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Abstract

Background:

There is increasing evidence that insulin resistance (IR) has an important implication in the pathogenesis of
polycystic ovary syndrome (PCOS), a common endocrinopathy in women. This study was performed to
investigate the impact of different treatments for IR on five currently discussed markers for insulin resistance:
intact proinsulin, adiponectin, retinol-binding protein 4 (RBP4), resistin, and visfatin in patients with PCOS.

Methods:

Thirty-five women with clinically confirmed PCOS diagnosis were included in the study [age (mean + SD):
247 + 4.8 years; body mass index: 274 + 6.0 kg/m?. They were randomized to receive either metformin
(850 mg twice a day) or rosiglitazone (4 mg once a day). Blood samples for measurement of the HOMA score,
visfatin, RBP4, intact proinsulin, resisitin, and adiponectin were taken at baseline and after 6 months of treatment.

Results:

Both drugs improved ovulation, and an increase in insulin sensitivity was observed, especially in the rosiglitazone
arm. Adiponectin levels increased in both treatment arms (metformin: 8.6 + 3.3 to 16.7 + 7.2 mg/liter, p < 0.001;
rosiglitazone: 8.2 £ 3.5 to 26.2 + 9.5 mg/liter, p < 0.001), but the increase was more pronounced with rosiglitazone
(p < 0.001). While no changes of visfatin concentrations were observed during rosiglitazone therapy (154 + 6.9 ng/ml
vs 174 + 4.8 ng/ml, n.s.), there was an increase in the metformin treatment arm (11.9 + 4.0 to 21.8 + 8.3 ng/ml,
p < 0.001). Significant increases demonstrated for RBP4 in both treatment arms were more pronounced in the
metformin group (metformin: +66%, rosiglitazone: +33%). All patients were in stage I or II of f-cell dysfunction
and none of them showed increased intact proinsulin levels or changes in resisitin at baseline or end point.
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Conclusions:

both metabolic status and therapeutic success.
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Both drugs slightly improved ovulation in our PCOS patient population during 6 months of therapy, which was
accompanied by improved insulin sensitivity and an increase in adiponectin levels. Metformin increased visfatin
concentrations. Despite improved insulin resistance, an increase in RBP4 concentration was seen for both drugs.
Rosiglitazone seems to be the more favorable drug under these circumstances. However, our results regarding
visfatin and RBP4 contradict other reports and further research is required to clarify their value as diagnostic
markers for the metabolic syndrome. In this study, adiponectin appeared to be the most promising indicator of

Introduction

I)olycystic ovary syndrome (PCOS) has a complex and
multifactorial etiology, where adipose tissue seems to have
an important role in the development and maintenance of
the condition. Weight gain in normal women is associated
with an increase in insulin resistance (IR), but in women
PCOS, this phenomenon is observed in a significantly
larger extent than in age and body mass index (BMI)-
matched control women."® The use of insulin-sensitizing
drugs significantly improves the metabolic state, ovulatory
function, menstrual cyclicity, and fertility rates*® and it is
therefore assumed that insulin resistance plays an important
role in the pathogenesis of the disorder.! Several potential
biomarkers of insulin resistance and metabolic syndrome
have been discussed in the scientific literature, including
adiponectin, visfatin, and retinal-binding protein 4 (RBP4).

Adiponectin is expressed by the adipose and connective
tissue and exerts anti-inflammatory and antiatherogenic
effects” Decreased plasma levels of adiponectin are
correlated to high BMI and IR. Low adiponectin levels are
associated with metabolic syndrome and a high risk of
myocardial infarction.” The recently reported new adipokine
visfatin is also expressed predominantly in the visceral
lipid tissue, the accumulation of which has been linked to
the metabolic syndrome.""? Visfatin binds to and activates
the insulin receptor. It is assumed that it induces the
intracellular signaling cascade for insulin with tyrosine
phosphorylation of the insulin receptor and its substrates
(IRS1 and IRS2) and activation of protein kinase B activity.
This activation, however, seems to be distinct from that
of insulin,® and visfatin has become a research target
with the attempt to investigate novel approaches for
antidiabetic treatments. Retinol-binding protein 4 is a specific
transport protein for retinol (vitamin A) in the human

circulation.*® RBP4 is secreted by adipocytes and the
liver, and elevated RBP4 concentrations have been reported
from patients with type 2 diabetes.®” Graham et al.'®
demonstrated that RBP4 levels are elevated in the serum
before development of overt type 2 diabetes. The levels
were associated with the components of the metabolic
syndrome and could be reduced by physical exercise
training in correlation to insulin resistance improvement.'®
It is currently suggested that insulin resistance in adipose
tissue is associated with reduced levels of glucose
transporter 4 molecules, which results in increased RBP4
production. The consecutively elevated circulating serum
RBP4 proteins cause insulin resistance in muscle and
induce hepatic gluconeogenesis. These factors lead to
increased blood glucose concentrations and finally to
impaired glucose tolerance and diabetes.” Therefore,
RBP4 has been described to be a suitable biomarker for
the metabolic syndrome and increased cardiovascular
risk and it was even suggested that antidiabetic therapies
should aim at lowering serum RBP4 levels.® Intact
proinsulin was shown by us to be a marker of severe f3-cell
dysfunction following exhaustion of the p-cell proinsulin
processing capacity and a highly specific indicator of
clinically significant insulin resistance.” The search for
genes that are downregulated by thiazolidinediones in
mouse adipocytes resulted in the detection of an adipose-
specific protein called resistin by Steppan and co-workers.*
Formation of resistin is induced during adipogenesis, and
the peptide is secreted by white and brown fat tissue of
C57B1/6] mice into the serum.”? The clinical implications
of resistin determinations in human serum are still a
matter of debate, and new laboratory methods have
become available for the assessment of resistin levels in
human plasma.?
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The purpose of this investigation was to explore whether
treatment of patients with PCOS with two different
insulin-sensitizing drugs has an impact on these newly
described biomarkers for metabolic syndrome. We also
wanted to identify the most suitable marker for this
condition out of the hormone panel tested, which was
composed of intact proinsulin, adiponectin, resisitin,
visfatin, and retinol-binding protein 4.

Patients and Methods

The study was performed with 35 women with PCOS
as classified according to National Institute of Child Health
and Human Development criteria.** All subjects gave their
written informed consent before entering the study, which
was conducted in accordance with the Declaration of
Helsinki and approved by the national ethical committee.
Baseline characteristics of the patients are presented
in Table 1. Clinical hyperandrogenism was defined by
the presence of hirsutism, represented by a modified
Ferriman—Gallwey score of 7 or more, persistence of acne
during the third decade of life or later, or the presence
of androgenic alopecia. No attempts were made to grade
the severity of acne or alopecia. Hyperandrogenemia was
defined as a total of free testosterone, androstenedione,
and/or dehydroepiandrosterone sulfate level above the
95th percentile of control values. Menstrual dysfunction
was defined by more than six cycles with a length of
more than 35 days and/or when the patient had not had
any menstrual bleeding for 3 consecutive months during
the last year. All patients had normal serum prolactin
concentrations and thyroid function tests. Possible
Cushing’s syndrome or congenital (nonclassic) adrenal
hyperplasia was excluded.* Exclusion criteria were type 1
or type 2 diabetes mellitus, significant cardiovascular or
hepatic disease, and the use of medications known or
suspected to affect reproductive or metabolic functions
within 60 days of study entry. No patient had ever taken
insulin-sensitizing drugs prior to the study.

The patients were randomly allocated to a 6-month
treatment with either metformin 850 mg twice daily (n = 17)
or rosiglitazone 4 mg/day (n = 18). At baseline and end
point, blood samples were drawn after an overnight fast
for determination of glucose, insulin, and other observation
parameters. All the blood samples were centrifuged, and
the separated serum was kept frozen at —70°C until the
time of the assay. Glucose levels were determined using
a standard laboratory reference method (glucose oxidase
method; Roche Hitachi 917). Visfatin was measured with
an ELISA method (Phoenix, La Jolla, CA; intra-assay
variability: 2.2-2.6%; interassay variability: 4.0-10.7%),
and adiponectin was measured by means of a radio-

immunoassay (Linco, St. Charles, MO, intra-assay
variability: 2.8-5.0%, interassay variability: 3.5-8.2%).
Measurement RBP4 was also performed by a validated
ELISA (Phoenix, Karlsruhe, Germany; intra-assay
variability: 2.2-2.6%, interassay variability: 4.0-10.7%).
Intact proinsulin was assessed by means of a specific ELISA
method (Zentech, Liege, Belgium). Resistin values were
measured by means of an ELISA method, as published
previously.”

Table 1. Patients’ Characteristics at Baseline

Characteristic Metformin | Rosiglitazone
N 17 18
Age (years) 229445 25.244.8
BMI (kg/m?) 29.3+6.5 27.943.0
Systolic blood pressure (mmHg) 121411 115+11
Diastolic blood pressure (mmHg) 67+18 7245
Waist circumference (cm) 88.5+14.4 84.247.5
HOMAR 2.9+1.9 2.2+41.3
Dehydroepiandrosterone (Einheit) |  6.842.8 6.412.4
Androstendione (Einheit) 9.443.8 8.843.9
Total testosterone 3.2+1.1 2.8+1.2
Free testosterone 9.9+4.4 8.1+5.4
Menstrual bleedings/month 0.45+0.31 0.61+0.27
Homeostasis model assessment (HOMA;z) score

calculation was applied as a measure for insulin
resistance.”® The estimate of insulin resistance by HOMAR
score was calculated with the following formula:
fasting serum insulin (uWU/ml) x fasting plasma glucose
(mmol/liter)/22.5. HOMAR score values exceeding
2.0 were considered as insulin resistant, as published
previously for a nondiabetic patient population.?

Statistical Analysis

Pretreatment differences between the two groups for the
different biomarkers and changes in the women with
PCOS, before and after treatment, with controls, were
analyzed using the Student’s independent two-tailed ¢
test. Pretreatment and post-treatment data were expressed
as meanzSD for continuous variables and as percentages
for categorical data. Analysis of covariance (ANCOVA)
was used to compare parameters between treatments. By
using ANCOVA, we adjusted the final variables, or their
change with treatment, for the baseline results to avoid
possible baseline imbalances. The Wilcoxon test was used
to determine the effect of treatment on chosen parameters
in the 6-month time interval. Categorical variables were
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compared using Fisher’s exact test. A value of p < 0.05
was considered significant. Data analysis was formed
using the statistical software package SPSS for Windows
(Version 12.0, SPSS Inc., Chicago, IL).

Results

After initial inclusion of 35 patients, 33 (94.3%) finished
the trial according to the protocol. Two women, one from
each group, were excluded due to protocol violations.
The mean + SD values for the observation parameters at
baseline and end point are represented in Table 2. Only
minor and nonsignificant changes were observed in the
BMI values in both groups. There were no significant
differences at baseline in any of those parameters between
the treatment groups. HOMAR score values decreased in
a similar direction in both groups. At baseline, 47% of
the patients in the metformin group and 50% of the patients
in the rosiglitazone group were insulin sensitive according
to their HOMA; score (<2). After 6 months of treatment,
HOMAR <2 was found again in 47% of the patients in
the metformin group and in 56% of the patients in the
rosiglitazone group. There were nonsignificant tendencies
of HOMAR improvement in both groups that were
predominantly driven by a decrease in fasting insulin
values. Fasting intact proinsulin levels were in the normal
range at all times but were decreased further in the
rosiglitazone group. Mean resistin concentrations were
low at baseline, and no change was observed in any of
the treatment groups at end point. RBP4 increased in both
groups from baseline, whereas visfatin only increased in
the metformin group and concentrations remained the
same in the rosiglitazone group. The adiponectin levels
increased in both groups also but the increase was more
pronounced in the rosiglitazone group. Figure 1 presents
the correlation between adiponectin and the HOMA |k
score at baseline. The percentage changes in the laboratory
markers from baseline to end point as shown in Figure 2
demonstrate the sensitivity of the adiponectin values to
glitazone and metformin treatment.

There was an improvement of ovulation frequencies
in both groups. However, this finding did not reach
statistical significance because of a pronounced variability of
this observation parameter.

Both drugs were well tolerated and no patient dropped
out because of adverse reactions. In particular, no case of
edema was reported in the rosiglitazone group.

Table 2. Observation Parameters at Baseline and End Point*

Metformin Rosiglitazone
Parameter - : - -
Baseline End point Baseline End point
Gl
ucos? 4.43+0.38 4.26+0.30 4.31£0.36 4.33+0.27
(mmollliter)
Insulin (uU/ml) 14.749.4 12.1£6.9 11.1£5.8 9.2+3.9
HOMAR 2.9+1.9 23114 2.2+1.3 1.8+0.8
Adiponectin 86:33 | 16.747.7 | 82435 | 26.2:9.5*
(mg/liter)
Visfatin (ng/ml) 11.9+4.0 21.8+8.3*** 15.416.9 17.4+4.8
Intact proinsulin 2.740.7 3.1£1.0 3.2:0.8 1.5+0.6%
(pmol/liter)
Resistin (ng/liter) 715 68+6 74+3 69+8
RBP4 (ng/m) 14.216.6 21.848.3** 17.847.2 23.743.5*
Periods/month 0.45+0.31 0.61+0.33 0.61£0.27 0.77+0.26
BMI (kg/m?) 29.3+6.5 28.6+7.2 27.0£3.9 27.2+3.9
“p vs baseline: *p < 0.05; **p < 0.01 ***p < 0.001.
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Figure 1. Correlation of adiponectin levels with the HOMARk score
at baseline. The vertical dotted line indicates the cutoff value of the
HOMA score (>2) for insulin resistance in a nondiabetic population.?
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Figure 2. Percentage changes in the observed biomarkers from baseline
to end point by treatment group.
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Discussion

Polycystic ovary syndrome is associated with insulin
resistance, and improvement of this condition by treatment
with metformin or thiazolidinediones has the potential
to normalize ovulation.”®” From our trial we obtained
confirmatory treatment data showing an overall positive
effect of both treatment interventions. While PCOS normally
shows progressive development of insulin resistance, both
drugs not only blocked resistance progression, but resulted
even in a slight decrease of the HOMAR score. A study
design problem in this context was that we had no
placebo arm in the trial to show natural development.
However, it was considered unethical to leave the patients
potentially without treatment for 6 months. One aim of
our study was to identify a suitable biomarker for this
condition. PCOS in our patient population had not driven
the p-cell dysfunction into exhaustion of the proinsulin
cleavage capacity, represented by stage Il of our recently
published classification.” Therefore, no intact proinsulin
elevation could be observed and proinsulin is not a good
marker for insulin resistance in PCOS.

Resistin concentrations were very low at baseline and
no changes could be observed at end point in any of the
treatment groups. We conclude that resistin determination
does not provide a valuable estimate for insulin resistance
and metabolic syndrome in our patient population.

Retinol-binding protein 4 is a specific transport protein
for retinol (vitamin A) in the human circulation.*’> RBP4
is secreted by adipocytes and the liver, and serum levels
have been shown to be increased in insulin-resistant
states in mice, induced by selective genetic knockout of
the GLUT4 glucose transporter gene.® Graham and co-
workers'® demonstrated that RBP4 levels are elevated in
the serum before development of overt type 2 diabetes.
The levels were associated with the components of the
metabolic syndrome and could be reduced by physical
exercise training in correlation to insulin resistance
improvement.®

Despite different indications of improvement in insulin
resistance induced by treatment with rosiglitazone or
metformin for 6 months, we did not observe a decrease
in RBP4 concentrations in our PCOS patients. In contrary,
the levels of circulating RBP4 were in fact increased by
metformin. One explanation of the different findings may
be that we employed a different laboratory method than
the one used by Graham et al* and no standardization
procedure is available yet. Also the variability of RBP4
concentrations was quite high in some of their reported
groups (e.g., 40-150 ng/ml in nine men with impaired

glucose tolerance). In comparison to these findings, our
patient population was a bit larger and appeared to be
much more homogeneous in the RBP4 results. In any
case, at this stage RBP4 does not really appear to us to
be a useful biochemical marker for insulin resistance and
metabolic syndrome in PCOS patients. Further research is
required to elucidate the role of RBP4 in the regulation of
glucose and lipid metabolism in this patient population.

Visfatin, a recently described new adipokine,” is abundantly
produced by adipocytes and is also considered to link
obesity with diabetes and insulin resistance. It has been
demonstrated in cultured cells and in animal experiments
that visfatin binds to the insulin receptor and exerts
insulin action, and it is assumed that it induces the
intracellular signaling cascade for insulin with tyrosine
phosphorylation of the insulin receptor and its substrates
(IRS1 and IRS2) and activation of protein kinase B activity."”
This activation seems to be distinct from that of insulin,
and the mechanisms of cellular visfatin expression and
secretion are still not fully understood. Contradictive
data have been published about visfatin concentrations in
patients with diabetes and insulin resistance. While one
study reported elevated plasma levels of visfatin in patients
with type 2 diabetes, which were independently associated
with the waist-to-hip ratio, a clinical marker for obesity and
insulin resistance,” another report indicated a decreased
visfatin plasma circulation in obese nondiabetic subjects
in comparison to lean subjects.® The authors also showed
that the observed differences in plasma concentrations
were due to increased expression of visfatin in the visceral
but not the subcutaneous adipose tissue and that free
fatty acid-induced insulin resistance did not lead to
changes in the circulating plasma visfatin concentrations.
They concluded that visfatin is not regulated by insulin
resistance in human subjects.*® Our data support these
latter findings. It needs to be pointed out that in all
reports discussed here, visfatin levels were analyzed by
means of the same ELISA method and should therefore
be comparable. In conclusion, visfatin may also not be an
easy to apply marker for insulin resistance and metabolic
syndrome in PCOS patients.

The most promising biomarker in our PCOS patient
population seems to be adiponectin. The adiponectin
level increase in both treatment groups matches the
observed clinical improvements, and the slightly better
clinical outcome with rosiglitazone appears to be reflected
in a more pronounced adiponectin increase. It needs to
be pointed out, however, that activation of adipocyte
peroxisome proliferator-activated receptor y (PPARy)
receptors by thiazolidinediones leads to dose-dependent
increases in circulating adiponectin concentrations, as
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shown previously.” Adiponectin was negatively correlated
to BMI in many trials.®? It was shown that the PPARy-
induced adiponectin increase was independent from the
body weight changes occurring at the same time.*® These
findings indicate a direct and independent stimulating
effect of thiazolidinediones on adiponectin expression
and secretion in adipocytes. Our findings are confirmed
by Gulcelik et al.,** who found that adiponectin and BMI
were independent determinants of insulin resistance
in PCOS patients. They concluded that adiponectin did
not seem to be actively involved in the pathogenesis of
PCOS, but that adiponectin levels were independently
associated with insulin resistance in PCOS patients,
suggesting that adiponectin might play a role in the
complicated metabolic abnormalities of PCOS.**

In conclusion, treatment of women with PCOS with
rosiglitazone and metformin led to slight improvements
of ovulation and the metabolic situation. From the
biomarkers tested, intact proinsulin, visfatin, and
RBP4 failed to reflect these changes, resulting in partly
contradictory data in the literature. In our clinical trial,
adiponectin appeared to be the most promising marker
to assess insulin resistance and the metabolic situation in
the PCOS patients. However, larger prospective clinical
trials are required to further understand the clinical value
of adiponectin measurement in this patient population.

Disclosure:

Andreas Pfiitzner and Andrej Janez are consultants to Glaxo-Smith-
Kline, the manufacturer of rosiglitazone.
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