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Abstract We determined the effect of chronic androgen
suppression on inflammation in women with polycystic
ovary syndrome (PCOS) compared to weight-matched
controls. We performed a pilot project using samples from
previous prospective, controlled studies. Nine women with
PCOS (5 obese, 4 lean) and 9 ovulatory controls (5 obese, 4
lean) participated in the study. Androgens, C-reactive
protein (CRP), interleukin-6 (IL-6), free fatty acids (FFA)
and body weight were measured before and after 3 and
6 months of gonadotropin-releasing hormone (GnRH)
agonist administration. GnRH agonist treatment decreased
estradiol, testosterone and androstenedione to similar levels
in all subjects. CRP and IL-6 increased in obese women
with PCOS, was unaltered in lean women with PCOS and
obese controls, and decreased in lean controls after
6 months of treatment. FFA decreased and body weight
increased in obese women with PCOS, but did not change
significantly in lean women with PCOS and in either
control group after 6 months of treatment. The testosterone
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reduction was related to increases in weight and IL-6. The
fall in FFA was related to the rise in CRP. The increases in
weight and IL-6 were related to the rise in CRP. We pro-
pose that hyperandrogenism in PCOS may exert an anti-
inflammatory effect when obesity is present, but may not
promote inflammation in the disorder; and that circulating
androgens have a pleiotropic effect on inflammation
depending on the combination of PCOS and weight status
in a given individual.

Keywords Androgens - Inflammation - Adiposity -
Lypolysis
Introduction

The polycystic ovary syndrome (PCOS) is one of the most
common female endocrinopathies affecting between 8 and
12 % of reproductive-age women [l]. The disorder is
characterized by hyperandrogenism, chronic oligo- or
anovulation, and polycystic ovaries, with 2 out of these 3
findings required to diagnose PCOS [2]. As many as 70 %
of women with PCOS exhibit insulin resistance, with the
compensatory hyperinsulinemia considered to be a pro-
moter of the hyperandrogenism [3, 4]. In addition, women
with PCOS are often obese, which is strongly associated
with insulin resistance and chronic low-grade inflammation
[5-12].

We have previously shown that in PCOS, a dietary
trigger such as glucose is capable of inciting an inflam-
matory response from peripheral blood mononuclear cells
(MNC) independent of obesity [7-11]. Indeed, MNC of
lean women with PCOS exhibit increased nuclear factor
kB (NFxB) activation and altered tumor necrosis factor-o
(TNF-o) release from MNC following oral glucose
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ingestion [7-10]. It remains to be established whether
inflamed adipose tissue is the principal contributor to the
proinflammatory state in PCOS since there is increased
prevalence of abdominal adiposity in PCOS across all
weight classes [13]. Our previous reports have also dem-
onstrated that circulating and molecular markers of
inflammation are highly correlated with circulating
androgens in the disorder [7-9]. These findings raise the
possibility that in PCOS, either inflammation is a promoter
of hyperandrogenism or conversely, hyperandrogenism is a
promoter of inflammation. As a detractor to the latter
concept, androgens such as testosterone promote lypolysis
that limits the expansion of inflamed adipose tissue [14].

Circulating C-reactive protein (CRP) is an acute-phase
reactant that has emerged as a major predictor of metabolic
dysfunction in asymptomatic individuals, and also plays a
functional role by promoting the uptake of lipids into
MNC-derived foamy macrophages within atherosclerotic
plaques [15, 16]. MNC-derived macrophages present in
adipose tissue produce roughly half of adipose tissue
interleukin-6 (IL-6), the endocrine cytokine that stimulates
CRP synthesis in the liver [17]. Our recent meta-analysis
revealed that CRP is the most reliable circulating marker of
chronic low-grade inflammation in PCOS [18]. Neverthe-
less, CRP elevations in lean women with PCOS are rather
modest compared with the obese whether or not they have
PCOS [19, 20]. Equally as important is the fact that
exacerbation or amelioration of inflammation in the clinical
circumstance is reflected by a respective increase or
decrease in CRP [21, 22].

We embarked on a pilot study using sera from previous
studies [23, 24]. We examined the effect of chronic
androgen suppression with a long-acting gonadotropin-
releasing hormone (GnRH) agonist on circulating levels of
CRP and IL-6 in women with PCOS compared with age-
and weight-matched ovulatory controls. We also examined
the relationship of the CRP and IL-6 responses to chronic
androgen suppression with those of body weight, circulat-
ing free fatty acids (FFA), androgens and each other. We
hypothesized that in response to chronic androgen sup-
pression, CRP and IL-6 levels are altered in PCOS, and that
these alterations are related to those of body mass, FFA and
androgens.

Materials and methods

Participants

Sera were available from participants in our previous
investigations of adrenal dysfunction in PCOS [23, 24].

The original cohort consisted of 12 women with PCOS (6
lean and 6 obese) and 9 control subjects (4 lean and 5

obese). Unfortunately, the sera of 3 women with PCOS (2
lean and 1 obese) had been discarded long before the
current study was conceived. The women with PCOS were
diagnosed on the basis of oligo-amenorrhea and hyperan-
drogenemia after excluding nonclassic congenital adrenal
hyperplasia, Cushing’s syndrome, hyperprolactinemia, and
thyroid disease. Polycystic ovaries were present on ultra-
sound in all subjects with PCOS. All control subjects were
ovulatory as evidenced by regular menses, a biphasic basal
body temperature curve, and a luteal range serum proges-
terone level (>5 ng/ml) after the temperature shift in the
cycle before beginning the study. All control subjects
exhibited normal circulating androgen levels and the
absence of polycystic ovaries on ultrasound.

Diabetes, chronic inflammatory illnesses, and smoking
were excluded in all subjects. None exhibited any minor
inflammatory illnesses. None was taking medications that
could affect carbohydrate metabolism or immune function
for at least 6 weeks before and throughout study partici-
pation. None was involved in any regular exercise program
for at least 6 months before the time of testing. All subjects
provided written informed consent in accordance with
Institutional Review Board guidelines for the protection of
human subjects.

Study design

Subjects received a GnRH agonist (7.5 mg IM Lupron
Depot; Abbott Laboratories, North Chicago, IL, USA)
monthly at 8 AM for 6 months. The injections were begun
without regard to the onset of menses in subjects with
PCOS, and on day 3 of the menstrual cycle in ovulatory
controls. All subjects underwent a fasting blood draw at
8 AM the day before beginning treatment as a baseline, and
after 3 and 6 months of treatment.

All subjects were instructed to consume a healthy diet
consisting of 50 % carbohydrate, 35 % fat, and 15 %
protein, and maintained 72 h food records just before blood
draw visits at 3 and 6 months that were reviewed by a
dietician to monitor compliance. Height without shoes was
measured to the nearest 1.0 cm at the beginning of the
study. Body weight was measured to the nearest 0.1 kg at
the beginning of the study as a baseline, and after 3 and
6 months of GnRH agonist treatment. Insulin resistance
was estimated at baseline by HOMA-IR using the follow-
ing formula: fasting glucose (mM) x fasting insulin/22.5
[25].

Serum measurements
Luteinizing hormone (LH), estradiol, testosterone, andro-

stenedione, and DHEA-S were measured as previously
described [26]. CRP was measured by a high-sensitivity
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Tina-quant latex particle-enhanced immunoturbidimetric
assay on a Roche Cobas c311 chemistry analyzer (Roche
Diagnostics, Indianapolis, IN, USA). IL-6 was measured
by high-sensitivity ELISA (eBiosience, Inc., San Diego,
CA, USA). FFA was measured by an enzymatic colori-
metric assay (NEFA-HR(2), Wako Diagnostics, Richmond,
VA, USA). Glucose was measured using a hexokinase
reagent on the same Roche Cobas c311 chemistry analyzer.
Insulin was measured using a two-site immunoenzymatic
assay on a DxI 800 automated system (Beckman Instru-
ments, Chaska, MN, USA). The interassay and intraassay
coefficients of variation for these assays were not greater
than 6 and 12 %, respectively. The interassay and intra-
assay coefficients of variation for the CRP assay in par-
ticular were less than 2.4 and 1.9 %, respectively.

Statistics

The StatView software package (SAS Institute, Cary, NC,
USA) was used for statistical analysis. The primary endpoint
was change from baseline of variables within group (0 vs.
3 months; 0 vs. 6 months). The secondary outcome was
change from baseline among groups. Data are presented as
mean £ SE. Descriptive data and differences in variables
during treatment were compared between groups using
unpaired Student’s ¢ test (PCOS vs. controls) or ANOVA for

multiple group comparisons, followed by selective post hoc
analysis. Change from baseline during treatment was ana-
lyzed using repeated measures ANOVA followed by
selective post hoc paired Student’s ¢ tests. Treatment effects
on CRP, the primary dependent variable, IL-6, FFA,
androgens, and body weight were determined after calcu-
lating the incremental change (A) from baseline (3 months
minus 0 months; 6 months minus 0 months) for each par-
ticipant. The Spearman rank correlation coefficient was used
to estimate the correlation between parameters. Results were
considered significant at a two-tailed a-level of 0.05.

Results
Baseline body composition and endocrine status

Age and height were similar among groups (Table 1). Body
weight and body mass index (BMI) were significantly
(P < 0.03) greater in obese subjects compared with lean
subjects whether or not they had PCOS, but were similar
when women with PCOS were compared with weight-
matched controls. Serum levels of LH, testosterone, andro-
stenedione, and DHEA-S were significantly (P < 0.05)
higher in women with PCOS compared with controls inde-
pendent of body mass. Estradiol levels were significantly

Table 1 Baseline age, body composition, hormone, glucose and insulin levels, and HOMA-IR of subjects

PCOS Control

Lean (n = 4) Obese (n = 5) Lean (n = 4) Obese (n = 5)
Age (year) 21 +£2 25+3 28 +3 29 +£3
Height (cm) 1634 £5.5 165.1 + 2.5 163.8 + 2.2 167.2 + 2.6
Body weight (kg) 63.1 & 5.3*P 101.4 + 4.7° 60.1 £ 1.3 100.1 + 9.7
Body mass index (kg/m?) 23.5 + 0.4*° 374 4+ 2.3° 224405 357 + 3¢
LH (mIU/ml) 202 £ 1.5 14.4 + 2.9°° 51+£02 3.9+ 0.6
Estradiol (pg/ml) 583 £+ 1.2° 65.0 £ 5.6" 61.0 £ 3.1 40.1 + 3.5¢
Testosterone (ng/dl) 83.3 £ 19.0°¢ 106.3 + 14.0%° 34.0 £+ 7.4 385+ 45
Androstenedione (ng/ml) 3.9 4+ 0.7° 4.8 + 0.5%F 22 +£02 28 £0.3
DHEA-S (ug/dl) 495 + 82°¢ 391 + 45°f 174 + 36 166 + 29
Fasting glucose (mg/dl) 75.0 £ 69 855+ 28 76.5 £ 3.8 80.2 + 4.7
Fasting insulin (xiU/ml) 20.6 £ 3.7° 21.9 + 3.9 7.5 £ 0.6 129 £ 0.7
HOMA-IR (mM-pU/ml) 3.7 + 0.5° 47 £ 0.9° 1.4 £0.1 2.5+ 0.1

Values are expressed as mean + SE; conversion factors to SI units: testosterone x3.467 (nmol/liter), androstenedione x3.492 (nmol/liter),
DHEA-S %x0.002714 (umol/liter), Glucose x0.0551 (mmol/liter), and insulin 7.175 (pmol/liter)

% Lean PCOS vs. obese PCOS, P < 0.002

" Lean PCOS vs. obese controls, P < 0.03

¢ Obese PCOS vs. lean controls, P < 0.03

4 Obese controls vs. lean controls, P < 0.002
¢ Lean PCOS vs. lean controls, P < 0.05

f Obese PCOS vs. obese controls, P < 0.04
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(P < 0.03) higher in either PCOS group and in lean controls
compared with obese controls.

Baseline metabolic and inflammation status

Fasting glucose levels were similar in women with PCOS
compared with controls independent of body mass. Fasting
insulin levels and HOMA-IR were significantly (P < 0.05)
higher in women with PCOS compared with weight-mat-
ched controls, and in obese women with PCOS compared
with lean controls (Table 1). Pretreatment FFA levels in
obese subjects regardless of PCOS status were significantly
(P < 0.05) higher compared with lean controls, and mod-
estly higher (P = 0.05) compared with lean women with
PCOS (Tables 2, 3, 4). Pretreatment FFA levels were
similar in obese women with PCOS compared with obese
controls and in lean women with PCOS compared with
lean controls. Pretreatment IL-6 levels in obese subjects
regardless of PCOS status were significantly (P < 0.05)
higher compared with lean women with PCOS. Pretreat-
ment fasting CRP levels were 2-3 times higher in obese
subjects whether or not they had PCOS, but these differ-
ences were not statistically significant.

Treatment effect on estradiol and androgens

Serum levels of estradiol, testosterone, and androstenedione
were significantly (P < 0.04) reduced to similar levels in
women with PCOS and in control subjects after 3 months of
GnRH agonist administration, and remained similar after
6 months of treatment (Fig. 1a—d). Serum estradiol levels in

Table 2 FFA levels at baseline (0 month), and after 3 and 6 months
of GnRH agonist treatment in women with PCOS, and in control
subjects

FFA (mmol/l) GnRH agonist treatment (months)
0 3 6
PCOS
Lean 0.47 + 0.04 0.43 £ 0.04 0.51 + 0.04
Obese 0.74 £+ 0.10%9  0.63 +£ 0.09°  0.53 + 0.06
Controls
Lean 0.44 £ 0.72° 0.44 £+ 0.07°  0.57 £ 0.02°
Obese 0.79 + 0.12%8"  0.69 + 0.9" 0.76 £+ 0.12"

% Obese PCOS, 0 vs. 3 months, P < 0.05

" Obese PCOS, 3 vs. 6 months, P < 0.04

¢ 0 Months, obese PCOS vs. lean controls, P < 0.05

40 Months, obese PCOS vs. lean PCOS, P = 0.09

¢ 0, 3 and 6 months, lean PCOS vs. lean controls, P = 0.95
o Months, obese controls vs. lean controls, P < 0.03

2 () Months, obese controls vs. lean PCOS, P = 0.05

h 0, 3 and 6 months, obese PCOS vs. obese controls, P = 0.95

Table 3 IL-6 levels at baseline (0 month), and after 3 and 6 months
of GnRH agonist treatment in women with PCOS, and in control
subjects

IL-6 (pg/ml) GnRH agonist treatment (months)

0 3 6
PCOS
Lean 13+0.1 13+0.1 12403
Obese 2.8 + 0.3 3.1 + 0.3 4.1 £ 0.7M
Controls
Lean 1.8 +0.2° 1.1+ 0.3¢ 0.9 £+ 0.2¢
Obese 2.6 £ 0.5° 24406 25405

% Obese PCOS, 0 vs. 6 months, P < 0.05
® Lean controls, 0 vs. 3 months, P = 0.08

¢ Lean controls, 0 vs. 6 months, P = 0.08

40 Months, obese PCOS vs. lean PCOS, P < 0.03

¢ 0 Months, obese controls vs. lean PCOS, P < 0.05
f 3 Months, obese PCOS vs. lean controls, P < 0.008
& 3 Months, obese PCOS vs. lean PCOS, P < 0.02
he Months, obese PCOS vs. lean controls, P < 0.007
i 6 Months, obese PCOS vs. lean PCOS, P < 0.006

i6 Months, obese PCOS vs. obese controls, P < 0.05

Table 4 CRP levels at baseline (0 month), and after 3 and 6 months
of GnRH agonist treatment in women with PCOS, and in control
subjects

CRP (mg/l) GnRH agonist treatment (months)
0 3 6
PCOS
Lean 20+ 0.3 1.5+ 0.6 234+03
Obese 5.9 + 3.0* 115+ 43 15.0 + 5.0%
Controls
Lean 2.7 £ 0.2 0.5+ 0.2 04 +0.2
Obese 54430 6.2+ 33 7.1 £3.1

Values are expressed as mean £ SE, FFA free fatty acids, IL-6
interleukin-6, CRP C-reactive protein, GnRH agonist gonadotropin-
releasing hormone agonist

Conversion factors to SI
IL-6 x1.311 (pmol/liter)

% Obese PCOS, 0 vs. 6 months, P < 0.05
b

units: CRP x9.524 (nmol/liter),

Lean controls, 0 vs. 3 months, P < 0.02
¢ Lean controls, 0 vs. 6 months, P < 0.02
4 6 Months, obese PCOS vs. lean controls, P < 0.02

¢ 6 Months, obese PCOS vs. lean PCOS, P < 0.03

particular, remained <28 pg/ml in all subjects during
treatment. In women with PCOS, serum DHEA-S levels
exhibited a progressive 18 % decline by the end of
6 months of GnRH agonist treatment. This decline in
DHEA-S approached significance (P = 0.07) compared
with baseline but levels were not reduced to that of controls
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during this treatment interval. In contrast, serum DHEA-S
levels in controls remained unaltered during treatment. The
hormonal response to GnRH agonist treatment was similar
whether or not women with PCOS and controls were lean or
obese (data no shown).

@ Springer

<Fig. 1 Serum levels of a estradiol, b testosterone, ¢ androstenedione,
and d DHEA-S before and after 3 and 6 months of gonadotropin-
releasing hormone (GnRH) agonist administration. Women with
PCOS exhibited significantly higher baseline levels of estradiol
(*, P <0.04), testosterone (*, P < 0.0001), androstenedione
(*, P <0.006), and DHEA-S (*, P <0.0001). GnRH agonist
treatment significantly decreased estradiol (¥, P < 0.04), testosterone
(*, P <0.04), and androstenedione (*, P < 0.02) to similar levels
throughout treatment in women with PCOS and control subjects.
DHEA-S  progressively declined to approach significance
(*, P =0.07) in women with PCOS by the end of treatment, but
was unaltered in control subjects

Treatment effect on FFA and body weight

Obese women with PCOS exhibited a significant (P < 0.05)
decline in FFA after 3 months of GnRH agonist treatment
with a further decline (P < 0.04) in FFA after 6 months of
treatment (Table 2). FFA remained unaltered in obese
controls, and increased slightly in lean subjects regardless
of PCOS status without achieving significance during
GnRH agonist treatment. FFA remained similar in obese
women with PCOS compared with obese controls and in
lean women with PCOS compared with lean controls after 3
and 6 months of GnRH agonist treatment. The incremental
A from baseline in FFA was significantly lower in obese
women with PCOS compared with lean women with PCOS
(P < 0.03) and lean controls (P < 0.02) after 6 months of
GnRH agonist treatment (Fig. 2a).

All subjects were compliant with the recommended diet
based on food record reviews after 3 and 6 months of
treatment. Obese women with PCOS exhibited a significant
weight increase after 3 months of GnRH agonist treatment
compared to baseline (101.4 £ 4.7 vs. 103.8 + 5.0 kg,
P < 0.009), with a further weight increase by the end of
6 months of treatment (101.4 £ 4.7 vs. 109.3 + 6.4 kg,
P < 0.03). Body weight remained unaltered in lean women
with PCOS, and declined slightly in control subjects
regardless of weight class without achieving significance
during GnRH agonist treatment (data not shown). The
incremental A from baseline in body weight was signifi-
cantly higher in obese women with PCOS compared with
obese controls (P < 0.02) and lean controls (P < 0.04)
after 3 and 6 months of GnRH agonist treatment (Fig. 2b).

Treatment effect on CRP and IL-6

Obese women with PCOS exhibited a progressive and
significant (P < 0.05) increase in CRP by the end of
6 months of GnRH agonist treatment (Table 3). In contrast,
lean controls exhibited a significant (P < 0.02) decline in
CRP after 3 months of treatment that persisted after
6 months of treatment. CRP concentrations in lean women
with PCOS and obese controls remained unaltered during
GnRH agonist treatment.
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Fig. 2 The incremental change (A) from baseline in a serum free
fatty acids (FFA) levels and b body weight after 3 and 6 months of
gonadotropin-releasing hormone (GnRH) agonist administration. The
incremental A in FFA was significantly lower in obese women with
PCOS compared with lean women with PCOS (*, P < 0.03) and lean
controls (T, P < 0.02) after 6 months of GnRH agonist treatment. The
incremental A in body weight was significantly higher in obese
women with PCOS compared to obese controls (*, P < 0.02) and lean
controls (T, P <0.04) after 3 and 6 months of GnRH agonist
treatment

The incremental A from baseline in CRP was signifi-
cantly (P < 0.009) higher in obese women with PCOS
compared with lean controls after 3 and 6 months of GnRH
agonist treatment (Fig. 3a). Obese women with PCOS also
exhibited a significantly higher incremental A in CRP
compared with obese controls (P < 0.005) and lean con-
trols (P < 0.007) after 6 months of treatment.

Obese women with PCOS exhibited a progressive and
significant (P < 0.05) increase in IL-6 by the end of
6 months of GnRH agonist treatment (Table 4). In contrast,
lean controls exhibited a decline in IL-6 after 3 months of
treatment that approached statistical significance (P =
0.08) and persisted after 6 months of treatment. IL-6 con-
centrations in lean women with PCOS and obese controls
remained unaltered during GnRH agonist treatment.

The incremental A from baseline in IL-6 was signifi-
cantly (P < 0.03) higher in obese women with PCOS
compared with lean controls after 3 and 6 months of GnRH
agonist treatment (Fig. 3b). Obese women with PCOS also
exhibited a significantly higher incremental A in CRP
compared with obese controls (P < 0.04) and lean controls
(P < 0.008) after 6 months of treatment.

Correlations

At baseline, HOMA-IR was positively correlated with
body weight, BMI and FFA levels for the combined groups
(Table 5). Baseline FFA and IL-6 levels were positively
correlated with baseline body weight and BMI. In addition,
baseline IL-6 levels were positively correlated with base-
line levels of FFA and CRP.

The 6-month incremental A in CRP and IL-6 was neg-
atively correlated with the 6-month incremental A in tes-
tosterone for the combined groups (Table 6). The 6-month
incremental A in CRP was also negatively correlated with
the 6-month incremental A in FFA, and positively corre-
lated with the 6-month incremental A in body weight, BMI
and IL-6. The 6-month incremental A in body weight and
BMI was negatively correlated with the 6-month incre-
mental A in testosterone. Finally, the baseline and 6-month
incremental A in androstenedione and DHEA-S did not
correlate with any of the other parameters (data not
shown).

Discussion
Our data suggest that hyperandrogenism may exert an anti-
inflammatory effect in PCOS in the presence of obesity,

and may not promote inflammation in the disorder. CRP
and IL-6 increase in obese women with PCOS, and FFA
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decrease in consort with weight gain in response to chronic
androgen suppression following GnRH agonist adminis-
tration. Furthermore, the rise in CRP is related to the
increase in body weight, and the reduction in testosterone
is related to rises in CRP, IL-6, and body weight during
treatment. This suggests that hyperandrogenism in PCOS

@ Springer

<«Fig. 3 The incremental change (A) from baseline in a serum
C-reactive protein (CRP) and b interleukin-6 (IL-6) levels after 3
and 6 months of gonadotropin-releasing hormone (GnRH) agonist
administration. The incremental A in CRP was significantly higher in
obese women with PCOS compared with lean controls (*, P < 0.009)
after 3 and 6 months of GnRH agonist treatment; and compared to
obese controls (T, P < 0.005) and lean controls (I, P < 0.007) after
6 months of treatment. The incremental A in IL-6 was significantly
higher in obese women with PCOS compared with lean controls (¥,
P < 0.03) after 3 and 6 months of GnRH agonist treatment; and
compared with obese controls (+, P < 0.04) after 6 months of
treatment

in combination with obesity exerts an anti-inflammatory
effect by limiting expansion of inflamed adipose tissue.
The lack of alteration in CRP, IL-6, FFA, and weight in
obese controls and lean women with PCOS in response to
GnRH agonist administration suggests that development of
adiposity-related inflammation is not controlled by andro-
gens in these individuals. On the other hand, the fall in
CRP and IL-6 in healthy reproductive-age women who do
not have PCOS or obesity in the face of unaltered FFA and
weight in response to GnRH agonist administration sug-
gests that in these individuals, androgen-induced alteration
in inflammatory load is unrelated to factors affecting adi-
posity. Thus, androgens may impart a pleiotropic effect on
inflammation depending on the combination of PCOS and
weight status present in a given individual; and the anti-
inflammatory effect of hyperandrogenism in PCOS may
only occur after a threshold of body mass is superseded.
The ability of elevated circulating androgens to promote
lipolysis may be responsible for the anti-inflammatory
effect in obese women with PCOS [27]. Testosterone in
particular, is known to stimulate catecholamine-induced
hormone-sensitive lipase activity which in turn, limits
adipose tissue expansion [14]. This is important because it
is now clear that excess adipose tissue is a reservoir for
MNC-derived macrophages that produce roughly half of
adipose tissue IL-6, the endocrine cytokine that stimulates
CRP synthesis in the liver [17, 28]. The fall in FFA levels
during treatment may be the result of decreased lypolysis
following androgen suppression to explain the progressive
weight gain in obese women with PCOS that most likely
represents expansion of the adipose tissue compartment
over the 6 months of GnRH agonist administration. The
rise in IL-6 levels during treatment may represent sub-
sequent increased IL-6 production from inflamed adipose
tissue which in turn stimulates the rise in CRP observed in
these individuals. This concept is supported by the GnRH
agonist-induced testosterone reduction that is related to
increases in weight, BMI, and IL-6, the fall in FFA that is
related to the rise in CRP, and the increases in weight, BMI
and IL-6 that are related to the rise in CRP. The significant
decline in FFA serves as a compelling surrogate for adi-
pose accumulation in support of decreased lypolysis. This
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Table 5 Spearman rank correlations of baseline (0 month) FFA, CRP, and IL-6 levels and HOMA-IR vs. baseline (0 month) body composition
parameters, estradiol, testosterone, and each other for the combined groups

Weight (kg) BMI (kg/mz) Estradiol (pg/ml) Testosterone (ng/dl) HOMA-IR (mM-pU/ml) IL-6 (pg/ml) CRP (mg/1)

FFA (mmol/l)

r 0.781 0.762 —0.254 0.033 0.497 0.601 0.364

P 0.001%* 0.002%* 0.295 0.892 0.040%* 0.016* 0.135
CRP (mg/l)

r 0.354 0.333 0.378 0.124 0.020 0.556 -

P 0.144 0.169 0.120 0.609 0.936 0.026* -
IL-6 (pg/ml)

r 0.767 0.740 0.057 0.202 0.392 - -

P 0.002% 0.003* 0.822 0.418 0.117 - -
HOMA-IR (mM-pU/ml)

P 0.628 0.579 0.040 0.324 - - -

P 0.010* 0.017* 0.868 0.181 - - -

FFA free fatty acids, CRP C-reactive protein, /L-6 Interleukin-6, HOMA-IR homeostatic model assessment-insulin resistance, BMI body mass

index

Conversion factors to SI units: CRP x9.524 (nmol/liter), IL-6 x1.311 (pmol/liter), estradiol x3.671 (pmol/liter), and testosterone x3.467

(nmol/liter)
* P <0.05

Table 6 Spearman rank correlations of the incremental change from
baseline (A) in FFA, CRP, IL-6, and testosterone and estradiol after
6 months of GnRH agonist treatment vs. the incremental change from

baseline (A) in body composition parameters and each other after
6 months of GnRH agonist treatment for the combined groups

A Weight (kg) A BMI (kg/m?)

A Estradiol (pg/ml)

A Testosterone (ng/dl) A TL-6 (pg/ml) A CRP (mg/l)

A FFA (mmol/l)

r —0.327 —0.320 —0.266

P 0.234 0.247 0.338
A CRP (mg/l)

r 0.633 0.634 —0.007

P 0.023* 0.022%* 0.981
A IL-6 (pg/ml)

r 0.467 0.471 0.022

P 0.107 0.103 0.939
A Testosterone (ng/dl)

r —0.822 —0.821 0.486

P 0.003* 0.003* 0.080
A Estradiol (pg/ml)

r —0.569 —0.568

P 0.039* 0.040%* -

0.275 0.275 -0.613
0.322 0.341 0.027*
—0.578 0.566 -
0.037* 0.049* =
—0.626 - -
0.030* - -

FFA free fatty acids, CRP C-reactive protein, /L-6 Interleukin-6, GnRH agonist gonadotropin-releasing hormone agonist, BMI body mass index,
and conversion factors to SI units: CRP x9.524 (nmol/liter), IL-6 x1.311 (pmol/liter), estradiol x3.671 (pmol/liter), and testosterone x3.467

(nmol/liter)
* P < 0.05

is in contrast to the elevations in FFA that result from
dysregulated lypolysis associated with weight gain after
excess caloric intake in simple obesity [29]. Further cor-
roboration is provided by a previous report in which vis-
ceral fat accumulation was detected by serial single-slice
CT scans in obese women with PCOS during 3 months of

GnRH agonist treatment [30]. However, weight gain was
not observed in this cohort. This may have been due to the
shorter duration of treatment since most of the weight gain
in our study occurred between 3 and 6 months of treatment.

Estrogen has also been shown to promote lypolysis [31],
and the observed estrogen reduction is related to the
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increases in weight and BMI during GnRH agonist treat-
ment. However, the lack of association between the
estrogen alteration and those of FFA, CRP, or IL-6 during
treatment suggests that estrogen is less likely to contribute
to the proposed anti-inflammatory effect. In addition, the
decline in DHEA-S in women with PCOS during GnRH
agonist treatment is most likely a separate phenomenon,
and may reflect removal of an ovarian influence on adrenal
androgen production as proposed in our previous studies
[23, 24].

Circulating androgens have a limited effect on lipolysis
in lean women with PCOS and obese reproductive-age
women without PCOS. It is well documented that cate-
cholamine resistance of subcutaneous adipose tissue pre-
cludes adequate induction of hormone-sensitive lipase
activity in these individuals [32, 33]. This phenomenon can
limit expansion of inflamed adipose tissue to explain the
lack of alteration in FFA, CRP, IL-6, and body weight in
both of these groups during GnRH agonist treatment. These
findings support the concept that androgens do not control
the factors responsible for obesity in reproductive-age
women without PCOS. Most importantly, they suggest that
hyperandrogenism does not promote the well-documented
proinflammatory state in PCOS that is independent of
obesity. Lypolysis is paradoxically increased in visceral
adipose tissue of lean women with PCOS [34]. As dem-
onstrated previously, however, decreased visceral adipose
tissue lypolysis in response to GnRH agonist-induced
suppression of hyperandrogenism may not manifest as
overt weight gain [30]. This in turn, may not sufficiently
increase the inflammatory load to raise CRP and IL-6.

Circulating androgens may raise the inflammatory load
in lean healthy reproductive-age women which is a popu-
lation that is not inflamed at baseline. CRP and IL-6 levels
before GnRH agonist treatment are lower in the lean con-
trols compared with obese individuals whether or not they
have PCOS as corroborated by previous reports [19, 35].
Androgen suppression reduces CRP and IL-6 in lean con-
trols as early as 3 months after GnRH agonist administra-
tion. In contrast, we have shown that 5 days of oral
androgen administration to elevate circulating androgens to
levels comparable to PCOS induces a proinflammatory
response in lean healthy reproductive-age women, [36, 37].
This androgen treatment interval is too short to alter adi-
posity, and is consistent with the unaltered weight in lean
controls of our current study in the face of the reduced
inflammatory load following androgen suppression. Thus,
the status of circulating androgens may serve as a barom-
eter for inflammation in lean healthy reproductive-age
women

The main limitation of the study is the modest sample size
partially related to the loss of some samples since the original
studies were performed. Nevertheless, the corroborative

@ Springer

alteration pattern of testosterone, body weight, FFA, CRP,
and IL-6 provides validity to our hypothesis. This report may
serve as a basis for further hypothesis generation in the
rapidly expanding field of chronic low-grade inflammation
in PCOS.

In conclusion, circulating CRP and IL-6 and body
weight increase in obese women with PCOS, but are
unaltered in lean women with PCOS in response to chronic
GnRH agonist-induced androgen suppression. Circulating
CRP and IL-6 are also unaltered in obese controls, but
decrease in lean controls without significant weight change
in either group during similar treatment. We propose that
hyperandrogenism in PCOS may exert an anti-inflamma-
tory effect when obesity is present, and may not promote
inflammation in the disorder. These unique observations
suggest that androgens have a pleiotropic effect on
inflammation depending on the combination of PCOS and
weight status present in a given individual.
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