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Abstract
Purpose Women with polycystic ovary syndrome (PCOS) present with or without biochemical hyperandrogenism (HAP-
COS or non-HAPCOS, respectively). Cardiometabolic and hormonal abnormalities have been reported in women with
PCOS, particularly those with hypertension. However, no direct comparison between normotensive (blood pressure <140/
90 mmHg) patients with HAPCOS and non-HAPCOS has been made. This study compared different cardiovascular (CV),
anthropometric, metabolic and hormonal features between normotensive patients with HAPCOS and non-HAPCOS and
healthy women.
Methods We consecutively recruited 249 normotensive patients with PCOS and 85 healthy eumenorrheic women to a
case-control observational study. Based on blood androgen concentration, patients with PCOS were divided into HAPCOS
(n= 69) or non-HAPCOS (n= 180) groups.
Results Although within normal ranges, patients with HAPCOS had significantly (p < 0.05) higher peripheral and central
systolic blood pressure and pulse pressure, C-reactive protein, low-density lipoprotein cholesterol, triglycerides, glucose, and
insulin than subjects with non-HAPCOS, and healthy women. They also had lower N-terminal prohormone of B-type
natriuretic peptide (NT-proBNP) concentration. In contrast, their body mass index (BMI) was higher of over 4 kg/m2 than
patients with non-HAPCOS and nearly 6 kg/m2 than in healthy participants. Except for BMI, statistical differences in the
cardiometabolic profile were of little clinical relevance.
Conclusions Young normotensive women with HAPCOS have a worse cardiometabolic profile but lower NT-proBNP
concentration than patients with non-HAPCOS. Features of this profile in both PCOS groups are within ranges typical for
healthy women. Increased BMI is the only clinically relevant feature differentiating hyperandrogenic from non-
hyperandrogenic patients with PCOS, and healthy women.

Keywords Blood pressure ● Cardiovascular function ● Polycystic ovary syndrome (PCOS) ● Sex hormones ●

Hyperandrogenism ● N-terminal of the prohormone of B-type natriuretic peptide (NT-proBNP)

Introduction

The polycystic ovary syndrome (PCOS) is an endocrino-
logical disease found in 12–21% of reproductive-aged
women with clinical symptoms of oligo/amenorrhea,
oligo/anovulatory cycles, hirsutism or male pattern
balding, infertility, various psychological symptoms such as
depression, anxiety, or psychosexual dysfunction [1].
Metabolic disturbances include obesity, dyslipidemia,
insulin resistance (IR), and PCOS, often with overweight or
obesity, arterial hypertension, endothelial dysfunction, and
atherosclerosis [2–5]. Many clinical symptoms overlap
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between PCOS and metabolic syndrome, with the latter
being a risk factor for developing cardiovascular (CV)
diseases and complications.

The CV system has been studied in patients with PCOS
for many years, and the definition of PCOS has changed
several times. Data on the CV function in patients with
PCOS are contradictory—from significant to no involve-
ment at all [6–10].

The N-terminal prohormone of brain natriuretic peptide
(NT-proBNP) is an inactive form of the B-type natriuretic
peptide. It is secreted by cardiomyocytes in response to
increased volume and/or pressure overload, producing
myocardial wall stretching. For this reason, it has been used
in the diagnosis and monitoring the progress of acute and
chronic heart failure. NT-proBNP is also increased in
patients with hypertension and ischemic heart disease. In
general, the measurement of NT-proBNP is considered a
biochemical marker of the CV function [11, 12].

Currently, to diagnose PCOS, two of the following
abnormalities are required: oligo/anovulation, polycystic
ovaries on ultrasound, and clinical and/or biochemical signs
of hyperandrogenism [13, 14]. However, some clinical
features of PCOS can be found even in women without
hyperandrogenism. Therefore, based on the measurement of
androgenic profiling, two opposing phenotypes of PCOS
are distinguished: non-hyperandrogenic (non-HAPCOS)
and hyperandrogenic (HAPCOS) [15].

Although androgen excess may influence the CV func-
tion, including arterial blood pressure (BP) and heart rate
(HR) [3, 10, 16, 17], data comparing the CV function
between patients with non-HAPCOS and HAPCOS are
missing or limited. We assumed that normotensive, young
women with PCOS, regardless of hyperandrogenism, have
normal CV risk measures despite more unfavorable meta-
bolic parameters than healthy women. In addition, we
assumed that significant differences exist between patients
with PCOS who are or are not hyperandrogenic in the CV,
anthropometric, metabolic and hormonal features.

This study aimed to compare different measures of the
CV function, anthropometric, metabolic, and hormonal
characteristics in normotensive patients with non-HAPCOS
and HAPCOS, and eumenorrheic healthy women.

Materials and methods

Participants

The study was conducted at the Department of Endocri-
nology, Metabolism and Internal Diseases of Poznan
University of Medical Sciences. This Department is a
regional centre for endocrine diseases for a substantial part
of Western Poland.

Patients with suspicion or preliminary diagnosis of
PCOS were referred to this Department for more detailed
evaluation from several outpatient clinics. Final recruitment
was made only by the team of endocrinologists and
gynaecologists from this Department. Healthy women were
recruited from eumenorheic, overall healthy volunteers who
responded to a local newspaper call, and Poznan University
of Medical Sciences students. More details on the recruit-
ment criteria are given below.

Patients with PCOS

Two hundred forty-nine normotensive women with PCOS
diagnosed with the Rotterdam criteria, according to recent
international guidelines [13, 14], and 85 healthy, eumenor-
rheic women of comparable age and no overt cardiac or renal
disease were studied. We included consecutively recruited
normotensive (blood pressure <140/90 mmHg according to
the European guidelines) [18] patients with PCOS aged
18–40 years with at least two of the following three features:

1. oligoovulation/anovulation;
2. hyperandrogenism (elevated androgen concentration:
total testosterone (TT) > 2.67 nmol/l, and/or free andro-
gen index (FAI): > 5.5) or hyperandrogenisation (acne,
hirsutism);
3. the presence of at least 20 follicles in each ovary
measuring 2–9mm in diameter, and/or ovarian volume
more than 10 cm3 at ultrasound [13, 14, 19, 20]. According
to recent international guidelines by Teede et al. [14], in
cases of the presence of both irregular menstrual cycles and
hyperandrogenism, ultrasound was not necessary for
diagnosis. Similarly, ultrasound was not used to diagnose
patients within 8 years of menarche [14].

The Ferriman–Gallwey scale assessed the hirsutism score
with eight points as the cut-off value. Since clinical signs of
acne or hirsutism have other causes than hyperandrogenism,
and their assessment can be subjective, we have applied
only biochemical criteria of hyperandrogenism.

Diabetes, hypertension, severe liver or kidney disease,
the use of oral contraceptive or anti-androgen therapy in the
last 3 months, and current pregnancy were exclusion criteria
for women with PCOS. We separated two groups with
(HAPCOS) and without biochemical hyperandrogenism
(non-HAPCOS) from all qualified patients with PCOS.

Healthy women

Women enrolled in the control group (CG) were regularly
menstruating, with no history, symptoms, and signs of
hyperandrogenism, diabetes, arterial hypertension, liver or
kidney disease, not using any hormonal contraception in the
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last 3 months. At the time of enrollment, all were euthyroid
and not pregnant.

Laboratory assessment

Blood samples were collected from participants after overnight
fasting in the follicular phase of spontaneous menstrual cycles.
After separation, serum was frozen −80 °C until assayed.

In both PCOS patients and healthy women, we measured:

- the N-terminal prohormone of B-type natriuretic peptide
(NT-proBNP), the Anti-Müllerian Hormone (AMH),
luteinizing hormone (LH), follicle-stimulating hormone
(FSH), total testosterone (TT), globulin binding sex
hormones (SHBG), dehydroepiandrosterone sulfate
(DHEAS), estradiol (E2), C-reactive protein (CRP) and
insulin using Cobas 6000 Analyzer and dedicated
electrochemiluminescence sandwich immunoassays or
enzyme linked immunosorbent assays (ELISA) kits
(Roche Diagnostics GmbH, Germany).
- Fasting glucose concentration (the hexokinase method,
Cobas 6000 Analyzer).
- Total cholesterol (TC), triglycerides (TG), and high-
density lipoprotein concentration (HDL) (enzymatic
colourimetric method, Cobas 6000 Analyzer). The
Friedewald formula calculated the low-density lipopro-
tein cholesterol (LDL) concentration) [21].
- Androstenedione, dihydrotestosterone (DHT) by the
proper ELISA kits (DRG Instruments GmbH, Germany.
- 17-OH-progesterone (17-OHP) by the 17α-OH Proges-
terone ELISA kit (NovaTec Immunodiagnostica GmbH,
Germany).
- glucose and insulin in the oral glucose tolerance test
(OGTT) with a load of 75 g of glucose.
- Insulin resistance (IR) derived from the homeostatic
model assessment (HOMA) equation [22].
-The free androgen index (FAI) was derived from the
formula FAI= 100*(total testosterone/SHBG) [23].

Anthropometric measurements

Body weight and height, waist at the umbilicus level, and
hip circumferences around the widest portion of the hips
were measured in all subjects. Additionally, body mass
index (BMI) and the waist-to-hip ratio (WHR) were cal-
culated according to known equations [24, 25].

Cardiovascular measurements

In addition to the serum concentration of NT-proBNP
(which is proportional to cardiac volume or pressure load),
we measured HR, peripheral and central BP.

BP was first measured using the brachial Blood Pressure
Monitor (Colin BPM 7000, Colin, Japan) on both right and
left arm while the participants were seating for 3 min. The
higher reading was taken into further analysis. Next, a
piezoelectric tonometer (Colin BPM 7000, Colin, Japan)
was placed over their right radial artery for the non-invasive
acquisition of the radial (peripheral pressures) arterial
pressure waveform in a supine position. This signal was
sent to the SphygmoCor Mx device (AtCor Medical, Aus-
tralia) for the reconstruction of (validated transfer function)
of the central pressure waveform typical for the ascending
aorta [26–29]. After averaging by the Sphygmocor soft-
ware, we measured for the peripheral and central pressure
waveforms the diastolic BP, systolic BP and pulse pressure
(PP). As mean BP and pulse rate are the same at the radial
artery and aorta, both were measured once. All patients
were in sinus rhythm during monitoring on their ECG; thus,
pulse rate equals HR.

Sample size estimation

In our experience and based on the FAI < 5.5, there are
more women with non-HAPCOS than with HAPCOS with
the average proportion 2–3:1. Therefore, we used the 3 to 1
ratio for non-HAPCOS vs HAPCOS patients to calculate
the sample size. For individuals with PCOS and FAI < 5.5,
this index’s average values are between 1.5 and 2.5,
depending on the data set, with a standard deviation of ap.
2. For patients with PCOS and FAI > 5.5, the average value,
depending on the patients’ studied group, is higher with a
larger standard deviation even as high as 6. From our
experience, the difference of FAI means between women
with FAI < 5.5 and FAI > may be between 2 and 6. Usually,
it is 3.5. To estimate the sample size, we used the com-
parison of two means with the additional assumptions: type
I error: 0.01 and type II error: 0.10. The estimated minimum
sample size was 146 women with FAI < 5.5 and 49 with
FAI > 5.5 (in a total of 195 patients with PCOS). As this
study was designed as a prospective one in consecutive
patients with PCOS, some of whom might be excluded due
to other comorbid conditions, e.g., hypertension or diabetes
or use of oral contraceptives, we decided to increase the
total number of enrolled patients with PCOS to 270. We
enrolled healthy women in a number comparable to the size
of HAPCOS group.

Statistical analysis

Continuous data did not have a normal distribution by the
Shapiro–Wilk test, so the descriptive statistics are presented
as median and 25–75th. The non-parametric unpaired
Mann–Whitney test was used to compare continuous data
between all studied groups. For the correlation between CV
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function and sex hormones, we used the non-parametric
Spearman correlation with the presentation of the rho
coefficient and p values. All tests were two-sided, and only
p values < 0.05 were considered statistically significant.
Statistical analysis was made using MedCalc Statistical
Software version 19.0.7 (MedCalc Software bvba, Ostend,
Belgium; https://www.medcalc.org; 2019).

Results

Of all studied patients with PCOS, hyperandrogenism’s
biochemical criteria were fulfilled in 69 women (HAPCOS)
but not in 180 (non-HAPCOS). The control group consisted
of 85 healthy women. Summary statistics for continuous
data are shown in Table 1 and for the qualitative data in
Table 2.

Comparison of patients with PCOS vs healthy
women

Patients with PCOS were statistically significantly younger
than women from the control group. However, the age
difference of 3 years is negligible from a clinical and phy-
siological point of view. Compared with healthy women,
patients with PCOS had higher weight, BMI, and WHR, the
concentrations of 17-OHP, AMH, androstenedione, TT, and
FAI values. The women with non-HAPCOS had lower
concentrations of TG, fasting insulin, TSH, and HOMA-IR
values than healthy subjects. The concentrations of TT,
SHBG, DHEAS, 17-OHP and DHT were comparable in
patients with non-HAPCOS vs healthy controls. The
patients with HAPCOS had significantly higher concentra-
tions of LDL, DHEAS and DHT, glucose, and insulin
before and 120 min after OGTT, and values of HOMA-IR
and LH/FSH than healthy women. However, concentrations
of SHBG, HDL, and NT-proBNP were lower in individuals
with HAPCOS. No differences in HR, mean BP, peripheral
and central diastolic BP were found between healthy
women and patients with PCOS.

Comparison of patients with non-HAPCOS and
HAPCOS

The patients with HAPCOS had higher weight, BMI, WHR,
concentrations of CRP, TG, glucose, and insulin before and
120min after glucose consumption, LH, 17-OHP, AMH,
androgens, values of HOMA-IR, LH/FSH, peripheral and
central systolic BP, and PP but lower NT-proBNP and SHBG
concentrations. Obesity was fourfold higher in patients with
HAPCOS. The values of remaining parameters, including
HR, peripheral and central diastolic BP were comparable
between women with non-HAPCOS and HAPCOS.

Association between sex hormones the
cardiovascular function

Table 3 shows the results of the non-parametric Spearman
correlation between sex hormones or their derivative para-
meters and the CV function descriptors for pooled data from
both the patients with PCOS and control women.

The observed correlations were either non-significant or
weak, with rho values between 0.14 and 0.25. The con-
centration of NT-proBNP was negatively correlated with
the concentrations of LH, androstenedione, DHEAS, DHT,
TT, and FAI values but positively with SHBG. HR was
positively correlated with the concentration of LH, the ratio
of LH/FSH, FAI, and negatively with the SHBG. Most of
the peripheral and central blood pressure descriptors were
positively correlated with 17-OH-progesterone, FAI, and
negatively with E2 and SHBG. The values of peripheral and
central PP were associated with DHT concentration.

Discussion

The CV system function and risk factors have been exten-
sively studied in PCOS for many years. It is believed that
patients with PCOS are at an increased risk for the devel-
opment of CV diseases. However, the clinical evidence
from the long-term follow-up on women’s major CV events
with PCOS is either missing or insufficient [3, 7, 30].

This study reports several CV descriptors that describe
CV function or are considered predictors of major
clinical outcomes in the general population and cardiac
patients [31].

We have found no differences in HR and BP between
healthy women and normotensive patients from non-
hyperandrogenic and androgenic PCOS phenotypes. The
concentration of NT-proBNP was comparable between
healthy women and subjects with non-HAPOCS. However,
patients with HAPCOS had a lower NT-pro-BNP con-
centration than non-HAPCOS and healthy women. In
addition, the women with HAPCOS had higher central and
peripheral systolic BP and PP than subjects with non-
HAPCOS. Although these differences are statistically sig-
nificant, their ranges appear to be negligible from the clin-
ical point of view: <5 pg/ml for NT-proBNP, <4 mmHg for
central systolic BP, <3 mmHg for peripheral systolic BP,
and 2 mmHg for the central and peripheral PP. Besides,
values of all measured CV parameters in women with non-
HAPCOS and HAPCOS were within normal ranges. In
addition, values of NT-proBNP, HR or BP were weakly
correlated with sex hormones or their derivative parameters.

Based on the BP profile analysis, the NT-proBNP con-
centration, an index of increased cardiac load, should be
higher in patients with PCOS, but it is not. There is no
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Table 1 Clinical characteristics of all healthy women in the control group (CG), and patients with polycystic ovary syndrome (PCOS) without
hyperandrogenism (non-HAPCOS) and with hyperandrogenism (HAPCOS)

Parameter CG Non-HAPCOS patients HAPCOS patients P value for

n= 85 n= 180 n= 69 CG vs Non-
HAPCOS

CG vs HAPCOS Non-HAPCOS
vs HAPCOS

Age (years) 25.95 (23.09–32.26) 24.86 (22.05–27.84) 23.14 (21.42–27.97) 0.007 <0.001 0.20

Body weight (kg) 60.00 (55.00–67.00) 64.00 (58.00–75.00) 75.00 (61.75–87.25) 0.013 <0.001 <0.001

Height (cm) 167.00 (164.00–170.50) 167.00 (163.00–171.00) 166.00 (162.00–170.25) 0.687 0.314 0.44

BMI (kg/m2) 21.46 (19.54–23.67) 22.95 (20.49–26.07) 27.23 (22.28–31.51) 0.008 <0.001 <0.001

WHR 0.85 (0.81–0.89) 0.87 (0.82–0.93) 0.90 (0.85–0.96) 0.015 <0.001 0.008

Creatinine (mg/dl) 0.74 (0.68–0.79) 0.72 (0.65–0.79) 0.76 (0.69–0.82) 0.265 0.573 0.101

CRP (mg/l) 2.40 (0.43–4.18) 0.60 (0.30–1.30) 1.25 (0.45–3.05) 0.052 0.460 <0.001

TC (mg/dl) 168.00 (152.00–183.50) 175.50 (157.50–192.00) 179.00 (157.25–194.75) 0.056 0.057 0.686

HDL (mg/dl) 68.00 (56.00–79.75) 66.00 (57.50–78.00) 59.50 (50.00–67.50) 0.872 0.003 <0.001

LDL (mg/dl) 84.60(73.50–95.08) 89.90 (72.45–108.73) 94.10 (80.65–113.10) 0.069 0.003 0.182

TG (mg/dl) 78.00 (63.00–98.50) 65.00 (50.25–93.50) 84.00 (68.00–119.50) 0.003 0.086 <0.001

Glucose 0 min (mg/
dl)

86.00 (83.00–92.00) 86.00 (82.00–90.00) 89.00 (85.00–94.00) 0.783 0.015 0.003

Glucose 120 min
(mg/dl)

87.50 (77.00–102.00) 92.00 (82.00–107.00) 104.00 (88.25–116.75) 0.167 <0.001 0.002

Insulin 0 min (uU/
ml)

10.00 (7.25–13.00) 8.00 (6.00–12.00) 13.00 (8.75–18.00) 0.009 0.002 <0.001

Insulin 120 min (uU/
ml)

31.00 (24.75–47.25) 37.00 (26.00–55.00) 54.00 (34.25–85.25) 0.324 <0.001 <0.001

HOMA-IR 2.05 (1.55–2.78) 1.72 (1.24–2.62) 2.91 (1.87–4.41) 0.032 <0.001 <0.001

TSH (uU/ml) 2.14 (1.65–3.20) 2.03 (1.35–2.88) 2.16 (1.56–2.66) 0.085 0.345 0.723

FSH (mIU/ml) 5.20 (3.20–6.98) 5.85 (4.70–6.90) 5.80 (4.85–6.70) 0.048 0.096 0.777

LH (mIU/ml) 6.60 (3.70–10.70) 8.10 (5.30–12.50) 12.50 (7.25–17.05) 0.043 <0.001 <0.001

LH/FSH 1.32 (0.86–2.32) 1.46 (0.99–2.20) 2.14 (1.41–3.43) 0.247 <0.001 <0.001

17-OHP (ng/ml) 2.05 (1.72–2.85) 2.41 (1.80–2.96) 3.00 (2.40–3.77) 0.144 <0.001 <0.001

AMH (pmol/l) 23.50 (15.00–32.00) 49.00 (38.00–73.53) 62.00 (41.34–95.00) <0.001 <0.001 0.044

A (ng/ml) 2.52 (1.77–3.15) 3.74 (2.73–4.81) 5.15 (4.08–6.72) <0.001 <0.001 <0.001

DHEAS (ug/dl) 303.00 (217.75–355.50.) 275.00 (213.00–343.25) 407.00 (313,50–484.50) 0.509 0.074 <0.001

DHT (pg/ml) 292.00 (234.50–354.25) 340.00 (272.00–416.00) 479.50 (398.00–672.00) 0.103 <0.001 <0.001

FAI 1.45 (0.89–2.33) 2.47 (1.69–3.43) 6.86 (5.30–9.97) <0.001 <0.001 <0.001

SHBG (nmol/l) 71.90 (49.90–120.00) 62.40 (45.90–80.90) 30.60 (22.98–54.50) 0.207 <0.001 <0.001

TT (ng/ml) 0.46 (0.35–0.58) 0.43 (0.35–0.55) 0.78 (0.57–0.89) 0.371 <0.001 <0.001

E2 (pg/ml) 65.50 (34.00–135.00) 40.00 (25.00–67.00) 45.00 (31.75–66.25) 0.084 0.185 0.134

NT-proBNP (pg/ml) 41.58 (29.45–67.74) 39.77 (25.34–63.25) 34.57 (20.00–46.72) 0.564 0.01 0.021

HR (beats/minute) 74.09 (66.81–80.59) 72.43 (66.06–79.10) 73.15 (67.65–84.42) 0.841 0.564 0.359

pSBP (mmHg) 106.97 (100.24–112.51) 105.51 (100.54–111.30) 108.53 (101.63–118.19) 0.660 0.111 0.019

pDBP (mmHg) 63.36 (59.87–68.46) 64.185 (60.70–69.60) 65.33 (60.81–71.45) 0.666 0.296 0.286

pPP (mmHg) 42.43 (37.25–46.25) 41.495 (37.57–45.20) 43.58 (39.79–48.21) 0.514 0.076 0.002

cSBP (mmHg) 93.89 (87.03–97.28) 90.95 (85.85–97.20) 94.87 (88.62–101.39) 0.443 0.246 0.026

cDBP (mmHg) 64.5 (60.98–69.69) 65.135 (61.80–70.30) 66.26 (61.77–73.20) 0.750 0.307 0.264

cPP (mmHg) 26.00 (23.92–29.33) 25.75 (22.67–28.00) 27.3 (25.10–30.37) 0.165 0.153 <0.001

MBP (mmHg) 78.87 (73.36–84.51) 77.16 (73.65–83.71) 80.05 (74.35–86.45) 0.828 0.318 0.122

The results are presented as median and 25–75th percentiles

Laboratory values are expressed using conventional units of measure, with relevant Système International (SI) conversion factors expressed below:
creatinine: to get from mg/dL to SI (mmol/L) multiply by 0.0884; CRP: to get from 1mg/L to SI (nmol/L) multiply by 9.5238 nmol/L; TC: to get
from mg/dl to SI (mmol/L) multiply by 0.02586; TG: to get from mg/dL to SI (mmol/L) multiply by 0.01129; glucose: to get from mg/dL to SI
(mmol/L) - multiply by 0.0555; insulin to get from uIU/mL to SI (pmol/l) multiply by 6.9444; 17-OHP: to get from ng/ml to SI (nmol/L) multiply
by 3.0261; A: to get from ng/mL to SI (nmol/L) multiply by 3.4916 nmol/L; DHEAS: to convert from ug/dL to SI (umol/L) multiply by
0.0271 umol/L; TT: to get from ng/mL to SI (nmol/L) multiply by 3.4672 nmol/L; NT-proBNP: to convert from pg/mL to SI (pmol/L) multiply by
0.1182 pmol/L

A androstenedione, AMH Anti-Müllerian Hormone, cDBP central diastolic blood pressure, CG control group, cPP central pulse pressure, CRP C-
reactive protein, cSBP central systolic blood pressure, DHEAS dehydroepiandrosterone sulfate, DHT dihydrotestosterone, E2 estradiol, FAI free
androgen index, FSH follicle-stimulating hormone, HDL high-density lipoprotein concentration, HOMA homeostatic model assessment insulin
resistance index, HR resting heart rate, LDL low-density lipoprotein cholesterol, LH luteinizing hormone, MBP mean blood pressure, NT-proBNP
N-terminal pro-B-type natriuretic peptide, pDBP peripheral diastolic blood pressure, pPP peripheral pulse pressure, pSBP peripheral systolic blood
pressure, SHBG globulin binding sex hormones, TC total cholesterol, TG triglycerides,TSH thyroid-stimulating hormone, TT total testosterone,
17-OHP 17-OH-progesterone
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simple explanation for this finding; data on the NT-proBNP
in women with PCOS are limited. Gateva et al. and Deever
et al. reported that NT-proBNP concentration was similar in
patients with PCOS and healthy women [32, 33]. In both
studies, there was no subdivision of PCOS according to
the presence of hyperandrogenism. Gateva et al. studied 70
premenopausal women with PCOS and/or obesity and
found no differences in NT-proBNP concentrations between
obese controls and lean or obese patients with PCOS [32].
Deveer et al. found no difference in NT-proBNP con-
centration between 25 teenagers with PCOS and 25 reg-
ularly ovulating controls [33]. However, Celik et al. found
higher NT-proBNP concentrations in 30 patients with
PCOS than in 30 age- and BMI-matched controls [34].

We enrolled more patients with PCOS (all of them nor-
motensive) than previous studies and subdivided them into
non-hyperandrogenic and hyperandrogenic phenotypes
based on the amount of total testosterone and FAI [19, 20].
Such subdivision resulted in a different hormonal and
clinical profile of women with non-HAPCOS and HAPCOS
going beyond their androgenic hormones.

The patients with HAPCOS, compared to non-HAPCOS
individuals, have many features directing them toward the
metabolic syndrome and a worse cardiometabolic profile
[4]. They have higher concentrations of CRP, TG, fasting
and post-OGTT glucose and insulin, HOMA-IR, LDL and
lower HDL. They also present with higher resting periph-
eral and central systolic BP, PP, BMI and WHR, and lower
NT-proBNP. The obesity is commoner among the patients
with HAPCOS who, on average, have higher WHR of 0.03,
body weight of 11 kg and BMI of over 4 kg/m2 women with
non-HAPCOS.

The increased adipose tissue in patients with HAPCOS
seems to be the most plausible explanation for a higher BP
co-existence with a lower NT-proBNP concentration. People
with excess body weight usually have a faster HR, increased
BP, and more often display hypertension [35]. Sodium and
water retention, sympathetic and renin-angiotensin-systems
activation are increased in obesity and may lead to hyper-
tension development. Natriuretic peptides regulate sodium
and water balance and directly interact with the autonomic
nervous system and the renin-angiotensin system [36].

Nevertheless, it has been reported that obese people have a
reduced concentration of natriuretic peptides compared with
leaner individuals [36–40].

Wang et al. studied over 3300 participants from the
general population without heart failure and found that both
obese men and women had a lower concentration of
natriuretic peptides [38]. In another group of 2700 people
from the Dallas Heart Study, an observation was made that
concentrations of BNP and NT-proBNP decreased with
higher BMI, even after adjusting for age, gender, ethnicity,
hypertension, left ventricular mass and end-diastolic volume
[40]. Similar negative relationships between BMI and
natriuretic peptides were confirmed in patients with acute
and chronic heart failure [39, 41, 42].

Mechanisms explaining the inverse relationship between
the concentration of natriuretic peptides and obesity are
uncertain. One of the possibilities is the assumption that
obesity is accompanied by a higher glomerular filtration rate
and more effective clearing of natriuretic peptides [36].
Another potential explanation comes from observations that
adipocytes express natriuretic peptide clearance receptors-C
and actively remove BNP from the circulation. Further,
hyperinsulinemia attenuates the secretion of natriuretic
peptides [43]. Khan et al. studied 3833 individuals from the
Framingham Heart Study and 3918 participants from the
Malmo Diet and Cancer study. They found a lower NT-
proBNP concentration accompanied IR, both in obese and
non-obese individuals [43]. The body weight and BMI are
higher in our patients with HAPCOS who present hyper-
insulinemia and IR.

Chang et al. proposed another explanation. They exam-
ined a subgroup of women between 35 and 49 years old
from the Dallas Heart Study and reported that free testos-
terone was negatively correlated with the concentration of
BNP and NT-proBNP [44]. They also suggested that since
healthy men usually have a lower concentration of
natriuretic peptides than women, testosterone might present
some inhibitory effect on natriuretic peptides as in our
patients with HAPCOS. In women with hypopituitarism
and hypoandrogenemia, the prescribed transdermal testos-
terone diminished the NT-proBNP concentration [45].
Of note, we have observed negative correlations between

Table 2 Clinical characteristics
of studied patients with PCOS

Criterion All PCOS n= 249 Non-HAPCOS
n= 180

HAPCOS
n= 69

non-HAPCOS vs
HAPCOS p value

Acne 137 (55.2%) 102 (56.7%) 35 (50.7%) 0.395

Hirsutism 144 (57.8%) 100 (55.6%) 44 (63.8%) 0.242

Polycystic
ovariesa

185 (74.3%) 128 (71.1%) 57 (82.6%) 0.064

BMI ≥ 30 kg/m2 47 (18.9%) 24 (13.3%) 23 (48.9%) <0.0001

aVolume and the morphology of each ovary, setting the threshold at 10 cm3 for increased ovarian volume and
20 for the 2–9 mm follicles
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NT-proBNP and testosterone, A, DHEAS, DHT and the
value of FAI, and a positive correlation with SHBG con-
centration. Our observations are consistent with results from
the Framingham Heart Study Third-Generation cohort. In
4056 men and women, NT-proBNP concentration was
negatively correlated with free testosterone and positively
with SHBG concentrations in both genders [46]. Similarly,
Glisic et al. described the presence of a significant link
between concentrations of NT-proBNP, T, and DHEAS in
postmenopausal women [47].

Finally, natriuretic peptides are also involved in the
metabolic processes of lipolysis and energy production
[48, 49]. These peptides participate in fat mobilization from
white adipose tissue, fat utilization by brown adipose tissue
(producing heat), skeletal muscles (fat oxidation), and
transforming white to brown adipose tissue. If this is the
case, then the low concentration of natriuretic peptides may
lead to energy and fat accumulation and, consequently,
obesity development as in our subjects with HAPCOS.

So far, links between obesity and the lower concentration
of natriuretic peptides have been reported in the general
population or cardiac patients [36–40]. Here, we also show
the existence of a similar association in patients with PCOS.
Probably, a set of abnormalities found in individuals with
HAPCOS like the excess of fat tissue, the presence of
hyperandrogenism, hyperinsulinemia, and IR, are together
responsible for lower NT-proBNP and higher systolic BP
and PP in these patients [40, 44, 50–53].

In our study, E2 does not correlate with the NT-proBNP
concentration. Nonetheless, data on the relation of estrogens
with the natriuretic peptides are conflicting. In some studies,
the estrogens administration in premenopausal and post-
menopausal women increased the NT-proBNP concentra-
tion [54–56], in other investigations, a very weak or no such
association was found [44, 47, 57]. Chang et al. reported no
differences in BNP and NT-proBNP concentrations
between women using or not using oral estrogen in the
Dallas Heart Study [44]. Regardless of the lack of correla-
tion of E2 with natriuretic peptides, is inversely correlated
with mean BP, and peripheral and central systolic and
diastolic BP in our subjects. Estrogens are known for their
reducing effects on BP [58–61].

Our study has some limitations. First, we focused only
on normotensive (according to European guidelines),
women with PCOS [18]. We intended to focus on women
who were free of any medications that might influence
CV, metabolic and hormonal evaluation. Most of the
pharmacological agents used for hypertension treatment
show such effects. Further, we based the diagnosis of
hyperandrogenism only on biochemical criteria. We
resigned from using potential clinical signs such as hir-
sutism and acne—both hirsutism and acne may have
causes other than biochemical hyperandrogenism. AcneTa
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can be found quite often and hirsutism occasionally in
healthy women [62]. We believe that using strict bio-
chemical criteria of hyperandrogenism is more objective.
We used HR, extended peripheral and central blood
pressure profile, and the NT-proBNP concentration to
evaluate the CV system function. In addition to these CV
parameters, some other related to metabolism like the
concentrations of fasting or post-OGTT glucose and
insulin, CRP, total, LDL and HDL cholesterol or indices
such as HOMA-IR, WHR or BMI are known CV risk
factors. The findings on NT-proBNP have surprised us.
Based on the available literature and several factors
potentially reducing the concentrations of natriuretic pep-
tides in people with obesity, we think that NT-proBNP is
not a good indicator of the CV function in such indivi-
duals, at least when it is in lower concentrations [36–40].
Our study was observational, with measures made only
once in each participant and no follow-up data. Therefore,
making long-term clinical conclusions based on our results
would be speculation only. The final limitation might
be a potential bias related to the proportion of selection of
patients with PCOS. Our study was performed in a tertiary
referral centre for endocrine disease. Whereas this might
influence the ratio between the women with non-HAPCOS
and HAPCOS, we are convinced it had no effect of
other results.

In summary, statistically significant differences between
normotensive patients with non-HAPCOS and HAPCOS in
blood pressure values NT-proBNP concentration have little
clinical meaning in young women with PCOS. Androgens
or their derivative parameters correlate with the NT-
proBNP concentration but neither with HR nor BP. In
contrast, E2 is not associated with NT-proBNP, but it
correlates with blood pressure.

With our study, we cannot adjudicate whether the
observed differences in CV function and cardiometabolic
parameters between patients with non-HAPCOS and HAP-
COS are solely caused by hyperandrogenism or overweight/
obesity, or both play in a concert. As higher WHR, body
weight and BMI are more common in women with HAPCOS
than non-HAPCOS, it seems reasonable to assume that
potential consequences of obesity such as higher concentra-
tions of glucose, insulin, total and LDL cholesterol and lower
HDL cholesterol might be at least initiated and/or amplified
by hyperandrogenism. Using everyday speech, we might
paraphrase that hyperandrogenism and obesity in patients
with PCOS are bad companions.

Conclusions

In general, normotensive and young patients with PCOS,
regardless of their androgenic status, appear to have a

normal CV system and metabolic profile function. If
hypertension or other abnormalities related to the CV risk
and morbidity are found in young women with PCOS, the
presence of a clinical problem unrelated to PCOS should be
considered.

It should also be kept in mind that the negligible clinical
differences between women with non-HAPCOS and
HAPCOS were found in very young patients. These dif-
ferences are present or may be even increase with each day,
month and year. If not stopped or reversed, slightly worse
CV function and cardiometabolic risk profile might solidify
into more considerable clinical differences in future. How-
ever, if the small statistically significant differences in the
parameters describing the CV function and risk between the
non-hyperandrogenic and hyperandrogenic patients with
PCOS might translate into future clinical outcomes requires
long-term follow-up studies.

Data availability

The data that support the findings of this study are available
from the corresponding author, P.G., upon reasonable
request.

Code availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Funding The study was supported by the funding from the “Young
Scientists” grant awarded in 2016 by the Poznan University of Medical
Sciences, Faculty of Medicine II, for the research on “Genetic analysis
and metabolic parameters in slim and obese patients with polycystic
ovary syndrome (PCOS)” (no. 502–14–02221355–41164).

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Ethical approval The study was carried out per the principles
expressed in the Declaration of Helsinki. The Bioethical Committee at
Poznan University School of Medicine approved the study protocol
(no. 552/16 and 986/17).

Informed consent Signed and informed consent was obtained from all
participants.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless

Endocrine (2021) 72:882–892 889



indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. W.A. March, V.M. Moore, K.J. Willson, D.I. Phillips, R.J. Nor-
man, M.J. Davies, The prevalence of polycystic ovary syndrome
in a community sample assessed under contrasting diagnostic
criteria. Hum. Reprod. 25(2), 544–551 (2010). https://doi.org/10.
1093/humrep/dep399

2. M.D.S. Wanderley, L.C.R. Pereira, C.B. Santos, V.S.D. Cunha,
M.V.J. Neves, Association between Insulin Resistance and Car-
diovascular Risk Factors in Polycystic Ovary Syndrome Patients.
Rev. Bras. Ginecol. Obstet. 40(4), 188–195 (2018). https://doi.
org/10.1055/s-0038-1642634

3. M. Kialka, T. Milewicz, M. Klocek, [Blood pressure and polycystic
ovary syndrome (PCOS)]. Przegl Lek. 72(6), 309–312 (2015)

4. K. Ozga, M. Krzyczkowska-Sendrakowska, A. Hubalewska-
Dydejczyk, A. Gilis-Januszewska, M. Ratajczak, M. Ratajczak, Z.
Chaykivska, R. Jach, The value of the free androgen index
depends on the phenotype of polycystic ovary syndrome - a
single-centre experience. Endokrynol. Pol. 70(4), 330–335 (2019).
https://doi.org/10.5603/EP.a2019.0017

5. E.L. Fields, M.E. Trent, Treatment Considerations for the Cardi-
ometabolic Signs of Polycystic Ovary Syndrome: A Review of the
Literature Since the 2013 Endocrine Society Clinical Practice
Guidelines. JAMA Pediatr. 170(5), 502–507 (2016). https://doi.
org/10.1001/jamapediatrics.2015.4866

6. G. Paradisi, H.O. Steinberg, A. Hempfling, J. Cronin, G. Hook, M.K.
Shepard, A.D. Baron, Polycystic ovary syndrome is associated with
endothelial dysfunction. Circulation 103(10), 1410–1415 (2001)

7. C.N. Merz, L.J. Shaw, R. Azziz, F.Z. Stanczyk, G. Sopko, G.D.
Braunstein, S.F. Kelsey, K.E. Kip, R.M. Cooper-DeHoff, B.D.
Johnson, V. Vaccarino, S.E. Reis, V. Bittner, T.K. Hodgson, W.
Rogers, C.J. Pepine, Cardiovascular Disease and 10-Year Mor-
tality in Postmenopausal Women with Clinical Features of Poly-
cystic Ovary Syndrome. J. Women’s Health (Larchmt.) 25(9),
875–881 (2016). https://doi.org/10.1089/jwh.2015.5441

8. F. Fruzzetti, L. Ghiadoni, A. Virdis, F. De Negri, D. Perini, F.
Bucci, C. Giannarelli, A. Gadducci, S. Taddei, Adolescents with
Classical Polycystic Ovary Syndrome Have Alterations in the
Surrogate Markers of Cardiovascular Disease but Not in the
Endothelial Function. The Possible Benefits of Metformin. J.
Pediatr. Adolesc. Gynecol. 29(5), 489–495 (2016). https://doi.org/
10.1016/j.jpag.2016.03.004

9. E. Dahlgren, P.O. Janson, S. Johansson, L. Lapidus, A. Oden,
Polycystic ovary syndrome and risk for myocardial infarction.
Evaluated from a risk factor model based on a prospective
population study of women. Acta Obstet. Gynecol. Scand. 71(8),
599–604 (1992)

10. A.J. Cussons, B.G. Stuckey, G.F. Watts, Cardiovascular disease in
the polycystic ovary syndrome: new insights and perspectives.
Atherosclerosis 185(2), 227–239 (2006). https://doi.org/10.1016/j.
atherosclerosis.2005.10.007

11. P. Ponikowski, A.A. Voors, S.D. Anker, H. Bueno, J.G.F. Cle-
land, A.J.S. Coats, V. Falk, J.R. Gonzalez-Juanatey, V.P. Harjola,
E.A. Jankowska, M. Jessup, C. Linde, P. Nihoyannopoulos, J.T.
Parissis, B. Pieske, J.P. Riley, G.M.C. Rosano, L.M. Ruilope, F.
Ruschitzka, F.H. Rutten, P. van der Meer, 2016 ESC Guidelines
for the Diagnosis and Treatment of Acute and Chronic Heart

Failure. Rev. Esp. Cardiol. (Engl. Ed.) 69(12), 1167 (2016).
https://doi.org/10.1016/j.rec.2016.11.005

12. J.P. Goetze, B.G. Bruneau, H.R. Ramos, T. Ogawa, M.K. de
Bold, A.J. de Bold, Cardiac natriuretic peptides. Nat. Rev. Car-
diol. 17(11), 698–717 (2020). https://doi.org/10.1038/s41569-
020-0381-0

13. E.A.-S.P.c.w.g. Rotterdam, Revised 2003 consensus on diagnostic
criteria and long-term health risks related to polycystic ovary
syndrome (PCOS). Hum. Reprod. 19(1), 41–47 (2004).

14. H.J. Teede, M.L. Misso, M.F. Costello, A. Dokras, J. Laven, L.
Moran, T. Piltonen, R.J. Norman, P.N. International, Recom-
mendations from the international evidence-based guideline for
the assessment and management of polycystic ovary syndrome.
Hum. Reprod. 33(9), 1602–1618 (2018). https://doi.org/10.1093/
humrep/dey256

15. D. Lizneva, L. Suturina, W. Walker, S. Brakta, L. Gavrilova-
Jordan, R. Azziz, Criteria, prevalence, and phenotypes of poly-
cystic ovary syndrome. Fertil. Steril. 106(1), 6–15 (2016). https://
doi.org/10.1016/j.fertnstert.2016.05.003

16. C.G. Baptiste, M.C. Battista, A. Trottier, J.P. Baillargeon, Insulin
and hyperandrogenism in women with polycystic ovary syn-
drome. J. Steroid Biochem. Mol. Biol. 122(1-3), 42–52 (2010).
https://doi.org/10.1016/j.jsbmb.2009.12.010

17. A. Corbould, Effects of androgens on insulin action in women: is
androgen excess a component of female metabolic syndrome?
Diabetes Metab. Res. Rev. 24(7), 520–532 (2008). https://doi.org/
10.1002/dmrr.872

18. P.K. Whelton, R.M. Carey, W.S. Aronow, D.E. Casey Jr., K.J.
Collins, C. Dennison Himmelfarb, S.M. DePalma, S. Gidding, K.
A. Jamerson, D.W. Jones, E.J. MacLaughlin, P. Muntner, B.
Ovbiagele, S.C. Smith Jr., C.C. Spencer, R.S. Stafford, S.J. Taler,
R.J. Thomas, K.A. Williams Sr., J.D. Williamson, J.T. Wright Jr.,
2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA Guideline for the Prevention, Detection, Evaluation,
and Management of High Blood Pressure in Adults: Executive
Summary: A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice
Guidelines. Hypertension 71(6), 1269–1324 (2018). https://doi.
org/10.1161/HYP.0000000000000066

19. E. Lerchbaum, V. Schwetz, T. Rabe, A. Giuliani, B. Obermayer-
Pietsch, Hyperandrogenemia in polycystic ovary syndrome:
exploration of the role of free testosterone and androstenedione in
metabolic phenotype. PLoS ONE 9(10), e108263 (2014). https://
doi.org/10.1371/journal.pone.0108263

20. R.S. Legro, S.A. Arslanian, D.A. Ehrmann, K.M. Hoeger, M.H.
Murad, R. Pasquali, C.K. Welt, S. Endocrine, Diagnosis and
treatment of polycystic ovary syndrome: an Endocrine Society
clinical practice guideline. J. Clin. Endocrinol. Metab. 98(12),
4565–4592 (2013). https://doi.org/10.1210/jc.2013-2350

21. W.T. Friedewald, R.I. Levy, D.S. Fredrickson, Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin. Chem. 18(6),
499–502 (1972)

22. D.R. Matthews, J.P. Hosker, A.S. Rudenski, B.A. Naylor, D.F.
Treacher, R.C. Turner, Homeostasis model assessment: insulin
resistance and beta-cell function from fasting plasma glucose
and insulin concentrations in man. Diabetologia 28(7), 412–419
(1985)

23. M.F.S Fraser, “Free Androgen Index”. Online Medical Ency-
clopedia. University of Rochester Medical Center. New York, US,
(2014)

24. P. Bjorntorp, Classification of obese patients and complications
related to the distribution of surplus fat. Am. J. Clin. Nutr. 45(5
Suppl), 1120–1125 (1987). https://doi.org/10.1093/ajcn/45.5.1120

25. P. Bjorntorp, Adipose tissue distribution, plasma insulin, and car-
diovascular disease. Diabete Metab. 13(3 Pt 2), 381–385 (1987)

890 Endocrine (2021) 72:882–892

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/humrep/dep399
https://doi.org/10.1093/humrep/dep399
https://doi.org/10.1055/s-0038-1642634
https://doi.org/10.1055/s-0038-1642634
https://doi.org/10.5603/EP.a2019.0017
https://doi.org/10.1001/jamapediatrics.2015.4866
https://doi.org/10.1001/jamapediatrics.2015.4866
https://doi.org/10.1089/jwh.2015.5441
https://doi.org/10.1016/j.jpag.2016.03.004
https://doi.org/10.1016/j.jpag.2016.03.004
https://doi.org/10.1016/j.atherosclerosis.2005.10.007
https://doi.org/10.1016/j.atherosclerosis.2005.10.007
https://doi.org/10.1016/j.rec.2016.11.005
https://doi.org/10.1038/s41569-020-0381-0
https://doi.org/10.1038/s41569-020-0381-0
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1016/j.fertnstert.2016.05.003
https://doi.org/10.1016/j.fertnstert.2016.05.003
https://doi.org/10.1016/j.jsbmb.2009.12.010
https://doi.org/10.1002/dmrr.872
https://doi.org/10.1002/dmrr.872
https://doi.org/10.1161/HYP.0000000000000066
https://doi.org/10.1161/HYP.0000000000000066
https://doi.org/10.1371/journal.pone.0108263
https://doi.org/10.1371/journal.pone.0108263
https://doi.org/10.1210/jc.2013-2350
https://doi.org/10.1093/ajcn/45.5.1120


26. C.H. Chen, E. Nevo, B. Fetics, P.H. Pak, F.C. Yin, W.L. Maughan,
D.A. Kass, Estimation of central aortic pressure waveform by
mathematical transformation of radial tonometry pressure. Valida-
tion of generalized transfer function. Circulation 95(7), 1827–1836
(1997). https://doi.org/10.1161/01.cir.95.7.1827

27. M.F. O’Rourke, A.L. Pauca, Augmentation of the aortic and
central arterial pressure waveform. Blood Press Monit. 9(4),
179–185 (2004)

28. D. Gallagher, A. Adji, M.F. O’Rourke, Validation of the transfer
function technique for generating central from peripheral upper
limb pressure waveform. Am. J. Hypertens. 17(11 Pt 1), 1059–1067
(2004). https://doi.org/10.1016/j.amjhyper.2004.05.027

29. R.R. Townsend, I.B. Wilkinson, E.L. Schiffrin, A.P. Avolio, J.A.
Chirinos, J.R. Cockcroft, K.S. Heffernan, E.G. Lakatta, C.M.
McEniery, G.F. Mitchell, S.S. Najjar, W.W. Nichols, E.M.
Urbina, T. Weber; American Heart Association Council on, H.,
Recommendations for Improving and Standardizing Vascular
Research on Arterial Stiffness: a Scientific Statement From the
American Heart Association. Hypertension 66(3), 698–722
(2015). https://doi.org/10.1161/HYP.0000000000000033

30. M.F. Gunning, B. Are, Women with polycystic ovary syndrome at
increased cardiovascular disease risk later in life? Climacteric 20
(2), 222–227 (2017)

31. Y. Huang, J. Kuang, W. Mai, Blood Pressure Indexes Associated
With Mortality and Cardiovascular Outcomes. JAMA 322(23),
2342–2343 (2019). https://doi.org/10.1001/jama.2019.16836

32. A. Gateva, Z. Kamenov, A. Tsakova, NT-proBNP levels in pre-
menopausal women with polycystic ovarian syndrome and/or
obesity. J. Obstet. Gynaecol. 33(8), 868–872 (2013). https://doi.
org/10.3109/01443615.2013.813912

33. R. Deveer, Y. Engin-Ustun, S. Uysal, F.A. Su, S. Sariaslan, C.
Gulerman, L. Mollamahmutoglu, Serum brain natriuretic peptide
and C-reactive protein levels in adolescent with polycystic ovary
syndrome. Gynecol. Endocrinol. 28(8), 602–605 (2012). https://
doi.org/10.3109/09513590.2011.650758

34. O. Celik, I. Sahin, N. Celik, S. Hascalik, L. Keskin, H. Ozcan, A.
Uckan, F. Kosar, Diagnostic potential of serum N-terminal pro-B-
type brain natriuretic peptide level in detection of cardiac wall
stress in women with polycystic ovary syndrome: a cross-sectional
comparison study. Hum. Reprod. 22(11), 2992–2998 (2007).
https://doi.org/10.1093/humrep/dem286

35. M.F. Piepoli, A.W. Hoes, S. Agewall, C. Albus, C. Brotons, A.L.
Catapano, M.T. Cooney, U. Corra, B. Cosyns, C. Deaton, I.
Graham, M.S. Hall, F.D.R. Hobbs, M.L. Lochen, H. Lollgen, P.
Marques-Vidal, J. Perk, E. Prescott, J. Redon, D.J. Richter, N.
Sattar, Y. Smulders, M. Tiberi, H.B. van der Worp, I. van Dis, W.
M.M. Verschuren, S. Binno; Group, E.S.C.S.D., 2016 European
Guidelines on cardiovascular disease prevention in clinical prac-
tice: the Sixth Joint Task Force of the European Society of Car-
diology and Other Societies on Cardiovascular Disease Prevention
in Clinical Practice (constituted by representatives of 10 societies
and by invited experts)Developed with the special contribution of
the European Association for Cardiovascular Prevention &
Rehabilitation (EACPR). Eur. Heart J. 37(29), 2315–2381 (2016).
https://doi.org/10.1093/eurheartj/ehw106

36. C. Madamanchi, H. Alhosaini, A. Sumida, M.S. Runge, Obesity
and natriuretic peptides, BNP and NT-proBNP: mechanisms and
diagnostic implications for heart failure. Int J. Cardiol. 176(3),
611–617 (2014). https://doi.org/10.1016/j.ijcard.2014.08.007

37. P. Dessi-Fulgheri, R. Sarzani, P. Tamburrini, A. Moraca, E.
Espinosa, G. Cola, L. Giantomassi, A. Rappelli, Plasma atrial
natriuretic peptide and natriuretic peptide receptor gene expression
in adipose tissue of normotensive and hypertensive obese patients.
J. Hypertens. 15(12 Pt 2), 1695–1699 (1997)

38. T.J. Wang, M.G. Larson, D. Levy, E.J. Benjamin, E.P. Leip, P.W.
Wilson, R.S. Vasan, Impact of obesity on plasma natriuretic

peptide levels. Circulation 109(5), 594–600 (2004). https://doi.
org/10.1161/01.CIR.0000112582.16683.EA

39. J. McCord, B.J. Mundy, M.P. Hudson, A.S. Maisel, J.E. Hol-
lander, W.T. Abraham, P.G. Steg, T. Omland, C.W. Knudsen, K.
R. Sandberg, P.A. McCullough; Breathing Not Properly Multi-
national Study, I., Relationship between obesity and B-type
natriuretic peptide levels. Arch. Intern. Med. 164(20), 2247–2252
(2004). https://doi.org/10.1001/archinte.164.20.2247

40. S.R. Das, M.H. Drazner, D.L. Dries, G.L. Vega, H.G. Stanek, S.
M. Abdullah, R.M. Canham, A.K. Chung, D. Leonard, F.H.
Wians Jr., J.A. de Lemos, Impact of body mass and body com-
position on circulating levels of natriuretic peptides: results from
the Dallas Heart Study. Circulation 112(14), 2163–2168 (2005).
https://doi.org/10.1161/CIRCULATIONAHA.105.555573

41. D.G. Krauser, D.M. Lloyd-Jones, C.U. Chae, R. Cameron, S.
Anwaruddin, A.L. Baggish, A. Chen, R. Tung, J.L. Januzzi Jr, Effect
of body mass index on natriuretic peptide levels in patients with
acute congestive heart failure: a ProBNP Investigation of Dyspnea in
the Emergency Department (PRIDE) substudy. Am. Heart J. 149(4),
744–750 (2005). https://doi.org/10.1016/j.ahj.2004.07.010

42. L. Frankenstein, A. Remppis, M. Nelles, B. Schaelling, D.
Schellberg, H. Katus, C. Zugck, Relation of N-terminal pro-brain
natriuretic peptide levels and their prognostic power in chronic
stable heart failure to obesity status. Eur. Heart J. 29(21),
2634–2640 (2008). https://doi.org/10.1093/eurheartj/ehn388

43. A.M. Khan, S. Cheng, M. Magnusson, M.G. Larson, C. Newton-
Cheh, E.L. McCabe, A.D. Coviello, J.C. Florez, C.S. Fox, D.
Levy, S.J. Robins, P. Arora, S. Bhasin, C.S. Lam, R.S. Vasan, O.
Melander, T.J. Wang, Cardiac natriuretic peptides, obesity, and
insulin resistance: evidence from two community-based studies. J.
Clin. Endocrinol. Metab. 96(10), 3242–3249 (2011). https://doi.
org/10.1210/jc.2011-1182

44. A.Y. Chang, S.M. Abdullah, T. Jain, H.G. Stanek, S.R. Das, D.K.
McGuire, R.J. Auchus, J.A. de Lemos, Associations among
androgens, estrogens, and natriuretic peptides in young women:
observations from the Dallas Heart Study. J. Am. Coll. Cardiol. 49
(1), 109–116 (2007). https://doi.org/10.1016/j.jacc.2006.10.040

45. E. Lin, E. McCabe, C. Newton-Cheh, K. Bloch, E. Buys, T.
Wang, K.K. Miller, Effects of transdermal testosterone on
natriuretic peptide levels in women: a randomized placebo-
controlled pilot study. Fertil. Steril. 97(2), 489–493 (2012).
https://doi.org/10.1016/j.fertnstert.2011.11.001

46. C.S. Lam, S. Cheng, K. Choong, M.G. Larson, J.M. Murabito, C.
Newton-Cheh, S. Bhasin, E.L. McCabe, K.K. Miller, M.M. Redfield,
R.S. Vasan, A.D. Coviello, T.J. Wang, Influence of sex and hormone
status on circulating natriuretic peptides. J. Am. Coll. Cardiol. 58(6),
618–626 (2011). https://doi.org/10.1016/j.jacc.2011.03.042

47. M. Glisic, L.Z. Rojas, E. Asllanaj, K.G. Vargas, M. Kavousi, M.A.
Ikram, B. Fauser, J.S.E. Laven, T. Muka, O.H. Franco, Sex steroids,
sex hormone-binding globulin and levels of N-terminal pro-brain
natriuretic peptide in postmenopausal women. Int J. Cardiol. 261,
189–195 (2018). https://doi.org/10.1016/j.ijcard.2018.03.008

48. K. Verboven, D. Hansen, J.W.E. Jocken, E.E. Blaak, Natriuretic
peptides in the control of lipid metabolism and insulin sensitivity.
Obes. Rev. 18(11), 1243–1259 (2017). https://doi.org/10.1111/
obr.12598

49. M. Coue, C. Moro, Natriuretic peptide control of energy balance
and glucose homeostasis. Biochimie 124, 84–91 (2016). https://
doi.org/10.1016/j.biochi.2015.05.017

50. P. Dessi-Fulgheri, R. Sarzani, A. Rappelli, The natriuretic peptide
system in obesity-related hypertension: new pathophysiological
aspects. J. Nephrol. 11(6), 296–299 (1998)

51. Y. Alibay, C. Schmitt, A. Beauchet, O. Dubourg, J.A. Alexandre,
C. Boileau, G. Jondeau, H. Puy, [Non-radioimmunometric NT-
ProBNP and BNP assays:impact of diluent, age, gender, BMI].
Ann. Biol. Clin. (Paris) 63, 43–49 (2005).

Endocrine (2021) 72:882–892 891

https://doi.org/10.1161/01.cir.95.7.1827
https://doi.org/10.1016/j.amjhyper.2004.05.027
https://doi.org/10.1161/HYP.0000000000000033
https://doi.org/10.1001/jama.2019.16836
https://doi.org/10.3109/01443615.2013.813912
https://doi.org/10.3109/01443615.2013.813912
https://doi.org/10.3109/09513590.2011.650758
https://doi.org/10.3109/09513590.2011.650758
https://doi.org/10.1093/humrep/dem286
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1016/j.ijcard.2014.08.007
https://doi.org/10.1161/01.CIR.0000112582.16683.EA
https://doi.org/10.1161/01.CIR.0000112582.16683.EA
https://doi.org/10.1001/archinte.164.20.2247
https://doi.org/10.1161/CIRCULATIONAHA.105.555573
https://doi.org/10.1016/j.ahj.2004.07.010
https://doi.org/10.1093/eurheartj/ehn388
https://doi.org/10.1210/jc.2011-1182
https://doi.org/10.1210/jc.2011-1182
https://doi.org/10.1016/j.jacc.2006.10.040
https://doi.org/10.1016/j.fertnstert.2011.11.001
https://doi.org/10.1016/j.jacc.2011.03.042
https://doi.org/10.1016/j.ijcard.2018.03.008
https://doi.org/10.1111/obr.12598
https://doi.org/10.1111/obr.12598
https://doi.org/10.1016/j.biochi.2015.05.017
https://doi.org/10.1016/j.biochi.2015.05.017


52. A. Bayes-Genis, D.M. Lloyd-Jones, R.R. van Kimmenade, J.G.
Lainchbury, A.M. Richards, J. Ordonez-Llanos, M. Santalo, Y.M.
Pinto, J.L. Januzzi Jr, Effect of body mass index on diagnostic and
prognostic usefulness of amino-terminal pro-brain natriuretic
peptide in patients with acute dyspnea. Arch. Intern. Med. 167(4),
400–407 (2007). https://doi.org/10.1001/archinte.167.4.400

53. E. Seven, Overweight, hypertension and cardiovascular disease:
focus on adipocytokines, insulin, weight changes and natriuretic
peptides. Dan. Med. J. 62(11), B5163 (2015)

54. S. Maffei, S. Del Ry, C. Prontera, A. Clerico, Increase in circu-
lating levels of cardiac natriuretic peptides after hormone repla-
cement therapy in postmenopausal women. Clin. Sci. (Lond.) 101
(5), 447–453 (2001)

55. A. Clerico, M. Fontana, S. Vittorini, M. Emdin, The search for a
pathophysiological link between gender, cardiac endocrine func-
tion, body mass regulation and cardiac mortality: proposal for a
working hypothesis. Clin. Chim. Acta 405(1-2), 1–7 (2009).
https://doi.org/10.1016/j.cca.2009.03.050

56. M. Hong, Q. Yan, B. Tao, A. Boersma, K.K. Han, M.C. Vanty-
ghem, A. Racadot, J. Lefebvre, Estradiol, progesterone and tes-
tosterone exposures affect the atrial natriuretic peptide gene
expression in vivo in rats. Biol. Chem. Hoppe Seyler 373(4),
213–218 (1992)

57. A.K. Saenger, D.A. Dalenberg, S.C. Bryant, S.K. Grebe, A.S. Jaffe,
Pediatric brain natriuretic peptide concentrations vary with age and
sex and appear to be modulated by testosterone. Clin. Chem. 55
(10), 1869–1875 (2009). https://doi.org/10.1373/clinchem.2009.
123778

58. M.S. Ashraf, W. Vongpatanasin, Estrogen and hypertension. Curr.
Hypertens. Rep. 8(5), 368–376 (2006)

59. R.K. Dubey, S. Oparil, B. Imthurn, E.K. Jackson, Sex hormones
and hypertension. Cardiovasc. Res. 53(3), 688–708 (2002).
https://doi.org/10.1016/s0008-6363(01)00527-2

60. G. Mercuro, S. Zoncu, D. Piano, I. Pilia, A. Lao, G.B. Melis, A.
Cherchi, Estradiol-17beta reduces blood pressure and restores the
normal amplitude of the circadian blood pressure rhythm in
postmenopausal hypertension. Am. J. Hypertens. 11(8 Pt 1),
909–913 (1998). https://doi.org/10.1016/s0895-7061(98)00096-x

61. A. Cagnacci, L. Rovati, A. Zanni, S. Malmusi, F. Facchinetti, A.
Volpe, Physiological doses of estradiol decrease nocturnal blood
pressure in normotensive postmenopausal women. Am. J. Physiol.
276(4), H1355–H1360 (1999). https://doi.org/10.1152/ajpheart.
1999.276.4.H1355

62. E.B. Johnstone, Lack of association between clinical and bio-
chemical hyperandrogenism in patients with polycystic ovary
syndrome. Fertil. Steril. 90, 16 (2008). e.a.

892 Endocrine (2021) 72:882–892

https://doi.org/10.1001/archinte.167.4.400
https://doi.org/10.1016/j.cca.2009.03.050
https://doi.org/10.1373/clinchem.2009.123778
https://doi.org/10.1373/clinchem.2009.123778
https://doi.org/10.1016/s0008-6363(01)00527-2
https://doi.org/10.1016/s0895-7061(98)00096-x
https://doi.org/10.1152/ajpheart.1999.276.4.H1355
https://doi.org/10.1152/ajpheart.1999.276.4.H1355

	Cardiovascular, anthropometric, metabolic and hormonal profiling of normotensive women with polycystic ovary syndrome with and without biochemical hyperandrogenism
	Abstract
	Introduction
	Materials and methods
	Participants
	Patients with PCOS
	Healthy women
	Laboratory assessment
	Anthropometric measurements
	Cardiovascular measurements
	Sample size estimation
	Statistical analysis

	Results
	Comparison of patients with PCOS vs healthy women
	Comparison of patients with non-HAPCOS and HAPCOS
	Association between sex hormones the cardiovascular function

	Discussion
	Conclusions
	Publisher&#x02019;s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.Funding
	Publisher&#x02019;s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.Funding
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




