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1  | INTRODUC TION

Polycystic ovary syndrome (PCOS) is the most common endocrine 
disorder in women of reproductive age in the United States, with 
research showing that about 5% to 18% of females between 18 
and 44 affected with the disorder.1,2 PCOS involves defects in 
the hypothalamic‐pituitary axis, insulin secretion and action, and 
ovarian function, which can lead to elevated androgen levels, men‐
strual irregularities, and/or increased follicular number and volume 
in one or both ovaries.1,3,4 Increased insulin levels cause ovarian 
overproduction of androgens, leading to anovulation.1,5

Women with PCOS are predisposed to higher rates of cardio‐
vascular disease, obesity, dyslipidemia, hypertension, impaired glu‐
cose tolerance, type 2 diabetes mellitus, and endometrial cancer.1,6 
Cardiovascular disease is of concern for both women and men as it 
is the leading cause of mortality in the United States.7 In addition, 
women with PCOS are reported to have surrogate markers of vascular 
diseases, such as impaired endothelial function and increased carotid 
artery intima‐media thickness.8,9

The stiffness (or compliance) of the vascular wall is an important 
factor in cardiovascular disease, because it affects the contraction 

and expansion of the vessel in response to changes in transmural 
pressure.10 Compliance is affected by components such as colla‐
gen, elastin, and smooth muscle.11 The measurement of vascular 
compliance provides a way to detect the disease early before clini‐
cal signs and symptoms of vascular disease appear.11

There is a greater likelihood of subclinical cardiovascular dis‐
ease in premenopausal women with PCOS which risks progression 
to more advanced cardiovascular disease with aging, compared to 
women without PCOS.9 Central arterial stiffness is characterized by 
excess collagen versus elastin in the vessel wall, which is induced by 
inflammation and increased intraluminal pressure.12‐14 Greater ar‐
terial stiffness in postmenopausal women with PCOS, independent 
of age and systolic blood pressure, suggests a direct effect of PCOS 
risk factors on the vascular wall.15 Furthermore, hypertension in 
PCOS, most likely due to insulin resistance and hyperinsulinemia, 
alters vascular smooth muscle cells causing vascular muscle wall 
hypertrophy with reduced compliance and interference with en‐
dothelium‐dependent vasodilatation mechanisms.16 The increased 
arterial stiffness in postmenopausal women with PCOS, which was 
independent of age and systolic blood pressure, implies a possible 
direct effect of PCOS components on the vascular wall.15
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Aldosterone has also been implicated in inflammation, vascular 
smooth muscle hypertrophy, and collagen accumulation leading to 
aortic stiffness17,18 and promotes structural and functional alter‐
ing of the vasculature, resulting in loss of arterial compliance and 
increased peripheral resistance.19 In patients with essential hyper‐
tension, a significant negative correlation was observed between 
plasma aldosterone and systemic arterial compliance, which was not 
influenced by age or blood pressure.20 Aldosterone has also been 
shown to promote baroreceptor dysfunction and vascular damage 
and impairs arterial compliance.21‐24

Spironolactone is a potassium‐sparing diuretic, widely used in 
the treatment of hypertension, hyperaldosteronism, and congestive 
heart failure; it also blocks androgen receptors, decreasing acne, and 
hirsutism.1,25 Spironolactone in patients with PCOS is typically given 
in combination with oral contraceptives because of the risk of tera‐
togenic effects in male fetuses, affecting androgen‐dependent de‐
velopmental processes.25 Spironolactone antagonizes aldosterone 
action, which has been found to improve endothelial function and 
arterial stiffness.17,18,26‐28

Based on these findings, we expected that the use of spirono‐
lactone would increase vascular compliance, providing beneficial 
effects to patients with PCOS that use the medication. The aim of 
this study was to explore the effects of spironolactone on vascular 
compliance after 12 weeks of taking the medication.

2  | METHODS

2.1 | Patients

Our study was designed to be exploratory to see whether an effect 
on vascular compliance could be seen after treatment with spirono‐
lactone; therefore, no sample size calculation was performed. Ten 
women with PCOS with signs and symptoms of hyperandrogenism 
(anovulation, androgen excess, and/or polycystic ovaries), and nor‐
mal serum levels of prolactin, FSH, TSH, and 17‐OH progesterone 
signed an Institutional Review Board (IRB) approved consent form. 
Exclusion criteria were 35 years of age or older, pregnant, or had 
hypothyroidism, Cushing syndrome, diabetes mellitus, hyperprol‐
actinemia, nonclassical adrenal hyperplasia, current and previous 
use of oral contraceptives, and the use of any medications.

2.2 | Design

Patients were treated with spironolactone 50 mg twice daily for 
12 weeks. Systolic blood pressure, diastolic blood pressure, and 
pulse pressure, which is associated with vascular compliance, large 
artery elasticity, systemic vascular resistance (SVR), total vascular 
impedance (TVI), and body mass index (BMI) were measured prior to 
treatment and at the end of 12 weeks.

Arterial pulse contour analysis (Cardiovascular Profiling 
Instrument; HDI, Eagan, MN) estimates vascular compliance/stiff‐
ness of large and small arteries. The radial artery pulse is recorded 

noninvasively by applanation tonometry through this technique. A 
tonometer is positioned over the point of maximal pulsation of the 
artery, minimally compressing the vessel against the bony surface 
of the radius. The tonometer senses the electrical resistance, which 
varies with the intra‐arterial pressure directly, allowing the accu‐
rate recording of the arterial waveform. A computerized algorithm 
analyzes the waveforms; the slope of the diastolic decay provides 
an estimate of large vessel compliance (C1) while oscillations in the 
diastolic contour resulting from reflected pressure generated from 
blood striking resistance vessels and branch points represent small 
vessel compliance (C2). Additional parameters including stroke vol‐
ume, cardiac output, and systemic vascular resistance can be derived 
from the algorithm. Systolic and diastolic blood pressure as well as 
mean arterial pressure and pulse rate is determined oscillometrically 
from a cuff placed over the contralateral brachial artery.

2.3 | Statistical analysis

Data are presented as mean ± standard deviation. Comparisons be‐
tween the data before and after treatment with spironolactone were 
made using t test. P < 0.05 was considered statistically significant.

3  | RESULTS

Table 1 shows the demographic data of the 10 study patients. All 
study patients were African American women who had a mean age 
of 28.7 8 years and a body mass index (BMI) of 27.4 1.2 kg/m2.

Table 2 shows the analysis of vascular measurements for vas‐
cular compliance prior to treatment and after treatment with spi‐
ronolactone in women with PCOS after 12 weeks. Spironolactone 
treatment had no significant effect on systolic and diastolic blood 
pressure: 118/69 mm Hg pretreatment versus 117/72 mm Hg post‐
treatment; pulse pressure 49 mm Hg pretreatment versus 45 mm Hg 
post‐treatment; or BMI: 27.4 kg/m2 pretreatment and 27.3 kg/m2 
post‐treatment. Large artery elasticity was found to be 16.5 mL/mm 
Hg × 10 pretreatment versus 17.2 mL/mm Hg × 10 post‐treatment 
(P = 0.047). SVR was found to be 1245 dynes/s/cm5 pretreatment 

TA B L E  1   Demographics

Variables
Mean ± Standard 
deviation

Age (years) 28.7 ± 8

BMI (kg/m2) 27.4 ± 1.2

Glucose (mg/dL) 86.4 ± 14

Insulin 29.1 ± 10

Total cholesterol (mg/dL) 186.6 ± 8.6

Triglycerides (mg/dL) 86 ± 12

HDL (mg/dL) 56 ± 3

BMI, body mass index; HDL, high‐density cholesterol.
Data are presented as mean ±SD or median.
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versus 1211 dynes/s/cm5 post‐treatment (P = 0.0005). TVI was 
116 dynes/s/cm5 pretreatment versus 109 dynes/s/cm5 post‐treat‐
ment (P = 0.03; Refer to Table 2).

4  | DISCUSSION

This study showed that large artery elasticity increased while sys‐
temic vascular resistance and total vascular impedance decreased 
after 12 weeks of treatment with spironolactone.

SVR was reduced, which is consistent with an increase in large 
vessel elasticity. Peripheral blood pressure was unchanged; how‐
ever, central blood pressure, which may be more closely related to 
cardiovascular events29,30 and potentially a better indicator of an‐
tihypertensive response,31 may have been lowered as was seen in 
clinical trials, such as the CAFÉ study.32 Unfortunately, our device 
lacks the capability of calculating central blood pressure.

The finding of increased large vessel elasticity may be due to 
spironolactone’s targeting of androgens, which have been found to 
contribute to endothelial dysfunction. It has been found that treat‐
ment with spironolactone in nonobese PCOS patients reversed 
endothelial dysfunction.33 Endothelial dysfunction in patients with 
PCOS has been found to be associated with androgens, whose re‐
ceptors are present in the vessel wall, suggesting a possible target 
for spironolactone therapy.33 The RALES trial showed that there 
was a significant reduction in both pro‐collagen I and III in patients 
who were randomized to spironolactone versus placebo.34,35 It was 
also found in patients with nonischemic dilated cardiomyopathy that 
spironolactone reduces aortic stiffness after 6 months of treatment 
compared with placebo.17

Spironolactone may have also increased large vessel elasticity 
through its effect on aldosterone. Data suggest that mineralo‐
corticoid receptor antagonism may be useful for the treatment 
of hypertension and that it improves endothelial function and 
arterial stiffness.26,27,36 Druppel et al also found that spironolac‐
tone prevents the time‐dependent appearance of stiff endothe‐
lial cell syndrome by downregulating mineralocorticoid receptors 
that increased in the presence of aldosterone alone, improving 

endothelial function long term.37 Furthermore, independent of 
systemic blood pressure changes, spironolactone reduces arte‐
rial collagen and increases carotid distensibility in young or old 
spontaneously hypertensive rats.38‐40 Eplerenone, a more selec‐
tive mineralocorticoid receptor antagonist, which does not block 
androgen receptors, has been shown to improve intima‐media 
thickness in people with primary aldosteronism.28 Also, in pa‐
tients with heart failure, the use of spironolactone or eplerenone 
to block aldosterone has been associated with reductions in mor‐
bidity and mortality rates.28,41,42

There are no prospective studies showing increased cardiovas‐
cular issues or increased mortality due to cardiovascular disease in 
patients with PCOS. Other studies about increased cardiovascular 
morbidity and mortality in women with PCOS conducted remain 
inconclusive.16,43‐45

The purpose of this study was to understand the effect of spi‐
ronolactone on vascular compliance. This study has shown that spi‐
ronolactone may have a beneficial effect on vascular components, 
such as large artery elasticity, SVR, and TVI. This information could 
have implications for the treatment of conditions associated with 
PCOS and women who already have cardiovascular conditions and 
hypertension, which increase the risk of cardiovascular disease. 
However, there are no studies that show the effect of spironolac‐
tone on cardiovascular health in women with PCOS. Further study is 
required to understand the impact of spironolactone on the cardio‐
vascular health in women with PCOS.

This study may be limited by several factors. Since our study 
was meant to be an exploratory investigation into the effects of 
spironolactone on vascular compliance, our sample size was very 
small. Further research should be done by expanding the sample 
size and possibly using a crossover study or control group to bet‐
ter assess the effects of spironolactone on large artery elasticity, 
SVR, and TVI. We also had our results reported only at the end of 
12 weeks, as that is the usual follow‐up time for our patients with 
PCOS. It would be nice to have taken measurements at smaller in‐
tervals in order to identify the time during which the spironolactone 
began to take effect as well as time after 12 weeks to see how ben‐
eficial the effect is.

 Pretreatment Post‐treatment P‐value

Systolic BP (mm Hg) 118 ± 4 117 ± 4 NS

Diastolic BP (mm Hg) 69 ± 4 72 ± 3 NS

Pulse Pressure (mm Hg) 49 ± 2 45 ± 2 0.07

Large Artery Elasticity/C1 
(mL/mm Hg × 10)

16.5 ± 0.9 17.2 ± 1.2 0.047

SVR (dynes/s/cm5) 1245 ± 66 1211 ± 66 0.0005

TVI (dynes/s/cm5) 116 ± 8 109 ± 9 0.03

BMI (kg/m2) 27.4 ± 1.2 27.3 ± 1.2 NS

BMI, body mass index; BP, blood pressure; NS, not significant; SVR, systemic vascular resistance; 
TVI, total vascular impedance.
Data are presented as mean ± SD or median.

TA B L E  2   Vascular Compliance in 
Women with PCOS
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5  | CONCLUSIONS

The treatment with spironolactone shows that large artery elasticity 
improved. There was also a highly significant reduction in systemic 
vascular resistance without any change in small artery elasticity. 
There was no significant change in blood pressure resulting from the 
functional and structural changes in large blood vessels.
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