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Abstract

Objective: To investigate the renin-angiotensin-aldosterone
system and angiotensin-converting enzyme (ACE) activity in
patients with polycystic ovarian syndrome (PCOS). Subjects
and Methods: In this case-control study, 41 obese (PCOS)
women and 29 healthy controls, matched for age and body
mass index, were enrolled. Anthropometric, metabolic, and
hormonal patterns, including plasma aldosterone, plasma re-
nin, and ACE activity, were measured in each subject. Results:
Plasma renin levels were significantly higher in PCOS patients
(19.7 £ 14.5 pg/ml) compared with controls (12.9 + 9.0 ug/ml,
p < 0.05). ACE activity and aldosterone levels did not signifi-
cantly differ between both groups (p = 0.15 and p = 0.18, re-
spectively). Analysis of PCOS patients showed a significant cor-
relation of fasting insulin levels with levels of renin (r = 0.305,
p < 0.01) and free testosterone (r = 0.384, p = 0.001). Similarly,
homeostasis model assessment index was positively correlat-
ed with total renin concentrations (r=0.366, p < 0.01) and free
testosterone (r = 0.352, p < 0.01). Conclusion: Obese PCOS
women had higher total renin levels, but not ACE activity and
aldosterone levels, related to insulin resistance compared with
controls. Copyright © 2013 S. Karger AG, Basel

Introduction

Polycystic ovarian syndrome (PCOS) is one of the
most common endocrine disorders affecting women of
reproductive age. The hallmarks of this syndrome are
anovulation, androgen excess, and insulin resistance (IR)
[1]. The pathogenesis of PCOS is complex and multifac-
torial. Androgens and insulin are two key molecules
whose interaction appears to be amplified by several dif-
ferent mechanisms, notably in both directions. The IR
accompanied by compensatory hyperinsulinemia in
PCOS has been characterized by a postbinding defect in
the insulin receptor-mediated signal transduction in adi-
pocytes and skeletal muscle [2]. Hyperinsulinemia con-
tributes to hyperandrogenism and ovarian dysfunction.
Insulin augments the ovarian theca cell androgen pro-
duction through acting directly or synergistically with lu-
teinizing hormone (LH) [3]. It also inhibits hepatic syn-
thesis of sex hormone-binding globulin, thereby increas-
ing free testosterone levels [4]. Conversely, testosterone
may cause hepatic IR through facilitating catecholamine-
stimulated lipolysis in visceral adipose tissue and expos-
ing the liver to a high flux of free fatty acids [5].

The mechanisms implicated in the development of
IR remain incompletely understood. Reactive oxygen
species (ROS) are a common underlying mechanism in-
volved. Furthermore, there is a close association between
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IR, excessive production of ROS and inappropriate
activation of the renin-angiotensin-aldosterone system
(RAAS). The RAAS-associated signaling by way of the
angiotensin IT (Ang II) type 1 receptor and mineralocor-
ticoid receptor promotes overproduction of ROS through
tissue activation of the nicotinamide adenine dinucleo-
tide phosphate-oxidase [6]. Additionally, RAAS activa-
tion results in increased production of Ang II and aldo-
sterone, both of which induce degradation of insulin re-
ceptor substrate-1 via ROS-mediated signals. Thus, Ang
IT and aldosterone may be involved in the pathogenesis of
IR via oxidative stress [7, 8].

The RAAS components are locally expressed in human
adipose tissue. Plasma levels of aldosterone increase in
conditions of abdominal obesity and IR. Body mass index
(BMI) is positively correlated with plasma aldosterone
concentrations, independent of age, blood pressure, gen-
der, and sodium intake, in both normotensive individuals
on a high-sodium intake and overweight-obese patients
with essential hypertension [9, 10]. This relationship sug-
gests a pathophysiological link between the synthesis and/
or secretion of aldosterone and rising adiposity. Plasma
renin activity and angiotensin-converting enzyme (ACE)
also correlate positively with BMI in obese patients [11].
Angiotensinogen and mineralocorticoid-releasing factor
have been shown to be secreted from visceral adipose tissue
[12, 13]. Thus, fat deposition may lead to elevation of plas-
ma renin activity [14]. Conversely, angiotensinogen and
AngII produced in adipose tissue have been shown to pro-
mote adipocyte tissue growth [15]. Furthermore, aldoste-
rone may be involved in determining fat deposition, as it
promotes white adipose cell differentiation through acting
on the mineralocorticoid receptor to induce peroxisome
proliferator-activated receptor-y mRNA expression [16].

Based on these considerations, the present study was
carried out to investigate RAAS and ACE activity in obese
patients with PCOS.

Subjects and Methods

The study was approved by the local Institutions Ethics Com-
mittee of the hospital. All participants provided written informed
consent before they were enrolled in the study.

Subjects

Forty-one obese women with newly diagnosed or untreated
PCOS and 29 controls matched for age and BMI were enrolled
in the study. Using the revised Rotterdam criteria (Rotterdam
ESHRE/ASRM-sponsored PCOS Consensus Workshop Group
2004), PCOS was defined as the existence of at least two of the fol-
lowing three features: oligomenorrhea or amenorrhea (<6 men-
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strual cycles for each year), clinical or biochemical signs of hyper-
androgenism (as determined by serum hormonal concentration,
and Ferriman-Gallwey score), and polycystic ovaries [17]. The en-
rolled subjects were normotensive, and not suffering from chron-
ic or acute disease. The sample size was chosen based on the study
feasibility. Post hoc power analyses demonstrated that the sample
size was adequate to achieve a greater than 80% power for all sta-
tistical tests.

Inclusion criteria for the control group were regular menses (ev-
ery 28-30 + 2 days, progesterone levels >5 ng/ml during two subse-
quent cycles) and absence of hyperandrogenism. Exclusion criteria
were pregnancy, androgen-secreting tumors, Cushing’s syndrome,
congenital adrenal hyperplasia, hyperprolactinemia, thyroid dys-
function, neoplastic, metabolic, or cardiovascular disorders or oth-
er concurrent medical illness (including acute or chronic infection,
hypertension, diabetes, sarcoidosis or kidney, liver, autoimmune,
cerebrovascular, and ischemic heart disease); current or previous
(within the last 6 months) use of oral contraceptives, glucocorti-
coids, antiandrogens, ovulation induction agents, or antidiabetic,
antiobesity, and antihypertensive drugs; or use of anti-inflammato-
ry drugs and other hormonal drugs during the last month; tobacco
use or alcohol intake, and intense physical activity.

Methods

Before the study, all subjects received a regular salt diet contain-
ing 10-13 g of sodium chloride (NaCl) daily for a week. At study
entry, all subjects underwent a complete clinical examination, an-
thropometric measurements, and laboratory tests. Laboratory pa-
rameters included a complete hormonal analysis including renin
and aldosterone values, fasting glucose and insulin levels, the ho-
meostasis model assessment (HOMA) index, lipid profile, serum
sodium and potassium, and ACE activity.

All blood samples were obtained in the morning between 08.00
and 09.00 h after an overnight fasting, during the early follicular
phase (cycle days 2-5) of a spontaneous or progestin-induced
menstrual cycle. Aldosterone and renin blood samples were ob-
tained after 2-hour upright position. This procedure was adopted
because Sealey et al. [18] demonstrated that the initial rise in LH
preceded the initial rise in plasma prorenin and renin during the
menstrual cycle.

Biochemical Assays

Plasma glucose levels were assayed by the glucose hexokinase
method. Serum fasting insulin levels were measured by micropar-
ticle enzyme immunoassay on an AXSYM immunoanalyzer (Ab-
bott Laboratory, Abbott Park, Ill., USA). Serum gonadotropins
(LH, follicle-stimulating hormone), estradiol, total testosterone
and prolactin were determined by chemiluminescent microparti-
cle immunoassay on an Abbott-ARCHITECT Immunoanalyzer
(Abbott Laboratory). Free testosterone was analyzed by the radio-
immunoassay (RIA) kit (DSL-4900). Cortisol levels were assayed
by electrochemiluminescence immunoassay method with Roche
kits, using E-170 (Roche). 17-Hydroxyprogesterone was measured
by the Biosource 17-a-OH-RIA-CT kit (Biosource International,
Camarillo, Calif., USA). Serum dehydroepiandrosterone sulfate
was determined by competitive chemiluminescent enzyme immu-
noassay (DPC Immulite 2000).

Serum ACE activity was measured by a colorimetric method.
Aldosterone and total renin concentrations were measured by a
RIA method (Immunotech, Prague, Czech Republic).
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Statistical Analysis

Homogeneity of variances was analyzed using Levene’s test.
The normality of the distribution of the variables was assessed by
using the Shapiro-Wilk test. Normally distributed variables were
compared between groups using Student’s t test. The results are
expressed as the number of observations (n) and mean + standard
deviation (SD). Assumptions of parametric tests were not available
for some variables, so the comparisons of these variables were per-
formed with the Mann-Whitney U test. The results of nonpara-
metric tests are presented as mean *+ SD, median, minimum and
maximum values. The Pearson product-moment correlation coef-
ficient was used to show the relationships between normally dis-
tributed variables. Spearman’s rho rank correlation coefficient was
employed to evaluate the correlations between nonnormally dis-
tributed variables. Data analyses were performed using the Statisti-
cal Package for the Social Sciences, version 15.0 (SPSS Inc., Chi-
cago, I, USA). A p value <0.05 was considered statistically sig-
nificant.

Results

The demographic and biochemical data of the PCOS
and control groups are given in table 1. Both groups were
matched for age, BMI, and waist-to-hip ratio. Fasting glu-
cose and insulin levels, and HOMA-IR were similar in
both PCOS and control groups. Serum sodium and potas-
sium levels were not significantly different between both
groups (p = 0.51 and p = 0.48, respectively).

The hormonal profiles of both patients with PCOS and
controls are given in table 2. The women with PCOS had
significantly higher LH, total and free testosterone, and
DHEA-S levels compared to controls (p < 0.01, p < 0.01,
p <0.01 and p < 0.05, respectively). All subjects had renin
and aldosterone levels within the normal range. Never-
theless, total renin concentrations were significantly in-
creased in PCOS compared with controls (p < 0.05). Al-
dosterone levels also tended to be higher, but this finding
was not of statistical significance. Serum ACE activity did
not differ significantly between PCOS patients and con-
trols.

For patients with PCOS, there was a significant cor-
relation between fasting insulin levels and those of total
renin concentrations (r = 0.305, p < 0.01), and free tes-
tosterone (r = 0.384, p = 0.001). Similarly, HOMA-IR
was positively correlated with total renin concentrations
(r = 0.366, p < 0.01) and free testosterone (r = 0.352,
p < 0.01). Furthermore, a significant correlation was
found between ACE activity and free testosterone levels
(r = 0.257, p < 0.05). Aldosterone correlated positively
with high-sensitivity C-reactive protein in both PCOS
patients (r = 0.257, p < 0.05) and controls (r = 0.248,
p < 0.05).

ACE Activity and Renin in PCOS

Table 1. Demographic features and laboratory values of PCOS
(n =41) and control (n = 29) groups

PCOS Controls p

(n=41) (n=29)
Age, years 25.4+3.9 26.2+4.1 0.24
BMI 36.9+6.11 37.4+6.4 0.21
Waist-to-hip ratio 0.90+0.1 0.87+0.1 0.13
Ferriman-Gallwey score  10.5£3.0 48+1.7 <0.001
Fasting glucose, mg/dl ~ 87.1£9.2 90.6%8.2 0.35
Fasting insulin, mU/ml ~ 18.2+10.0 15.6+8.0 0.55
HOMA-IR 3.9+2.8 3.5+2.7 0.18

3.4(1.2-104) 3.1(1.3-9.9)

Plasma Na, mmol/l 140.1£2.8 140.6+2.7 0.51
Plasma K, mmol/l 43+0.3 4.4+0.3 0.48
Fibrinogen, mg/dl 343.1£75.0 357.2+98.0 0.50
hs-CRP 51+4.4 5.0+4.3 0.19

Data shown as mean + SD, median and range (in parentheses).
hs-CRP = High-sensitivity C-reactive protein.

Table 2. Hormonal profile in PCOS patients (n = 41) and controls
(n=29)

PCOS Controls p
(n=41) (n=29)
FSH, IU/ml 6.3%£7.0 6.6+7.5 0.18
6.1 (3.5-12.5) 6.2 (3.7-12)
LH, IU/ml 8.8+6.4 7.2+6.0 <0.01
8.6(3.9-22.6) 6.4(2.4-11.9)
Prolactin, ng/ml 12.2+9.0 11.9+8.9 0.36
11.2 (6-31) 10.9 (6.2-28)
Estradiol, pg/ml 69.3+50.4 70.2+54.1 0.14
68.1 (13-133) 68.4 (12.5-146)
P, ng/ml 1.74+2.4 1.83+2.7 0.48
1.2 (0.2-2.9) 1.3 (0.2-3.0)
17-OHP, ng/ml 1.5%£0.7 1.6+0.7 0.28
Testosterone, ng/dl 78.6+£25.4 453+18.5 <0.01
Free testosterone, pg/ml ~ 3.9+1.4 1.8+1.1 <0.01
DHEA-S, pg/dl 332.1+£116.8 275.8+94.5 <0.05
Cortisol, pg/dl 14.8£6.6 13.3+4.3 0.60
Aldosterone, pg/ml
(upright) 228.9+125.5 200.4£75.6 0.26
Renin, pg/ml (upright) ~ 19.7+14.5 12.9+9.0 <0.05
ACE 27.7+15.3 28.9+£20.2 0.89

Data shown as mean * SD, median and range (in parentheses).
FSH = Follicle-stimulating hormone; P = progesterone; 17-OHP =
17-hydroxyprogesterone; DHEA-S = dehydroepiandrosterone sul-
fate.
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Discussion

The present study demonstrated that obese women
with PCOS had higher total renin concentrations (but
within normal range) as compared to controls, consistent
with findings from other trials [19, 20]. On the other hand,
reports regarding Ang II and aldosterone levels are con-
troversial, with several studies demonstrating increased
levels in women with PCOS, and others revealing similar
Ang II and aldosterone concentrations both in patients
with PCOS and controls [20-23]. However, we measured
serum ACE activity but not Ang II in the current study.
Serum ACE activity did not differ significantly between
patients and controls (p = 0.15). Furthermore, no signifi-
cant difference was found in aldosterone levels between
PCOS and control groups. Our findings are consistent
with other studies reporting higher levels of total renin but
not Ang II and aldosterone concentrations in normoten-
sive women with PCOS as compared to controls [19, 20].

Firstly, these differences may probably be due to the
measurement of total renin concentrations. Although
measurement of plasma renin is convenient for estimat-
ing the activity of the renin-angiotensin system, it may
not necessarily reflect the real concentration of active re-
nin. Several methodologies for the analysis of plasma re-
nin have been reported. Immunoassays are available to
quantify renin directly. However, these methods measure
both active renin and prorenin and are susceptible to re-
nin overestimation. Hence, the higher levels of total renin
do not necessarily contribute to the activation of the sys-
tematic renin-angiotensin-aldosterone axis. Relevantly,
similar renin activity both in young and overweight/
obese patients with PCOS and age- and BMI-matched
controls has been reported [23]. However, there are other
studies [24, 25] in which elevated plasma renin activity in
patients with PCOS has been reported, but these studies
involved hypertensive subjects and their PCOS patients
had significantly higher systolic blood pressure values as
compared to controls.

Secondly, evidence suggests that prorenin and the re-
nin-angiotensin system may be linked to ovarian physiol-
ogy [26]. Prorenin, an enzymatically inactive precursor of
renin, is synthesized in the kidneys and extrarenal tissues
such as adrenal glands, ovary, testis, and pituitary. Mature
human ovarian follicles contain prorenin in high concen-
trations. Plasma prorenin, but not active renin, increases
at midmenstrual cycle just after the LH surge [18]. Addi-
tionally, infertile women with PCOS have been shown to
have higher baseline prorenin levels when compared with
age- and weight-matched follicular phase controls [27].
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In the present study, this could be an explanation for the
higher levels of total renin determined by RIA, which
measures both renin and prorenin as we could not mea-
sure prorenin levels.

There have been many attempts to show a role for pro-
renin in biological fluids. Furthermore, as is well known,
the processing of prorenin to renin is confined to the kid-
neys. The very low angiotensin level in anephric subjects,
despite plasma prorenin levels approximately being half
of normal, indicate only a small contribution by prorenin
to angiotensin formation in humans. Only 1% of pro-
renin is enzymatically active [28]. There is no evidence for
its activation in biological fluids in experimental animal
models [28]. This might explain why there were no sig-
nificant differences in aldosterone levels and serum ACE
activity between PCOS and the control group. Further-
more, urinary aldosterone excretion and Ang II-stimulat-
ed aldosterone are increased in overweight, compared
with lean, normotensive adults [10]. Additionally, in
studies demonstrating higher aldosterone levels in the
PCOS group, women with PCOS had higher blood pres-
sure values, insulin levels and HOMA index as compared
to controls [24, 25]. These results verified the close asso-
ciation between the inappropriate activation of the RAAS
and above-mentioned features of metabolic syndrome
accompanying PCOS [24, 25]. In the present study, how-
ever, both groups included only obese subjects with IR
and similar blood pressure values, another explanation
for the similar aldosterone levels and serum ACE activity
between groups.

On the other hand, renin and prorenin bind to the
(pro)renin receptor. Nguyen et al. [29] acknowledged
that the (pro)renin receptor could not be considered as a
binding protein responsible for retaining renin in tissues
because only 1% of soluble renin is expected to bind to the
receptor. Sites of prorenin synthesis, such as the ovaries,
testes, and adrenal glands may have higher picomolar
concentrations of prorenin, but whether these concentra-
tions are sufficient to bind to the (pro)renin receptor is
unknown. Binding of renin and prorenin to the (pro)re-
nin receptor initiates signal transduction mechanisms
that are independent of participation by angiotensin pep-
tides. More specifically, the binding of renin/prorenin via
its receptor activates the complex of MAP-kinase path-
ways, that are also hyperactivated in IR states, including
PCOS [29, 30]. Therefore, the hyperreninemia in women
with PCOS demonstrated in the present study may con-
tribute to IR in PCOS either via further potentiation of
the already activated MAP-kinase pathways, or via fur-
ther inhibition of phosphatidylinositol-3 kinase activity.
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Conclusion

The present data demonstrate that obese women with
PCOS have higher total renin levels, but not ACE activ-

controls. New experimental approaches are required to
investigate a potential role for prorenin in biological flu-

to Ang II.

ity and aldosterone levels, than age- and BMI-matched
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