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Objective: To study the association between endocrine
disturbances and metabolic complications in women
seeking gynecologic care.

Design: Retrospective study, cluster analysis
Setting: Outpatient clinic, University Medical Center
Patients: A total of 573 subjects, including 384 at
low risk and 189 at high risk of cardio-metabolic
disease, were evaluated.

Interventions: None

Main Outcome Measure(s): Cardiovascular and metabolic
parameters and clinical and biochemical
characteristics.

Results: Risk factors for metabolic disease are
associated with a low age of menarche, high levels of
high-sensitivity C-reactive protein and liver
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enzymes, and low levels of sex hormone-binding
globulin. Overweight/obesity (odds ratio: 11.2; 95%
confidence interval: 8.0-15.7), PCOS (1.6; 1.3-1.9),
oligo/amenorrhea (1.3, 1.1-1.4), and hyperandrogenism
(1.4, 1.2-1.6) were found to increase the risk of
cardio-metabolic disease. However, hyperprolactinemia
and premature ovarian failure were not associated
with the risk of cardio-metabolic disease. In terms
of androgens, the serum total testosterone level and
free androgen index, but not androstenedione or
DHEAS, were associated with cardio-metabolic risk.
Conclusions: Although PCOS 1is associated with
metabolic risk, obesity was the major determinant of
cardio-metabolic disturbances in reproductive aged
women. Hyperprolactinemia and premature ovarian
failure were not associated with the risk of
cardiovascular and metabolic diseases.

cardiovascular risk, metabolic syndrome, PCOS,
cluster analysis
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Abstract

Cluster analysis of cardiovascular and metabolic risk factors in women of
reproductive age

Chii-Ruey Tzeng, MD', Yuan-chin Ivan Chang PhD?, Yu-chia Chang MSc?,
Chia-Woei Wang, MD", Chi-Huang Chen MD, PhD*, Ming-I Hsu MD?

'Department of Obstetrics and Gynecology, Taipei Medical University Hospital, Taipei Medical
University, Taipei, Taiwan

2 Institute of Statistical Science, Academia Sinica, Taipei, Taiwan

®Department of Obstetrics and Gynecology, Wan Fang Hospital, Taipei Medical University, Taipei,
Taiwan.

Objective: To study the association between endocrine disturbances and metabolic
complications in women seeking gynecologic care.

Design: Retrospective study, cluster analysis

Setting: Outpatient clinic, University Medical Center

Patients: A total of 573 subjects, including 384 at low risk and 189 at high risk of
cardio-metabolic disease, were evaluated.

Interventions: None

Main Outcome Measure(s): Cardiovascular and metabolic parameters and clinical
and biochemical characteristics.

Results: Risk factors for metabolic disease are associated with a low age of menarche,
high levels of high-sensitivity C-reactive protein and liver enzymes, and low levels of
sex hormone-binding globulin. Overweight/obesity (odds ratio: 11.2; 95% confidence
interval: 8.0-15.7), PCOS (1.6; 1.3-1.9), oligo/amenorrhea (1.3, 1.1-1.4), and
hyperandrogenism (1.4, 1.2-1.6) were found to increase the risk of cardio-metabolic
disease. However, hyperprolactinemia and premature ovarian failure were not
associated with the risk of cardio-metabolic disease. In terms of androgens, the serum
total testosterone level and free androgen index, but not androstenedione or DHEAS,
were associated with cardio-metabolic risk.

Conclusions: Although PCOS is associated with metabolic risk, obesity was the
major determinant of cardio-metabolic disturbances in reproductive aged women.
Hyperprolactinemia and premature ovarian failure were not associated with the risk of
cardiovascular and metabolic diseases.

Keywords: cardiovascular risk, metabolic syndrome, PCOS, cluster analysis
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Introduction

A cluster of risk factors for cardiovascular disease (CVD) and type 2 diabetes mellitus,
which occur together more often than by chance, have become known as metabolic
syndrome (MetS) (1). The cardiovascular risk factors that comprise MetS have been
recognized as a cluster since the 1920s (2). Although MetS and CVD are major causes
of mortality for women of advanced age, the risks of MetS and CVD in reproductive
age women are not well understood. The early detection of individuals at high risk for
MetS using accurate measures of insulin resistance (IR) could improve the detection
and prevention of CVD and diabetes (3). Recent studies suggest that there are some
clinically relevant differences between women and men in terms of the prevalence,
presentation, management and outcomes of the disease, but little is known about why
CVD affects women and men differently (4). Over recent decades, mortality rates in
men have steadily declined, while those in women have remained stable. This
knowledge gap may explain why cardiovascular health in women is not improving as
fast as that of men (4). In particular, the risk of developing MetS and CVD for
younger women has not been well studied. Although many aspects of CVD are
similar in women and men, there is a growing body of evidence to support sex and
gender dimorphisms in the prevalence, presenting symptoms, management and
outcomes of CVD (4). For instance, Lee reported that women with diabetes have a
significantly higher CVD mortality rate than men with diabetes (5). Women of
reproductive age present with cyclic endocrine changes that might result in different
MetS and CVD risk factors in comparison with men. Menstrual cycle irregularity may
be a marker of metabolic abnormalities predisposing women to an increased risk for
CVD (6). The most well-known correlation between metabolic syndrome and
reproductive disorders is in women with polycystic ovary syndrome (PCOS), which is
diagnosed by hyperandrogenism and chronic anovulation. Although studies of PCOS
and metabolic complications have been widely reported, the understanding of the
correlation between endocrine status and metabolic complications in reproductive
aged women remains limited and controversial (7-10).

Definitions of metabolic syndrome are usually problematic because they are based on
arbitrary cutoff points for several quantitative variables, where each variable is related
linearly to cardiovascular risk (11). Further, the risks of developing MetS and CVD
vary depending on race and gender. To understand the risk factors of cardiovascular
and metabolic disease in reproductive aged women, the studied subjects should be
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specified. Cluster analysis is a statistical method based on algorithms that aims to
minimize within-group variation and maximize between-group variation for the
clustering variables (11). This technique is suitable for defining groups and reflecting
the natural structure of data without relying on inappropriate arbitrary cutoffs (12).
Cluster analysis can be used to identify groups of women sharing similar metabolic
risk factor patterns. We conducted this retrospective study on reproductive age
Taiwanese women, and we used cluster analysis to investigate the relationship
between metabolic complications and biochemical/clinical characteristics of
endocrinologic dysfunction in women of reproductive age.

Materials and Methods

This study was approved by the Institutional Review Board of Taipei Medical
University — Wan Fang Hospital, Taipei, Taiwan with the identifier
Hsu2013-TMU-JIRB 201302002 and registered at ClinicalTrials.gov with the
identifier NCT01826357. We retrospectively reviewed the medical records of female
patients who visited our Reproductive Endocrinology Clinic from Jan. 1, 2009, to Jun.
31, 2012.

Parameters of cardiovascular risk

Metabolic syndrome is a complex of interrelated risk factors for CVD and diabetes.
These factors include dysglycemia, high blood pressure, elevated triglyceride levels,
low high-density lipoprotein cholesterol levels, and central adiposity (1). To evaluate
the risk of MetS and CVD, the following ten cardio-metabolic parameters were used
for initial cluster analysis in this study: systolic blood pressure, diastolic blood
pressure, waist size, fasting insulin, fasting glucose, 2-hour glucose, total cholesterol,
triglyceride, high-density lipoprotein (HDL), and low-density lipoprotein (LDL).

Study data

Women who had a complete set of anthropometric measurements and clinical and
biochemical data about endocrinologic and cardiovascular parameters were initially
included. The chief complaints of studied patients were menstrual irregularity,
infertility, overweight, acne/hirsutism, healthy volunteer, and others (more than one
complains, transferred from other medical specialists, headache, abdomen pain,
vaginal itching, etc.). Subjects’ medical histories included a detailed menstrual and
medical/surgical history, anthropometric measurements (weight, height, waist, and
hip), and blood pressure. The dates and assays performed for blood sampling have
been previously described (13). The following data were collected and calculated: (1)
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serum androgens, including total testosterone, androstenedione,
dehydroepiandrosterone sulfate (DHEA-S), 17-a-OH progesterone, and free androgen
index (FAI); (2) insulin sensitivity and glucose tolerance, including fasting insulin,
fasting glucose, two-hour glucose, and the homeostasis model assessment insulin
resistance index (HOMA-IR); (3) lipid profiles, including total cholesterol,
triglycerides, HDL, and LDL; (4) liver function and inflammatory markers, including
glutamic oxaloacetic transaminase(GOT), glutamic pyruvic transaminase (GPT), and
high sensitivity C-reactive protein (hs-CRP); and (5) sex hormone-binding globulin
(SHBG), prolactin, and anti-Mdullerian hormone (AMH).

The risks of metabolic syndrome, impaired glucose tolerance and diabetes were
evaluated in every studied subject. The waist-to-hip ratio (WHR) was defined as the
waist circumference/hip circumference. Body mass index (BMI) was defined as the
body weight in kilograms divided by the body height in meters squared (kg/m?).
Overweight/obesity was defined as BMI > 25 kg/m?. All studied women received an
ultrasonography examination. Although vaginal ultrasound examination is preferred
for young women without sexual experience, abdominal ultrasounds were performed
to detect polycystic ovaries..

Premature ovarian failure (POF) was defined as oligo/amenorrhea in women under
40 years of age with elevated serum FSH levels (FSH > 16 mIU/mL). A diagnosis of
POF was confirmed by serum examination of FSH two weeks later.
Hyperprolactinemia was diagnosed when prolactin levels were above the upper limit
of normal (24.20 ng/mL).

The following women were excluded from the study populations: (1) women who
had been diagnosed with malignant tumors, Asherman's syndrome, Mullerian agenesis,
or chromosomal anomalies; (2) women who had menarche within the past 1 year or
were older than 49 years old; and (3) women who received hormones, and medicines
for diabetes, hypertension, dyslipidemia within the previous three months.

A total of 713 women were included in the study for evaluation. To perform the
cluster analysis, the above-mentioned 10 parameters were used to evaluate the risks of
developing MetS and CVD (systolic pressure, diastolic pressure, waist size, fasting
glucose, fasting insulin, 2-hour glucose, total cholesterol, triglyceride, HDL, and
LDL).

To identify the clinical and biochemical characteristics in the high-risk MetS and
CVD group, the studied patients were classified into two comparative groups. The
classification of the high- and low-risk groups was performed by hierarchical cluster
analysis using both within-group linkage and Ward's method. With the within-group
linkage method, 258 cases were classified as high-risk patients, and 455 were
classified as low-risk patients. However, with Ward's analysis, 260 and 453 patients
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were classified as high risk and low risk, respectively. To verify the data, 189 and 384
patients who were confirmed to be in the high-risk and low-risk groups, respectively,
with both methods were used for the final analysis, and 140 cases were further
excluded due to inconsistent classification with the two different methods (Figure 1).
Women with missing endocrinologic or metabolic data were excluded. All included
573 cases featured complete data for all parameters.

FIGURE 1

Primary screen

Age 13 to 49 y/o
No hormones or drugs for major medical diseases
Mo congenital, uterine, and major medical disease
Complete cardiovascular evaluation
M= 713 for evaluation.

J

Classification | Within-group Ward's Number Group
1 Low Low 384 Low
2 Low High Tl Excluded
3 High Low 69 Excluded
4 High High 189 High
Total 713 573

The classified analysis by Hierarchical cluster analysis
Using Within-groups linkage and Ward’s methods
Inconsistent classification N=140
Excluded

l

573 Cases with
189 high risk
384 low risk

Finally Included

Floww chart of patient selection in this study.
Tzang. Cardiomeatabalic risk in pounger wamen, Fartil Sieril 2074,

PCOS was diagnosed according to the Androgen Excess and PCOS Society criteria
(14), which require the presence of hyperandrogenism (hirsutism and/or biochemical)
and ovarian dysfunction (oligo-anovulation and /or polycystic ovaries). The
definitions of oligo-anovulation and polycystic ovaries have been described in detail
previously (15). Hyperandrogenism (HA) was defined as hirsutism and/or
biochemical hyperandrogenemia (BioHA). Biochemical hyperandrogenemia was
defined as a total serum testosterone value > 0.8 ng/mL (normal range for female
adults is 0.1-0.8 ng/mL), androstenedione > 2.99 ng/dL (normal range for females is
0.10-2.99 ng/mL), or DHEAS > 275 pg/L (16). Hirsutism was defined as a modified
Ferriman—Gallwey (mF-G) score of >6.



The insulin sensitivity index was evaluated by the homeostasis model assessment
insulin resistance index (HOMA-IR) using the following formula:

HOMA-IR = [Fasting insulin (WU/mL) x Fasting glucose (mg/dL)]/405
Impaired glucose tolerance (IGT) was defined as two-hour glucose levels of 140 to
199 mg/dL in the 75-g oral glucose tolerance test. In women with IGT, the fasting
plasma glucose (FPG) level should be less than 126 mg/dl.

Metabolic syndrome (MBS) was defined (2005 National Cholesterol Education
Program - Adult Treatment Panel 111) as the presence of at least three of the following
criteria: abdominal obesity (waist circumference > 80 cm in women), serum
triglycerides > 150 mg/dL, serum HDL<50 mg/dL, systolic blood pressure > 130
mmHg and/or diastolic blood pressure > 85 mmHg, and fasting plasma glucose >100
mg/dL.

Statistical analysis

We performed cluster analysis to identify groups of women with similar
cardiometabolic risk factor patterns using two-step cluster analysis with Statistical
Package for Social Science 15.0 software (SPSS Institute Inc., Chicago, Illinois,
USA). The number of clusters is determined automatically.

In Tables 1 and 2, data are presented as the mean + standard deviation. We used
Chi-square and Fisher’s exact tests to perform categorical comparisons and ANOVA
to compare the continuous variables. The means of more than two groups were
compared using one-way ANOVA post hoc range (Dunnett’s) tests with equal
variances not assumed. The differences between the groups were considered
significant if the P-values were less than 0.05.

Results

Among the 573 studied patients, 384 and 189 patients were classified as being low
and high risk, respectively. For clinical diagnosis, 235 (47%) subjects had polycystic
ovarian syndrome, 55 (10%) had hyperprolactinemia, and 17 (3%) had premature
ovarian failure. In terms of metabolic complications, 128 (22%) had metabolic
syndrome, 48 (9%) had impaired glucose tolerance, and 13 (2%) had diabetes
mellitus.

Table 1 shows the ten parameters related to cardiovascular and metabolic risk in the
high- and low-risk groups. Nine out of ten parameters (all except serum total
cholesterol level) were significantly different between the two groups (p<0.001). The
results show that the above classifications can be used to separate high- and low-risk
patients in terms of cardiovascular and metabolic risk.



TABLE 1

Parameters of cardiovascular and metabalic risk in high-risk and low-risk women.

Parameter Total
Case numiber L73
Systolic pressure {mim Hg} 1M20+£171
Diastolic pressure (mm Hg} 7594130
Whiaist (crm} 321+ 153
Fasting insulin (ull/ml} 125+ 121
Fasting glucose {mg/dL} 962+ 935
2-hour glucose (rmgfdL} 1081 £ 326
Cholesterol (mgfdL} 1837 £ 321
Triglycerides {rmg/dL: 214+ 687
High-density lipoprotein (mafdL} 562+ 166
Lows-density lipoprotein (mg/dL} 10671 £27.2
Mate: Data are mean £ standard deviation.

2 P 05,

Tzang. Cardiometabalic risk in pounger womean. Farll Stanf 2074,

Low risk

384
1049+ 12.2
0.7 £ 94
734+£73
B.0+43
B74+ 66
96.3 £ 209
1850+ 319
60.6 £ 26.9
E1.0+ 143
1017 £ 26.7

High risk

182
1264+ 164
BES £ 130
9rB8L£ 116
217 £ 168
HHBEL116
132.1 £ 384
181.0+£323
1235+ 101.0
404+ 6.7
Maox27.0

Table 2 presents the clinical and biochemical characteristics of patients at high and
low risk of cardiovascular and metabolic diseases. All parameters related to metabolic
risk and insulin resistance were significantly different between the high- and low-risk
groups. Patients with hyperprolactinemia and premature ovarian failure did not
exhibit an increased cardiovascular and metabolic risk. In contrast, the high-risk
group had higher prevalences of hyperandrogenism, oligomenorrhea, polycystic ovary
morphology, and PCOS. In terms of androgens, the high-risk group had a higher
serum total testosterone and free androgen index than the low-risk group; however,
the serum androstenedione and DHEAS levels did not differ between the high- and

low-risk groups.

FPvalue

<0012
<001
=008
=008
<0012
<001
6D
<0012
<0012
<001



TABLE 2

Clinical and biochemical characteristics of women at high and low risk of cardiovascular and metabolic disorder.

Characteristic Tatal Law risk High risk FPalue
Case no. 573 384 189
Age fy} 273+65 269+ 64 27.9£66 036
Menarche (v} 12615 127 £ 14 123+ 1.4 001
hs-CRP? (mg /L 0.2 £ 038 G2 £0.27 044 £ 0.48 <0012
SHEG (ng/dl} 458 + 233 56.2 + 281 24.9+151 < .001%
Antirmdllerian hormone (ngfmL 746 £ 544 FE7 547 702 +4536 175
Anthropometric measurements
Weight (kg) 633 +174 534 +75 B33 144 <.0012
Height (crm3} 1605 £53 160.0 £ 5.1 16813 £56 .Goas
BMI (kgfm®} 245 +85 208 +26 32.0£453 <001
Hip {err ¥+ e 926+ 66 1Mo xa7 <001
Waist to hip ratio 083 + 0.08 073+ 0.07 0.40 £ 0.07 <.0012
Hyperprolactinermnia 10% 1% 7% 21
FOF 3% 4% 2% 173
FCOE 47 % 39% 61% <0012
Oligofamenorrhesa 56% 51% 64 % o03*
Folyoystic ovary morphology 57 % 54% 64 % 6187
Hyperandrogenism 54 % 47 % 67 % < .001®
Biochernical hyperandrogenemia 36% 30% A7 % <0013
Hirsutism 34% 29% 43 % (GG1®
MWetsbolism
Metabolic syndrome 22% 1% 66 % < .001®
Hypertension 27 % 10% 62% < 00612
HDL =50 rmgfdL 3%% 14% 32 % < 0012
Trighycerides =150 mgfdL 10% 2% 26% < 001
Waist =80 om 45 % 18% 084 <.001%
Impaired glucose tolerance 9% 2% 22 % <.0012
Diabetes mellitus 2% G 7% <.001°
Androgens
Total testosterone (ngfml 0ED £ 029 0.5 £ 026 0.72+0.33 <0012
Androstenedione ing/dL 271 £ 137 286+ 136 279+ 1.40 301
Free androgen index 768 £ 830 453 +£378 13.9£ 110 < .001%
DHEAS (ng/dL} 1373 £ 10634 1933 £ 370 2041 £ 1137 27
17-0H PRG (ng/dL} 1.14 £ 6.99 1.26 £ 1.1 1.02 £ 069 0
mFG score 580 +473 527 +4.18 690+ 554 < .001%
Insulin sensitivity and liver function
HOMA-IR 292 +£3.25 1.75 £ 0.97 520+ 4.67 <001
GOT UL 34+ 18 0665 00088 <0012
GFT UL 231 +£147 1706+ 92 35EL 27 A < 0012

Mota:Data are either mean £ 50 orare percentage. Bivil

body rass index; DHEA 5 dehydroepiandrosterone sulfate; GOT - glutamic cxaloacetic transaminase; GPT - glutamic pyruvic trans

aminase; HOL  high dersity lipoprotein; HOMA R The homeostasis model assessme it insulin resistance indesx; hs CRP high sensitivity C reactive protein; madified mFG Scare Feriman

Galbwey score; 17 CHPRG 17 o OH progesterane; PCCS  polyopstic avary syndrame; PGF premiature ovarian failure; SHEG  sex hormore binding globulin.
* P 05

Tzapg. Cardiamambalic risk in pounger woman. Faril Stanf 2074

Figure 2 shows the odds ratios for subjects at high risk for cardiovascular and
metabolic disease. Overweight/obesity (odds ratio: 11.2, 95% confidence interval:
8.0-15.7), PCOS (1.6; 1.3-1.9), oligo/amenorrhea (1.3, 1.1-1.4), polycystic ovary
morphology (1.2, 1.0-1.4), hyperandrogenism (1.4, 1.2-1.6), and biochemical
hyperandrogenemia (1.6, 1.3-1.9). Hyperprolactinemia (0.6, 0.3-1.1) and premature
ovarian failure (0.4, 0.1-1.5) were not associated with an increased risk of
cardiovascular and metabolic diseases.



FIGURE 2

Hirsutism - - = 1.488(1.187- 1.884)

Biochemical hyperandrogenemia —| = - 1.559 (1.258- 1.932)
Hyperandrogenism - 2] 1414 (1.222- 1.637)

Polycystic ovary Morphalogy - b-- r~ 1.185(1.037- 1.378)
Cligo/Anemarrhea | P-H - 1.285 (1.086- 1.449)

Polycysiic Ovary Synorome | ]  1.558 (1.302- 1.864)
Overweight/Obesity - —t— 11.238 (6.049-15.681)
Hyperprolactinemia | b—l—i = 0,629 (0.346- 1.143)

Premature ovaran failure | ——————— - 0.435(0.127- 1.497)

Oidds ratio for the high risk of a clinical diagnosis of cardiovascular disease.
Tzang. Cardiomatabolic rik in poungar woman. Fartil Starif 2074

Discussion

Metabolic syndrome (MetS) is a cluster of cardio-metabolic factors that predisposes
individuals to diabetes and cardiovascular disease (CVD). The question of whether
MetS is a simple aggregation of associated metabolic risk factors or a true syndrome
arising from a common physiological origin is controversial (17). Even congruent
definitions differ between international authorities and continue to change (18).
Cutoff values for risk factors should be determined, and these definitions should
reflect gender-based and ethnic differences. To avoid the bias of gender and ethnic
variance, our study included reproductive aged Taiwanese women only. Instead of
using arbitrary cutoff values, we performed cluster analysis using ten cardiovascular
and metabolic risk parameters and classified the study population into high- and
low-risk groups. Cluster analysis was a useful tool for identifying groups of women
sharing similar metabolic risk factor patterns. The main purpose of this study was to
identify the clinical and biochemical characteristics of high and low metabolic risk in
reproductive women. To confirm the classification of the high- and low-risk groups,
two cluster analysis methods were applied and confirmed in our study. We excluded
140 patients who could not be consistently classified by the two statistical methods.
Finally, the parameters related to cardiovascular disease, metabolic syndrome, and
insulin resistance were significantly different between the high- and low-risk groups.
Metabolic syndrome was diagnosed by the cluster of abdominal obesity,
hyperglycemia, hypertension, and dyslipidemia, which increases the risk for type 2
diabetes and cardiovascular diseases (19). We believe this classification could
separate the high and low MetS and CVD risk groups in our studied populations.
The metabolic profile noted in women with PCOS is similar to that of insulin

8



resistance syndrome and consists of hyperinsulinemia, mild glucose intolerance,
dyslipidemia, and hypertension (20). Nine out of ten parameters, all except total
cholesterol, that are related to MetS and CVD risk (blood pressure, waist size, insulin,
glucose, triglyceride, HDL, and LDL) were strongly associated with the high-risk
group in our study. The association between PCOS and metabolic disturbance has
been widely reported. The risk of metabolic syndrome may vary among the four
phenotypes of PCOS based on the Rotterdam criteria (9). Hyperinsulinemia was
reported to correlate with free testosterone levels only in women with traditional
NIH-defined PCOS (7). Goverde reported that hyperandrogenic PCOS phenotypes are
strongly linked to metabolic syndrome and insulin resistance in Dutch women with
PCOS (21). Legro reported that neither the morphology nor the volume of the ovaries
is associated with distinctive metabolic or reproductive phenotypes in women with
PCOS (8). In most patients, PCOS-related disturbances (hyperandrogenism, ovulatory
dysfunction, and polycystic ovary morphology) may cluster together, making it
difficult to evaluate them individually. Our study shows that all PCOS-related
disorders, such as ovulatory dysfunction, hyperandrogenism, hirsutism and polycystic
ovary morphology, clustered together and were strongly associated with high risk of
MetS and CVD. Furthermore, the high-risk group had higher levels of inflammatory
markers and liver enzymes and lower SHBG than the low-risk group. Interestingly,
the high-risk group had an earlier menarche than the low-risk group. We found that
hyperprolactinemia and premature ovarian failure were not related with MetS and
CVD risk. Androgen levels are the major distinguishing endocrine feature
differentiating the phenotypic expressions of PCOS. Androgen excess in women may
signal a risk for coronary artery disease (20). However, the different types of
androgens should be evaluated separately. Specifically, the serum total testosterone
level and free androgen index, but not androstenedione or DHEAS, were associated
with the risk of MetS and CVD.

Obesity should be the major impact factor for reproductive women with a high risk
of MetS and CVD. The association between obesity and a cluster of cardiometabolic
risk factors is stronger in women than in men, and this gender-specific difference
exists in younger but not in older individuals (22). Obesity accounts for the maximum
variance in clustering and appears to be a more powerful correlate of cardiovascular
risk in children and adolescents (23). Ketel, using a isoglycemic-hyperinsulinemic
clamp, showed that PCOS per se was not associated with impaired metabolic insulin
sensitivity in normal-weight women, but it aggravates the impairment of metabolic
insulin sensitivity in obese women (24). Spranger measured the insulin resistance of
women with PCOS by the continuous infusion of glucose and model assessment and
demonstrated that BMI but not testosterone was independently associated with insulin
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sensitivity (25). Similarly, in our study, obesity was the major factor determining the
risks of MetS and CVD in reproductive aged women. Although PCOS and obesity
both increased the risks of MetS and CVD, the odds ratio in high-risk women with
PCOS (1.6, 95% confidence interval 1.3-1.9) was much lower than that for women
who were overweight/obese (11.2, 95% 8.0-15.7).

The major weakness of this study is that the 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.

Finally, we can summarize our studied results with the following points:

1. Overweight/obesity was the major determinant of cardiovascular and metabolic
disturbances in reproductive aged women.

2. Early menarche, high levels of inflammatory markers and liver enzymes, and
low SHBG were associated with high cardiovascular and metabolic risk.

3. Hyperprolactinemia and premature ovarian failure were not associated with
cardiovascular and metabolic risk.

4. Oligomenorrhea, hyperandrogenism, and PCOS were associated with high
cardiovascular and metabolic risk.

5. The serum total testosterone level and free androgen index, but not
androstenedione or DHEAS, were associated with cardiovascular and metabolic
risk.
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OBJECTIVE - This study is aimed to evaluate serum ferritin levels and polycystic

ovary syndrome (PCOS) — related complications in obese and non-obese women.

MATERIALS AND METHODS —This retrospective study included 539 (286 with

PCOS and 253 without PCOS).

RESULTS -Serum ferritin correlated with menstrual cycle length, sex

hormone-binding globulin, total testosterone, androstenedione, triglyceride, and total

cholesterol in both obese and non-obese women. Obese women with high ferritin

levels exhibited higher insulin resistance, impaired glucose tolerance, and liver

enzymes (GOT, GPT) than obese women with low ferritin levels. However, among

non-obese women, insulin resistance and risk of diabetes were not significantly

different between the high and low ferritin groups. Independent of obesity,

hypertriglyceridemia was the major metabolic disturbance observed in women with

elevated serum ferritin levels.

CONCLUSIONS -Elevated serum ferritin levels are associated with increased insulin

resistance and risk of diabetes in obese women but not in non-obese women. However,

higher serum ferritin levels were correlated with a greater risk of hyperglycerdemia in

both obese and non-obese women. Therefore, hypertriglyceridemia in women with
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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. The serum ferritin level is widely used as a clinical biomarker to

estimate body iron status. Iron is a strong pro-oxidant, and high body iron levels are

associated with an increased level of oxidative stress, which may elevate the risk of

type 2 diabetes (1). Mildly elevated body iron stores are associated with statistically

significant increases in glucose homeostasis indices (2, 3). Furthermore, patients with

elevated iron stores present both insulin resistance and metabolic alterations that put

them at increased risk for cardiovascular disease (CVD) (4, 5).

Polycystic ovary syndrome (PCOS) is an endocrine disorder that affects 6 to 7% of

premenopausal women (6). PCOS is clinically diagnosed by hyperandrogenism and

chronic anovulation; however, its morbidity includes insulin resistance, type 2

diabetes mellitus, hypertension, cardiovascular disease, and infertility (7). Increased

serum ferritin levels are frequently observed in women with PCOS (8). An excess of

androgen and menstrual dysfunction are correlated with ferritin levels in

premenopausal women (9). Factors contributing to potential iron overload in women
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with PCOS include the iron-sparing effect of chronic menstrual dysfunction, insulin

resistance, and a decrease in hepcidin, which leads to increased iron absorption (10).

Serum ferritin concentrations differ significantly according to sex, body status and

ethnicity (3, 11, 12). A growing number of studies suggest a potential link between

obesity and altered iron metabolism (11). Furthermore, the association between serum

ferritin levels and certain diagnostic components of metabolic syndrome might be

different in men and women (12). Menstruating women are at risk for iron deficiency;

however, obese menstruating women are at low risk of depleting their iron stores (13).

Recently, we reported that obesity is the main factor associated with the prevalence of

insulin resistance, impaired glucose tolerance and metabolic syndrome in women with

PCOS (14, 15). The correlation between serum ferritin levels and metabolic

components in obese and non-obese women is not well-understood. Therefore, we

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.
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Materials and Methods

This study was approved by the Taipei Medical University Joint Institutional

Review Board (Taipei, Taiwan),and registered in the Protocol Registration System of

ClinicalTrials.gov(identifier NCT01600833). The authors report no conflicts of

interest.

We retrospectively reviewed the medical records of female patients who visited our

clinic from Jan. 1, 2008 to Nov. 30, 2011. The chief complaints of these patients

included menstrual disturbance, dysmenorrhea, infertility, and acne/hirsutism. The

following subjects were excluded: (1) women who had been diagnosed with

congenital adrenal hyperplasia, androgen-secreting tumour, Cushing’s syndrome, or

disorders of the uterus; (2) women who experienced menarche less than three years

before the evaluation or those who were older than 46; and (3)women who received

hormones or drugs for major medical diseases. A total of 639 women were initially

screened. One hundred women were excluded due to hyperprolactinemia (N=62),

ovarian failure (N=18), and insufficient data (N=20). Overall, 539 women were

included in this study.
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Medical histories included detailed menstrual and medical/surgical records as well as
anthropometric measurements. Biochemical hyperandrogenemia was defined as a
total serum testosterone > 0.8 ng/mL (normal ranges for female adult 0.1-0.8 ng/mL),
androstenedione (A4) > 2.99 ng/dL (normal ranges for females 0.10-2.99 ng/mL), or
DHEAS > 275 ng/L (16). Hirsutism was defined as a modified Ferriman—-Gallwey
(mF-G) score of >6.The number of menstrual cycles during the previous year was
recorded. Menstrual interval was defined as 365 divided by the number of menstrual
cycles in the previous year. Oligomenorrhea/amenorrhea was defined as a menstrual
interval of >35 days or fewer than 10menstruation cycles in the previous year. Obesity
was defined as having a body mass index (BMI) > 25 kg/m®. The definition of
polycystic ovaries was previously described (17).

PCOS was diagnosed according to the Androgen Excess and PCOS Society criteria
for the polycystic ovary syndrome (18), which require the presence of

hyperandrogenism and ovarian dysfunction.

Serum ferritin levels were obtained in all 539 women, and the median level was
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45.5ng/mL. To evaluate further the clinical and biochemical characteristics of women

with different levels of serum ferritin, the study cases were classified into the

following subgroups: high ferritin group (ferritin > 45.5ng/mL, n= 270) and low

ferritin group (ferritin <45.5ng/mL, n= 269).

Metabolic syndrome (MBS; 2005 National Cholesterol Education Program -Adult

Treatment Panel 111 [ATP I11]) was defined as the presence of at least three of the

following criteria: abdominal obesity, hypertriglyceridemia (triglycerides >150

mg/dL), serum HDL<50, hypertension, and fasting plasma glucose > 100 mg/dL.

Statistical analysis

Statistical analysis was performed using SPSS 13.0 for Windows (SPSS, Inc.,

Chicago, IL). We evaluated the correlation between serum ferritin levels and related

parameters with Pearson’s correlation coefficients using the two-tailed method (Table

1). In Table 2, data are presented as the means + standard deviation. We used the

chi-square test and Fisher’s exact test to compare categorical variables, and ANOVA

was used to compare continuous variables. Differences between the groups were

10
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considered to be significant at p<0.05.

RESULTS

Table 1 illustrates the correlation between serum ferritin levels and related parameters

in all, obese, and non-obese women. Serum ferritin correlated with menstrual cycle

length, sex hormone-binding globulin, total testosterone, androstenedione, triglyceride,

and total cholesterol in both obese and non-obese women. Fasting insulin, fasting

glucose, HbA1C, HOMA-IR, GOT, and HDL were correlated with serum ferritin

levels among obese women, but not among non-obese women. However, a strong

correlation between serum ferritin levels and triglycerides was observed in both obese

and non-obese women. Obese women had significantly higher serum ferritin

(82.1+90.3 vs. 48.8+38.3; p<0.001) and hs-CRP (0.39+0.41 vs. 0.13+0.30; p<0.001)

levels than non-obese women.

Table 2 compares the clinical and biochemical characteristics of women with low and

high ferritin level in the obese and non-obese subgroups. Women with high ferritin

levels had a greater risk of PCOS and hyperandrogenism than women with low

11
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ferritin levels. Furthermore, women with high ferritin levels had longer menstrual

interval, lower SHBG, and higher serum androgens and triglycerides than women

with low ferritin levels in both obese and non-obese women. Obese women with high

ferritin levels had higher insulin resistance, impaired glucose tolerance, and liver

enzymes than obese women with low ferritin levels. However, among non-obese

women, insulin resistance and metabolic disturbances were not significantly different

between the high and low ferritin groups.

CONCULSIONS

Ferritin is the cellular storage protein for iron, and reduced serum ferritin provides

unequivocal evidence of diminished iron stores. In women, a serum ferritin

concentration > 150 ng/ml is usually defined as hyperferritinemia (19), but increased

serum ferritin concentrations in non-pathological conditions, reflecting subclinical

iron overload, are associated with insulin resistance and an increased risk of type 2

diabetes mellitus (3). This observation is likely due to the fact that the normal ranges

of serum ferritin are too wide, and the criteria for iron overload are too high (20). To

12
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study the effect of serum ferritin levels in this study, women were classified into high

and low serum ferritin groups according to the median ferritin levels in our samples.

Obese women tended to have higher haemoglobin and ferritin concentrations and

lower transferrin saturation compared to the non-obese women (11, 21). Previous

studies reported that ferritin is elevated in inflammatory conditions, even in the

presence of true iron deficiency (22). To consider whether body status may impact the

pathological effects of ferritin, we separately analysed obese and non-obese women.

Although high serum ferritin was associated with insulin resistance and metabolic

disturbance in obese women, we did not observe any association between serum

ferritin levels and parameters of insulin resistance in non-obese women. This result

could explain why a study of non-obese Korean women determined no significant

differences in the HOMA-IR in various serum ferritin levels (23).

Prolonged menstrual cycle length was correlated with higher serum ferritin levels.

Factors contributing to potential iron overload might result from reduced menstrual

losses, secondary to oligo- or amenorrhea, or from hyperinsulinism, secondary to

13
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insulin resistance, because insulin favours the intestinal absorption and the tissue

deposition of iron (10). Regular blood loss during menstruation is a physical

characteristic of reproductive-aged women. Serum ferritin concentration is directly

related to reticuloendothelial iron stores, and normally, 1 pg/l of serum ferritin

corresponds to approximately 8 mg of storage iron (22).Our results indicate that

prolonged menstrual cycle length is an important factor for iron overload resulting

from reduced menstrual losses in reproductive-aged women. Furthermore, serum

ferritin levels and disturbances in insulin resistance were observed in obese women,

but not non-obese women. However, the pathogenesis of increased iron stores on

insulin resistance among obese and non-obese premenopausal women might be

different. Increased iron stores in obese women could be a consequence of insulin

resistance (24), whereas reduced menstrual losses in women with oligomenorrhea

might be a major factor contributing to increased iron stores in non-obese women.

Independent of obesity, women with higher ferritin levels have a greater risk of

hypertriglyceridemia. The mechanism underlying increased serum ferritinin

hypertriglyceridemia is not clear. Iron accumulation results from the down-regulation

14



10

11

12

13

14

15

16

17

of the iron-export protein, ferroportin-1, which increases the levels of cytokines, such

as tumor necrosis factor—a(TNF-a). TNF—a is involved in hyperferritinemia, and the

observed high ferritin concentration could be an inflammatory manifestation. A study

by Mateo-Gallego suggested that genetic mechanisms underlying

hypertriglyceridemia also favour iron overload (25). Elevated triglyceride level is a

predictor of cardiovascular disease (CVD) in women (25-27). The American Heart

Association recently issued a scientific statement that enforced the pivotal role of

triglycerides in lipid metabolism, reaffirming that triglycerides are not directly

atherogenic, but represent an important biomarker of CVD risk (28). In terms of

metabolic syndrome, the risk of hypertriglyceridemia was significantly increased in

women with high ferritin levels. A previous study reported that elevated serum ferritin

levels may be employed as a marker of metabolic syndrome in non-obese women (23);

however, the association between serum triglycerides and ferritin might be used to

understand metabolic disturbances in non-obese women with elevated ferritin

levels.Because serum ferritin levels might be a good indicator of menstrual pattern

and metabolic disturbance, measuring serum ferritin levels might be useful for

evaluating cardiovascular risk in women of reproductive age.
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There are several limitations to our study. Serum ferritin concentrations differ

significantly according to sex, body status and ethnicity. Therefore, we classified our

population into two subgroups (high and low ferritin groups) based on the median

(45.5 ng/mL) of our data. The cut-off points employed in this study to determine

higher and lower ferritin levels might not apply to other studies. This is a

cross-sectional, retrospective study, and the subjects were Taiwanese patients who

visited our reproductive endocrine outpatient department during a fixed interval. The

average body weight of Taiwanese women is lower than that of Western women;

therefore, our results should be applied to the general population with caution.
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Table 1: Correlation of ferritin with clinical and biochemical insulin resistance and metabolic syndrome (n=539)
obese (N=233)
Correlation
Parameters correlated with ferritin both in obese and non-obese women

Menstrual cycle length

Sex Hormone-binding globulin
Total testosterone
Androstenedione

Cholesterol

Triglyceride

Parameters correlated with ferritin both in obese but not non-obese women

Fasting insulin

Fasting glucose

HOMA-IR?

Haemoglobin Alc

GOT?

High-density lipoprotein

Body Mass Index

high-sensitivity C-reactive protein
Systolic pressure

Diastolic pressure

Total (n=539)
Correlation

0.320
-0.249
0.221
0.181
0.165
0.334

0.257
0.270
0.329
0.284
0.561
-0.196
0.271
0.248
0.210
0.220

p-value

<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

0.378
-0.192
0.151
0.164
0.158
0.264

0.233
0.258
0.306
0.258
0.621
-0.137
0.149
0.229
0.167
0.175

p-value

<0.001*
0.003*
0.021*
0.012*
0.016*
<0.001*

0.002*
<0.001*
<0.001*
0.001*
<0.001*
0.037*
0.023*
<0.001*
0.013*
0.009*

Non-obese (n=306)

Correlation

0.124
-0.197
0.224
0.257
0.129
0.324

0.009
0.092
0.043
0.068
0.048
-0.045
0.044
0.074
-0.049
-0.040

p-value

0.031*
0.001*
<0.001*
<0.001*
0.026*
<0.001*

0.872
0.115
0.455
0.289
0.411
0.437
0.442
0.202
0.397
0.497



Note: *p<0.05

2: HOMA-IR : The homeostasis model assessment insulin resistance index, GOT: Glutamic Oxaloacetic Transaminase



Table-2: A comparison of biochemical characteristics of obese and non-obese women with high and low ferritin

Obese Non-obese
Low Ferritin®  High Ferritin®  p-value Low Ferritin®  High Ferritin®  p-value
Case number 89 144 180 126
Ferritin (ng/mL) 25.1+125 117.4+99.2 <0.001* 25.6+£12.1 82.0+38.8 <0.001*
Age (y/o) 29.046.7 27.8+6.5 0.180 27.626.3 26.5+6.6 0.143
Menstrual cycle length (days) 64.1+64.1 113.4+116.0  <0.001* 61.1+66.5 83.9+81.4 0.008*
BMI (kg/m?)? 31.3#5.2 31.3+4.8 0.951 20.5+2.1 20.6x2.0 0.579
PCOS 44% 62% 0.007* 44% 63% 0.001*
Hyperandrogenism 53% 69% 0.014* 55% 69% 0.013*
Polycystic ovaries 57% 63% 0.433 56% 58% 0.752
Oligo/Amenorrhea 66% 76% 0.094 52% 74% <0.001*
SHBG (nmol/L) ? 32.0£17.2 23.0£12.9 <0.001* 58.9+28.8 47.4+26.9 <0.001*
hsCRP (mg/dL) ? 0.30£0.31 0.47+£0.44 0.012* 0.10£0.22 0.17+£0.37 0.051
Systolic pressure (mmHg) 120.6+15.5 125.4+18.7 0.051 106.8+13.7 104.9+11.9 0.225
Diastolic pressure (mmHg) 83.6+11.8 87.1+14.2 0.062 71.9+10.0 71.4+9.9 0.688
Anthropometric measurements
Weight (Kg) 81.8+15.1 81.3+13.0 0.766 52.5+6.0 52.9+6.3 0.496
Height (cm) 161.0£5.3 161.0£5.7 0.444 160.0+4.7 160.0+£5.7 0.908
Waist (cm) 96.6+£12.6 98.2£12.0 0.331 73.216.9 73.847.1 0.446
Hip (cm) 111.049.1 109.3+8.7 0.154 91.7+5.3 92.0+6.3 0.685
Waist to Hip ratio 0.87+0.08 0.90+0.08 0.007* 0.80+0.08 0.80+0.08 0.591
Androgens
Total testosterone (ng/mL) 0.64+0.25 0.76+0.33 0.003* 0.51+0.24 0.62+0.30 0.001*
Androstenedione (ng/mL) 2.5£1.3 2.9+1.3 0.017* 24+1.1 3.0£1.4 <0.001*
Free Androgen Index? 10.1+9.3 15.0+10.2 <0.001* 3.9+3.1 6.2£5.2 <0.001*
DHEAS? (ng/dL) 185+82 210+118 0.076 186+99 195+101 0.448
17-OH PRG ? (ng/dL) 0.90.6 1.1+0.7 0.131 1.1+0.9 1.3+1.0 0.283

Insulin sensitivity and glucose tolerance



Fasting Insulin (ulU/mL) 16.1+11.7 21.9+18.7 0.010* 8.8+10.8 8.5+4.5 0.705

Fasting glucose (mg/dL) 94.0+10.0 101.1+27.5 0.020* 87.7+7.3 89.4+16.3 0.235
2-hour glucose (mg/dL) 116.0+£33.9 148.8+64.0 <0.001* 98.0£23.9 100.8+£33.7 0.404
Haemoglobin Alc % 5.5£0.3 5.9£1.0 0.004* 5.440.3 54404 0.646
HOMA-IR? 3.8+£3.0 5.7¢5.5 0.004* 19+2.1 19+1.1 0.866
Impaired glucose tolerance % 16% 32% 0.009* 6% 5% 0.603
Diabetes mellitus % 3% 16% 0.003* 1% 2% 0.378

Hormonal components

LH (mIU/mL) 7.8+6.1 9.2+8.8 0.215 10.3£13.3 11.2+8.3 0.487
FSH (mlU/mL) 5.9+2.1 5.8+1.7 0.831 6.5+2.4 7.0£2.2 0.081
TSH (mIU/mL) 19+1.2 2.2+1.3 0.121 18+1.1 2.0+1.2 0.311
Prolactin (mlU/mL) 14.1+5.1 13.3£5.2 0.227 14.2+5.3 14.2+54 0.999
Liver function
GOT#(1uN) 24.0£10.1 32.0£20.9 0.001* 20.546.9 20.5+5.6 0.938
GPT?(1UN) 24.0£13.9 41.5+34.5 <0.001* 16.7£9.7 17.9+£9.3 0.291
Lipid profiles and blood pressure
Cholesterol (mg/dL) 184.4+32.4 194.7+39.3 0.039* 179.0+33.1 186.0+32.3 0.069
Triglycerides (mg/dL) 103.6+60.5 142.6+125.3 0.006* 60.6+28.0 78.6£71.0 0.003*
HDL ?(mg/dL) 44.8+12.5 42.6+11.3 0.156 60.0+14.8 59.8+15.1 0.914
LDL *(mg/dL) 118.7+£26.5 125.7+32.0 0.087 100.0+£28.6 105.2+28.4 0.118
Metabolism
Metabolic Syndrome 43% 66% <0.001* 3% 6% 0.337
Hypertension 47% 53% 0.354 11% 12% 0.695
HDL ® < 50 mg/dl 74% 83% 0.091 25% 26% 0.914
Triglycerides > 150 mg/dL 12% 32% 0.001* 1% 6% 0.012*
Waist > 80 cm 94% 96% 0.622 19% 19% 0.964
FPG®> 100 mg/dL 19% 36% 0.007* 5% 7% 0.331

Note: Data are either mean + SD or are percentage; * p<0.05,

&: Low Ferritin: serum ferritin level < 45.5 ng/mL, High Ferritin: serum ferritin level > 45.5 ng/mL ; BMI: body mass index, PCOS: polycystic ovary syndrome, PCOM: polycystic ovary



morphology, SHBG: sex hormone-binding globulin, hsCRP: high-sensitivity C-reactive protein, Free androgen index (FAI) =T (nmol/l)X100/SHBG (nmol), DHEA-S:
Dehydroepiandrosterone sulfate, 17-OH PRG :17-a-OH progesterone, HOMA-IR : The homeostasis model assessment insulin resistance index, GOT: Glutamic Oxaloacetic Transaminase,

GPT: Glutamic Pyruvic Transaminase, HDL: high-density lipoprotein, LDL: low-density lipoprotein, FPG: Fasting plasma glucose
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Abstract

STUDY QUESTION: Polycystic ovary syndrome (PCOS) and obesity are important
conditions that are associated with insulin resistance in women. Several obesity
biomarkers have been reported as indicators of insulin resistance and metabolic
complications. The roles of various obesity biomarkers in obese/non-obese women
with PCOS are still unclear.

SUMMARY ANSWER: Women with PCOS and obesity were characterised by a
decreased adiponectin-to-leptin ratio. Non-obese women with PCOS had increased
serum leptin levels, and obese women with PCOS were characterised by decreased
serum adiponectin levels. Resistin levels, independent of body weight status, served
as a predicative factor for insulin resistance in women with PCOS.

WHAT IS ALREADY KNOWN: Adiponectin, leptin, ghrelin, and resistin levels
were associated with PCOS and obesity-linked complications. Women with PCOS
had lower adiponectin levels and higher leptin levels than normal controls.

STUDY DESIGN, SIZE, DURATION: Medical records from our outpatient clinic
were reviewed from Jan. 1, 2009, to Dec. 31, 2012. The candidates for the study cases
were women who had been fully evaluated in terms of their levels of various
androgens, cardiovascular risk, and metabolic components. Adiponectin, leptin,
ghrelin, and resistin levels were also evaluated.

A total of 422 women were analysed in this study.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Among the 422 studied
patients were 224 women with PCOS and 198 women without PCOS. There were 182
women with obesity (BMI1>25), which included 121 women with PCOS and 61
women without PCOS. The other 240 patients were non-obese women (BMI = 25),
including 103 women with PCOS and 137 women without PCOS. Pearson correlation
analysis was performed to assess insulin resistance, total testosterone levels, body
mass index and various obesity biomarkers. The levels of obesity biomarkers in
women with and without PCOS in the obese and non-obese groups were compared.

MAIN RESULTS AND THE ROLE OF CHANCE: Adiponectin/leptin ratios were
significantly lower in women with PCOS than in normal control women. Significantly
higher serum leptin levels were observed in non-obese women with PCOS and normal
control subjects, but significantly lower serum adiponectin levels were observed in
obese subjects. For women without PCOS, BMI was the only independent predictor

2



O 00 N O U1 A W N B

W W W W NNNMNNNNNRNNNNRRRRPERRP R P B g
W N P O O W NOU BN WNIPRPO O ONOOMVAMWNIPR O

of insulin resistance. For women with PCOS, BMI and resistin were two independent
predictors of insulin resistance. Resistin levels were negatively correlated with
testosterone and LDL levels and positively correlated with fasting insulin levels,
which might play controversial roles in medical complications in women of
reproductive age. The role of ghrelin in insulin resistance in women with PCOS
should not be determined by systemic plasma levels.

LIMITATIONS, REASONS FOR CAUTION: The major weakness of this study is
that the women evaluated in the present study were recruited from the outpatient
clinic of a tertiary care centre and do not reflect the true distribution of the general
population. Therefore, these results should be applied to the general population with
caution.

WIDER IMPLICATIONS OF THESE FINDINGS: Adipose tissue might play an
important role in metabolic complications in women with PCOS. To study the impact
of obesity biomarkers in women with PCOS; however, obese and lean women should
be considered separately. Resistin levels might play controversial roles in medical
complications of reproductive aged women.

STUDY FINDING/ COMPETING INTEREST(S):

This work was supported by the Taiwan National Science Council Grant
NSC102-2629-B-038-001 and Taipei Medical University — Wan Fang Hospital Grant
100-TMU-WFH-02-4.

TRIAL REGISTRATION NUMBER:

This study was approved by the Institutional Review Board of Taipei Medical
University — Wan Fang Hospital, Taipei, Taiwan with the identifier
Hsu2013-TMU-JIRB201307021 and registered at ClinicalTrials.gov with the
identifier NCT01989039.

Keywords: Adiponectin, leptin, resistin, ghrelin, obesity, PCOS
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Introduction

Polycystic ovary syndrome (PCOS) is the most frequent endocrinopathy in
reproductive-aged women, which is mainly characterised by oligoanovulation and
hyperandrogenism. PCOS is associated with an adverse cardio-metabolic profile and
consists of increased total or central adiposity and abnormal glucose metabolism
(Lambrinoudaki et al., 2011).

Obesity is characterised by adipocyte hypertrophy. Adipose tissue participates in the
regulation of energy homeostasis as an important endocrine organ that secretes a
number of biologically active adipokines (Kadowaki et al., 2005). Dysregulated
production or secretion of these adipokines because of adipose tissue dysfunction can
contribute to obesity-linked complications (Scarpellini et al., 2012). Adiponectin,
leptin, resistin, and ghrelin are among the most investigated factors that may impact
obese women. Adiponectin is a recently identified adipocyte-derived collagen-like
protein. It is exclusively expressed in adipose tissue and is released into the
circulation (Stefan et al., 2002). Adiponectin levels hold great promise for use in
clinical applications as a potent indicator of underlying metabolic complications
(Trujillo et al., 2005). Leptin, an adipocyte-derived hormone encoded by 'ob’ gene,
relays metabolic signals to the neuronal networks in the brain to modulate the
hypothalamo-pituitary-ovarian axis (Chakrabarti J,2013). The leptin- neuropeptide Y
axis was suggested for its implications in reproductive disturbance (Jacobs et al.,
1999). Resistin was originally described as an adipocyte-specific hormone. Some
studies indicate that resistin plays important regulatory roles apart from its role in
insulin resistance and diabetes (Jamaluddin et al., 2012). Ghrelin is a natural ligand of
the growth hormone secretagogue receptor and is a potent stimulant of GH secretion.
Ghrelin plays a role in regulating glucose metabolism and energy balance.
Polymorphisms in preproghrelin and the ghrelin gene could be responsible for obesity
and insulin resistance, and low ghrelin levels are observed in some individuals (Wang
et al., 2009). All of these obesity biomarkers might be used to indicate metabolic
complications in obese women.

Several studies have suggested that the above-mentioned biomarkers contributed to
insulin resistance in women with PCOS. Wang suggested that low serum adiponectin
and high serum resistin levels might play important roles in the pathogenesis of
insulin resistance in PCOS patients (Wang et al., 2010). Pehlivanov reported a
positive correlation between serum leptin levels and the clinical and hormonal indices
of insulin resistance. Pehlivanov suggested that hyperleptinaemia is due to leptin
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resistance and may be a characteristic of PCOS (Pehlivanov et al., 2009). Isolated
adipocytes from women with PCOS express higher mRNA concentrations of some
adipokines involved in cardiovascular risk and insulin resistance (Garruti et al., 2009).
Adipose tissue obtained from women with PCOS revealed that resistin gene
overexpression in adipocytes may be a local determining factor in PCOS pathogenesis
(Seow et al., 2004). Skommer proposed that the presence of ghrelin in PCOS and
normal ovaries may have an autocrine/paracrine modulatory effect on ovary functions
and a local significance in PCOS aetiology (Skommer et al., 2005). All of above
studies indicated an important role for adipose biomarkers related to insulin resistance
in women with PCOS.

Obesity is actually associated with increased adipose and plasma leptin level and
lower adiponectin expression (Svendsen et al., 2012). Obesity might affect the
pathogenesis of adipose tissue hormones. Studies on an adipose-related factor in
women with PCOS have been controversial. Olszanecka-Glinianowicz suggested that
obese but not normal-weight women with PCOS have lower adiponectin levels,
whereas resistin concentrations did not differ in normal-weight and obese PCOS
subjects compared with control subjects (Olszanecka-Glinianowicz et al., 2011).

Because adipose tissue is a key endocrine organ (Galic et al., 2010), any correlation
between adipokines and insulin resistance in women with PCOS should be considered
in lean and obese women separately. Thus, we evaluated the above obesity
biomarkers in obese and non-obese women with and without PCOS.

Materials and Methods

This study was approved by the Institutional Review Board of Taipei Medical
University — Wan Fang Hospital, Taipei, Taiwan with the identifier
Hsu2013-TMU-JIRB201307021 and registered at ClinicalTrials.gov with the
identifier NCT01989039. We retrospectively reviewed the medical records of female
patients who visited our Reproductive Endocrinology Clinic from Jan. 1, 2009, to Dec.
31, 2012.

The study population

Study data

Women were initially included who had a complete set of anthropometric
measurements as well as clinical and biochemical data regarding insulin resistance
parameters and obesity biomarkers. The subjects' medical histories included a detailed
menstrual and medical/surgical history, anthropometric measurements (weight, height,

5



O 00 N O U1 A W N B

W W W W W W W wWwNNNNNNNNNNIERRRRLRPRLRRLRPRP R P R
0 N O U1 A W N R O VW OWSNO U DA WNIROOOWLWNOGUDDWNIERL O

waist, and hip), and blood pressure. The dates and assays performed for blood
sampling have been previously described (Liang et al., 2011). The following data
were collected and calculated: (1) obesity hormone levels: adiponectin, leptin, ghrelin,
and resistin; (2) serum androgen levels including total testosterone, androstenedione,
dehydroepiandrosterone sulfate (DHEA-S), and the free androgen index (FAI), which
was calculated as follows: FAI = total testosterone (nmol/l)x 100/ sex hormone
binding globulin (SHBG) (nmol/l); (3) insulin sensitivity and glucose tolerance
assessments including fasting insulin and glucose levels, two-hour glucose levels and
the homeostasis model assessment insulin resistance index (HOMA); (4) lipid profiles
including total cholesterol, triglyceride, high-density lipoprotein (HDL), and
low-density lipoprotein (LDL) levels. Furthermore, metabolic syndrome risk,
impaired glucose tolerance and diabetes were evaluated in every subject. The
waist-to-hip ratio (WHR) was defined as the waist circumference/hip circumference.
Body mass index (BMI) was defined as the body weight in kilograms divided by the
body height in meters squared (kg/m?). Obesity was defined as BMI > 25 kg/m?
(Asia-Pacific Perspective, 2002). An ovarian pelvic ultrasonograph, preferably
transvaginal, was performed to detect polycystic ovaries.

The following subjects were excluded from the study populations: (1) women who
had been diagnosed with malignant tumours, Asherman'’s syndrome, Mullerian
agenesis, or chromosomal anomalies; (2) females younger than 13 or older than 49
years old; and (3) women who received hormones/drugs for major medical diseases
within the previous three months.

Serum FSH and LH levels were measured using enzyme immunoassays (AxSym
System, Abbott Laboratories, IL, USA); serum total testosterone, DHEA-S, and
androstenedione concentrations were measured by radioimmunoassay (Diagnostic
Systems Laboratories, Webster, TX), SHBG levels were measured using an
electrochemiluminescence immunoassay (ECLIA) (Roche Diagnostics, Indianapolis,
IN, USA); fasting insulin concentrations were measured by radioimmunoassay
(Siemens Medical Solutions Diagnostics, Los Angeles, CA, USA), and fasting
glucose levels were measured using the Beckman Coulter Synchron LX (Fullerton,
CA, USA). Adiponectin, leptin and ghrelin were measured by RIA (LINCO Research,
Inc. St. Charles, Missouri, MO, USA), and resistin was measured by enzyme
immunoassay (R&D Systems, Inc. Minneapolis, MN, USA).

PCOS was diagnosed according to the Androgen Excess and PCOS Society
criteria (Azziz et al., 2009), which requires hyperandrogenism (hirsutism and/or
biochemical) and ovarian dysfunction (oligo-anovulation and /or polycystic ovaries).
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The definitions of oligo-anovulation and polycystic ovaries have been described in
detail previously (Liang et al., 2011). Hyperandrogenism (HA) was defined as
hirsutism and/or biochemical hyperandrogenaemia (BioHA). Biochemical
hyperandrogenaemia was defined as a total serum testosterone value > 2.78 nmol/L
(0.8 ng/mL, normal range for female adults is 0.1-0.8 ng/mL), and/or FAI >6.53.
Hirsutism was defined as a modified Ferriman-Gallwey (mF-G) score of >6.

The insulin sensitivity index was evaluated by the homeostasis model assessment
insulin resistance index (HOMA) using the following formula:

HOMA = [fasting insulin (uU/mL) x fasting glucose (mg/dL)]/405
World Health Organization 2006 diagnostic criteria for diabetes were used (fasting
plasma glucose [FPG] > 7 nmol/L (126 mg/dL) or 2-hour plasma glucose > 11.1
nmol/L (200 mg/dL)). Impaired glucose tolerance (IGT) was defined as 2-hour
glucose levels of 7.77 — 11.1 nmol/L (140-199 mg/dL) in the 75-g oral glucose
tolerance test. In women with IGT, FPG levels should be less than 7 nmol/L.

Metabolic syndrome (MBS) was defined (2005 National Cholesterol Education
Program - Adult Treatment Panel 111) as the presence of at least three of the following
criteria: abdominal obesity (waist circumference > 80 cm in women), serum
triglyceride levels > 1.7 nmol/L (150 mg/dL), serum HDL levels < 1.3 nmol/L (50
mg/dL), systolic blood pressure > 130 mmHg and/or diastolic blood pressure > 85
mmHg, and fasting plasma glucose levels >5.6 nmol/L (100 mg/dL).

A total of 543 women were primarily included for evaluation in the study. Of these,
121 cases were excluded due to premature ovarian failure (N=23) and
hyperprolactinaemia (N=98). Finally, 422 cases were analysed in this study (Figure
1).

Statistical analysis

Statistical analysis was performed using SPSS 13.0 for Windows (SPSS, Inc.,
Chicago, IL). We evaluated the correlation between serum HOMA IR, total
testosterone and inflammatory markers using Pearson’s correlation coefficients with
the two-tailed method (Table 1). The data are represented as the mean + standard
deviation in Table 2. We used chi-square and Fisher’s exact test to compare
categorical variables and ANOVA to compare continuous variables in Tables 2 and 3.
Multiple regression models were used to examine the relationships between HOMA
and the associated risk factors. Differences between groups were considered
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Results:

Among the 422 studied patients, 224 women had PCOS and 198 women did not have
PCOS. There were 182 obese women (BMI>25), of which 121 had PCOS, and 61 did
not. The others were 240 non-obese women (BMI = 25), of which 103 women had
PCOS, and 137 did not.

Table 1 demonstrated the correlation between insulin resistance (HOMA), total
testosterone levels, and body mass index (BMI) with various obesity biomarkers. The
results demonstrated that adiponectin was negatively correlated with HOMA, BMI,
total testosterone, triglyceride, LDL and leptin levels (all p<0.001); conversely, leptin
levels were significantly positively correlated with HOMA, BMI, total testosterone,
triglyceride, and LDL levels (all p<0.001). Furthermore, ghrelin levels were
negatively correlated with BMI (p<0.001) and total testosterone levels (p=0.012).
Resistin levels were negatively correlated with total testosterone (p=0.012) and LDL
levels (p=0.033) and were positively correlated with fasting insulin levels (p=0.050).
Adiponectin, leptin and ghrelin levels were highly correlated with BMI; however,
resistin levels were not correlated with BMI.

After adjusting for BMI, adiponectin levels were negatively correlated with
triglyceride levels (u =-0.176, p<0.001) and positively with resistin (u =0.101,
p=0.039) and HDL (u =0.358, p<0.001) levels. Leptin levels were positively
correlated with total testosterone levels (u =0.207, p<0.001). Resistin levels were
positively correlated with HOMA (u =0.135, p=0.006) and fasting insulin levels (p
=0.143, p=0.003) and were negatively correlated with total testosterone (u =-0.103,
p=0.035) and LDL levels (u =-0.097, p=0.048).

To consider the impact of obesity on women with and without PCOS separately, table
2 provides the obesity biomarkers in obese and non-obese women among women with
or without PCOS. The results demonstrate that adiponectin and leptin levels as well as
the adiponectin/leptin ratio was significantly different in obese compared with
non-obese women in the PCOS and non-PCOS groups. However, serum resistin
levels were not different in obese and non-obese women.

Table 3 presents a comparison between obese and non-obese PCOS and non-PCOS
women separately. The adiponectin to leptin ratios were significantly lower in women
with than without PCOS. To compare with women with non-PCOS, Obese women
with PCOS had lower serum adiponectin levels than women without PCOS, but
non-obese women did not. Conversely, non-obese women with PCOS had higher
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serum leptin levels than those without PCOS, but obese women did not. However,
ghrelin and resistin levels were not significantly different in obese or lean women
with or without PCOS. Insulin resistance prevalence was similar between women that
had PCOS and those that did not.

A multiple regression model was used to evaluate obesity biomarkers in order to
predict insulin resistance (homeostasis model assessment) under various conditions.
HOMA was used as the dependent variable, and BMI, total testosterone, adiponectin,
leptin, ghrelin, and resistin levels were used as independent variables. For non-PCOS
women, BMI was the only independent predictor of insulin resistance, which
explained approximately 47% of HOMA variability. For women with PCOS, BMI
and resistin levels were two independent insulin resistance predictors that explained
approximately 57 % of HOMA variability.
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Discussion:

The state of the cardiovascular system in women with PCOS might contribute to
different factors including insulin resistance, androgen status and BMI (Samy et al.,
2009). Excess androgen should be the most important component of PCOS (Azziz et
al., 2006). Serum total testosterone levels could be considered to be indicative of
hyperandrogenism severity. HOMA was also considered to be an indicator of insulin
resistance, and BMI was an indicator of obesity. The first part of this study was to
evaluate the correlation between obesity biomarkers and HOMA, BMI and total
testosterone levels. Adiponectin, leptin, and ghrelin levels were highly
BMI-dependent, but resistin levels were not. Adiponectin and leptin-mediated
reversal of insulin resistance and lipid profiles was very clear. However, the models
of resistin action were complicated. Resistin levels were negatively correlated with
total testosterone and LDL levels, similar to adiponectin. Resistin levels were
positively correlated with fasting insulin levels, similar to leptin levels.

Adipocytes are considered endocrine cells that synthesize and release molecules
(adipokines) that play an endocrine/paracrine role. Our results demonstrate that
adiponectin levels were negatively associated with BMI, insulin resistance, and total
testosterone. Conversely, leptin reversed the above-mentioned reaction and was
negatively correlated with adiponectin levels. Svendsen suggested that PCOS did not
have an independent effect on adipose tissue expression of leptin, adiponectin, IL-6 or
circulating adipocytokine levels (Svendsen et al., 2012). Our results demonstrated that
obese women with or without PCOS had lower adiponectin and higher leptin levels
than lean women. Our study also confirmed a previous report that the
adiponectin/leptin ratio was a marker of women with PCOS (Golbahar et al., 2012).
Furthermore, our results were the first to suggest opposing roles of adiponectin and
leptin in obese and lean women with PCOS. Compared with normal controls, lean but
not obese women with PCOS presented with significantly higher serum leptin levels.
Conversely, obese but not lean women with PCOS presented with lower serum
adiponectin levels than normal controls. Our results also demonstrated a negative
correlation between total testosterone and adiponectin levels; therefore, obese women
with PCOS demonstrated significantly lower adiponectin levels than obese controls.
Our study also confirmed that adiponectin levels and insulin resistance are
significantly correlated, and low adiponectin levels may be involved in insulin
resistance in PCOS patients, as was previously reported (Wang et al., 2011). Fasting
insulin levels in obese women with PCOS were significantly higher than those of the
obese controls. Obesity-linked adiponectin down-regulation might be a mechanism
whereby obesity can cause insulin resistance and diabetes (Kadowaki et al., 2005);
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furthermore, PCOS might enhance this condition. This study also indicates that
circulating adiponectin levels could be treated as an insulin resistance biomarker
(Trujillo et al., 2005) and that adipocytokine and metabolic biomarker levels are
significantly correlated (Wang et al., 2011). Furthermore, our study demonstrated a
strong positive correlation between adiponectin and HDL levels even after adjusting
for BMI, which might imply that adiponectin has a favourable effect on the lipid
profile.

The role of resistin in PCOS and obesity are controversial. Some studies have
suggested that resistin plays important regulatory roles in a variety of biological
processes apart from its role in insulin resistance and diabetes (Chu et al., 2009;
Jamaluddin et al., 2012), and higher resistin levels have been reported in women with
PCOS compared with controls (Yilmaz et al., 2009). However, based on Pearson’s
analysis, our results did not demonstrate a correlation between resistin levels and BMI
or HOMA. Furthermore, using original data analysis, serum resistin concentrations
were not different in obese or lean women with or without PCOS. Interestingly,
regression analysis demonstrated that BMI and resistin were the only two independent
predictors for insulin resistance in women with PCOS. Further analysis determined
that although resistin levels were not correlated with insulin resistance in the original
data, the positive correlation between resistin levels and HOMA and between resistin
levels and fasting insulin levels became highly significant after adjusting for BMI.

Although resistin is known to be an adipose tissue-specific secreted factor, resistin
gene expression was barely detectable in mature adipocytes and is highly expressed in
preadipocytes. Preadipocyte differentiation to adipocytes was associated with
time-dependent down-regulation of resistin gene expression (Janke et al., 2002).
Although resistin expression was initially defined in adipocytes, the major cell
populations that express and produce in humans are mononuclear leukocytes,
macrophages, splenic and bone marrow cells (Patel et al., 2003; Fain et al., 2003).
Most previous studies confirmed that there was no correlation between BMI and
serum resistin levels (Given et al., 2010, Olszanecka-Glinianowicz et al., 2011;
Arikan et al., 2010; Seow et al., 2004; Zhang et al., 2011). Furthermore, the
association between serum resistin levels and insulin resistance could not be proven
by most clinical studies (Guven et al., 2010, Olszanecka-Glinianowicz et al., 2011;
Arikan et al., 2010; Zhang et al., 2011). Olszanecka-Glinianowicz studied 41 women
with PCOS and 16 control women (Olszanecka-Glinianowicz et al., 2011), Arikan
studied 31 non-obese women with PCOS and 25 controls (Arikan et al., 2010),
Pangaribuan studied 14 obese women with PCOS, 10 non-obese women with PCOS
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and 18 non-obese controls (Pangaribuan et al., 2011), Guven studied 22 adolescents
with PCOS and 16 controls (Guven et al., 2010). None of the above studies could
detect a difference in serum resistin levels between women with PCOS and controls.
Our study included 422 women and contained 224 women with PCOS and 198
women without PCOS, and we also did not discover any difference in serum resistin
levels between women with PCOS and controls in our original data. Furthermore, the
association between resistin levels and insulin resistance could only be found after
BMI adjustment in our study.

Serum resistin levels and metabolic disturbances were complicated. The serum
resistin level results positively correlated with fasting insulin levels and negatively
correlated with LDL levels, which demonstrated controversial conditions in our
knowledge of medical complications. Contrary to some previous reports, our results
demonstrated that serum resistin levels positively correlated with adiponectin and
negatively correlated with total testosterone levels. The correlation between
adiponectin and resistin levels are still controversial. Lewandowski studied 19
patients and suggested that serum adiponectin and resistin concentrations in women
with PCOS were negatively correlated (Lewandowski et al., 2005). Guven studied 22
adolescents with PCOS and 16 controls and determined no differences between serum
adiponectin and resistin concentrations in girls with PCOS (Guven et al., 2010). A
negative correlation between resistin and free testosterone levels was reported in a
previous study (Bideci et al., 2008). The positive correlation of resistin levels with
adiponectin levels and the negative correlation of resistin levels with total testosterone
levels might provide the different aspects for resistin insulin resistance pathogenesis
in women with PCOS. The association between resistin levels and insulin resistance
became significant after BMI adjustment. Resistin should be an important predictor of
insulin resistance, which is independent of BMI. The role of resistin in women with
PCOS is worth exploring further.

Ghrelin might be related to metabolic and androgenic changes in patients with PCOS
(Sagsoz et al., 2009). A major focus of research with ghrelin has been primarily
related to food intake regulation and its accompanying endocrine function (Karmiris
et al., 2008). However, reports on ghrelin in women with PCOS are still controversial,
Krentz reported that ghrelin levels were reduced in women with PCOS compared with
unaffected control women (Krentz et al., 2009). Wasko reported that women with
PCOS had higher ghrelin levels compared with controls (Wasko et al., 2004). Orio
demonstrated that plasma ghrelin concentrations are not different in women with
PCOS compared with weight-matched controls and were inversely correlated with
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BMI (Orio et al., 2003). Ozgen suggested that the low ghrelin level in obese PCOS
patients is evidence of the role of ghrelin in the pathogenesis of this syndrome (Ozgen
et al., 2010). Our results demonstrated that serum ghrelin levels were negatively
correlated with BMI and leptin levels, and obese women with PCOS had lower
ghrelin levels than lean women with PCOS. Furthermore, our study could not
determine any differences in serum ghrelin levels among obese and lean women with
PCOS and controls. Obesity is a more predominant factor for serum ghrelin level
determination than PCOS; however, the decrease in ghrelin levels seems more
significant in obese than lean women with PCOS.

Finally, we can conclude the following:

Women with PCOS presented with a decreased adiponectin-to-leptin ratio. Compared
with normal controls, women with PCOS display increased serum leptin levels, but
this was observed only in lean and not obese subjects. Conversely, decreased serum
adiponectin levels were observed in obese but not lean subjects.

For women without PCOS, BMI was the only independent predictor of insulin
resistance. For women with PCOS, BMI and resistin levels were two independent
predictors of insulin resistance.

Resistin, independent of BMI, negatively correlated with testosterone and LDL levels
and positively correlated with fasting insulin levels, which might play a controversial
role in the medical complications of reproductive aged women.

The correlation between resistin levels and insulin resistance were not significant;
however, the positive correlation between resistin levels and insulin resistance
became significant after BMI adjustment.

The roles of ghrelin in insulin resistance pathogenesis for women with PCOS should
not be determined systemically via plasma levels.
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Figure 1: Flow chart of patient selection for this study

Table 1 Pearson correlation between insulin resistance, total testosterone, and body
mass index with various obesity biomarkers

Table 2 A comparison of obesity biomarkers among obese with non-obese women
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1,25-Dihydroxyvitamin D3 increases
testosterone-induced 17beta-estradiol secretion
and reverses testosterone-reduced connexin 43
in rat granulosa cells
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Abstract

Background: Aromatase converts testosterone into 17beta-estradiol in granulosa cells, and the converted
17beta-estradiol contributes to follicular maturation. Additionally, excessive testosterone inhibits aromatase activity,
which can lead to concerns regarding polycystic ovary syndrome (PCOS). Generally, 1,25-dihydroxyvitamin D3
(1,25D3) supplements help to improve the symptoms of PCOS patients who exhibit low blood levels of 1,25D3.
Therefore, this study investigated the interaction effects of 1,25D3 and testosterone on estrogenesis and intercellular
connections in rat granulosa cells.

Methods: Primary cultures of granulosa cells were treated with testosterone or testosterone plus 1,25D3, or pre-treated
with a calcium channel blocker or calcium chelator. Cell lysates were subjected to western blot analysis to determine
protein and phosphorylation levels, and 17beta-estradiol secretion was examined using a radioimmunoassay technique.
Cell viability was evaluated by MTT reduction assay. Connexin 43 (Cx43) mRNA and protein expression levels were
assessed by qRT-PCR, western blot, and immunocytochemistry.

Results: Testosterone treatment (0.1 and 1 microg/mL) increased aromatase expression and 17beta-estradiol secretion,
and the addition of 1,25D3 attenuated testosterone (1 microg/mL)-induced aromatase expression but improved
testosterone-induced 17beta-estradiol secretion. Furthermore, testosterone-induced aromatase phosphotyrosine levels
increased at 10 min, 30 min and 1 h, whereas 1,25D3 increased the longevity of the testosterone effect to 6 h and 24 h.
Within 18-24 h of treatment, 1,25D3 markedly enhanced testosterone-induced 17beta-estradiol secretion. Additionally,
pre-treatment with a calcium channel blocker nifedipine or an intracellular calcium chelator BAPTA-AM reduced 1,25D3
and testosterone-induced 17beta-estradiol secretion. Groups that underwent testosterone treatment exhibited
significantly increased estradiol receptor beta expression levels, which were not affected by 1,25D3. Neither
testosterone nor 1,25D3 altered 1,25D3 receptor expression. Finally, at high doses of testosterone, Cx43 protein
expression was decreased in granulosa cells, and this effect was reversed by co-treatment with 1,25D3.

Conclusions: These data suggest that 1,25D3 potentially increases testosterone-induced 17beta-estradiol secretion by
regulating aromatase phosphotyrosine levels, and calcium increase is involved in both 1,25D3 and testosterone-induced
17beta-estradiol secretion. 1,25D3 reverses the inhibitory effect of testosterone on Cx43 expression in granulosa cells.

Keywords: 17beta-estradiol, Estrogenesis, Connexin 43, Testosterone, 1,25-dihydroxyvitamin D3, Polycystic ovary
syndrome, Calcium, Granulosa cells
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Background

Biosynthesis of 17B-estradiol from androgen precursors
is catalysed by the enzyme aromatase, which is expressed
from the cypI9 gene and exists in the ovaries, placenta,
testes, breasts, brain, fat, liver and muscles [1]. 17f-
Estradiol production and follicular development are con-
trolled by the expression level and activity of aromatase
[2]. During follicular growth, aromatase mRNA expres-
sion levels in granulosa cells from dominant follicles and
17B-estradiol levels in the follicular fluid are significantly
increased [3,4].

Various studies have demonstrated the role of andro-
gens in stimulating follicular development. Androgen re-
ceptors (AR) are observed in primary follicles and
advanced-stage follicles, and are detected in the granu-
losa cells of primordial follicles [5]. Androgens have
been shown to stimulate the growth of small antral folli-
cles and inhibit apoptosis of preovulatory follicles in pri-
mate ovaries [6,7], whereas AR-knockout mice exhibit
greatly increased apoptosis of granulosa cells in preovu-
latory follicles [8]. Testosterone and dihydrotestosterone
(DHT) stimulate the growth of cultured follicles, in-
crease the number of follicles and increase granulosa cell
proliferation in mammalian cells [6,7]. Testosterone and
androstenedione significantly increase the abundance of
aromatase mRNA and the accumulation of 17f-estradiol
[2,9,10]. However, excessive testosterone is involved in
polycystic ovary syndrome (PCOS), which is the most
common endocrine disorder in females and is associated
with arrested follicular development and the failure to
select a dominant follicle [11]. Deficiency of 1,25-dihy-
droxyvitamin D3 (1,25D3), an active form of vitamin D,
is a common risk factor in patients with PCOS [12,13].
A daily 1,25D5 supplement enhances the intestinal ab-
sorption of calcium and alleviates both PCOS symptoms
and gonadal dysfunction in 1,25D3 receptor (VDR)-null
mutant mice [14].

1,25D3 plays important roles in calcium homeostasis,
bone metabolism, and cell differentiation, proliferation,
and apoptosis. Immunohistochemistry assays have dem-
onstrated that VDR localizes to the follicles and predom-
inantly exists in the nuclei of granulosa cells, suggesting
that it has some role in reproduction [15]. Recent studies
have demonstrated that aromatase activity and expression
level are low in the ovaries of VDR-null mutant mice, but
the activity is increased to 60% of wild-type levels by cal-
cium supplementation in the normal range. Circulating
17B-estradiol levels are also low in VDR-null mutant mice
and do not rise after calcium supplementation [16]. Taken
together, these results indicate that 1,25D3 plays a role in
estrogenesis that is only partially mediated by extracellular
calcium homeostasis.

It has recently been shown that signalling via 1,25D3/
VDR-mediated protein tyrosine phosphorylation occurs in
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bone, intestine, muscle and cancer cells [17]. The fast
nongenomic responses of 1,25D3/VDR in muscle cells in-
volve the phosphotyrosine form of a downstream protein,
c-Src [18,19]. Interestingly, c-Src is also downstream of
the estradiol/membrane-associated estradiol receptor (ER)
in the stimulation of aromatase activity. The phosphoryl-
ation of aromatase at tyrosine 361 is crucial in the up-
regulation of aromatase activity through the estradiol/
membrane-associated ER and c-Src signalling in mamma-
lian cell lines [20]. The AR is also localized in the plasma
membrane and is associated with Src after testosterone
treatment in Sertoli cells [21].

A gap junction is a type of intercellular connection that
enables the transfer of various small molecules and ions
between cells. Such transfers between granulosa cells and
oocytes have been implicated in playing important roles in
follicular development and oocyte growth [22]. Gap junc-
tions between granulosa cells contain abundant levels of
connexin (Cx) 43, which is present at every stage of fol-
licular growth [23]. The level of Cx43 protein expression
increases during follicular development and decreases
with follicular atresia [24]. Oocytes from Cx43-null mice
failed to reach meiotic maturation, resulting in infertility
[24]. Wu et al. demonstrated that excess DHT reduces
Cx43 expression and impairs communication between
granulosa cells [25]. Additionally, 1,25D; increases Cx43
protein levels and Cx43 mRNA stability via the nuclear
VDR in human skin fibroblasts [26].

However, no studies have investigated the effect of the
testosterone and 1,25D; interaction on aromatase ex-
pression and phosphorylation in granulosa cells. Add-
itionally, the effects of 1,25D3 and testosterone-regulated
17B-estradiol production and intercellular communica-
tion in granulosa cells have not been fully elucidated.
We therefore investigated the interactions of 1,25D3 and
testosterone to clarify their effects on aromatase protein
expression and tyrosine phosphorylation, 17p-estradiol
secretion and Cx43 protein expression in cultured ovar-
ian granulosa cells.

Methods

Animal preparation

Immature female Sprague—Dawley rats were housed in
plastic cages and maintained on a 12 h light/12 h dark
cycle (light on at 6:00 a.m.) with food and water available
continuously. The experimental procedures were consist-
ent with the Guidelines of Animal Use and Care from the
National Institute of Health and were approved by the In-
stitutional Animal Care and Use Committee of Taipei
Medical University-Wang Fang Hospital, Taiwan. Imma-
ture female rats at 23-24 days of age were injected with
15 IU PMSG (Sigma, St. Louis, MO, USA) for 48 h to
stimulate the development of preantral follicles to antral
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follicles, and the ovaries of the animals were removed after
the animals were sacrificed.

Granulosa cell culture

The ovaries were cleared from the surrounding fat and
oviduct, and punctured with 27-gauge needles in phenol
red-free Dulbecco's Modified Eagle's medium (DMEM)/
F12 medium (Invitrogen, Carlsbad, CA, USA), modified
as described previously [27]. Granulosa cells were pel-
leted by centrifugation at 1000 rpm (4°C, 10 min) and
resuspended in phenol red-free DMEM/F12 medium
with 0.1% fatty acid-free bovine serum albumin, 1% fetal
bovine serum, and 2 pg/mL bovine insulin. The follicular
debris was then removed, and the granulosa cell suspen-
sions were filtered through a cell strainer (BD Falcon,
Bedford, MA, USA). The cells were plated at a concen-
tration of 2.5 x 10° per well in a 6-well plate and were
allowed to attach and grow to confluence for 1 day at
37°C, 5% CO,, and 95% air. The cultured cells were then
incubated in serum/phenol red-free medium (DMEM/
F12 containing 0.1% lactalbumin enzymatic hydrolysate)
overnight before the beginning of treatment. The cells
were treated with different doses of testosterone (0.01,
0.1 or 1 pg/mL) or testosterone combined with 1,25D;
(0.1 uM) in 2 mL of serum/phenol red-free medium for
24 h. Granulosa cells were pretreated with an L-type cal-
cium channel blocker nifedipine (NIF, 10 pM, Sigma, St.
Louis, MO, USA) or an intracellular calcium chelator
bis-(a-aminophe-noxy)-ethane-N,N,N',N'-tetraacetic
acid, tetra(acetoxymethyl)-ester (BAPTA-AM, 10 pM,
Tocris, Minneapolis, MN, USA) for 30 min, pretreated
with 1,25D3 for 15 min, and treated with one of three
testosterone doses or vehicle for 24 h. At the end of the
incubation period, the medium was collected, and the
cells were lysed in ice-cold lysis buffer containing
50 mM Tris—HCI (pH 8.0), 150 mM NacCl, 0.1% SDS,
0.5% sodium deoxycholate, 0.1% Triton X-100, protease
inhibitors and phosphatase inhibitors. A protein extract
from the supernatant was used for western blot analysis.

Western blot

The protein content of the extracts was determined using
the Bio-Rad Protein Assay Reagent. Equal amounts of the
protein extract (15 pg) were mixed with loading buffer and
subjected to 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, followed by transfer to a PVDF (polyvi-
nylidene difluoride) membrane (Millipore, Billerica, MA,
USA). After blocking for 1 h with 5% non-fat milk powder
in Tris Buffered Saline (25 mM Tris, 135 mM NaCl and
25 mM KCl) with 0.05% Tween-20 (TBST), the mem-
branes were incubated overnight with primary antibodies in
TBST containing 5% non-fat milk powder and subsequently
with horseradish peroxidase (HRP)-conjugated secondary
antibody (Millipore, Billerica, MA, USA) in TBST with 5%
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non-fat milk powder at room temperature for 1 h. For ex-
periments involving re-immunoblotting to different anti-
bodies, the blots were stripped in 0.2 M glycine (pH 2.5)
and 0.05% Tween-20 at 80°C for 20 min and then rinsed
twice with 0.09 M boric acid (pH 7.4), 0.9% NaCl, and
0.05% Tween-20. The membranes were immunoblotted
with different antibodies: aromatase (1:1000, Serotec,
kidlington, Oxford, UK), phosphotyrosine (1:5000, Millipore,
Billerica, MA, USA), Cx43 (1:1000, Novex, San Diego, CA,
USA), estradiol receptor  (ERP) (1:1000, GeneTex, San
Antonio, Texas, USA), VDR (1:1000, GeneTex, San Antonio,
Texas, USA), and B-actin (1:10000, Chemicon, Temecula,
CA, USA). Immunoreactivity was detected by chemilumin-
escence autoradiography (ECL kit, Millipore, Billerica, MA,
USA) in accordance with the manufacturer’s instructions.
The protein bands were quantified using the NIH image ]
Software.

Immunoprecipitation-western blot analysis

Granulosa cells were lysed in ice-cold lysis buffer contain-
ing 50 mM Tris—HCI (pH 8.0), 150 mM NacCl, 0.1% SDS,
0.5% sodium deoxycholate, 0.1% Triton X-100, protease
inhibitors, and phosphatase inhibitors. The clarified lysate
was immunoprecipitated at 4°C for 4 h in 300 ul of NP40
buffer (150 mM NaCl, 1% NP40, 50 mM Tris—HCI,
pH 8.0, protease inhibitors, and phosphatase inhibitors)
with anti-aromatase antibody (Serotec, kidlington, Oxford,
UK) and protein G (GE Healthcare, Piscataway, NJ, USA).
After washing, the immunoprecipitates were boiled,
separated by 10% SDS-PAGE, and transferred to PVDF
membranes. An Easyblot kit (GeneTex, San Antonio,
Texas, USA) was used to decrease the interference caused
by the heavy and light chains of the IgG. EasyBlocker was
used as a blocking buffer to minimize the background
caused by protein G contamination, and an EasyBlot anti-
mouse IgG (HRP) was used that specifically reacts with
the native form of mouse IgG and does not bind to the de-
natured form.

Aromatase activity assay

The enzyme aromatase is responsible for the synthesis
of estradiol from testosterone. Hence, the effect of
1,25D3 on 17p-estradiol secretion by granulosa cells was
used as an indicator of aromatase activity (modified by
Zaher Merhi et al., 2014) [28]. To study the effect of
1,25D3 on the aromatase activity, granulosa cells were
cultured in 24-well culture plates for 24 h to attach to
the plate. After 24 h of culture, the cells were treated
with testosterone or 1,25D3/testosterone (i.e. 1,25D3 plus
testosterone), the medium was collected at the indicated
times (10 min, 30 min, 1 h, 6 h and 24 h), and the 17p-
estradiol level was measured. In order to exclude the
earlier difference in 17p-estradiol secretion, the culture
medium was removed after 18 h and replaced with fresh
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medium supplemented with testosterone or 1,25D3/tes-
tosterone for another 6 h (18-24 h) treatment. The
medium was collected for the measurement of 17f3-
estradiol concentrations at 18—24 h after the addition of
the testosterone or 1,25Ds/testosterone.

Radioimmunoassay

The cell culture medium was collected and stored
at —80°C until the assay was performed. 17B-Estradiol
levels were assayed using a Coat-A-Count Estradiol RIA
kit (Siemens, Dublin, Ireland) according to the manu-
facturer’s protocol. 1 mL of **I-labeled estradiol and
100 pL samples were incubated in anti-estradiol
antibody-coated tubes for 3 h at room temperature.
After decanting the mixture and washing the tubes, the
radioactivity levels of the tubes were counted in a
gamma counter. The counts are inversely related to the
amount of 17[B-estradiol present in the sample. The
intra assay coefficients of variation for assays ranged be-
tween 3% and 16%, with a mean of 10.2%. The percent-
age cross-reactivity of this antiserum was 17a-estradiol:
not detectable; estriol: 0.32%; estrone-B-D-glucuronide:
1.8%. The limit and highest of detection of the assay was
0-3600 pg/mL.

3-(4,5-dimethylthianol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) reduction assay

Cell viability was measured by a colorimetric MTT re-
duction assay performed as first described by Mosoman
[29]. Each culture well was incubated in 0.5 mg/mL
MTT (Sigma, St. Louis, MO, USA) culture medium
followed by incubation for 4 h in 5% CO, at 37°C. The
culture medium was then aspirated, and cells were lysed
with DMSO. Quantitation of MTT reduction was
assayed by measuring the absorbance at 570 nm (against
the 630 nm reference) using an ELISA reader (BioTek,
Winooski, VT, USA).

RNA extraction and quantitative reverse transcription
polymerase chain reaction (qRT-PCR)

Total cellular RNA from granulosa cell cultures was iso-
lated using a Total RNA Purification Kit (GeneMark,
GMbiolab, Taichung, Taiwan) according to the manufac-
turer’s instructions. RNA concentrations and purity were
determined using a NanoDrop ND2000 Spectrophotom-
eter (Thermo Scientific, Wilmington, DE, USA). First-
strand cDNA was synthesized from 300 ng of total RNA
using SuperScript III Reverse Transcriptase (Invitrogen,
Carlsbad, CA, USA). The cDNA were used as templates
in subsequent qPCR by an ABI 7500 PCR Detection Sys-
tem (Applied Biosystem, Foster City, CA, USA). The pri-
mer sequences for Cx43 used for PCR amplifications
were as follows: 5'-TTG TTT CTG TCA CCA GTA
AC-3" (antisense) and 5-GAT GAG GAA GGA AGA
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GAA GC-3’ (sense). GAPDH was used as the internal
control: 5'-CCG CCT GCT TCA CCA CCT TCT-3'
(antisense) and 5'-GTC ATC ATC TCC GCC CCT TCC-
3’ (sense). Each reaction contained the RT mixture, primers
and SYBR Green Master Mix (Invitrogen, Carlsbad, CA,
USA) and was carried out with the following profile: initial
heating to 95°C for 10 min followed by 40 cycles of heating
to 95°C for 15 s, incubation at 55°C for 30 s and incubation
at 72°C for 90 s. Melting-curve analysis and PCR products
were run on agarose gels with ethidium bromide staining.
Cx43 mRNA levels were normalized to GAPDH and
expressed as values relative to the control using the com-
parative threshold cycle method.

Immunocytochemistry

Granulosa cells were cultured on poly-L-lysine coated cov-
erslips in 6-well plates. After 24 h of treatment, the granu-
losa cells were fixed in cold 4% paraformaldehyde for
20 min, rinsed three times with phosphate-buffered saline,
and permeabilized with 0.1% Triton. Cells were blocked for
1 h with 5% goat serum and incubated for overnight at 4°C
with rabbit anti-Cx43 (diluted 1:100, Novex, San Diego,
CA, USA). The cells were then incubated for 1 h with
FITC-conjugated goat anti-mouse IgG. Nuclei were stained
with DAPL Immunofluorescence images were captured
using a confocal microscope (Zeiss LSM 700, Germany).

Statistical analysis

All biochemical data were analyzed with Student’s t-test
or a one-way analysis of variance (one-way ANOVA). Spe-
cific comparisons between any experimental group and a
common control group were made using Dunnett’s ¢-test.
Comparisons between two experimental groups were
made using the Student-Newman-Keuls method. Statis-
tical significance was evaluated at the levels of p <0.05,
p <0.005, and p < 0.001.

Results

1,25D; attenuated testosterone-induced aromatase
expression and increased 17f-estradiol secretion

To examine whether 1,25D3; and testosterone regulate
aromatase expression and 17f-estradiol secretion in
granulosa cells, we treated cells with 0.1 or 1 pg/mL tes-
tosterone or 0.1 uM 1,25D3 plus 1 pg/mL testosterone
for 24 h. Western blot analysis revealed that both doses
of testosterone increased the aromatase levels (p<
0.005; Figure 1A) compared to vehicle-treated cells, and
addition of 0.1 uM 1,25D; resulted in a significant de-
crease of the 1 pg/mL testosterone-induced aromatase
levels (p<0.005; Figure 1A). Additionally, treatment
with 1,25D; alone attenuated aromatase expression
compared to vehicle treatment (p < 0.05; Figure 1A). We
also examined 17p-estradiol secretion using a radio-
immunoassay and found that both testosterone-treated
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Figure 1 1,25D3 attenuated testosterone-induced aromatase expression but improved 17B-estradiol secretions. Ovarian granulosa cells
from rats were pretreated with 1,25D5 (0.1 uM) for 15 min and subsequently treated with 0.1 ug/mL or 1 ug/mL testosterone (denoted by T) or
vehicle (denoted by —) for 24 h. (A) Cells were lysed for protein extraction, and cell lysates were subjected to western blot analysis for aromatase
protein detection. The level of aromatase (denoted by Arom) expression was estimated by densitometric analyses after normalization with the (-actin
signal (n=5-6 in each group). (B and C) 17B-Estradiol secretions from the granulosa cells were collected from the medium and assessed over the
course of a 24-h period of drug treatments. 173-Estradiol release data were expressed as the fold-change relative to the vehicle-treated control
(n=4-5 in each group). The values represent the means + SEM. **, p < 0.005 for comparison with the vehicle-treated group; ##, p < 0.005 for comparison
of testosterone/1,25D5 and testosterone alone; a, p < 0.05 for comparison of 1,25D5 alone and vehicle-treated group. The values listed within column
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groups clearly experienced enhanced 17f-estradiol se-
cretion (p < 0.005; Figure 1B). The 1,25D3/testosterone
group exhibited significantly increased 173-estradiol secre-
tion relative to the group without 1,25D; treatment (p <
0.005). Treatment of cells with 0.1 uM 1,25D3 alone for
24 h did not result in a significant increase in 17[-estradiol
secretion (p > 0.05; Figure 1C). These results indicate that
1,25D; has the potential to improve testosterone-
induced 17f-estradiol secretion but causes a decrease in
testosterone-induced aromatase expression.

1,25D3 significantly increased aromatase tyrosine
phosphorylation

We evaluated whether the phosphorylation of aroma-
tase was regulated by testosterone and 1,25D; using
immunoprecipitation-western blot analysis. We deter-
mined that the 1,25D3/testosterone group exhibited sig-
nificantly increased the level of aromatase tyrosine
phosphorylation at 24 h relative to the testosterone
group (p < 0.05; Figure 2A, left), and 1,25D3 alone also
significantly increased the level of aromatase tyrosine
phosphorylation relative to the control group (p < 0.05;
Figure 2A, right). The left panel in Figure 2B is a posi-
tive control that was both immunoprecipitated and
immunoblotted with an anti-aromatase antibody, and

the right panel is a negative control for IgG. The lysate
of the granulosa cells treated with 1,25D3/testosterone
showed a significant band attributed to immunoprecipi-
tated aromatase phosphotyrosine and a weak band for
IgG.

We next investigated the time course of the phospho-
tyrosine response to testosterone and to 1,25Ds/testos-
terone. Our data demonstrate that testosterone
treatment induced aromatase tyrosine phosphorylation
at 10 min, 30 min and 1 h, whereas 1,25D3 improved the
effect of testosterone at 30 min and increased the dur-
ation of the effect to 6 h (p <0.05; Figure 2C) and 24 h
(Figure 2A). We also collected the medium for the 17f-
estradiol assay and determined that testosterone-induced
17B-estradiol secretion increased at 30 min, 1 h (p<
0.05) and 6 h (n=5; p<0.001; Figure 2D). There was
no difference in 17B-estradiol secretion between the
testosterone-treated groups and the 1,25D3/testosterone-
treated groups at up to 6 h (p>0.05; Figure 2D). We
also collected the medium 18-24 h after drug treatment
and found that the 1,25D;/testosterone-treated group
significantly increased 17f-estradiol secretion (p < 0.05;
Figure 2E). These studies demonstrated that 1,25D;3 in-
creased aromatase tyrosine phosphorylation and 17f-
estradiol secretion.
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Figure 2 1,25D; enhanced testosterone-induced aromatase tyrosine phosphorylation and 17B-estradiol secretion during 18-24 h. (A) Rat
ovarian granulosa cells were treated with vehicle, testosterone, testosterone plus 1,25D5 or 1,25D5 alone for 24 h (n = 4-5 in each group). Aromatase was
immunoprecipitated before being subjected to SDS-PAGE for resolution. The resultant blot was probed using both phosphotyrosine and aromatase
antibodies. The expression of aromatase tyrosine phosphorylation (denoted by pTyr-Arom) was normalized to the corresponding aromatase expression
and is represented as a percentage relative to the vehicle-treated control. (B) The left panel is a positive control that was both immunoprecipitated and
immunoblotted with an anti-aromatase antibody. The lysate was also immunoprecipitated with the anti-aromatase antibody or IgG and immunoblotted
with an anti-phosphotyrosine antibody, as shown in the right panel. A weak band in the IgG lane is as a negative control. (C) Cells were treated with
testosterone alone or testosterone plus 1,25D5 as indicated for various time periods (n = 4-5 in each group). Each pTyr-Arom level was normalized using
the corresponding aromatase level and is represented as a percentage relative to the vehicle-treated control. (D) After treatment for various time periods
as indicated, the 173-estradiol production levels were measured by radioimmunoassay. (E) After treatment with testosterone alone or testosterone plus
1,25D5 for 18 h, the culture medium was removed and then replaced with fresh medium. Cells were continuously treated for another 6 h (18-24 h span).
After the final 6 h, medium was collected and the 173-estradiol secretion levels were measured by radioimmunoassay (n = 6 in each group). The values
represent the means + SEM. #, p < 0.05; ##, p < 0.005 for comparison of the two treatment groups. The values listed within column indicate the means.

1,25D; and testosterone-induced 17f3-estradiol

production was mediated by calcium

One possible mechanism for 1,25D;/testosterone modu-
lation of 17pB-estradiol production is through increasing
calcium concentrations. We studied whether NIF or
BAPTA-AM could inhibit 1,25D3/testosterone-regulated
17p-estradiol secretion. A radioimmunoassay of 17f-

estradiol production is presented in Figure 3. Statistical
analysis revealed that testosterone doses (0.01, 0.1 and
1 pg/mL) increased 17B-estradiol production (p <0.001
and p <0.005), and 1,25D3 (0.1 uM) increased high-dose
(1 pg/mL) testosterone-induced 17f-estradiol secretion
(p<0.05; Figure 3A). Our data demonstrate that pre-
treatment with NIF reduced 1,25D3; and testosterone
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Figure 3 1,25D3 and testosterone-induced 17B-estradiol secretion was mediated by calcium accumulation. (A) Granulosa cells were
divided into vehicle, testosterone, testosterone plus 1,25Ds, L-type calcium channel blocker NIF (10 uM) or intracellular calcium chelator BAPTA-
AM (10 uM) pre-treatment groups (n =4-5 in each group). The individual levels of 17(3-estradiol were also assayed using a radioimmunoassay.
(B) Testosterone-induced 173-estradiol released by granulosa cells cultured with or without NIF or BAPTA-AM in the absence of 1,25D3 was
measured (n =9 in each group). (C) After NIF or BAPTA-AM treatment for 24 h, cells were subjected to the MTT reduction assay to measure cell
viability. MTT reduction data are expressed as the percentage of values relative to the control group. The measurements were performed in
triplicate, and each cytotoxicity experiment was repeated four times. The values represent the means + SEM. #, p < 0.05; #i#, p < 0.005 for
comparison of two drug groups; a, p < 0.001 for comparison of 0.1 ug/mL and 0.01 ug/mL testosterone; b, p < 0.05 for comparison of 1 pug/mL
and 0.1 pg/mL testosterone. The values listed within column indicate the means.
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(0.01 and 1 pg/mL)-enhanced 17[3-estradiol secretion in
granulosa cells (p < 0.05; Figure 3A) but not testosterone
(1 pg/mL)-induced 17B-estradiol secretion (Figure 3B).
BAPTA-AM reduced 17f-estradiol secretion induced by
1,25D3/testosterone (0.01, 0.1 and 1 pg/mL) (p < 0.001;
Figure 3A) and by testosterone (1 pg/mL) alone (p<
0.05; Figure 3B). We also monitored cell viability using
an MTT reduction assay. The viability of cultured cells
exposed to NIF (10 uM) or BAPTA-AM (10 pM) did
not significant differ from the control group (p > 0.05;
Figure 3C). Thus, these data revealed that chelation of
intercellular calcium with BAPTA-AM resulted in sup-
pression of both testosterone- and 1,25D3/testosterone-
modulated 17f3-estradiol secretion, while calcium from
the L-type calcium channel was involved in only
1,25D3/testosterone-modulated 17(-estradiol secretion
in cultured granulosa cells.

The effects of testosterone and 1,25D3 on ERP or VDR
expression

We examined the expression levels of ERp and VDR in
granulosa cells to determine if they were altered by tes-
tosterone and 1,25D3;. Western blot analysis revealed
that granulosa cells treated with testosterone (0.1 and
1 pg/mL) exhibited markedly increased ERP expression
levels (p < 0.005; Figure 4A) and that 1 pg/mL testoster-
one treatment increased ERP expression more than
treatment with 0.1 pg/mL testosterone (p < 0.05). How-
ever, the two doses of testosterone did not alter VDR
levels (p > 0.05; Figure 4B). Additionally, pre-treatment
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with 1,25D3; did not alter testosterone-induced ERp
expression and did not influence VDR expression (n =
3—4, p > 0.05; Figure 4A, B). Thus, testosterone alone af-
fected ERp expression, but 1,25D; pre-treatment had no
influence on ERP or VDR in cultured granulosa cells.

1,25D; reversed testosterone-induced down-regulation

of Cx43 in granulosa cells

Finally, to examine whether 1,25D; can affect the
testosterone-induced down-regulation of Cx43, granu-
losa cells were treated with testosterone in the presence
or absence of 0.1 uM 1,25D;. We determined the cellu-
lar localization of Cx43 using immunofluorescence and
observed its expression as green fluorescent plaques
(Figure 5A). Cx43 protein expression was markedly de-
creased when cells were treated with a high dose of tes-
tosterone (1 upg/mL; p<0.005), but this effect was
reversed by pre-treatment with 1,25D3 (p <0.05;
Figure 5A, B). We performed a real-time PCR analysis
and found that cultured cells pre-treated with 1,25D;
also reversed testosterone (1 pg/mL)-induced down-
regulation of Cx43 (p <0.05; Figure 5C). These results
indicated that 1,25D3 abolishes the inhibitory effect of
testosterone on Cx43 expression in granulosa cells.

Discussion

Testosterone can induce concentration-dependent physio-
logical and pathological effects. Physiologic levels of tes-
tosterone are converted into sufficient 17B-estradiol to
improve follicular development, and the pathological

A

T(pgiml) - 01 01 — 1 1 (24n)
1,250, uM) - - 04 — — 01 (24n)

WB: anti-ERP e il S — - -
WB: antif-2ctin s s S ——

#
180 | *'* "o
160 v

140 I

*%
-
120
‘101 \ 132 139 154 147
0
01

T (pgiml) - ) 0.4 1 1
1,250, (uM) - - 0.1 - 0.1

2 o o
o © o

Relative ERB / B-actin level (%)
=
o

[N
o

Figure 4 Testosterone, but not 1,25D;, enhanced ERP expression; testosterone and 1,25D; had no effect on VDR expression. Granulosa
cells were pretreated with 1,25D5 for 15 min and subsequently treated with one of two testosterone doses or vehicle for 24 h (n=4-5 in each
group). The granulosa cell lysates were subjected to western blot analysis for (A) ERG and (B) VDR expression levels. The levels of ER3 and VDR
expression were quantified using densitometry and normalized to B-actin. The values represent the means + SEM. **, p < 0.005 for comparison
with the vehicle-treated group. #, p < 0.05 for comparison of two drug groups. The values listed within column indicate the means.

T(pgml) - 01 041 - 1 1 (24h)
1,250, (uM) — - 04 — — 01 (24h)

WB: anti-B-actin M -

__120

=

T 1004 = ] —

8

£ 80

o

7

<= 60

[+4

[=]

> 40

[}

2

5 20

-4 100 103 101 95 9%
0

T( ugimL) - 0.1 0.1 1 1

1,250, (uM) - - 0.1 - 0.1




Lee et al. Reproductive Biology and Endocrinology 2014, 12:90
http://www.rbej.com/content/12/1/90

Page 9 of 12

Vehicle

T(0.1 pg/mL)

T (1 pg/mL)

T(1 ug/mL)
+
1,25D, (0.1 pM)

within column indicate the means. Scale bars, 10 um.

Overlay
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the right column. (B, C) Granulosa cells were treated with 0.01, 0.1, or 1 pug/mL testosterone for 24 h in the presence of vehicle control or 0.1 uM 1,25Ds.
The levels of Cx43 protein and Cx43 mRNA were examined by western blot and gRT-PCR analysis, respectively. The results are expressed as the means +
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effects of testosterone may be due to induced hyperandro-
genism and arrested follicular development. Androgen con-
centrations in the follicular fluid (FF) are higher in small
follicles than in large follicles, and the androgen concentra-
tion in PCOS FF is higher than in FF from healthy women
[30,31]. In the present study, we have demonstrated the
dose dependence of testosterone-induced aromatase ex-
pression (Figure 1A) and 17B-estradiol secretion (Figures 1B
and 3A). These results are consistent with a previous report
demonstrating that testosterone increases aromatase
mRNA levels [2]. Testosterone increases the levels of aro-
matase mRNA promoter 1.1- and 1.5-derived transcripts at
1 uM but only increases the promoter 2-derived transcript
at the highest (100 uM) dose [9]. Interestingly, we found
that 1,25D5 reduced testosterone-induced aromatase ex-
pression but stimulated 173-estradiol secretion (Figure 1A,
B). 1,25D; appears to modulate aromatase expression in
the estrogenesis of granulosa cells and has been shown to

exert tissue-specific effects on aromatase expression by
various promoters [32]. For example, 1,25D5 increases aro-
matase expression in placental cells and osteoblasts but
down-regulates aromatase expression in breast cancer cells
[33-35]. Lundqvist et al. also demonstrated that a 1,25D3
analogue reduces aromatase expression by promoting dis-
sociation of the co-modulator Williams syndrome tran-
scription factor from the c¢ypl9al promoter in breast
cancer cells [36]. In addition, competition for shared co-
regulators between VDR and AR is one possible explan-
ation for the suppressive effect of 1,25D3/VDR signals on
AR transcriptional activity [37]. In our study, we found that
treatment with 1,25D3 alone reduced aromatase expression
but did not alter 17B-estradiol secretion (Figure 1A, C).
Thus, 1,25D; exhibits a synergist effect in attenuating
testosterone-induced aromatase expression.

Recently, aromatase activity was shown to mediate post-
translational modifications. Changes in aromatase activity
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often reflect differential protein expression arising from a
slow rate of mRNA transcription. The phosphorylation of
aromatase rapidly regulates estradiol production. For ex-
ample, studies of murine aromatase suggest that serine
118 [38] or tyrosine 361 [20] can be phosphorylated and
affect aromatase stability or activity. Specifically, increases
in aromatase activity and estradiol secretion are regulated
by c-Src kinase-catalysed tyrosine phosphorylation [20]
and inhibits in aromatase activity by protein tyrosine
phosphatase 1B in breast cancer cells [39]. In our study,
although 1,25D; inhibited aromatase protein expression,
we also found that it can regulate tyrosine phosphoryl-
ation and change the activity of aromatase to improve
17B-estradiol secretion at longer times. We demonstrated
that 1,25D; treatment led to a significantly increased aro-
matase tyrosine phosphorylation level at 30 min, 6 h
(Figure 2C) and 24 h (Figure 2A, left) compared with
testosterone alone (Figure 2A, C). 1,25D; also increased
the level of aromatase tyrosine phosphorylation without
testosterone at 24 h (Figure 2A, right). No difference in
17B-estradiol concentration between the testosterone and
1,25D5/testosterone groups was observed within the first
6 h (Figure 2D), but 1,25D; markedly increased 17p-
estradiol secretion at 18—24 h (Figure 2E). These results
might suggest that a sustained, 1,25D3-induced increase in
aromatase tyrosine phosphorylation maintains the effect
of testosterone on 17(-estradiol secretion at 18-24 h.
Thus, the 13% increase in 17p-estradiol production might
arise at later times during the 24 h treatment with 1,25Ds.
Because VDRs are located in the largest follicles, the 13%
increase in 17P-estradiol from 1,25D;/testosterone treat-
ment might assist growth of the largest follicles. 1,25D3
might in this way inhibit aromatase expression and pre-
vent aromatase excess syndrome, and increased aromatase
tyrosine phosphorylation may rapidly regulate 17(3-
estradiol in the appropriate time frame.

1,25D3 is also known to promote calcium absorption from
intestinal cells [40]; however, there was no clear evidence
suggesting that 1,25D; increased calcium accumulation in
granulose cells. Two different calcium channels (T-type and
L-type) are involved in steroidogenesis in granulose cells
[41]. In this study, we observed that an L-type calcium
channel blocker reduced 17B-estradiol secretion under
1,25D3/testosterone (0.01 or 1 pg/mL) treatment (Figure 3A).
1,25D3/testosterone-induced 17fB-estradiol secretion was
also significantly reduced by an intracellular calcium chela-
tor. Additionally, NIF (10 pM) or BAPTA-AM (10 uM)
alone did not cause cell toxicity (Figure 3C), and this dose
of BAPTA-AM also reduces testosterone-induced 17p-
estradiol secretion without 1,25D3 (Figure 3B). These results
are similar to a report that implicated a calcium-dependent
pathway in mediation of gonadotropin-induced steroidogen-
esis in the ovary [42]. Weitzel et al. demonstrated that cal-
cium signals are critical in the inhibition of low-density
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lipoprotein receptor-1-mediated estradiol production in
murine granulosa cells [43]. Our data is the first to illustrate
that stimulation of 17(-estradiol production by 1,25D3 and
testosterone is mediated by the L-type calcium channel and
intracellular calcium levels (Figure 3).

Several effects of 17p-estradiol have been shown to be
important for follicular development and ovarian func-
tion, including the regulation of ER levels, stimulation
of DNA synthesis, cell proliferation and regulation of
atresia in ovarian follicles [44]. ERp is the important ER
member expressed in growing granulosa cells and the
mature follicle in rodent ovaries and is critical to granu-
losa cell proliferation and differentiation [45]. We have
demonstrated that testosterone-treated granulosa cells
exhibited significantly increased ERP levels and that
1,25D3 did not alter testosterone-induced ERp expres-
sion (Figure 4A). This result is similar to the finding
that the expression levels of ERp mRNA in the ovaries
of VDR-null mutant and wild-type mice are the same
[16]. Additionally, both testosterone and 1,25D3 had no
effect on VDR expression (Figure 4B). These results
might suggest that testosterone or 1,25D3/testosterone
increases ERP levels but not VDR levels.

Intercellular and intracellular endocrine regulatory
mechanisms may be critical for follicle growth, domin-
ant follicle selection, and follicle atresia. As ovarian fol-
licles grow from the small to the large antral stage,
granulosa cells provide 173-estradiol by aromatase acti-
vation for dominant follicle development [46]. In con-
trast, other small follicles undergo atresia via apoptosis
[47]. AR is expressed in primordial follicles, advanced-
stage follicles and primary follicles [5], and testosterone
stimulates the early stages of follicle growth, inhibits
preovulatory follicle apoptosis and limits follicle size [6].
Thus, the observation that many small follicles grow in
PCOS may be explained by excess testosterone. Alterna-
tively, 1,25D5 might inhibit the testosterone-stimulated
early stages of follicular growth because 1,25D3 is
known to inhibit the proliferation and induce the differ-
entiation of a variety of cells [48], and VDR is expressed
in the granulosa cells of largest follicle [49]. It is possible
that 1,25D3 paired with testosterone preferentially im-
proves the growth of larger follicles. Hence, the effect of
1,25D3 and testosterone on aromatase in granulosa cells
might indicate a plausible treatment option for PCOS.
Several reports have also shown that 1,25D3 regulates
antimillerian hormone (AMH) signalling, follicle-
stimulating hormone sensitivity, and progesterone pro-
duction in human granulosa cells, and decreases the ab-
normally elevated AMH levels in 1,25D3-deficient
women with PCOS, indicating a critical role for 1,25D3
in follicular development [50].

Intercellular communication via gap junctions is vitally
important for granulosa cell differentiation and oocyte
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growth [22]. In this study, western blot analysis, qRT-PCR
and immunostaining showed that high dose (1 pug/mL) of
testosterone decreased Cx43 protein expression in granu-
losa cells, and this decrease was reversed by co-treatment
with 0.1 uM 1,25D; (Figure 5). These results are similar to
the finding that excess DHT down-regulates Cx43 in
granulosa cells [25]. The correlation between abnormal
androgen concentrations and Cx43 expression might con-
tribute to the pathogenesis of PCOS, and 1,25D; might
prevent Cx43 down-regulation.

Conclusions

We determined that testosterone treatment increased
aromatase expression and increased 17f-estradiol secre-
tion in granulosa cells. 1,25D; decreased testosterone-
induced aromatase expression but significantly increased
aromatase phosphotyrosine levels and lengthened the
duration of testosterone-induced 17f-estradiol secretion
in rat granulosa cells to 18-24 h. We also determined
that 1,25D3/testosterone-induced 17-estradiol secretion
is dependent on changes in calcium levels. Additionally,
testosterone increased ERP expression, but neither
1,25D3 nor testosterone mediated VDR expression. Fi-
nally, a high dose of testosterone reduced Cx43 expres-
sion, and 1,25D;3 abolished testosterone-reduced Cx43
levels.
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Objective: To study the association between endocrine disturbances and metabolic complications in women seeking gynecologic care.
Design: Retrospective study, cluster analysis.

Setting: Outpatient clinic, university medical center.

Patient(s): 573 women, including 384 at low risk and 189 at high risk of cardiometabolic disease.

Intervention(s): None.

Main Outcome Measure(s): Cardiovascular and metabolic parameters and clinical and biochemical characteristics.

Result(s): Risk factors for metabolic disease are associated with a low age of menarche, high levels of high-sensitivity C-reactive
protein and liver enzymes, and low levels of sex hormone-binding globulin. Overweight/obese status, polycystic ovary syndrome,
oligo/amenorrhea, and hyperandrogenism were found to increase the risk of cardiometabolic disease. However, hyperprolactinemia
and premature ovarian failure were not associated with the risk of cardiometabolic disease. In terms of androgens, the serum total
testosterone level and free androgen index but not androstenedione or dehydroepiandrosterone sulfate (DHEAS) were associated
with cardiometabolic risk.

Conclusion(s): Although polycystic ovary syndrome is associated with metabolic risk, obesity was the major determinant of cardio-
metabolic disturbances in reproductive-aged women. Hyperprolactinemia and premature
ovarian failure were not associated with the risk of cardiovascular and metabolic diseases.

Clinical Trial Registration Number: NCT01826357. (Fertil Steril® 2014; Il :ll-H. ©2014 by

American Society for Reproductive Medicine.)
Key Words: Cardiovascular risk, cluster analysis, metabolic syndrome, PCOS

Use your smartphone
to scan this QR code
and connect to the

discussion forum for

Discuss: You can discuss this article with its authors and with other ASRM members at http://

fertstertforum.com/tzenger-cluster-analysis-cardiovascular-metabolic-risk-pcos/

cluster of risk factors for car-
A diovascular disease (CVD) and

type 2 diabetes mellitus, which
occur together more often than by
chance, have become known as the
metabolic syndrome (MetS) (1). The car-
diovascular risk factors that comprise
MetS have been recognized as a cluster
since the 1920s (2). Although MetS and

CVD are major causes of mortality for
women of advanced age, the risks of
MetS and CVD in reproductive-aged
women are not well understood. Early
detection of individuals at high risk
for MetS by the use of accurate mea-
sures of insulin resistance (IR) could
improve the detection and prevention
of CVD and diabetes (3).
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Recent studies have suggested that
there are some clinically relevant dif-
ferences between women and men in
terms of the prevalence, presentation,
management, and outcomes of the dis-
ease, but little is known about why CVD
affects women and men differently (4).
Over recent decades, mortality rates in
men have steadily declined while those
in women have remained stable. This
knowledge gap may explain why car-
diovascular health in women is not
improving as fast as that of men (4).
In particular, the risk of developing
MetS and CVD for younger women
has not been well studied.

Although many aspects of CVD are
similar in women and men, there is a
growing body of evidence to support
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sex and gender dimorphism in the prevalence, presenting
symptoms, management, and outcomes of CVD (4). For
instance, Lee et al. (5) reported that women with diabetes
have a significantly higher CVD mortality rate than men
with diabetes. Women of reproductive age present with cyclic
endocrine changes that might result in different MetS and
CVD risk factors in comparison with men. Menstrual cycle
irregularity may be a marker of metabolic abnormalities pre-
disposing women to an increased risk for CVD (6). The most
well-known correlation between metabolic syndrome and
reproductive disorders is in women with polycystic ovary
syndrome (PCOS), which is diagnosed by hyperandrogenism
and chronic anovulation. Although studies of PCOS and
metabolic complications have been widely reported, the un-
derstanding of the correlation between endocrine status and
metabolic complications in reproductive-aged women re-
mains limited and controversial (7-10).

Definitions of metabolic syndrome are usually problem-
atic because they are based on arbitrary cutoff points for
several quantitative variables, where each variable is related
linearly to cardiovascular risk (11). Further, the risks of devel-
oping MetS and CVD vary depending on race and gender. To
understand the risk factors of cardiovascular and metabolic
disease in reproductive-aged women, the studied subjects
should be specified. Cluster analysis is a statistical method
based on algorithms that aims to minimize within-group vari-
ation and maximize between-group variation for the clus-
tering variables (11). This technique is suitable for defining
groups and reflecting the natural structure of data without
relying on inappropriate arbitrary cutoffs (12). Cluster anal-
ysis can be used to identify groups of women sharing similar
metabolic risk factor patterns. We conducted this retrospective
study on reproductive-aged Taiwanese women, and we used
cluster analysis to investigate the relationship between meta-
bolic complications and biochemical/clinical characteristics
of endocrinologic dysfunction in women of reproductive age.

MATERIALS AND METHODS

This study was approved by the institutional review board of
Taipei Medical University, Wan Fang Hospital, Taipei,
Taiwan, with the identifier Hsu2013-TMU-JIRB 201302002
and registered at ClinicalTrials.gov with the identifier
NCT01826357. We retrospectively reviewed the medical re-
cords of female patients who visited our reproductive endocri-
nology clinic from January 1, 2009, to June 31, 2012.

Parameters of Cardiovascular Risk

Metabolic syndrome is a complex of interrelated risk factors
for CVD and diabetes. These factors include dysglycemia,
high blood pressure, elevated triglyceride levels, low high-
density lipoprotein (HDL) cholesterol levels, and central
adiposity (1). To evaluate the risk of MetS and CVD, the
following 10 cardiometabolic parameters were used for initial
cluster analysis in this study: systolic blood pressure, diastolic
blood pressure, waist size, fasting insulin, fasting glucose,
2-hour glucose, total cholesterol, triglyceride, HDL, and
low-density lipoprotein (LDL).

Study Data

Women who had a complete set of anthropometric measure-
ments and clinical and biochemical data about endocrino-
logic and cardiovascular parameters were initially
included. For comparison with the healthy volunteers, the
chief complaints of the studied patients were menstrual
irregularity, infertility, overweight status, acne/hirsutism,
and other conditions (i.e., more than one complaint, transfer
from other medical specialists, headache, abdomen pain,
vaginal itching, etc.) (Supplemental Table 1). The patients’
medical histories included a detailed menstrual and medi-
cal/surgical history, anthropometric measurements (weight,
height, waist, and hip), and blood pressure.

The dates and assays performed for blood sampling have
been previously described elsewhere (13). The following data
were collected and calculated: [1] serum androgens, including
total testosterone, androstenedione, dehydroepiandrosterone
sulfate (DHEA-S), 17-«-0OH progesterone, and free androgen
index (FAI); [2] insulin sensitivity and glucose tolerance,
including fasting insulin, fasting glucose, 2-hour glucose,
and the homeostasis model assessment insulin resistance in-
dex (HOMA-IR); [3] lipid profiles, including total cholesterol,
triglycerides, HDL, and LDL; [4] liver function and inflamma-
tory markers, including glutamic oxaloacetic transaminase
(GOT), glutamic pyruvic transaminase (GPT), and high sensi-
tivity C-reactive protein (hs-CRP); and [5] sex hormone-
binding globulin (SHBG), prolactin, and antimiillerian
hormone (AMH).

The risks of MetS, impaired glucose tolerance, and dia-
betes were evaluated in every studied subject. The waist-to-
hip ratio (WHR) was defined as waist circumference/hip
circumference. Body mass index (BMI) was defined as the
body weight in kilograms divided by the body height in me-
ters squared (kg/mz). Overweight/obese was defined as BMI
>25 kg/m”. All studied women received an ultrasonogra-
phy examination. A vaginal ultrasound examination is
preferred for young women without sexual experience,
but we performed abdominal ultrasounds to detect polycy-
stic ovaries.

Premature ovarian failure (POF) was defined as oligo/
amenorrhea in women younger than 40 years with elevated
serum FSH levels (FSH >16 mIU/mL). A diagnosis of POF
was confirmed by serum examination of FSH 2 weeks later.
Hyperprolactinemia was diagnosed when prolactin levels
were above the upper limit of normal (24.20 ng/mL).

The following women were excluded from the study pop-
ulations: [1] women who had been diagnosed with malignant
tumors, Asherman syndrome, miillerian agenesis, or chromo-
somal anomalies; [2] women who had undergone menarche
within the past 1 year or were older than 49 years; and [3]
women who had received hormones and/or medicines for dia-
betes, hypertension, or dyslipidemia within the previous
3 months. A total of 713 women were included in the study
for evaluation. To perform the cluster analysis, the above-
mentioned 10 parameters were used to evaluate the risks of
developing MetS and CVD (systolic pressure, diastolic pres-
sure, waist size, fasting glucose, fasting insulin, 2-hour
glucose, total cholesterol, triglyceride, HDL, and LDL).
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To identify the clinical and biochemical characteristics in
the high-risk MetS and CVD group, the studied patients were
classified into two comparative groups. The classification of
the high-risk and low-risk groups was performed by hierar-
chical cluster analysis using both within-group linkage and
Ward’s method. Using the within-group linkage method,
258 cases were classified as high-risk patients, and 455
were classified as low-risk patients. However, using Ward’s
analysis, 260 and 453 patients were classified as high risk
and low risk, respectively. To verify the data, 189 and 384 pa-
tients who were confirmed to be in the high-risk and low-risk
groups, respectively, with both methods were used for the
final analysis, and 140 cases were further excluded due to
inconsistent classification with the two different methods
(Fig. 1). Women with missing endocrinologic or metabolic
data were excluded. All included 573 cases featured complete
data for all parameters.

We diagnosed PCOS according to the Androgen Excess
and PCOS Society criteria (14), which require the presence
of hyperandrogenism (hirsutism and/or biochemical) and
ovarian dysfunction (oligoanovulation and/or polycystic
ovaries). The definitions of oligoanovulation and polycystic
ovaries have been described in detail elsewhere (15). Hyper-
androgenism (HA) was defined as hirsutism and/or
biochemical hyperandrogenemia. Biochemical hyperandro-
genemia was defined as a total serum testosterone value
>0.8 ng/mL (normal range for female adults is 0.1-
0.8 ng/mlL), androstenedione >2.99 ng/dL (normal range
for females is 0.10-2.99 ng/mL), or DHEAS >275 ug/L
(16). Hirsutism was defined as a modified Ferriman-Gallwey
score of >6.

The insulin sensitivity index was evaluated by the ho-
meostasis model assessment insulin resistance index
(HOMA-IR) using the following formula:

Fasting insulin () x Fasting glucose (2£)]

HOMA-IR = | d
405

Impaired glucose tolerance (IGT) was defined as 2-hour
glucose levels of 140-199 mg/dL in the 75-g oral glucose

TABLE 1

Fertility and Sterility®

FIGURE 1

Primary screen

Age 13 to 49 y/o
No hormones or drugs for major medical diseases
No congenital, uterine, and major medical disease
Complete cardiovascular evaluation
N= 713 for evaluation.

J

Classification | Within-group Ward’s Number Group
1 Low Low 384 Low
2 Low High 71 Excluded
3 High Low 69 Excluded
4 High High 189 High
Total 713 573

The classified analysis by Hierarchical cluster analysis
Using Within-groups linkage and Ward’s methods
Inconsistent classification N=140
Excluded

J

573 Cases with
189 high risk
384 low risk

Finally Included

Flow chart of patient selection in this study.

Tzeng. Cardiometabolic risk in younger women. Fertil Steril 2014.

tolerance test. In women with IGT, the fasting plasma glucose
(FPG) level should be less than 126 mg/dL.

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),

Parameters of cardiovascular and metabolic risk in high-risk and low-risk women.

Parameter Total Low risk High risk Pvalue
Case number 573 384 189
Systolic pressure (mm Hg) 112.0+ 171 1049 +£12.2 1264 + 16.4 <.001°
Diastolic pressure (mm Hg) 759 £+ 13.0 70.7 £ 9.4 86.5 + 13.0 <.001°
Waist (cm) 82.1+ 153 73.4+73 99.8 +11.6 <.001°
Fasting insulin (ulU/mL) 125+ 12.1 80+43 21.7+£16.8 <.001°
Fasting glucose (mg/dL) 90.2 £9.5 87.4£6.6 958 £ 11.6 <.001°
2-hour glucose (mg/dL) 108.1 + 32.6 96.3 + 20.9 132.1 +38.4 <.001°
Cholesterol (mg/dL) 183.7 + 32.1 185.0 £ 31.9 181.0 £ 32.3 .160
Triglycerides (mg/dL) 81.4 £ 68.7 60.6 £ 26.9 123.5+ 101.0 <.001°
High-density lipoprotein (mg/dL) 56.2 + 16.6 64.0 £ 14.3 40.4 £6.7 <.001°
Low-density lipoprotein (mg/dL) 107.1 £ 279 101.7 £ 26.7 118.0 £ 27.0 <.001¢
Note: Data are mean + standard deviation.
2 p<.05.
Tzeng. Cardiometabolic risk in younger women. Fertil Steril 2014.
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TABLE 2

Clinical and biochemical characteristics of women at high and low risk of cardiovascular and metabolic disorder.

Characteristic Total
Case no. 573
Age (y) 27.3£6.5
Menarche (y) 126 £ 1.5
hs-CRP? (mg/L) 0.22 +0.38
SHBG (ng/dL) 458 +29.3
Antimullerian hormone (ng/mL) 7.46 + 5.44
Anthropometric measurements
Weight (kg) 633+ 174
Height (cm) 160.5 £ 5.3
BMI (kg/m?) 245+ 6.5
Hip (cm) 98.7+£11.6
Waist to hip ratio 0.83 +£0.09
Hyperprolactinemia 10%
POF 3%
PCOS 47%
Oligo/amenorrhea 56%
Polycystic ovary morphology 57%
Hyperandrogenism 54%
Biochemical hyperandrogenemia 36%
Hirsutism 34%
Metabolism
Metabolic syndrome 22%
Hypertension 27%
HDL <50 mg/dL 39%
Triglycerides >150 mg/dL 10%
Waist >80 cm 45%
Impaired glucose tolerance 9%
Diabetes mellitus 2%
Androgens
Total testosterone (ng/mL) 0.60 + 0.29
Androstenedione (ng/dL) 2.71 £1.37
Free androgen index 7.68 + 8.30
DHEAS (ng/dL) 197.3 £ 103.4
17-OH PRG (ng/dL) 1.14 £ 0.99
mFG score 5.80 +£4.73
Insulin sensitivity and liver function
HOMA-IR 292 +3.25
GOT IU/L 234 +11.6
GPT IU/L 23.1 £19.7

Low risk High risk P value
384 189
269 +6.4 279 + 6.6 .096
12.7 £ 1.5 123+ 14 .001°
0.12 £ 0.27 0.44 + 0.46 <.001°
56.2 + 29.1 249 + 15.1 <.001°
7.67 £5.47 7.02 +£5.36 175
534 +75 833+ 144 <.001°
160.0 £ 5.1 161.3 +£5.6 .008°
208 £ 2.6 32.0+5.3 <.001°
92.6 £ 6.6 111.0 £ 9.7 <.001°
0.79 £ 0.07 0.90 £ 0.07 <.001°
11% 7% 121
4% 2% 173
39% 61% <.001°
51% 64% .003?
54% 64% .018°
47% 67% <.001°
30% 47% <.001°
29% 43% .001°
1% 66% <.001°
10% 62% <.001°
14% 92% <.001°
2% 26% <.001°
18% 98% <.001°
2% 22% <.001°
0 7% <.001°
0.54 + 0.26 0.72 £ 0.33 <.001°
2.66 + 1.36 2.79 £ 1.40 .301
459 + 3.78 13.9+11.0 <.001°
193.9 £ 979 204.1 £ 113.7 271
1.20 £ 1.11 1.02 + 0.69 .041°
527 +4.18 6.90 £+ 5.54 <.001°
1.75 £ 0.97 5.29 + 4.67 <.001°
20.6 £ 6.5 29.0 +£ 06.6 <.001°
17.0 £ 9.2 35.6 +£27.8 <.001°

Note: Data are either mean + SD or are percentage. BMI = body mass index; DHEA-S = dehydroepiandrosterone sulfate; GOT = glutamic oxaloacetic transaminase; GPT = glutamic pyruvic trans-
aminase; HDL = high-density lipoprotein; HOMA-IR = The homeostasis model assessment insulin resistance index; hs-CRP = high-sensitivity C-reactive protein; modified mFG Score = Ferriman—
Gallwey score; 17-OH PRG = 17-a-OH progesterone; PCOS = polycystic ovary syndrome; POF = premature ovarian failure; SHBG = sex hormone-binding globulin.

@ P<.05.

Tzeng. Cardiometabolic risk in younger women. Fertil Steril 2014.

serum triglycerides > 150 mg/dL, serum HDL <50 mg/dL,
systolic blood pressure > 130 mm Hg and/or diastolic blood
pressure >85 mm Hg, and fasting plasma glucose
> 100 mg/dL.

Statistical Analysis

We performed cluster analysis to identify groups of women
with similar cardiometabolic risk factor patterns using two-
step cluster analysis with Statistical Package for Social
Science 15.0 software (SPSS Institute). The number of clusters
is determined automatically.

In Tables 1 and 2, data are presented as the
mean =+ standard deviation. We used chi-square and Fisher’s
exact tests to perform categorical comparisons and analysis
of variance (ANOVA) to compare the continuous variables.
The means of more than two groups were compared using
one-way ANOVA post hoc range (Dunnett’s) tests with equal

variances not assumed. For differences between the groups,
P<.05 was considered statistically significant.

RESULTS

Among the 573 studied patients, 384 and 189 patients were
classified as being low and high risk, respectively. For clinical
diagnosis, 235 (47%) subjects had PCOS, 55 (10%) had hyper-
prolactinemia, and 17 (3%) had POF. In terms of metabolic
complications, 128 (22%) had MetS, 48 (9%) had impaired
glucose tolerance, and 13 (2%) had diabetes mellitus.

Table 1 shows the 10 parameters related to cardiovascular
and metabolic risk in the high- and low-risk groups. Nine out
of 10 parameters (all except serum total cholesterol level) were
statistically significantly different between the two groups
(P<.001). The results show that the above classifications
can be used to separate high- and low-risk patients in terms
of cardiovascular and metabolic risk.

4
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Table 2 presents the clinical and biochemical characteris-
tics of patients at high and low risk of cardiovascular and
metabolic diseases. All parameters related to metabolic risk
and insulin resistance were statistically significantly different
between the high- and low-risk groups. Patients with hyper-
prolactinemia and POF did not exhibit an increased cardio-
vascular and metabolic risk. In contrast, the high-risk group
had higher prevalences of hyperandrogenism, oligomenor-
rhea, polycystic ovary morphology, and PCOS. In terms of
androgens, the high-risk group had a higher serum total
testosterone and free androgen index than the low-risk group;
however, the serum androstenedione and DHEAS levels did
not differ between the high- and low-risk groups.

Figure 2 shows the odds ratios (OR) for patients at high
risk for cardiovascular and metabolic disease. Overweight/
obese (OR 11.2, 95% confidence interval [CI]: 8.0-15.7),
PCOS (OR 1.6; 95% CI, 1.3-1.9), oligo/amenorrhea (OR
1.3; 95% CI, 1.1-1.4), polycystic ovary morphology (OR
1.2; 95% CI, 1.0-1.4), hyperandrogenism (OR 1.4; 95% CI,
1.2-1.6), and biochemical hyperandrogenemia (OR 1.6;
95% CI, 1.3-1.9). Hyperprolactinemia (OR 0.6; 95% (I,
0.3-1.1) and POF (OR 0.4; 95% CI, 0.1-1.5) were not asso-
ciated with an increased risk of cardiovascular and meta-
bolic diseases.

DISCUSSION

The metabolic syndrome is a cluster of cardiometabolic factors
that predisposes individuals to diabetes and CVD. The question
of whether MetS is a simple aggregation of associated meta-
bolic risk factors or a true syndrome arising from a common
physiologic origin is controversial (17). Even congruent defini-
tions differ between international authorities and continue to
change (18). Cutoffvalues forrisk factors should be determined,
and these definitions should reflect gender-based and ethnic
differences. To avoid the bias of gender and ethnic variance,
our study included reproductive-aged Taiwanese women only.

Fertility and Sterility®

Instead of using arbitrary cutoff values, we performed
cluster analysis using 10 cardiovascular and metabolic risk
parameters and classified the study population into high-
and low-risk groups. Cluster analysis was a useful tool for
identifying groups of women sharing similar metabolic risk
factor patterns.

The main purpose of this study was to identify the clinical
and biochemical characteristics of high and low metabolic
risk in reproductive women. To confirm the classification of
the high- and low-risk groups, two cluster analysis methods
were applied and confirmed in our study. We excluded 140
patients who could not be consistently classified by the two
statistical methods. Finally, the parameters related to cardio-
vascular disease, metabolic syndrome, and insulin resistance
were significantly different between the high- and low-risk
groups. The metabolic syndrome was diagnosed by the cluster
of abdominal obesity, hyperglycemia, hypertension, and dys-
lipidemia, which increases the risk for type 2 diabetes and car-
diovascular diseases (19). We believe this classification could
separate the high and low MetS and CVD risk groups in our
studied populations.

The metabolic profile noted in women with PCOS is
similar to that of insulin resistance syndrome and consists
of hyperinsulinemia, mild glucose intolerance, dyslipidemia,
and hypertension (20). Nine out of 10 parameters, all except
total cholesterol, that are related to MetS and CVD risk (blood
pressure, waist size, insulin, glucose, triglyceride, HDL, and
LDL) were strongly associated with the high-risk group in
our study. The association between PCOS and metabolic
disturbance has been widely reported.

The risk of MetS may vary among the four phenotypes of
PCOS based on the Rotterdam criteria (9). Hyperinsulinemia
was reported to correlate with free testosterone levels only
in women with traditional U.S. National Institutes of
Health-defined PCOS (7). Goverde et al. (21) reported that hy-
perandrogenic PCOS phenotypes are strongly linked to MetS
and insulin resistance in Dutch women with PCOS. Legro et al.

Hirsutism - -
Biochemical hyperandrogenemia — HH
Hyperandrogenism — HH
Polycystic ovary Morphology - H-'
Oligo/Anemorrhea - H—i
Polycystic Ovary Syndrome — HH
Overweight/Obesity —
Hyperprolactinemia - D—+—v—(
Premature ovarian failure — l—+—‘—4

- 1.488 (1.187- 1.864)

~ 1.559 (1.258- 1.932)

L 1.414 (1.222- 1.637)

- 1.195 (1.037- 1.378)

- 1.255 (1.086- 1.449)

~ 1.558 (1.302- 1.864)

—— - 11.238 (8.049-15.691)

- 0.629 (0.346- 1.143)

- 0.435(0.127- 1.497)

t
1

Odds ratio for the high risk of a clinical diagnosis of cardiovascular disease.

Tzeng. Cardiometabolic risk in younger women. Fertil Steril 2014.
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(8) reported that neither the morphology nor the volume of the
ovaries is associated with distinctive metabolic or reproduc-
tive phenotypes in women with PCOS. In most patients,
PCOS-related disturbances (hyperandrogenism, ovulatory
dysfunction, and polycystic ovary morphology) may cluster
together, making it difficult to evaluate them individually.
Our study shows that all PCOS-related disorders, such as
ovulatory dysfunction, hyperandrogenism, hirsutism, and
polycystic ovary morphology, clustered together and were
strongly associated with high risk of MetS and CVD. Further-
more, the high-risk group had higher levels of inflammatory
markers and liver enzymes and lower SHBG levels than the
low-risk group. It is interesting that the high-risk group had
an earlier menarche than the low-risk group. We found that
hyperprolactinemia and POF were not related with MetS
and CVD risk. Androgen levels are the major distinguishing
endocrine feature among the phenotypic expressions of
PCOS. Androgen excess in women may signal a risk for cor-
onary artery disease (20). However, the different types of
androgens should be evaluated separately. Specifically, the
serum total testosterone level and free androgen index, but
not androstenedione or DHEAS, were associated with the
risk of MetS and CVD.

Obesity should be the major impact factor for
reproductive-aged women with a high risk of MetS and
CVD. The association between obesity and a cluster of cardi-
ometabolic risk factors is stronger in women than in men, and
this gender-specific difference exists in younger but not in
older individuals (22). Obesity accounts for the maximum
variance in clustering and appears to be a more powerful
correlate of cardiovascular risk in children and adolescents
(23). Ketel et al. (24), using a isoglycemic-hyperinsulinemic
clamp, showed that PCOS per se is not associated with
impaired metabolic insulin sensitivity in normal-weight
women, but it aggravates the impairment of metabolic insulin
sensitivity in obese women. Spranger et al. (25) measured the
insulin resistance of women with PCOS by the continuous
infusion of glucose and model assessment and demonstrated
that BMI but not testosterone was independently associated
with insulin sensitivity. Similarly, in our study, obesity was
the major factor determining the risks of MetS and CVD in
reproductive-aged women. Although PCOS and obesity both
increased the risks of MetS and CVD, the OR in high-risk
women with PCOS (OR 1.6; 95% CI, 1.3-1.9) was much lower
than that for women who were overweight/obese (OR 11.2;
95% CI, 8.0-15.7).

The major weakness of our study is that the women we
evaluated were recruited from the outpatient clinic of a ter-
tiary care center and thus do not reflect the true distribution
of the general population. Therefore, the results should be
applied to the general population with caution.

We can summarize our studied results with the following
points. [1] Overweight/obese status was the major determinant
of cardiovascular and metabolic disturbances in reproductive-
aged women. [2] Early menarche, high levels of inflammatory
markers and liver enzymes, and low SHBG were associated
with high cardiovascular and metabolic risk. [3] Hyperprolac-
tinemia and POF were not associated with cardiovascular and

metabolic risk. [4] Oligomenorrhea, hyperandrogenism, and
PCOS were associated with high cardiovascular and metabolic
risk. [5] The serum total testosterone level and free androgen
index, but not androstenedione or DHEAS, were associated
with cardiovascular and metabolic risk.
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SUPPLEMENTAL TABLE 1

Chief complaints of 573 studied patients.

Chief complaint Case no. Age (y) Percentage
Menstrual irregularity 274 26.3+5.8 47.8
Healthy volunteer 60 26.3+5.9 10.5
Infertility 49 33.6 +£3.7 8.6
Overweight/obese 44 253+6.4 7.7
PCOS transferred 43 264+ 7.1 7.5
Acne/hirsutism 29 269 +72 5.1
Abnormal vaginal bleeding 10 253+9.2 1.7
Other? 64 299 +6.8 11.2
Total 573 273 +6.5 100

Note: Data are mean =+ standard deviation. PCOS = polycystic ovary syndrome.
2 Patients who presented with more than one complaint or with other complaints (trans-
ferred from other medical specialists, headache, abdominal pain, vaginal itching, etc.).

Tzeng. Cardiometabolic risk in younger women. Fertil Steril 2014.
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