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ABSTRACT
Objective: Erectile dysfunction (ED) is a common condition in patients with heart failure (HF), which impairs quality of life. Our 
study aimed to compare those patients, who received traditional treatment with a diagnosis of HF and those who received angiotensin 
receptor-neprilysin inhibitor (ARNI) treatment in addition to the current treatment, in terms of ED at the end of 6 months.
Patients and Methods: The study was planned as a single-center, prospective study. The study included 200 patients with heart 
failure. The patients’ demographic, clinical, and echocardiographic characteristics were recorded, and an international ED scoring 
questionnaire was applied. The participants in the study were divided into two groups: those who received ARNI treatment and those 
who did not. After 6 months, the ED questionnaire was applied to the patients again and the groups were compared.
Results: The median age of the patients was 53 (years). The median ejection fraction (EF) value was calculated to be 30% and no 
significant difference was found between the groups (p: 0.122). It was found that N-terminal pro-brain natriuretic peptide (NT-pro-
BNP) levels measured at the end of the 6th month were significantly lower in patients who had received ARNI treatment than in those 
who had not (respectively, 245 pg/ml, 200 pg/ml; p: 0.003). In the analysis performed to detect the presence of ED, it was discovered 
that the ED score change was significantly higher in the group that had received 6 months of ARNI treatment (p: 0.031) compared to 
that in the group that had not (p: 0.031). When the ED sub-parameters were compared in terms of the 6-month change rate, it was 
found that the ARNI group had a significant increase in terms of ED and sexual satisfaction scores, but no significant difference was 
found in the other parameters (p: 0.001, p: 0.029).
Conclusion: Erectile dysfunction is more common in patients with heart failure compared to the rest of society and impairs quality of 
life. In our study, it was determined that ED complaints decreased significantly in HF patients, who had received ARNI treatment for 
6 months than in patients who had not.
Keywords: Erectile dysfunction, Heart failure, Angiotensin receptor-neprilysin inhibitor

1. INTRODUCTION

Heart failure (HF) is a complicated disease that develops due 
to structural or functional problems of the heart. Its prevalence 
varies between 1-2% in society and its incidence is increasing 
[1]. In everyday life, HF appears a difficult disease, and HF 
patients’ quality of life and comfort is low.
Erectile dysfunction (ED) is one of the reasons for the reduction 
in quality of life in patients with HF. ED is defined as the 
inability to achieve a sufficient level of penile erection for sexual 
performance [2]. Its incidence in the general population ranges 
from 19 to 52% [3-5]. Several studies have found a strong link 

between ED and cardiovascular disease [6,7]. The frequency 
of ED in HF patients is more common when compared to 
that in those who are healthy within the general population. 
In publications, the frequency of ED in patients with HF has 
been reported at rates ranging from 30-80% [8,9]. Endothelial 
dysfunction, atherosclerosis, decreased effort capacity, 
additional drugs used, and psychological effects are prominent 
causes of ED in HF patients [10-14].
Heart failure treatment is constantly updated with the addition of 
new drugs to the treatment regimen. When real-world data from 
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these drugs with different mechanisms of action were examined, 
it was discovered that there may be positive pleiotropic effects 
in the target effect structure. Angiotensin receptor-neprilysin 
inhibitor (ARNI) is a molecule that has recently been used in 
HF treatment. It improves the quality of life while decreasing 
hospitalization. This drug, which acts as a neprilysin inhibitor, 
has been shown to have numerous pleiotropic effects in patients 
with HF. In our study, the possible pleiotropic effect on ED was 
investigated in HF patients receiving ARNI treatment.

2. PATIENTS and METHODS

The study included 200 patients with a HF diagnosis, who 
applied to the cardiology unit of the Training and Research 
Hospital. Male patients over the age of 18, who were newly 
diagnosed with HF and for whom HF treatment was initiated 
in accordance with current guidelines, taking into account the 
patients’ blood pressure and pulse rate, etc., basal kidney and 
liver functions, and concomitant diseases, and who agreed to 
fill out the ED-related questionnaire, were included. Patients 
under the age of 18, who had had a heart transplant, or a left 
ventricular assist device implanted, as well as those who were 
unable to receive conventional and/or ARNI treatment due to 
chronic renal failure (CRF), drug allergy, drug intolerance, or 
other reasons, were excluded from the study.
In addition to recording age, sex, height, and weight, questions 
were asked about patients’ smoking habits, comorbidities, 
(diabetes mellitus (DM), coronary artery disease (CAD), 
hyperlipidemia (HL), CRF, hypertension (HF), atrial fibrillation 
(AF)), and HF etiologies. Among the biochemical markers, 
creatine, glomerular filtration rate (GFR), and N-terminal pro-
brain natriuretic peptide (NT-pro-BNP) values were examined.
 Using echocardiography (ECHO), ejection fraction (EF), end-
diastolic diameter (EDD), end-systolic diameter (ESD), right 
ventricular basal diameter, tricuspid annular plane systolic 
excursion (TAPSE), and systolic pulmonary artery pressure 
(SPAB) were measured, with insufficiencies and stenosis of the 
heart valves included in the assessment.
In our study, the patients completed The International 
Index of Erectile Function Questionnaire (IIEF) on the day 
they were included in the study before the initiation of the 
medication after diagnosis and 6 months after the initiation of 
the medication. IIEF is a widely used, multi-dimensional self-
report instrument for the evaluation of male sexual function. 
It is has been recommended as a primary endpoint for clinical 
trials of erectile dysfunction (ED) and for diagnostic evaluation 
of ED severity. In this questionnaire developed by Rosen et al., 
patients’ erectile function, orgasmic function, sexual desire, 
sexual satisfaction and general satisfaction are analyzed [15]. 
In many studies of ED, classification has been made based on 
the IIEF questionnaire score [16]. It has been linguistically 
validated in 32 languages and used as a primary endpoint in 
more than 50 clinical trials [15]. This questionnaire is ranked 
from 1 to 5 on the Likert scale (1: very low or not at all/ very 
dissatisfied, 5: very high/ very satisfied). 5 has the most positive 
results, and 1 shows the weakest answer, and each field is added 

up to reach the scores. High scores support a better quality of 
erectile functions. The questionnaire’s question number 1-5 and 
15 were evaluated in terms of erectile functions. Patients with 
scores of 0 to 10 were considered to have severe ED, those with 
11-16 were considered to have moderate ED, those with 17-21 
were considered to have mild to moderate ED, those with 22-
25 were considered to have mild ED, and those with 26-30 were 
considered to have no ED. Answers to questions 6, 7 and 8 were 
evaluated for sexual satisfaction, answers to questions 9 and 10 
for orgasmic function, answers to questions 11 and 12 for sexual 
desire and questions 13 and 14 for general satisfaction. Patients 
completed the questionnaire alone and in a calm environment.
The participants of this study provided written informed 
consent of the utilization of their medical records. All subjects 
gave informed consent, the study complied with the Declaration 
of Helsinki, and the trial was approved by the institutional local 
ethics committee (The protocol code: HNEAH-KAEK 2022/KK 
16.).

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) 25.0 program 
was used for data analysis in the study. It was planned to give 
descriptive data on the sociodemographic information of the 
participants as N and %, and data on continuous variables as 
Mean±SD and Median (min-max).
When the study data were analyzed in terms of normality 
assumptions, Kolmogorov-Smirnov values were determined 
as p<0.05. Therefore, Spearman correlation analysis, one of 
the nonparametric tests, was performed to determine the 
relationship between erectile function total and subscale scores 
and body mass index (BMI), age, GFR, and EF variables. In 
addition, the nonparametric Mann-Whitney U test and Kruskal-
Wallis H test were used to determine whether there was a 
significant difference between various categorical variables and 
the 0th and 6th-month erectile function total and subscale scores. 
If there was a significant difference between the groups, the 
posthoc test was used to answer the following question: Among 
which groups was the significance? Performing the Games-
Howell posthoc test was planned because the variance was not 
homogeneously distributed, and the number of samples was 
not equal (Sparks, 1963). Finally, Fisher’s exact test was used to 
compare categorical variables. A value of p<0.05 was considered 
statistically significant.

3. RESULTS

The median age of the patients, who participated in the study, 
was 53 (years). Median height was 174 cm and median weight 
was 80 kg, and no significant difference was found between 
the groups (p: 0.431, p: 0.303, respectively). The mean BMI 
was found to be 26.2 in the BMI analysis, while the BMI of the 
patients, who did not receive ARNI, was significantly lower than 
that of the patients who did receive ARNI (p: 0.017) (Table I).
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Table I. Demographic and clinical parameters of patients

Parameters Total Group without 
ARNI

Group with 
ARNI p

Median 
(Q1/Q3)

Median 
(Q1/Q3)

Median 
(Q1/Q3)

Age (year) 53 (47 / 57.5) 51.5 (47 / 57) 54 (48 / 58.5) 0.108 ᶸ

Height (cm) 174 (170 / 178) 173.5 (170 / 
177.5)

175 (169.5 / 
178.5) 0.491 ᶸ

Weight (kg) 80 (74 / 89) 80 (75 / 90) 79 (73 / 87.5) 0.303 ᶸ

BMI (kg/m2) 26.27 (24.91 / 
28.95)

27.67 (25.01 / 
29.36)

25.83 (24.69 / 
27.75) 0.017 ᶸ

n (%) n (%) n (%)
CAD 82 (41) 38 (38) 44 (44) 0.472 ᶜ
CRF 155 (77.5) 81 (81) 74 (74) 0.310 ᶜ
DM 116 (58) 61 (61) 55 (55) 0.474 ᶜ
AF 165 (82.5) 80 (80) 85 (85) 0.457 ᶜ
HT 94 (47) 50 (50) 44 (44) 0.479 ᶜ
HL 112 (56) 55 (55) 57 (57) 0.887 ᶜ
IHF Etiology 118 (59) 62 (62) 56 (56) 0.472 ᶜ
ᶸ Mann Whitney U test (Monte Carlo), c  Pearson Chi-Square Test (Monte Carlo), 
Q1: 1st Quartile, Q3: 3rd Quartile
BMI: body mass index, CAD: Coronary artery disease, CRF: Chronic renal 
failure, DM: Diabetes mellitus, AF: Atrial Fibrillation, HT: Hypertension, HL: 
Hyperlipidemia, IHF: Ischemic heart failure

Coronary artery disease was found in 41% of the patients (n: 82), CRF 
in 22.5% of the patients (n: 45), DM in 58% (n: 116), AF in 82.5% 
(n: 165), HT in 47% (n: 94), HL in 56% (n: 112) and ischemic HF 
etiology in 59% (n: 118). In terms of chronic diseases, no significant 
difference was found between the groups (Table I). The patients’ 
median creatinine value was 1.01 mg/dl, and the median GFR value 
was 86 ml/min. Between the groups, no significant difference was 
found regarding these parameters (p: 0.221, and p: 0290, respectively) 
(Table II). While the mean NT-pro-BNP value in the non-ARNI 
group was 750 pg/ml, the initial NT-pro-BNP value in the ARNI 
group was 670 pg/ml. No significant difference was found between 
the groups in terms of baseline values (p: 0.051) (Table IV).
When the patients’ ECHO parameters were examined, the median 
EF value was discovered to be 30%, with no significant difference 
between the groups (p: 0.122). When the patients were examined in 
terms of EDD and ESD, the median values were 64 mm and 53 mm, 
respectively, and no difference was observed between the groups 
(p: 0.520, p: 0174, respectively). In terms of valve pathologies, right-
heart size and functions, no statistically significant difference was 
found between the groups of patients (Table II).
Sixty-three (63%) of patients, who did not receive ARNI had ED, 
while 66 (66%) of patients, who were initially scheduled to receive 
ARNI treatment, had ED. After 6 months, one patient in the non-
ARNI group developed novel ED, while 2 patients recovered. The 
changes were not statistically significant (p: 0.999). In the ARNI group, 
6 patients recovered after 6 months, while no change was observed 
in terms of ED in the other patients. The rate of change in patients, 
who recovered from ED after 6 months compared to the initial ED 
status, was statistically significant in the ARNI treatment group (p: 
0.031) (Table III and IV). When the patients’ NT-pro-BNP levels were 
compared after 6 months of treatment, those who received ARNI had 
significantly lower levels than those who did not. After 6 months, no 
statistically significant difference was found in the groups’ NT-pro-
BNP change rates (respectively, p: 0.03, p: 0.800) (Table IV).

Table II. Echocardiographic and biochemical parameters of patients

Parameters
Total Group 

without ARNI
Group with 

ARNI p
(n=200) (n=100) (n=100)

n (%) n (%) n (%)
GFR 0.155 ᶠᶠ

Severely decreased 2 (1) 1 (1) 1 (1)
Moderately to severely 8 (4) 6 (6) 2 (2)
Mildly to moderate 
decreased 35 (17.5) 12 (12) 23 (23)

Mildly decreased 69 (34.5) 34 (34) 35 (35)
Normal 86 (43) 47 (47) 39 (39)

Mitral 0.168 ᶠᶠ
Normal valve 15 (7.5) 8 (8) 7 (7)
Mild MR 80 (40) 39 (39) 41 (41)
Moderate MR 61 (30.5) 37 (37) 24 (24)
Severe MR 41 (20.5) 15 (15) 26 (26)
MVR 3 (1.5) 1 (1) 2 (2)

Aorta 0.401 ᶠᶠ
Normal valve 139 (69.5) 73 (73) 66 (66)
Mild AR 42 (21) 21 (21) 21 (21)
Moderete AR 13 (6.5) 4 (4) 9 (9)
Severe AS 2 (1) 0 (0) 2 (2)
AVR 4 (2) 2 (2) 2 (2)

Tricuspid 0.399 ᶜ
Normal valve 39 (19.5) 22 (22) 17 (17)
Mild TR 115 (57.5) 60 (60) 55 (55)
Moderate TR 34 (17) 13 (13) 21 (21)
Severe TR 12 (6) 5 (5) 7 (7)

Right Heart Dilatation 72 (36) 36 (36) 36 (36) 0.999 ᶜ
Left Heart Dilatation 172 (86) 85 (85) 87 (87) 0.839 ᶜ
TAPSE (>16) 141 (70.5) 69 (69) 72 (72) 0.757 ᶜ
RVS (>9) 140 (70) 70 (70) 70 (70) 0.999 ᶜ

mean(SD.) mean(SD.) mean(SD.)

Tapse (mm) 19.05 
(4.55) 19.05 (4.64) 19.06 (4.49) 0.987 ᵗ

Median 
(Q1/Q3)

Median (Q1/
Q3)

Median 
(Q1/Q3)

EDD (mm) 64 (58.5 / 
69) 64 (58 / 69) 64 (60 / 69) 0.520 ᶸ

ESD (mm) 53 (47 / 
60) 53 (46 / 59.5) 54.5 (49.5 

/ 60) 0.174 ᶸ

Creatinine (mg/dl) 1.01 (0.9 / 
1.22) 1 (0.89 / 1.17) 1.015 (0.94 

/ 1.26) 0.221 ᶸ

RV Diameter (mm) 38 (34 / 
43) 38 (34.5 / 43) 38 (34 / 

42.5) 0.885 ᶸ

SPAB (mmhg) 28 (20 / 
40) 25.5 (20 / 35) 30 (20 / 41) 0.302 ᶸ

GFR (ml /dk) 86 (67 / 
99) 87 (72 / 100) 86 (59 / 96) 0.290 ᶸ

LVEF (%) 30 (25 / 
35) 30 (25 / 35) 30 (25 / 

32.5) 0.122 ᶸ

ᶸ Mann Whitney U test (Monte Carlo), ᵗ Independent samples t test (Boostrap), ᶜ 
Pearson Chi-Square Test (Monte Carlo),
ᶠᶠ Fisher Freeman Halton test (Monte Carlo), Q1: 1st Quartile, Q3: 3rd Quartile, 
SD.: Standard Deviation
GFR: Glomerular filtration rate, AS: Aortic stenosis, AR: aortic regurgitation, MR: mitral 
regurgitation, TAPSE: tricuspid annulus plane systolic excursion,RVS: Right ventricle 
systolic excursion velocity, LVEF: Left ventricle ejection fraction, EDD: End-diastolic 
diameter, ESD: End-systolic diameter, SPAB: Systolic pulmonary artery pressure
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Table III. Erectile function analysis of patients

Variables

Without ARNI 
Group

With ARNI 
Group

p(n=100) (n=100)
n (%) n (%)

Erectile Function Presence
0. months 63 (63) 66 (66) 0.768 ᶜ
6. months 62 (62) 60 (60) 0.885 ᶜ
Changes 0.434 ᶠᶠ
Negative Change rates (absent 
→ presence) 1 (1) 0 (0)

No Change (absent → absent) 36 (36) 34 (34)
Positive Change rates 
(presence → absent) 2 (2) 6 (6)

No Change (presence → 
presence) 61 (61) 60 (60)

p value for 0. vs. 6. month 0.999 ᵐ 0.031 ᵐ
ᶜ Pearson Chi-Square Test (Monte Carlo), ᶠᶠ Fisher Freeman Halton test(Monte 
Carlo),
ᵐ McNemar test (Monte Carlo)

Table IV. Analysis of patients’ erectile function sub-parameters

Group without 
ARNI

Group with 
ARNI

p(n=100) (n=100)
Median (Q1/
Q3)

Median (Q1/
Q3)

Erectile Function Level
0. months 2 (0 / 3) 1 (0 / 3) 0.819 ᶸ
6. months 1 (0 / 2) 1 (0 / 2) 0.220 ᶸ
Change rates (0-6 months) 0 (0 / 0) -0.5 (-1 / 0) 0.001 ᶸ

p value for 0. vs. 6. month 0.002 ʷ <0.001 ʷ
Erectile Function Score

0. months 21 (16 / 26) 22 (16 / 26) 0.600 ᶸ
6. months 22 (17 / 26) 25 (21 / 27) 0.018 ᶸ
Change rates (0-6 months) 1 (0 / 1) 2 (0 / 4) <0.001 ᶸ

p value for 0. vs. 6. month <0.001 ʷ <0.001 ʷ
Sexual Desire Score

0. months 6 (5 / 7) 6 (4 / 7) 0.855 ᶸ
6. months 7 (6 / 8) 7 (6 / 8) 0.379 ᶸ
Change rates (0-6 months) 1 (0 / 2) 1 (0 / 1) 0.220 ᶸ

p value for 0. vs. 6. month <0.001 ʷ <0.001 ʷ
Orgasmic Function Score

0. months 6.5 (5 / 8) 6 (4 / 7) 0.046 ᶸ
6. months 7 (6 / 9) 7 (6 / 8) 0.076 ᶸ
Change rates (0-6 months) 1 (0 / 1) 1 (0 / 1) 0.892 ᶸ

p value for 0. vs. 6. month <0.001 ʷ <0.001 ʷ
Sexual Satisfaction Score

0. months 9 (7 / 11) 8 (6 / 10) 0.031 ᶸ
6. months 11 (9 / 12) 10 (9 / 12) 0.598 ᶸ
Change rates (0-6 months) 1 (0 / 3) 2 (1 / 3) 0.029 ᶸ

p value for 0. vs. 6. month <0.001 ʷ <0.001 ʷ

General Satisfaction score
0. months 6 (5 / 7) 6 (4 / 7) 0.165 ᶸ
6. months 7 (6 / 8) 7 (6 / 8) 0.431 ᶸ
Change rates (0-6 months) 0 (0 / 1) 1 (0 / 1) 0.423 ᶸ

p value for 0. vs. 6. month <0.001 ʷ <0.001 ʷ
NYHA functional class score

0. months 3 (3 / 4) 3 (3 / 3) 0.904 ᶸ
6. months 2 (2 / 2) 2 (2 / 2) 0.999 ᶸ
Change rates (0-6 months) -1 (-2 / – 1) -1 (-1.5 / – 1) 0.791 ᶸ

p value for 0. vs. 6. month <0.001 ʷ <0.001 ʷ
NT-Pro-BNP( pg/ml)

0. months 750 (590 / 890) 670 (480 / 
800) 0.051 ᶸ

6. months 245 (200 / 340) 200 (112 / 
255) 0.003 ᶸ

Change rates (0-6 months) -420 (-570 / – 
245.5)

-430 (-580 / – 
230) 0.800 ᶸ

p value for 0. vs. 6. month <0.001 ʷ <0.001 ʷ
ᶸ Mann Whitney U test(Monte Carlo), ̫  Wilcoxon signed-rank test(Monte Carlo),
Q1: 1st Quartile, Q3: 3rd Quartile

When the score change rates for the ED sub-parameters were 
compared between the groups after 6 months of treatment, a 
significant difference in the ED and sexual satisfaction scores 
in the ARNI group was found, and recovery was observed (p: 
0.001, p: 0.029). No statistically significant difference was found 
in post-treatment change rates in other parameters. When the 
groups were compared in terms of ED parameters at the baseline 
and after 6 months, a significant improvement was observed in 
all parameters (Table IV).

4. DISCUSSION

In our study, patients with heart failure diagnosis who received 
ARNI treatment for 6 months had significantly lower ED 
complaints than patients who did not, and their NT-pro-BNP 
levels also decreased significantly.
Heart failure is a cardiovascular disease, whose rates of 
occurrence have increased in recent years. New agents are being 
developed to improve life quality and lower mortality in HF 
patients. In addition to their basic effects, these drugs have a 
positive pleiotropic effect on the daily lives of HF patients by 
increasing the mediators. ARNI is one of the new agents used 
in HF treatment with an angiotensin-neprilysin inhibitor effect. 
The PARADIGM-HF study found that using ARNI in patients 
with HF diagnosis reduced symptoms of failure and slowed HF 
progression compared to results recorded in enalapril treatment 
[17]. In the PARADIGM-HF study, it was found that NT-pro-
BNP levels decreased significantly in ARNI areas after treatment. 
Similarly, in our study, it was observed that NT-pro-BNP levels 
decreased statistically significantly in the group receiving 
ARNI treatment after 6 months. Ceyhun et al., investigated 
the relationship between ED and NT-pro-BNP in patients with 
chronic HF. In this study, an increase in NT-pro-BNP associated 
with an increase in ED severity was found [16]. Similarly, in our 
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study, ED was observed more frequently in the non-ARNI group 
that had a high NT-pro-BNP level compared to the ARNI group 
that had received ARNI for 6 months and had a low NT-pro-
BNP level. It was thought that this increase caused endothelial 
healing by increasing the possible NO bioavailability of ARNI 
treatment or in a way that has not been determined yet.
Angiotensin receptor-neprilysin inhibitor includes valsartan, 
an angiotensin receptor blocker, and sacubitril, a neprilysin 
inhibitor. Neutral endopeptidase neprilysin reduces many 
endogenous vasoactive peptides such as a natriuretic peptide, 
bradykinin, and adrenomedullin [18,19]. Vasoconstriction, 
neurohormonal overstimulation and inappropriate remodeling 
are prevented by the double effect of the angiotensin receptor 
blocking effect and neprilysin inhibitor provided by sacubitril 
thanks to valsartan, which is present in the molecule [20,21]. 
According to some published studies, ARNI treatment caused 
partial left ventricular EF elevation in all mildly reduced EF HF 
patients, regardless of etiology [22]. In the study of Canale et 
al., it was shown that ARNI treatment caused recovery of the 
chemotherapy-related advanced mild EF in 4 patients, with 
a possible antioxidant mechanism [23]. In our study, after 6 
months of ARNI treatment, no significant positive change was 
observed in EF values according to the initial measurements.
Nitric oxide is one of the most important molecules involved in the 
healing of the vascular barrier and vasodilation. It was reported 
that ARNI treatment particularly increased NO bioavailability 
and more favorable results were obtained in vascular functions 
in HF than valsartan alone. It is thought that the increase in 
NO bioavailability contributes positively to the treatment of 
diseases caused by underlying endothelial problems [24]. In the 
study of Mario et al., it was stated that in vitro ARNI treatment 
in rats could improve the endothelial barrier, increasing the 
contractility of the detrusor muscles and thus helping the 
recovery of EF [25]. After this study, ARNI treatment continued 
to be examined in terms of increased sexual function, and in the 
study of Zhuang et al., it was found that ARNI administration 
increased sexual function in female hypertensive rats. They 
discovered that in addition to this increase in sexual function, 
there was an improvement in clitoral and vaginal fibrosis. They 
determined that the molecule’s effect on the PTEN/PI3K/AKT 
pathway was effective at the biochemical level [26]. In our study, 
it was observed that in HF patients with frequent ED complaints, 
patients who had received ARNI treatment had a significant 
increase in their ED score (ED recovery) at the end of 6 months 
compared to that in non-ARNI patients. Since there was no 
significant difference between the groups in the comparison of 
EF, chronic diseases, and age, and there was no change in the 
doses of other drugs used in the process, it was thought that a 
positive and significant effect in terms of ED was achieved with 
ARNI treatment. This is consistent with other studies that show 
ARNI treatment improves sexual functions. A recent study 
called PARADOR aimed to show the difference between ARNI 
and enalapril treatment in the recovery of ED in patients with 
low EF HF [27]. Results of randomized controlled and double-
blind studies with an active-control group are awaited. Recovery 

of ED with ARNI treatment is important in terms of increasing 
the quality of life in patients with HF.

Limitation

Our study’s limitations are the small number of samples and the 
lack of comparison of other medications used between groups.

Conclusion

It has been determined that new drugs used in HF have many 
pleiotropic effects apart from the target effect. In our study, it 
was found that there was a statistically significant decrease in 
ED complaints in patients with HF, who had received 6 months 
of ARNI treatment, compared to that those who had not.

Compliance with Ethical Standards

Ethical Approval: This study was approved by the Haydarpasa 
Numune Training and Research Hospital Clinical Research 
Ethics Committee (approval number: HNEAH-KAEK 2022/
KK 16.)). The study adhered to the principles of the Helsinki 
Declaration.
Financial Support: This manuscript did not receive any specific 
grant from funding agencies in the public, commercial, or not-
for-profit sectors.
Conflict of Interest: The authors have stated explicitly that 
there are no conflicts of interest in connection with this article
Authors’ Contributions: S S, B G and OY: Contributed to 
the conception, design, and acquisition of data or analysis 
and interpretation of data, E K: Analysis and interpretation of 
data about erectile dysfunction. All authors approved the final 
manuscript.

REFERENCES

[1] Rosamond W, Flegal K, Furie K, et al. Heart disease and 
stroke statistics 2008 update: a report from the American 
Heart Association Statistics Committee and Stroke Statistics 
Subcommittee. Circulation 2008;29:117:25-146. doi: 10.1161/
CIRCULATIONAHA.107.187998

[2] Lue TF. Erectile dysfunction. N Engl J Med 2000;342:1802-13. 
doi: 10.1056/NEJM200.006.153422407.

[3] Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ, 
McKinlay JB. Impotence and its medical and psychosocial 
correlates: Results of the Massachusetts Male Aging Study. J 
Urol 1994; 151:54-61. doi: 10.1016/s0022-5347(17)34871-1

[4] Braun M, Wassmer G, Klotz T, Reifenrath B, Mathers M, 
Engelmann U. Epidemiology of erectile dysfunction: Results 
of the “Cologne Male Survey.” Int J Impot Res 2000; 12:305-
11. doi: 10.1038/sj.ijir.3900622

[5] Schouten BWV, Bosch JLHR, Bernsen RMD, Blanker MH, 
Thomas S, Bohnen AM. Incidence rates of erectile dysfunction 
in the Dutch general population. Effects of definition, clinical 
relevance, and duration of follow-up in the Krimpen Study. Int 
J Impot Res 2005; 17:58-62. doi: 10.1038/sj.ijir.3901264



104
http://doi.org/10.5472/marumj.1244456

Marmara Med J 2023;36(1): 99-104

Marmara Medical Journal

Effect of ARNI treatment on erectile dysfunction Original Article
Sert et al.

[6] Kostis JB, Jackson G, Rosen R, et al. Sexual dysfunction, 
and cardiac risk (the Second Princeton Consensus 
Conference). Am J Cardiol 2005;96:313-21. doi: 10.1016/j.
amjcard.2005.12.018

[7] Rastogi S, Rodriguez J, Kapur V, Schwarz ER. Why do patients 
with heart failure suffer from erectile dysfunction? A critical 
review and suggestions on how to approach this problem. Int J 
Impot Res 2005;17 Suppl 1:25-36. doi: 10.1038/sj.ijir.3901426

[8] Bocchi E A, Guimarães G, Mocelin A, Bacal F, Bellotti G, 
Ramires J F. Sildenafil effects on exercise, neurohormonal 
activation, and erectile dysfunction in congestive heart 
failure: a double-blind, placebo-controlled, randomized 
study followed by a prospective treatment for erectile 
dysfunction. Circulation 2002;106:1097-103. doi: 10.1161/01.
cir.000.002.7149. 83473.b6

[9] Schwarz ER, Kapur V, Bionat S, Rastogi S, Gupta R, Rosanio 
S. The prevalence and clinical relevance of sexual dysfunction 
in women and men with chronic heart failure. Int J Impot Res 
2008;20:85-91. doi: 10.1038/sj.ijir.3901613

[10] Costa C, Virag R. The endothelial–erectile dysfunction 
connection: An essential update. J Sex Med 2009; 6 2390-404. 
doi: 10.1111/j.1743-6109.2009.01356.x

[11] Hodges LD, Kirby M, Solanki J, O’Donnell J, Brodie DA. 
The temporal relationship between erectile dysfunction and 
cardiovascular disease. Int J Clin Pract 2007;61:2019-25. 
doi:10.1111/j.1742-1241.2007. 01629.x

[12] Anne I, Thorson MD. Sexual activity and the cardiac patient. 
Am J Geriatr Cardiol 2003;12 : 38-40. doi: 10.1111/j.1076-
7460.2003.01755.x.

[13] Karavitakis M, Komninos C, Theodorakis PN, et al. Evaluation 
of sexual function in hypertensive men receiving treatment: 
a review of current guidelines recommendation. J Sex Med 
2011;8:2405-14. doi: 10.1111/j.1743-6109.2011.02342. x.

[14] Gottlieb S, Khatta M, Friedmann E, et al. The influence of 
age, gender, and race on the prevalence of depression in 
heart failure patients. J Am Coll Cardiol 2004;43:1542-9. doi 
:10.1016/j.jacc.2003.10.064

[15] Rosen, R.C., Riley, A., Wagner, G., Osterloh, I., Kirkpatrick, 
J., Mishra, A. (1997). The International Index of Erectile 
Function (IIEF): a multidimensional scale for assessment of 
erectile dysfunction. Urology 1997;49:822-30. doi: 10.1016/
s0090-4295(97)00238-0

[16] Ceyhun G, Erbay G. The relationship between ProNT BNP 
levels and erectiledysfunction in patients with chronic 
congestive heart failure. Ann Med Res 2021; 28: 652-6. 
doi:10.5455/annalsmedres.2020.06.676

[17] McMurray JJ, Packer M, Desai AS, et al . Angiotensin-
neprilysin inhibition versus enalapril in heart failure. N Engl J 
Med 2014;371:993-1004. doi: 10.1056/NEJMoa1409077

[18] Cruden NL, Fox KA, Ludlam CA, Johnston NR, Newby 
DE. Neutral endopeptidase inhibition augments vascular 
actions of bradykinin in patients treated with angiotensin-
converting enzyme inhibition. Hypertension 2004;44:913-8. 
doi: 10.1161/01.HYP.000.014.6483.78994.56.

[19] Wilkinson IB, McEniery CM, Bongaerts KH, MacCallum 
H, Webb DJ, Cockcroft JR. Adrenomedullin (ADM) in the 
human forearm vascular bed: effect of neutral endopeptidase 
inhibition and comparison with proadrenomedullin NH2-
terminal 20 peptide (PAMP). Br J Clin Pharmacol 2001; 
52:159-64. doi: 10.1046/j.0306-5251.2001.1420. x.

[20]  Marci C, Zheng W, Walther T. Interactions between 
angiotensin ll and atrial natriuretic peptide in renomedullary 
interstitial cells: the role of neutral endopeptidase. Nephron 
Physiol 2006; 103:149-56. doi: 10.1159/000092457

[21] Kuhn M. Molecular physiology of natriuretic peptide 
signalling. Basic Res Cardiol 2004; 99:76-82. doi: 10.1007/
s00395.004.0460-0.

[22] Wang Y, Zhou R, Lu C, Chen Q, Xu T, Li D. Effects of the 
angiotensin-receptor neprilysin inhibitor on cardiac reverse 
remodeling: Meta-analysis. J Am Heart Assoc 2019;8:012272. 
doi: 10.1161/JAHA.119.012272.

[23] Canale ML, Coviello K, Solarino G, et al. Case Series: 
Recovery of chemotherapy-related acute heart failure by 
the combined use of sacubitril valsartan and wearable 
cardioverter defibrillator: A novel winning combination in 
cardio-oncology. Front Cardiovasc Med 2022; 9:801143. doi: 
10.3389/fcvm.2022.801143.

[24] Trivedi RK, Polhemus DJ, Li Z, et al. Combined angiotensin 
receptor-neprilysin inhibitors improve cardiac and vascular 
function via increased NO bioavailability in heart failure. J Am 
Heart Assoc 2018;7:008268. doi:10.1161/JAHA.117.008268

[25] Claudino M.A., Mora A, Janussi S, et al. Effect of Entresto 
(valsartan+sacubitril) in the cardiac function and contractile 
response of detrusor and corpus cavernosum smooth muscles 
of heart failure rats. FASEB Journal 2020; 34:1-1 doi:10.1096/
fasebj.2020.34.s1.07018

[26] Zhuang C, Guo Z, Wang W, Sun R, Qi M, Yu J. Sacubitril/
valsartan improves sexual function and fibrosis of the clitoral 
and vaginal tissues in female spontaneously hypertensive 
rats. J Cardiovasc Pharmacol 2022;79:858-72. doi: 10.1097/
FJC.000.000.0000001251.

[27] The PARADOR (Comparing ARNI With ACE Inhibitor on 
Endothelial Function) trial is a planned multisite, randomized, 
double-blind trial designed to compare the effects of sacubitril/
valsartan with enalapril on endothelial function in patients 
with HFrEF ClinicalTrials.gov Identifier: NCT03917459 
Novartis. Comparing ARNI with ACE inhibitor on endothelial 
function (PARADOR), https://clinicaltrials.gov/ct2/show/
NCT03119623. NLM identifier: NCT03119623 (accessed 
December 2017 – completed August 2019)


	_Hlk119008091
	_Hlk118976617

