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Purpose: In this study, we examined the difference in the treatment efficacy depending on the sympathetic activity in men with 
lower urinary tract symptoms (LUTS).
Methods: In the current single-center, retrospective study, we evaluated a total of 66 male patients aged 40–70 years of age, pre-
senting with LUTS, whose International Prostate Symptom Score (IPSS) exceeded 8 points. They had a past 3-month history of 
taking alfuzosin XL, and their heart rate variability (HRV) was measured before and after the treatment. In addition, we also re-
cruited 39 healthy volunteers who visited a health promotion center for a regular medical check-up. They were aged between 40 
and 70 years and had an IPSS of <8 points. We divided the patients with LUTS into two groups: the groups A and B, based on a 
low frequency/high frequency (LF/HF) ratio of 1.7, which was the mean value of the LF/HF ratio in the healthy volunteers. Af-
ter a 3-month treatment with alfuzosin XL, we compared treatment outcomes, based on the IPSS and peak urine flow rate, be-
tween the two groups. 
Results: A 3-month treatment with alfuzosin XL, comprising the measurement of the HRV, was performed for the 23 patients 
of the group A (23/38) and 17 of the group B (17/28). After a 3-month treatment with alfuzosin XL, total IPSS and IPSS ques-
tionnaire 2 and 5 were significantly lower in the group A as compared with the group B. But this was not seen in the group B. 
Furthermore, there were no significant differences in other parameters, such as maximal flow rate and IPSS storage subscore, 
between the two groups. 
Conclusions: Our results indicate that the treatment efficacy was lower in patients with sympathetic hyperactivity as compared 
with those with sympathetic hypoactivity. Thus, our results will provide a basis for further studies to clarify causes of LUTS in a 
clinical setting.
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INTRODUCTION

Lower urinary tract symptoms (LUTS) in men is a common 
symptom whose mechanism and etiology remain unclear [1]. It 
may be such a bothersome condition as to lead to the anxiety 
and even morbidity [2]. Moreover, due to the involvement of the 
prostate, LUTS shows different characteristics between men and 
women; voiding symptoms are more common in men than 
women. Idiopathic overactive bladder (OAB) is common in both 

sexes. Most patients with idiopathic OAB suffer from frequency, 
urgency and nocturia. To date, many studies have mainly exam-
ined the involvement of muscarinic receptors and the nervous 
system innervating the bladder in the pathogenesis of OAB. 
Moreover, it is widely known that the autonomic nervous system 
(ANS) is involved in the regulation of the micturition cycle. That 
is, there are several reports about the correlation between the ac-
tivity of the ANS and the LUTS [3-6]. It is presumed that the 
central sympathetic overactivity might be associated with the 
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LUTS in patients with benign prostatic hyperplasia (BPH); it is 
associated with metabolic syndrome in men [1,7].
  The heart rate variability (HRV) can be used to assess the ac-
tivity of the ANS. It is a quantitative, qualitative and noninva-
sive indicator of the systemic autonomic function. Autonomic 
dysfunction may be a causative factor for LUTS because the 
lower urinary tract is innervated and controlled by the ANS.
  To date, few studies have been conducted to examine the cor-
relation between the activity of the ANS and the LUTS in men, 
if any, and have suggested not only that it contributes to the 
pathophysology of the OAB but also that it may affect the treat-
ment effects in male patients with LUTS.
  Given the above background, we conducted this study to ex-
amine the difference in the treatment efficacy depending on the 
sympathetic activity in men with LUTS.

MATERIALS AND METHODS

In the current single-center, retrospective study, we evaluated a 
total of 66 male patients aged 40–70 years of age, presenting 
with LUTS, whose International Prostate Symptom Score 
(IPSS) exceeded 8 points. This study was initiated with approval 
of the Institutional Review Board of Ajou University College of 
Medicine (MED-MDB-12-273). They had a past 3-month his-
tory of taking alfuzosin XL, and their HRV was measured be-
fore and after the treatment. Thus, they were assigned to the pa-
tient group (n=66).
  In addition, we also recruited 39 healthy volunteers who vis-
ited a health promotion center for a regular medical check-up. 
They were aged between 40 and 70 years and had an IPSS of 
<8 points. They had no underlying diseases that may affect the 
ANS, such as diabetes, cardiovascular disease, neurologic dis-
turbance or any malignancies. In addition, they had no past 
history of surgery or pelvic trauma or that of taking medica-
tions that may affect the ANS. We excluded those who had a 
history of pelvic surgery or urinary retention, postvoiding re-
sidual urine of >100 and serum PSA of >10 ng/mL.
  We informed the patients with a PSA level of >4 ng/mL of 
the necessity to measure the PSA levels or to undergo prostate 
biopsy. We divided the patients with LUTS into two groups: the 
groups A and B, based on a low frequency/high frequency (LF/
HF) ratio of 1.7, which was the mean value of the LF/HF ratio 
in the healthy volunteers (Table 1). After a 3-month treatment 
with alfuzosin XL, we compared treatment outcomes, based on 
the IPSS and peak urine flow rate, between the two groups. 

The Measurement of HRV
The HRV was measured using the SA-3000p (Medicore, Seoul, 
Korea). At baseline, all the subjects received a bladder scan; the 
bladder contained at least 100 mL of urine. After a 30-minute 
resting, each subject underwent electrocardiographic signal re-
cording for five minutes in a sitting position. With the subjects 
breathing normally, we calculated the mean heart rate and stan-
dard deviation of the N-N interval (SDNN) and the square root 
of the mean squared differences in successive N-N intervals 
(RMSSD) using time domain analysis. SDNN reflects all the 
cyclic components that are responsible for variability in the re-
cording period and RMSSD represents the parasympathetic ac-
tivity. But we did not compare the SDNN and RMSSD because 
it has been believed that a 5-minute HRV test is not sufficient. 
The parameters of the frequency domain analysis are total 
power, very low frequency, LF and LF/HF ratio. The HF peak of 
the spectrum (0.15 to 0.40 Hz) represents parasympathetic ac-
tivity, whereas the LF peak (0.04 to 0.15 Hz) represents sympa-
thetic activity. Thus, the LF/HF ratio represents the ANS bal-
ance (sympathetic to parasympathetic activity).

Statistical Analysis
Statistical analysis was performed using the IBM SPSS Statistics 
ver. 19.0 (IBM Co., Armonk, NY, USA). All data was expressed 
as mean±standard deviation. We also used the independent t-
test to analyze differences in each parameter between the two 
groups. Furthermore, we performed the paired t-test to analyze 
the differences in each parameter between prior to and follow-
ing the treatment. A P-value of <0.05 was considered statisti-
cally significant.

Table 1. Clinical characteristics of 36 healthy volunteers

Characteristic Value

Age (yr) 56.17±6.63

Heart rate variability
   LF (ms2)
   HF (ms2)
   LF/HF

210.99±264.05
156.10±166.11

1.70±1.07

International Prostate Symptom Score
   Voiding subscore
   Storage subscore
   Total

3.03±1.30
1.64±1.20
4.69±1.55

Values are presented as mean±standard deviation.
LF, low frequency; HF, high frequency.
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RESULTS

Baseline Characteristics of the Subjects
The mean age of healthy volunteers was 56.2 years. Their mean 
LF/HF ratio was 1.7 (Table 1). Based on a cutoff value of LF/HF 
ratio of 1.7, 38 (LF/HF ratio<1.7) and 28 patients with LUTS 
(LF/HF ratio≥1.7) were assigned to the group A (n=38) and 
the group B (n=28), respectively. There were no significant dif-

ferences in age, volume of the prostate, baseline maximal flow 
rate (Qmax) and IPSS total, IPSS voiding subscore (sum of IPSS 
questionnaire 1, 3, 5, and 6), and IPSS storage subscore (sum of 
IPSS questionnaire 2,4, and 7) at baseline (Table 2). 

Changes in IPSS and Qmax After a 3-Month Treatment 
With Alfuzosin XL
A 3-month treatment with alfuzosin XL, comprising the mea-
surement of the HRV, was performed for the 23 patients of the 
group A (23/38) and 17 of the group B (17/28). The results of IPSS 
score and Qmax are shown in Table 3. After a 3-month treatment 
with alfuzosin XL, total IPSS and IPSS questionnaire 2 and 5 were 
significantly lower in the group A as compared with the group B. 
But this was not seen in the group B. Furthermore, there were no 
significant differences in other parameters, such as Qmax and 
IPSS storage subscore, between the two groups (Table 3). 

DISCUSSION

The overall prevalence of LUTS is high, and it increases with 
age, as does its severity [2]. It is commonly divided into the 
storage, voiding, and postmicturition symptoms. Histopatho-
logically, it has been linked to the BPH. However, not all cases 
of LUTS are prostate related, and there is evidence demonstrat-

Table 2. Patient characteristics and change of IPSS parameter 
and uroflowmetry in two subgroups of patients with lower uri-
nary tract symptoms depending on the sympathetic activity

Variable Group A 
(n=38)

Group B 
(n=28) P-value

Age (yr) 59.11±9.92 57.89±9.69 0.62

Volume of prostate 31.74±10.29 31.17±11.17 0.84

Baseline Qmax 11.90±6.84 11.92±7.10 0.99

Baseline IPSS total 21.18±7.81 18.00±7.86 0.10

Baseline IPSS voiding 12.63±5.28 10.89±5.29 0.19

Baseline IPSS storage 7.50±4.24 6.54 ±3.62 0.34

Values are presented as mean±standard deviation.
Group A, patients with LF/HF<1.7; group B, patients with LF/HF 1.7 
and>1.7; IPSS, International Prostate Symptom Score; LF, low frequen-
cy; HF, high frequency; Qmax, maximal flow rate.

Table 3. Difference of the IPSS and Qmax after a 3-month treatment

Parameter
Group A (n=23) Group B (n=17)

Baseline After treatment P-value Baseline After treatment P-value

Qmax (mL/sec) 11.59±8.00 11.70±6.01 0.946 10.13±4.25 12.91±7.85 0.061

IPSS total 20.93±9.75 14.93±5.18 0.006* 17.00±9.75 17.11±7.11 0.954

IPSS voiding 12.86±5.22 10.50±4.60 0.077 9.78±5.78 10.56±4.77 0.211

IPSS storage 6.79±4.98 6.79±2.58 1.000 6.78±4.47 8.67±3.64 0.170

IPSS No 1 3.73±1.74 2.91±1.97 0.381 1.50±1.87 1.50±1.64 1.000

IPSS No 2 2.55±2.07 1.45±1.51 0.038* 1.33±1.03 2.50±1.38 0.239

IPSS No 3 3.55±1.69 2.10±1.70 0.091 2.17±1.72 0.83±0.75 0.221

IPSS No 4 1.82±2.18 0.82±0.98 0.176 1.67±1.86 1.50±1.76 0.895

IPSS No 5 4.64±0.67 2.73±1.68 0.012* 4.33±0.82 3.67±1.51 0.444

IPSS No 6 2.45±2.02 1.55±1.86 0.346 2.67±1.03 2.50±1.52 0.833

IPSS No 7 2.64±1.80 2.09±1.38 0.441 1.67±0.82 2.33±1.75 0.484

IPSS No 8 (QoL) 3.93±1.33 3.07±1.35 0.061 4.00±0.63 3.50±0.55 0.076

Values are presented as mean±standard deviation.
Group A, patients with LF/HF <1.7; group B, patients with LF/HF 1.7 and >1.7; IPSS, International Prostate Symptom Score; Qmax, maximal flow 
rate; LF, low frequency; HF, high frequency; QoL, quality of life. 
*P<0.05 at the paired t-test.



148    www.einj.org

Jang, et al.  •  Treatment Efficacy According to Sympathetic Activity

http://dx.doi.org/10.5213/inj.2014.18.3.145

INJ

ing a direct link between the benign prostatic enlargement 
(BPE), bladder outlet obstruction (BOO) and LUTS [3]. The 
extended underlying pathophysiology leading to LUTS remains 
unclear, although it is increasingly recognized that the causes of 
LUTS extend well beyond BPE and BOO [8]. The multiple 
pathways leading to the onset and progression of LUTS not 
only complicate diagnosis but also limit the overall effectiveness 
and satisfaction of targeted symptom management strategies 
[9]. Therefore, treatment efficacy varies between individuals. 
Hyperactivity of the sympathetic nervous system may evoke 
LUTS, as shown in several studies about autonomic functions 
in male patients with LUTS. Previous epidemiological studies 
have suggested that there might be a relationship between the 
sympathetic overactivity and LUTS in male patients with BPH. 
Meigs et al. [10] noted that men with symptomatic BPH were 
also more likely to have characteristics associated with in-
creased sympathetic activation, particularly in those who had 
heart disease, used β-blockers and lived a sedentary lifestyle.
  The HRV is a simple and important tool for studying the au-
tonomic control of the heart and autonomic dysfunction, and it 
represents one of the most promising markers [11,12]. We sug-
gest the possibility of ANS imbalance and the use of HRV as a 
method to evaluate ANS tone. It depends on the effects of sym-
pathetic and vagal activities on the sinus node, and its variabili-
ty reflects spontaneous changes in autonomic activity [13]. It 
has been presumed that the HF and RMSSD are mainly re-
sponsive to changes in parasympathetic tone, whereas LF and 
SDNN are dually influenced by other physiologic inputs as well 
as cholinergic and adrenergic activities. Efferent vagal activity is 
a major contributor to the HF component, as is seen in clinical 
and experimental observations of autonomic maneuvers, such 
as electrical vagal stimulation, muscarinic receptor blockade 
and vagotomy [14-16]. Some authors reported that the inter-
pretation of the LF component remains controversial [16-19], 
but others did that it is a marker of the sympathetic modulation 
when it is particularly expressed in normalized units [14].
  It has been previously shown that there is an increase in the 
sympathetic tone in patients with LUTS and a greater increase 
in it in those with voiding symptom. According to Oh et al. [20], 
however, the severity of storage symptom was greater in patients 
with sympathetic hypoactivity, thus presenting with frequency, 
as compared with those with sympathetic hyperactivity.
  We conducted the current study to examine the difference in 
the treatment efficacy between patients with LUTS with sympa-
thetic hyperactivity and those with sympathetic hypoactivity. 

The degree of the treatment efficacy is relatively lower in male 
patients with LUTS who had sympathetic hyperactivity as com-
pared with those with sympathetic hypoactivity. Alfuzosin is a 
selective β-blocker but it does not have selectivity for the α1-
receptor subtypes. This explains the reason to ignore the differ-
ence of sympathetic activity. It can therefore be inferred that 
there would be different outcomes if there are any chances that 
α1a-selective blockers, such as tamsulosin or silodosin, are used. 
This deserves further studies.
  There are several limitations of the current study are as follows:
  (1) We enrolled a small number of patients in the current 
study. It was a pilot study to determine the role of autonomic ac-
tivity in the treatment of patients with LUTS. This deserves fur-
ther large-scale studies. 
  (2) The LUTS are not specific but subject to change depend-
ing on the factors that are not associated with prostatic condi-
tions such as diet, fluid intake, alcohol intake, anticholinergic 
effects of commonly used over-the-counter medications, smok-
ing and even mood or physical activity [21-23]. In the current 
study, we attempted to control such effects by encouraging the 
patients not to consume anything that may affect the activity of 
the ANS prior to the measurement of the HRV.
  (3) We enrolled relatively younger subjects as compared with 
a general group of patients with LUTS. The age difference 
might have been due to exclusion criteria. We excluded men 
with underlying diseases that may affect the activity of the ANS, 
such as diabetes and hypertension. Such diseases commonly 
show a lower prevalence in younger men who commonly take 
less medications that may affect the activity of the ANS. Many 
patients with LUTS who do not respond to current medications 
or surgical treatments have a poor quality of life. Our results 
suggest that ANS disturbances, especially sympathetic hyperac-
tivity, may be involved in the progression of diseases in men 
with LUTS. 
  In conclusion, our results indicate that the treatment efficacy 
was lower in patients with sympathetic hyperactivity as com-
pared with those with sympathetic hypoactivity. Thus, our re-
sults will provide a basis for further studies to clarify causes of 
LUTS in a clinical setting. 
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