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Erectile dysfunction (ED) is defined as the inability to 
maintain or maintain penile stiffness for the proper 

duration of sexual intercourse [1]. The coexistence of ED 
and cardiovascular diseases is common since they share 
many etiological causes, such as hypertension, diabe-
tes, hyperlipidemia, obesity, decreased physical activity, 
smoking, malnutrition, excessive alcohol consumption, 
and psychological stress [2, 3]. Physiologically, autonom-
ic activity affects many other processes, including penile 
erection in men. Erection is a physiological condition 
formed by the control of the autonomic nervous system 

(ANS). During the formation of an erection, cyclic gua-
nosine-5’-monophosphate is synthesized with the acti-
vation of the parasympathetic system, leading to an in-
crease in the blood flow to the penis with the relaxation 
of the muscles in corpora cavernosa [4]. In a recent study, 
it was suggested that ANS dysfunction that develops 
with the impairment of the balance between sympathetic 
and parasympathetic activity can cause ED [5].

The heart rate recovery (HRR) index is expressed as 
the arithmetic difference between the highest heart rate 
and the heart rate observed during a certain time of a 

ABSTRACT
OBJECTIVE: Heart rate recovery (HRR) is a cardiac parameter that can be used to evaluate autonomic nervous system 
(ANS) function problems. We examined the possible relationship between erectile dysfunction (ED) and HRR which is a clinical 
condition associated with ANS dysfunction.

METHODS: Seventy-six male patients that were examined with an exercise stress test and completed the International Index 
of Erectile Function Questionnaire Form (IIEF-5) were included in the study. The patients were divided into two groups as 
those with a normal HRR index (≥12, n=42) and those with an abnormal HRR index (<12, n=34). Then, statistical analyses 
were conducted to evaluate the correlations between ED and HRR.

RESULTS: There were no differences between the groups in terms of risk factors, such as laboratory findings, age, BMI, 
hypertension, and smoking. However, in the group with an abnormal HRR index, the IIEF-5 score was significantly lower than 
the other group (11.2±4.2 vs. 20.3±4.6, p<0.001). A statistically significant positive correlation was observed between the 
IIEF-5 score and HRR index (r=0.702, p<0.001). In addition, the presence of diabetes mellitus and HRR index was indepen-
dent risk factors for lowering the IIEF-5 score.

CONCLUSION: The HRR index can be considered as an independent predictor of ED since a reduced value, which is asso-
ciated with cardiovascular mortality and also causes ANS dysfunction.
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rest period [6]. Normally, during rest after intense ex-
ercise, the fastest decrease in the heart rate is observed 
within the first 30 s, followed by a slower decrease [7]. 
It was reported that the decrease in the heart rate in the 
early period occurred due to the activation of the para-
sympathetic system, and the decrease in the heart rate in 
the late period developed due to the loss of the effect of 
the sympathetic system [8]. It is considered that the ma-
jor cause of this disorder in HRR is probably associated 
with both vagus nerve dysfunction and increased sympa-
thetic activity [9]. ANS plays a key role in the regulation 
of cardiac and vascular systems, and ANS dysfunction 
has also been associated with cardiovascular morbidity 
and mortality [10]. The HRR index is one of the non-in-
vasive clinical tests used to detect cardiac autonomic dys-
function [6]. Furthermore, a reduction in the HRR in-
dex has also been shown to be an independent risk factor 
for cardiovascular mortality [11].

An important feature of HRR is that it can also be a 
modifiable risk factor for cardiovascular diseases. There 
are studies showing that regular physical activity, which 
is an essential component of cardiac rehabilitation pro-
grams, leads to an improvement in HRR due to its sym-
patholytic and parasympathetic activity and results in a 
proven improvement in erection quality related to ANS 
activity in men [12, 13]. In this study, starting from this 
idea, we planned to explain the common pathogenesis 
between HRR and ED and to investigate whether the 
HRR index could be used as an ED predictor.

MATERIALS AND METHODS

This cross-sectional study was conducted in the depart-
ment of urology and cardiology. Male patients that un-
derwent the stress test with the suspicion of coronary 
artery disease were included in the study. Blood samples 
were analyzed in terms of a detailed biochemical pro-
file, serum lipid profile, and complete blood count, and 
hormonal analysis, including luteinizing hormone (LH), 
prolactin, total testosterone (TT), free testosterone, and 
dehydroepiandrosterone sulfate (DHEA-S). All serum 
samples were taken after 12 h of fasting. The stress test 
was applied according to the Bruce protocol consisting 
of the parameters of resting pulse rate, resting systol-
ic blood pressure, resting diastolic blood pressure, peak 
heart rate, percentage of heart rate achieved, exercise 
duration, maximum heart rate, maximum systolic blood 
pressure during testing, and maximum diastolic blood 
pressure during testing. HRR was determined by sub-

tracting the 1st min resting heart rate from the highest 
heart rate reached during the stress test.

As explained previously, the patient’s inability to re-
duce the heart rate by 12 beats while standing up within 
the 1st min after the stress test was considered abnormal 
HRR [14]. Estimated maximum heart rate was calculat-
ed by subtracting the age of the participant in 220. The 
International Index of Erectile Function Questionnaire 
(IIEF-5) was administered by the department of urology 
to all patients to assess sexual satisfaction. Patients with 
IIEF-5 scores <22 were considered as having ED.

Patients with severe hypertension (≥230/120 
mmHg) and malignant arrhythmia, who were un-
able to reach 85% of the maximal heart rate during the 
stress test, an indicator of chronotropic incompetence, 
and those that were shown to be isochemically positive 
during the test were excluded from the study. Further ex-
cluded were patients with chronic heart failure, coronary 
artery disease, heart valve disease, chronic liver disease, 
end-stage chronic renal failure (glomerular filtration rate 
<30 mL/min), those undergoing hemodialysis treat-
ment, those with thyroid dysfunction, cancer history, 
autoimmune and connective tissue disease, bradycardia 
or tachycardia, obstructive or restrictive lung disease or 
neurological/psychiatric disorder, obese patients with 
a body mass index (BMI) of >30, and patients using 
drugs, such as antiarrhythmics, phosphodiesterase inhib-
itors and beta-blockers, or receiving hormonal treatment. 
In addition, considering the levels of TT, free testoster-
one, DHEA-S, and LH in the hormone panel, patients 
with hypogonadism were excluded from the study due 
to affect erectile function. After applying the exclusion 
criteria, the remaining 76 patients were further evaluat-
ed. These patients were divided into two groups as those 

Highlight key points

• Erection is a physiological process that is regulated by the 
autonomic nervous system and occurs as a result of para-
sympathetic activity.

• Heart rate recovery (HRR) is a non-invasive cardiac param-
eter and is a useful diagnostic tool in demonstrating auto-
nomic dysfunction.

• In our study, we found that decreased HRR was associated 
with erectile dysfunction.

• Although we usually detect erectile dysfunction due to vas-
culogenic causes in clinical practice, we emphasize that ED 
can also be seen as a result of autonomic dysfunction and 
HRR should be kept in mind as a diagnostic tool when auto-
nomic dysfunction is suspected in erectile dysfunction.
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with a normal HRR index (≥12, n=42) and those with 
an abnormal HRR index (<12, n=34), and comparative 
statistical analyses were undertaken between the groups.

The Ataturk University Faculty of Medicine Clinical Re-
search Ethics Committee of our hospital approved the study 
procedures (IRB Number: B.30.2.ATA.0.01.00/355).

Statistical Analysis
Statistical analyses were performed using the Statisti-
cal Package for the Social Sciences, version 20.0 (SPSS, 
Inc., Chicago, IL). Variables with normal distribution 
were presented as mean±standard deviation, and those 
without normal distribution were presented as median 
with minimum and maximum range. To compare para-
metric continuous variables, Student’s t-test was used; 
to compare non-parametric continuous variables, the 
Mann–Whitney U-test was used. Categorical variables 
were expressed as percentages and compared between 
the groups using the Chi-square. The variables showing 
significant differences between the abnormal HRR index 
and normal HRR index group were included in a cor-
relation analysis. For the correlation analysis, Pearson’s 
and Spearman’s rank tests were used. Variables showing 
significant correlations were further included in multi-
variate regression analysis to test whether or not they 
might be independent risk factors for lowering IIEF-5 
score. For this purpose, significant factors obtained from 
the univariate analysis (p<0.02) were included in the 
multivariate analysis. Differences were considered signif-
icant at p<0.05.

RESULTS

The main characteristics of the patients are shown in Ta-
ble 1. There were no statistical differences between the 
normal HRR and abnormal HRR groups in terms of 
height, weight, BMI, smoking status, and hormone lev-
els; however, diabetes mellitus, dyslipidemia, low-den-
sity lipoprotein (LDL) cholesterol, exercise duration, 
and resting 1st min heart rate were significantly different 
(p<0.05 for all). In addition, in the patient group with an 
abnormal HRR index, the IIEF-5 score was significant-
ly lower than the other group (11.2±4.2 vs. 20.3±4.6, 
p<0.001). In correlation analysis, IIEF-5 score was sig-
nificantly positively correlated with HRR index, exer-
cise duration, and resting 1st min heart rate (r=0.702, 
p<0.001, r=0.302, p=0.024, and r=0.406, p<0.002, 
respectively), and significantly negatively correlated with 

LDL cholesterol (r=−0.458, p<0.001). Multivariate re-
gression analysis of our study revealed that the presence 
of diabetes mellitus and HRR index was the indepen-
dent risk factors for significantly lowering the IIE F-5 
score (Table 2).

DISCUSSION

ANS is one of the building blocks required for the nor-
mal functioning of the cardiovascular system. In clinical 
practice, ANS can be evaluated indirectly using heart 
rate variability (HRV) [15]. Although HRV provides 
some important information about the body’s auton-
omous activities, this parameter is not able to present 
clear information about ANS response to the stress ex-
ercise test [7]. In other words, dynamic changes in au-
tonomous activity cannot be sufficiently detected with 
HRV alone. Therefore, in our study, we used the exercise 
stress test since it offers the opportunity to evaluate both 
the cardiovascular system and autonomic pathology at 
the same time. During exercise, the heart rate increases, 
and after the end of exercise, it slows down, which is 
a process controlled by ANS. It has been shown that 
during exercise, sympathetic activity increases and para-
sympathetic activity is suppressed, leading to an increase 
in the heart rate [16]. At rest, the balance increases in 
favor of the parasympathetic system, and thus, the heart 
rate slows down [16]. HRR has been shown to occur 
with the reactivation of the parasympathetic system, 
which is suppressed between the 30 s and the 2nd min of 
the rest phase [7]. These findings show that parasympa-
thetic system activity is suppressed during exercise and 
during the 1st min of recovery, and then increases con-
tinuously up to 4 min after exercise and remains stable 
for up to 10 min after recovery [17]. The HRR index is 
a non-invasive parameter used to evaluate the autonom-
ic response of the heart, and it is a direct indicator of 
parasympathetic system activity [18]. In patients with 
abnormal HRR index, heart rate cannot be decreased 
more than 12 heartbeats per minute at rest, since the 
parasympathetic system, which should be active during 
the resting phase, is not active enough. In patients with 
abnormal HRR index, it is assumed that a suppressed 
parasympathetic system generally affects the whole body 
[19]. The parasympathetic system must be activated for 
an erection to occur. Furthermore, some researchers 
reported that an imbalance between the sympathetic 
and parasympathetic system, especially increased sym-
pathetic system activity and decreased parasympathetic 
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system activity, could cause ED [15, 20]. Therefore, as 
we found in our study, we consider that increase in the 
incidence of ED in people with abnormal HRR index is 
probably related to due to the suppression of the para-
sympathetic system that takes an active role in erection. 
This is consistent with the study by Chen et al. [21] who 
evaluated patients with inorganic ED and determined 
that cardiac sympathetic hyperactivity increased in pro-
portion to the severity of ED.

It is known that a well-functioning cardiovascular 
system is required for erection to occur. Observations 

in male groups with ED show that physical activity can 
have a beneficial effect on endothelial activity and simul-
taneously improve erection quality [22]. In addition, in 
patients with an abnormal HRR index, the sympathetic 
system cannot be activated sufficiently due to ANS dys-
function and a chronotropic incompetence occurs [18]. 
Similarly, in our study, although the heart rate of the pa-
tients at the beginning of exercise was similar, the peak 
heart rate was not sufficiently increased in patients with 
abnormal HRR index (143.4±16.8 vs. 166.3±18.4). 
Another result obtained from the current study is that 

 Abnormal HRR index (n=34) Normal HRR index (n=42) p

Age, years 54.2±7.9 48.2±8.3 0.433***
Diabetes mellitus, %  53 29 0.014**
Hypertension, % 41 32 0.645**
Smoker, % 27 26 0.713**
Dyslipidemia, % 44 50 0.038**
BMI (kg/m2) 26.2±3.3 26.4±4.1 0.862***
Blood glucose 132 (79–173) 121 (68–184) 0.076*
Creatinine (mg/dL) 0.77±0.15 0.73±0.14 0.613***
eGFR (mL/min/1.73 m2) 89.1±11.2 87.4±13.2 0.372***
Total cholesterol (mg/dL) 174 (147–203) 191 (152–232) 0.072*
HDL (mg/dL) 56.2±8.5 55.1±9.7 0.159***
LDL (mg/dL) 124 (89–152) 87 (64–133) 0.024*
Total testosterone (ng/ml) 4.6±1.2 5.0±1.8 0.543***
Free testosterone (pg/ml) 10 (4–16) 11 (5–17) 0.689*
DHEA-S (µ/ml) 225 (274–302) 192 (132–247) 0.385*
LH (mIU/ml) 4.3±1.2 4.5±0.9 0.536***
Triglyceride (mg/dL) 188 (137–231) 191 (162–225) 0.182*
Hemoglobin (g/dL) 14.3±1.3 13.8±1.6 0.107***
White blood cell (103/µl) 5.3 (2.1–7.3) 6.6 (3.4–8.4) 0.431*
Lymphocytes 103/µL 2.1±1.6 2.2±1.1 0.284*
Platelet 10³/mm³ 263 (199–356) 281 (201–332) 0.185*
Rest systolic BP (mmHg) 123.4±6.1 118.3±5.2 0.204***
Rest diastolic BP (mmHg) 76.2±5.2 73.4±4.5 0.328***
Exercise duration (min) 9.3±1.3 10.7±1.5 <0.001***
Resting 1st min heart rate (bpm) 126 (93–143) 143 (121–158) 0.002*
Peak heart rate (bpm) 143.4±16.8 166.3±18.4 0.058***
Starting heart rate 85 (67–103) 87 (69–108) 0.351*
HRR index 7.4±4.1 23.3±8.1 <0.001***
IIEF-5 score 11.2±4.2 20.3±4.6 <0.001***

*: Mann–Whitney U-test (data are given as median [IQR]); **: Chi-square test; ***: t-test (data are given as mean±SD); BMI: Body mass index; eGFR: Estimated 
glomerular filtration rate; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; DHEA-S: Dehydroepiandrostenedione sulfate; LH: Luteinizing hormone; HRR: 
Heart rate recovery; IIEF-5: International Index of Erectile Function Questionnaire.

Table 1. Baseline demographic, clinical, laboratory, and exercise stress test data of the participants
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the exercise duration was longer in patients with a nor-
mal HRR index. This supports the findings of Katka et 
al. [23] who reported that a reduced incidence of ED 
among patients with good exercise capacity. As a result, 
we think that chronotropic incompetence, low exercise 
capacity, and ANS dysfunction in this patient group all 
predispose to ED.

There are many complex methods to evaluate the 
ANS function; however, most are difficult to use in 
daily practice due to the need for special training and 
equipment. Therefore, the HRR index remains a use-
ful and non-invasive tool used to measure autonomic 
activation [24]. The relationship between the changes 
in the HRR index and various diseases has been inves-
tigated, and it has been reported that a deterioration 
in HRR is an independent indicator of mortality due 
to cardiovascular causes [16, 19]. In our study, we in-
vestigated whether there is a difference in ED between 
patients with normal HRR and abnormal HRR index 
under exercise stress test. We examined that the HRR 
index could be a predictor for ED. In our multivariate 
regression analysis, we determined the HRR index as 
an independent risk factor of ED, as well as diabetes 
mellitus, which is also known to be a potential risk fac-
tor of this dysfunction. Therefore, we consider that in 
ED patients, the HRR index is a useful method that 
can be used to predict the risk of autonomic dysfunc-
tion and cardiovascular morbidity and mortality, based 
on reduced values. We believe that this issue will be-
come clearer with further prospective studies.

The limitations of our study include broad exclusion 
criteria, relatively small sample size, and the lack of Dop-
pler ultrasonographic confirmation for the ED diagnosis.

Conclusion
Reduced HRR after the stress test can be considered as an 
indicator of impaired autonomic function in ED patients. 
For this reason, we consider that in patients presenting 
with ED complaints and detected to have a decreased 
HRR index in the stress test, the collaboration of urolo-
gists and cardiologists can guide early diagnosis and plan-
ning of other diseases caused by autonomic dysfunction.
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