
Insulin resistance PCOS. In adolescent patients, the criteria described above pose particular diagnostic problems because
Metabolic syndrome the characteristics of normal puberty often overlap with the signs and symptoms of PCOS. Hyperandrog-
enism and chronic anovulation are the primary disturbances in younger women with PCOS; whereas,
obesity, insulin resistance, and metabolic disturbances are predominant in older women with PCOS.
The deterioration of insulin resistance during the reproductive life of women with PCOS appears to be
mainly attributable to the increase in obesity. Therefore, if body weight could be controlled properly,
younger hyperandrogenic PCOS women might reduce their risk of insulin resistance and metabolic dis-

turbances later in life.
© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Polycystic ovarian syndrome (PCOS) is the most common endo-
crine disorder of reproductive-age women, affecting an estimated
6-8% [1] of such individuals depending on the diagnostic criteria
applied [2]. PCOS is a complex and heterogeneous disorder pre-
senting a challenge for clinical investigators. It is a multifaceted
reproductive, cosmetic, and metabolic problem, with an enigmatic
pathophysiological and molecular basis [3]. Although PCOS may
have a genetic component, the clinical features of this disorder
change with age, from adolescence to menopause and beyond
[4]. PCOS has potentially profound implications for women regard-
ing anovulatory infertility and other symptoms related to elevated
androgen levels in reproductive-aged women. In addition, older

Abbreviations: PCOS, polycystic ovarian syndrome; NIH, National Institutes of
Health; HPO, hypothalamic-pituitary-ovarian; AMH, anti-Miillerian hormone; PCO,
polycystic ovary morphology; AFC, antral follicle count; DHEAS, dehydroepian-
drosterone sulfate; SHBG, sex hormone-binding Globulin; mF-G score, modified
Ferriman-Gallwey score; LDL, low-density lipoprotein; HDL, high-density lipopro-
tein; OR, odd ratio.
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women are prone to significant health problems related to hyper-
insulinemia, with a high risk for diabetes and cardiovascular risk
factors [5]. The comorbidities of PCOS over the lifespan of an af-
fected woman may require individual therapeutic strategies, which
could prevent long-term chronic metabolic diseases [4].

2. Diagnostic criteria

Three diagnostic classification systems are currently in use for
PCOS: the National Institutes of Health (NIH) criteria, the Rotter-
dam criteria, and the Androgen Excess and PCOS Society criteria.
All of these criteria require the exclusion of other disorders, such
congenital adrenal hyperplasia and tumors. According to the NIH
criteria, PCOS is diagnosed by the combination of chronic oligo-
or anovulation and clinical or biochemical signs of hyperandroge-
nism [6]. According to the Rotterdam criteria, PCOS is diagnosed
in the presence of two of the following three symptoms: (1) oligo-
menorrhea, anovulation; (2) hyperandrogenism; and (3) the obser-
vation of polycystic ovaries by sonography [7]. Most recently, the
Androgen Excess Society published a task force report emphasizing
that androgen excess is a central feature of the disease and that
PCOS should be defined by the presence of hyperandrogenism in
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combination with ovarian dysfunction (oligo-anovulation and/or
polycystic ovaries) [1]. Regardless of the set of criteria used, the
diagnosis of PCOS is determined by the three following compo-
nents: (1) hyperandrogenism (HA), (2) oligo-amenorrhea (OA),
and (3) the observation of polycystic ovaries (PCOs) on a sonogram.

3. PCOS diagnostic criteria change with age

The clinical and biochemical presentations of PCOS change with
age [4]. The clinical presentation of chronic anovulation varies by
age, with amenorrhea and oligomenorrhea being common among
adolescents [8]. The menstrual cycles may become regular with
age in women with PCOS [9,10]. The production of androgens in
women may decrease because of ovarian aging or decreased pro-
duction by the adrenal glands over time [11]. Hyperandrogenism
partially resolves before menopause in women with PCOS [12].
Ovarian volume and follicle number decrease with age in women
both with and without PCOS [13]. Furthermore, aging may also
be associated with a defect in insulin action [14]. Therefore, the
clinical features and metabolic consequences of PCOS may vary
with age [15], and these age-related changes may affect the ob-
served incidence of PCOS [16]. To understand the age-related
changes in the diagnostic criteria of PCOS, it is crucial to determine
the complications of the related syndromes.

4. Adolescence

Common features of normal puberty, namely, menstrual irregu-
larities and insulin resistance, obscure the diagnosis of adolescent
PCOS [17]. Adolescents have a high prevalence of oligo-anovulation
with prolonged menstrual intervals. Menstrual irregularity is com-
mon in the early years after menarche, and oligo-anovulation may
be normal [18]. Menstrual disturbances in adolescents are often
explained by the immaturity of the hypothalamic-pituitary-ovar-
ian (HPO) axis. Disordered regulation of follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH) release has been
implicated in the pathogenesis of PCOS. The serum concentrations
of sex hormones increase with age, from premenarchal to post-
menarchal [19]. In a study of postmenarchal women, approxi-
mately 80% of the cycles were anovulatory in the first year after
menarche, 50% in the third, and 10% in the sixth, and it is generally
accepted that it may take up to 5 years after menarche for the HPO
axis to reach maturation [19]. Furthermore, concomitant eating
disorders are frequent, and secondary amenorrhea can be associ-
ated with anorectic behavior in adolescents [20].

Ovarian appearance in the early postmenarchal years may differ
from that in adulthood. In a sonographic study of healthy girls,
uterine growth continued several years after menarche; further-
more, the average ovarian volume increased from early childhood
until the age of approximately 16 [21]. The difference between a
multifollicular appearance and polycystic ovarian morphology in
adolescents is poorly defined [21]. In adolescent patients, the crite-
ria described above pose particular diagnostic problems because
the characteristics of normal puberty often overlap with the signs
and symptoms of PCOS [22].

Mild hair growth and chronic anovulation are also regarded as
normal components of the late stages of puberty and early adoles-
cence and may persist for several years; therefore, the diagnosis is
often not made until later in life, when endocrine and metabolic
dysfunctions have been firmly established [23]. Hyperandroge-
nism, defined as clinical and or biochemical hyperandrogenism,
might present differently for adolescents. Although most diagnos-
tic criteria include hirsutism, acne, or androgenic alopecia as mark-
ers of clinical hyperandrogenism, acne and alopecia were not
suggested as clinical markers for the diagnosis of PCOS in adoles-

cents [24]. The most important finding for clinical hyperandroge-
nism in female adolescents is progressive hirsutism [23].

Adolescent hyperandrogenemia is associated with a reduction
in peripheral tissue insulin sensitivity and compensatory hyperin-
sulinemia, which implies an increase in the risk of type II diabetes
[25]. The increase in the prevalence of obesity, particularly among
younger age groups, is likely to have long-term implications for
cardiovascular disease (CVD) at relatively young ages. Applying
adult criteria for PCOS diagnosis to adolescent girls did not reliably
identify girls at risk for metabolic syndrome; indeed, an elevated
BMI was the strongest indicator of metabolic syndrome risk factors
[26]. Therefore, consideration should be given to the management
of girls and young women with polycystic ovaries and PCOS as this
group may have different needs and health risks than older women
[27].

To diagnose PCOS in adolescents, guidelines have recently been
purposed [24]. Hyperandrogenism was diagnosed by elevated
blood androgens (hyperandrogenemia) or documented progressive
hirsutism and discounting clinical finding such as acne and alope-
cia [24]. A definitive diagnosis of PCOS in adolescents should re-
quire all three Rotterdam elements (not just 2 out of 3) [24].

5. Anti-Miillerian hormone (AMH)

Anti-Miillerian hormone (AMH) is produced by the granulosa
cells of preantral and small antral follicles, and its levels can be as-
sessed in serum. As AMH is largely expressed during folliculogen-
esis, from the primary follicular stage to the small antral stage,
serum levels of AMH represent both the quantity and quality of
the ovarian follicle pool and may be an useful marker of ovarian re-
serves [28,29]. The serum AMH level was strongly and positively
related to the number of antral follicles assessed by ultrasound
at baseline [30]; furthermore, AMH levels were also positively
associated with testosterone levels and ovarian volume [31]. We
demonstrated that AMH is a good predictor of PCOS and that the
prevalence of PCOS increased with an increase in AMH concentra-
tion [32]. AMH is reported to be independent of menstrual cycle in
most studies [33], which underlines its robustness as a biological
marker of ovarian aging [33]. AMH levels decreased with an in-
crease in age in both the PCOS cases and normo-ovulatory controls
[33]. AMH measurement could be useful in the prediction of the
menopausal transition [29,34]. Using AMH as a predicative marker,
the reproductive lifespan of PCOS women is an average of 2 years
longer than that of normo-ovulatory women [33]. Carmina
conducted a longitudinal study of 54 women with PCOS aged
35-39 years (mean 37 £ 1 year) and 20 age- and weight-matched
control women. The results indicated that the AMH levels
decreased by approximately 40% in PCOS (6.7-3.9 ng/mL, 40% de-
crease) and control (1.7-1.0 ng/mL, 41% decrease) subjects during
5-year average intervals [35].

6. Polycystic ovarian morphology

Polycystic ovarian morphology (PCO) is defined by ovarian vol-
ume (>10 cm?) and/or increased antral follicle count (AFC > 12 per
ovary) by ultrasonographic examination. PCO is a common, age-
dependent finding among ovulatory women [36]. Ovarian volume
and follicle number decrease with age in both healthy women
and women with PCOS [13]. In a study using data obtained from
58,673 observations of ovarian volume, there is a statistically sig-
nificant decrease in ovarian volume with each decade of life from
age 30 to age 70 [37]. Pavlik’s study demonstrated a stable ovarian
volume up to age 35, a rapid decline between ages 35 and 55, and a
very minor decline after age 55 [37]. The ovarian volume in women
aged 25-51 years was reported to reflect the number of primordial
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follicles remaining and ovarian volume measurement by transvag-
inal sonography may determine the ovarian reserve and reproduc-
tive age [38]. Menopause and ovarian failure occur as a
consequence of the continuous utilization of a fixed store of pri-
mordial follicles, leading to almost total depletion at midlife.

The number of growing follicles at a given age is correlated with
those of the primordial stages [39]. The great majority of follicles
that disappear are lost by atresia, and the rate of loss accelerates
in the last decade of menstrual life [39]. After the numbers had fall-
en to the critical figure at 37.5 years of age, the loss rate increases,
corresponding to a faster rate of ovarian aging at approximately
51 years of age [40]. Alsamarai suggested that the decrease in ovar-
ian volume was less pronounced in women with PCOS than in con-
trol subjects [13]. In normal ovulatory women, ovarian volume was
significantly lower in all age groups over 40 years compared with
the 35-to-39 age group, with measurable decreases across each
decade of reproductive life starting at age 40 [41]. We performed
a cross-sectional study in 781 cases between the ages of 20 and
40 (453 PCOS and 328 non-PCOS) and found that the ovarian vol-
ume was not significantly correlated with age in either PCOS or
non-PCOS women [42].

In a community-based study of 262 ovulatory women ages 25—
45, Johnstone reported that the prevalence of PCO was 32% and de-
creased with age but that the percentage of women with AFC > 12
decreased from 62% 25-30 years old to 7% at 41-45 years old [36].
The age-related decrease in follicle number seems more dominant
than the age-related decrease in ovarian volume [36].

7. Ovarian aging

Ovarian aging results in the diminution of the follicular cohort
in both normal and PCOS women, associated with decreased inhi-
bin B and AMH levels [43]. Similarly, the decreasing capacity of the
ovaries to release androgens in response to hCG stimulation was
observed in both healthy and PCOS women [44]. In a study on
the effect of age on the ovarian response to gonadotropin in wo-
men with PCOS, although there were no significant age-related dif-
ferences in the ovulation rate, the pregnancy rate was significantly
lower in the older PCOS patients than younger PCOS patients [45].
In terms of age-related decline in adrenal androgen production, the
adrenal capacity to secrete androgens (except for DHEA) remains
more stable during the menopausal transition in women with
PCOS than in the normal control women [46]. Advanced age in nor-
mogonadotrophic anovulatory infertile women is associated with
lower LH and androgen levels and with a decreased number of
ovarian follicles. Although the observed differences are relatively
small during reproductive years, these age-related changes may af-
fect the observed incidences of PCOS [16].

8. Oligo-amenorrhea

Oligo-amenorrhea is one of the key components for the diagno-
sis of PCOS. Several studies suggest that a gradual normalization of
menstrual cycle abnormalities occurs in PCOS with increasing age
[10,16]. AMH levels indicate the quantity of the ovarian follicle
pool and may be a useful marker of ovarian reserves [28]. We dem-
onstrated that serum AMH levels were strongly correlated to the
number of menstrual cycles per year [32], which could explain
the tendency of women with PCOS achieve cycle regularly as they
grow older [12]. In a study of oligo-amenorrheic infertile women,
advanced age in normogonadotrophic anovulatory infertile women
is associated with lower LH and a decreased number of ovarian fol-
licles [16]. Decreases in serum AMH levels with age could be ex-
plained by ovarian follicle loss with increasing age. In Carmina’s
study of 54 anovulatory hyperandrogenic women with PCOS, after

a 5-year follow-up, 10 anovulatory patients out of 54 (approxi-
mately 20%) became ovulatory at a mean age of 42 years [47]. Elt-
ing studied 205 women with PCOS using a telephone
questionnaire, revealing a highly significant linear trend for a
shorter menstrual cycle length with increasing age; the proportion
of women with regular menstrual cycles increased from 41% for
women ages 30-35 to 100% in the oldest group, ages 51-55 [10].
Women with PCOS achieve regular menstrual cycles with age,
and the development of a new balance in the polycystic ovary,
caused solely by follicle loss through ovarian aging, can explain
the occurrence of regular cycles in older patients with PCOS [10].
In a study of aging women with PCOS comparing those who became
regular with those still menstruating irregularly, a lower follicle
count for women with PCOS was predictive of the achievement of
regular menstrual cycles with age [48], confirming that a decrease
in the size of the follicle cohort from ovarian aging is largely respon-
sible for the regular menstrual cycles in aging PCOS women [48].
Although the observed differences are relatively small during repro-
ductive years, these age-related changes in women with oligo-
amenorrhea may affect the observed incidence of PCOS [16].

9. Hyperandrogenism

Clinical and biochemical androgen excesses were the major char-
acteristics of women with PCOS; however, the elevated serum con-
centrations of androgens are the most consistent biochemical
abnormalities and may be considered the hallmark of the syndrome
[49]. An age-related decrease in androgen secretion, as in normal
women, also occurs in women with PCOS. Ovarian steroid secretion
capacity starts to decline as early as approximately 30 years of age
[44]; hyperandrogenism partly resolves before menopause in wo-
men with PCOS [12]. Acne and hirsutism were thought to be the ma-
jor clinical markers of clinical hyperandrogenism. We studied 781
women and found that the prevalence of acne and hirsutism were
both negatively correlated with age in women with and without
PCOS [42]. Bili studied 472 oligo-amenorrheic infertile patients
and found that age was inversely correlated with testosterone,
androstenedione and dehydroepiandrosterone [16]. Moran studied
145 hyperandrogenic women and reported a negative association
between DHEAS levels and age [50]. Winters studied 84 women with
PCOS and found that the levels of total testosterone and non-SHBG-
bound testosterone were lower in older women with PCOS [12].

Although the decreasing ovarian capacity to release androgens
in response to hCG stimulation observed in healthy women also
occurs in women with PCOS, PCOS basal serum levels of androgens
and ovarian androgen secretion capacity are markedly increased
and remain high throughout the reproductive years [44]. In a lon-
gitudinal study of 193 women who were followed from a mean age
of 22 years to a mean age of 43 years, an approximately 25% de-
crease in testosterone levels and an approximately 30% decrease
in DHEAS were observed [35]. We demonstrated that all serum
androgen markers (total testosterone, androstenedione, and
DHEAS) were significantly negatively correlated with age. Further-
more, the prevalence of acne and hirsutism decreased with
advanced age, modified FG score, and serum DHEAS levels, and
there was a significant negative association with age in women
with and without PCOS [42]. Accordingly, the prevalence of both
clinical hyperandrogenism and biochemical hyperandrogenemia
should decrease in women of advanced age.

10. Metabolic syndrome and insulin resistance

Metabolic syndrome and insulin resistance were the major con-
cerns among the long-term complications in women with PCOS.
Metabolic syndrome is a cluster of adverse cardiovascular features,
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Table 1
PCOS phenotype changes with age in cross-sectional and longitudinal studies.

Authors Study Patients

Results

Liang et al. (2011) [42] Cross-sectional

Panidis et al. (2012) [61] Cross-sectional
Carmina et al. (2012) [47] Longitudinal

intervals for 20 years

453 PCOS and 328 non-PCOS
1212 PCOS and 254 healthy women

193 women with PCOS, aged 20-
25 years, and followed at 5-year

Younger PCOS had significantly higher androgens levels, but lower BMI
and lower insulin resistance than older PCOS.

A progressive decline in hyperandrogenic phenotype and increased
insulin resistance with advancing age.

After 20 years of follow-up in women with PCOS. After 10 years,
androgens decreased; at 15 years, waist circumference increased; at
20 years, there were more ovulatory cycles, suggesting a milder
disorder, whereas the persisting metabolic abnormalities increased.

including central obesity, atherogenic dyslipidemia, insulin resis-
tance, a prothrombotic state, elevated blood pressure, and in-
creased circulation proinflammatory markers [26]. Age is also an
important risk factor for developing metabolic disorders and insu-
lin resistance. Aging may also be associated with a defect in insulin
action that is manifested by decreased whole-body tissue sensitiv-
ity to insulin without a change in tissue responsiveness [14]. The
glucose intolerance may reflect part of the aging process. In elderly
subjects, the severity of carbohydrate intolerance is directly corre-
lated with the degree of peripheral insulin resistance [51].

We reported that advanced age was associated with increased
cholesterol, triglyceride, and low-density lipoprotein (LDL) levels;
furthermore, fasting glucose and 2-h glucose were both significantly
correlated with age [42]. The National Cholesterol Education Pro-
gram Adult Treatment Panel (ATPIII; third report of the National
Cholesterol Education Program) guidelines define metabolic
syndrome according to the following five parameters: waist circum-
ference, fasting serum glucose, fasting serum triglycerides, serum
high-density lipoprotein (HDL) cholesterol and blood pressure. Most
of these parameters worsen with age. Therefore, it is logical that
metabolic syndrome and insulin resistance are also age-dependent.

11. Obesity

Obesity is a prominent feature of PCOS, occurring in 40-50% of
patients [52,53]. Lipid abnormalities, including elevated LDL and
triglyceride levels and decreased HDL, are often found in women
with both PCOS and obesity [54]. Obesity appears to exert an addi-
tive, synergistic impact on the manifestations of PCOS, indepen-
dently and negatively affecting insulin sensitivity, diabetes risk
and cardiovascular profile [55,56]. Obesity unmasks or amplifies
symptoms and endocrine and metabolic abnormalities. We studied
273 women and found that obesity (Odd Ratio (OR) = 14.0, 95% ClI,
7.5-26.5) results in a higher risk for developing insulin resistance
than hyperandrogenemia (OR = 2.1, 1.3-3.6) or oligo-amenorrhea
(OR = 1.8, 1.0-3.3) [57]. Furthermore, body weight status was the
major factor determining the risk of impaired glucose tolerance
and metabolic syndrome in women with PCOS [58].

Obesity is not only a major determinant of long-term complica-
tions in PCOS but also an important factor in the diagnosis of PCOS
[59]. In one study, the prevalence of PCOS was greater in overweight
and obese women than in lean women [60]. Obesity worsens both
biochemical hyperandrogenemia and chronic anovulation, which
are the two most important diagnostic criteria of PCOS [60]. We
found that obese subjects with PCOS had a higher risk of developing
oligomenorrhea (OR=2.2, 1.3-3.7) and biochemical hyperandro-
genemia (OR=2.6, 1.6-4.2) than non-obese women with PCOS
[59]. Therefore, when assessing the diagnosis and complications,
obesity should be thoroughly taken into account.

12. Phenotypes change with age

The best way to study the aging process in women with PCOS is
to perform a longitudinal study with same subject; however, it is

difficult to include a large sample size with a long-time follow
up. Therefore, large-sample-size cross-sectional studies might also
provide some useful information (Table 1).

13. Case studies

As described above, the age of subjects could influence the sta-
tus of diagnosed PCOS. Subjects with PCOS, as diagnosed by 2003
Rotterdam criteria, might have different phenotypes according to
age group. We reported a cross-sectional study that included 453
women with PCOS and found that for women who fulfilled diag-
nostic criteria for PCOS, younger women had a significantly higher
percentage of acne and hirsutism, higher mF-G score, and lower
cholesterol and triglycerides than older women. In contrast, older
women had higher levels of obesity, lower levels of androgens,
and higher levels of insulin resistance and metabolic disturbances
than younger women [42]. Our results were confirmed by Panidis,
who studied 1,212 women with PCOS and found a progressive de-
cline in circulating androgens with advancing age [61]. Further-
more, patients 21-30years old had lower plasma glucose and
insulin levels, lower homeostasis model assessment of insulin
resistance index, and lower BMI than patients 31-39 years old
[61]. From cross-sectional studies, among patients with diagnosed
PCOS, chronic anovulation and hyperandrogenism were the pre-
dominant characteristics in adolescents. Because the prevalence
of clinical and/or biochemical hyperandrogenism significantly de-
creased with age and the severity of menstrual disturbance may
improve after the age of 20, ovarian volume and morphology seem
to be relatively stable with age for women younger than 35 [37,42].
Therefore, polycystic ovary morphology became the prevalent
inclusion criterion used by some investigators for the diagnosis
of PCOS in women over 20 years of age.

Both our study and that of Panidis found that the prevalence of
PCOS phenotypes changed with age, with younger women with
PCOS having more severe hyperandrogenism but lower insulin
resistance and BMI than older women with PCOS [61]. Interest-
ingly, serum testosterone levels were positively correlated with
BMI [42], and the prevalence of hyperandrogenism was twice as
high for obese women as for non-obese women [59]. To fulfill
the diagnostic criteria, older women with PCOS had a higher prev-
alence of obesity than younger women [42,61]; therefore, the dete-
rioration of insulin resistance during the reproductive life of
women with PCOS appears to be mainly attributable to the in-
crease in obesity [61].

However, the question is whether younger hyperandrogenic
PCOS women will become older obese women with insulin resis-
tance? This question could not be answered by a cross-sectional
study. Recently, Carmina published a large longitudinal study that
included 193 women with PCOS, aged 20-25 years, who were diag-
nosed according to Rotterdam criteria and followed at 5-year inter-
vals for 20years [47]. After 10 years, androgens decreased; at
15 years, waist circumference increased; and at 20 years, ovarian
volume decreased. Serum luteinizing hormone and follicle-
stimulating hormone decreased non-significantly, and fasting
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insulin and quantitative insulin-sensitivity check index was un-
changed. Eighty-five women (44%) were ovulatory at 20 years,
and 18 women (8%) could no longer be diagnosed as having PCOS
[47]. After 20 years of follow-up in women with PCOS, androgens
and ovarian volume decreased and there were more ovulatory cy-
cles, suggesting a milder disorder, whereas metabolic abnormali-
ties persisted and waist circumference increased [47].

14. Conclusion

Most available data suggest that the prevalence of cardiovascu-
lar diseases in women with polycystic ovary syndrome (PCOS) is
lower than expected based on risk calculations during fertile years.
Advanced age is associated with decreased hyperandrogenism and
increased metabolic disturbances in women with and without
PCOS. Hyperandrogenism and chronic anovulation may be the ma-
jor disturbances in younger women with PCOS, however, increases
in body weight might contribute to insulin resistance and meta-
bolic disturbances in later life. If body weight could be controlled
properly, young hyperandrogenic PCOS women might not neces-
sarily become older obese insulin-resistant PCOS women.
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Serum ferritin levels in obese and non-obese women.
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Abstract

Object: To evaluate the association between serum ferritin levels and insulin resistance and metabolic
syndrome in obese and non-obese women.

Methods: Retrospective study. Five hundred thirty-nine women, 286 of whom had PCOS and 253 of
whom did not have PCOS, were included in the study.

Results: Serum ferritin correlated with menstrual cycle length, sex hormone-binding globulin, total
testosterone, androstenedione, triglyceride, and total cholesterol both in obese and non-obese women.
Obese women (BMI>25) with high ferritin (ferritin > 45.5 ng/mL, n=270) levels had higher insulin
resistance, impaired glucose tolerance, and liver enzymes than obese women with low ferritin levels
(ferritin < 45.5 ng/mL, n=269). However, among non-obese women, insulin resistance and metabolic
disturbances were not significantly different between high and low ferritin groups. Women with high
ferritin levels had a greater risk of PCOS and hyperandrogenism than women with low ferritin levels.
Independent of obesity, hypertriglyceridemia was the major metabolic disturbance in women with elevated
serum ferritin levels.

Conclusions: The pathogenesis of increased iron stores correlated with insulin resistance and metabolic
syndrome among obese and non-obese premenopausal women was different. The hypertriglyceridemia in
women with PCOS might be associated with iron metabolism.

Funding : This work was supported by the National Science Council Grant NSC 101-2629-B-038-001

Keywords: Polycystic ovary syndrome, ferritin, obesity, insulin resistance, metabolic syndrome.
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