Association between benign prostate enlargement-related
storage and voiding symptoms and systolic blood pressure:
a single-center cross-sectional study
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ABSTRACT
BACKGROUND: Lower urinary tract symptoms significantly worsen quality of life. The hypothesis that they
might lead to serious systolic blood pressure alterations through inducing sympathetic nervous activity
has not been studied so far.
OBJECTIVES: To investigate the relationship between benign prostate enlargement-related storage and
voiding symptoms and systolic blood pressure.
DESIGN AND SETTING: Cross-sectional single-center study on data from a hospital patient record system.
METHODS: We evaluated the medical records of all consecutive patients with benign prostate enlarge-
ment-related lower urinary tract symptoms admitted between January 2012 and December 2017.
Storage and voiding symptoms were assessed separately. International Prostate Symptom Score, uroflow-
metry, postvoiding residual urine volume and systolic blood pressure were recorded. Pearson correlation
and linear regression analysis were used.
RESULTS: Positive correlations were found between systolic blood pressure and all of the storage symp-
toms. Among these, urgency had the most significant effect. There were 166 patients (41.4%) with urgency
for urination, which increased mean systolic blood pressure from 124.88 mmHg (average value in elevat-
ed blood pressure group) to 132.28 mmHg (average value in stage-1 hypertension group). Hesitancy in
urinating and feeling of incomplete bladder emptying had weak positive correlations with systolic blood
pressure. There was a negative correlation between systolic blood pressure and intermittency of urination.
CONCLUSIONS: With increasing numbers of urine storage symptoms, systolic blood pressure also in-
creases, while the opposite occurs for voiding symptoms in patients with benign prostate enlargement.
We conjecture that storage symptoms may lead to this increase through inducing sympathetic hyperac-
tivity. Further prospective studies with larger groups are needed to confirm these findings.

INTRODUCTION
Two types of lower urinary tract symptoms are associated with symptomatic benign pros-
tate enlargement: storage symptoms and voiding symptoms. The detrimental effects of storage
symptoms on patients’ quality of life, which have been recognized as a major burden on health-
care resources, are more significant than voiding symptoms.' An association between lower uri-
nary tract symptoms and cardiovascular hyperstimulus based on an overactive sympathetic ner-
vous system has been reported.? The filling and voiding cycles of the bladder trigger sympathetic
activity and, thus, benign prostate enlargement-related storage and voiding symptoms stimulate
autonomic hyperactivity.>*

Since blood pressure elevation indicates sympathetic hyperactivity, this subject has become
a focus of interest over recent years.”® The presence of hypertension as a component of meta-
bolic syndrome has been recognized to play a role in the development of severe lower urinary
tract symptoms.® It has been shown that bladder dysfunction may occur in the presence of endo-
thelial dysfunction in the pelvic vascular system. The mechanism is based on increased sympa-
thetic activity, especially al-adrenoreceptor activity. This pathway is common for hypertension
and severe lower urinary tract symptoms.®” Other studies have demonstrated that there is an
association between benign prostate hyperplasia and hypertension via activation of insulin-like

growth factor and increased sympathetic nervous system activity.5'°
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So far, published studies have mainly focused on the
International Prostate Symptom Score or, specifically, on the effects
of nocturia on the blood pressure.** On the other hand, to the best
of our knowledge, the relationship between each lower urinary tract
symptom and systolic blood pressure (SBP) has not been studied.

There is a serious lack of information about this topic.

OBJECTIVES
Our aim was to investigate the association between SBP (espe-
cially stage-1 hypertension) and each benign prostate enlarge-

ment-related storage or voiding symptom, separately.

METHODS

Study design and ethics

Our study was designed as a cross-sectional evaluation of data
extracted from our hospital’s patient record system. It was con-
ducted after obtaining approval from the local ethics com-
mittee at our hospital (protocol number: 2018-05/58; date of
approval: May 2, 2018), and in accordance with the ethical stan-
dards of the institutional and/or national research commit-
tee and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Checklists compiled
using the Strengthening the Reporting of Observational studies

in Epidemiology (STROBE) recommendations were also used.

Participants

The data of all 732 patients aged 50 years and over who presented
benign prostate enlargement-related lower urinary tract symp-
toms and were admitted to our urology clinic between January
2012 and December 2017 were assessed.

Patients who presented stage-2 hypertension, diabetes, hyper-
lipidemia, uncontrolled hypothyroidism, obesity or metabolic
syndrome; renal, cardiac, pulmonary, vascular, hepatic or psychi-
atric diseases; or sleep disorders or active urinary tract infections
were excluded in order to eliminate other etiologies that might
trigger sympathetic activity. Except for benign prostate enlarge-
ment, patients with histories of other urinary diseases, urethral
manipulations and strictures or pelvic or cardiovascular surgery
were excluded. Patients who were using antihypertensive drugs or
alpha-blocker medications that might affect the autonomic nervous
system were also excluded from the study in order to avoid the
presence of misleading lower urinary tract symptoms and blood

pressure measurements.

Blood pressure assessment and hypertension classification
We used the 2017 guidelines of the American College of
Cardiology/American Heart Association for blood pressure

classification.’™> Through these guidelines, all participants

were firstly classified into four main groups based on their
SBP and diastolic blood pressure (DBP) measurements: nor-
motension (SBP < 120 mmHg and DBP < 80 mmHg), ele-
vated blood pressure (120 < SBP < 130 mmHg and DBP
> 80 mmHg), stage-1 hypertension (130 < SBP < 140 mmHg
or 80 < DBP < 90 mmHg) and stage-2 hypertension (SBP
> 140 mmHg or DBP > 90 mmHg.) Patients with stage-2 hyper-
tension were excluded from the present study because these
patients were using antihypertensive medication.

The patients thus selected were divided into three groups with
regard to their SBP values. Patients with SBP of 110-119 mmHg
(normotension), SBP of 120-129 mmHg (elevated blood pressure)
and SBP of 130-139 mmHg (stage-1 hypertension). These were
named the first, second and third group, respectively.

Basic vital signs and blood pressure measurements were part
of our routine for every patient and these values were systemati-
cally recorded. During each visit, measurements were made after
the patient had rested for at least five minutes in a warm room
while sitting in a back-supported position.'? Systolic and diastolic
blood pressure from the left brachial artery were measured using
an automated blood pressure monitor (Tango, SunTech Medical,
USA). Because blood pressure changes over time, it was measured
at least twice on the same day with an interval of three minutes.'?
After completion of the ultrasound, uroflowmetry and blood tests,
the patients made a second visit approximately two weeks later.
The average values for systolic blood pressure were recorded.
No medication was given during this two-week period, so that
the possible effects of alpha-blocker medications on systolic blood

pressure were removed.

Lower urinary tract symptom assessment and flow analysis
Following the International Continence Society’s classification
scheme, patients who experienced urgency for urination, noctu-
ria and high frequency of urination were classified as those with
storage symptoms and patients who experienced intermittency of
urination, hesitancy in urinating, feeling of incomplete bladder
emptying and straining to urinate were classified as those with
voiding symptoms. A validated Turkish-language version of the
seven-item International Prostate Symptom Score was applied to
assess subjective urinary symptoms. Each question was scored
from 0 to 5. Total scores in the ranges of 0-7, 8-19 and 20-35 were
classified as mild, moderate and severe, respectively.
Uroflowmetric analysis, including peak urinary flow rate, was
recorded for every patient, followed by physical examination, dig-
ital rectal examination, urinalysis and prostate-specific antigen
(PSA) measurement. Uroflowmetric measurements were performed
using the Flowmaster Wireless Uroflowmeter (MMS-Medical
Measurement Systems, Enschede, Netherlands). Prostate volume

and postvoiding residual volume were measured using a 3.5-MHz



transabdominal ultrasound probe (Acuson Sequoia 512; Siemens
Medical Solution, Mountain View, CA, USA). This was positioned
suprapubically in accordance with the ellipsoid formula, which
consisted of multiplication together of the largest anteroposterior
diameter (height, H), transverse diameter (width, W) and ceph-
alocaudal diameter (length, L) with 0.524 (H x W x L x n/6)."
Among the patients with benign signs from rectal examination
and a PSA value < 2.5 ng/ml, those with prostate sizes over 25 g
or peak urinary flow rate values under 13 ml/s were classified as

patients with benign prostate enlargement.

Sample size calculation and statistical analysis

In order to achieve a power of 80.4% with 92.5% confidence
interval for the statistical analysis, the sample size was designed
to include at least 83 individuals in each of the three groups of
SBP. The calculation yielded a total of 249 individuals.

Statistical analyses were performed using the IBM Statistical
Package for the Social Sciences (SPSS), version 21 (IBM, Armonk,
NY, USA). Continuous variables were presented as the mean +
standard deviation. The normality of continuous variables was
evaluated using the Shapiro-Wilks test. Comparisons of continu-
ous variables were performed using the independent-sample t test
and one-way analysis of variance (ANOVA). Comparisons between
pairs of categorical variables were made using chi-square analysis.
The Pearson correlation coefficient was used to analyze associations
between pairs of continuous variables. Multiple linear regression
analysis was used to assess multivariate relationships between SBP
and other variables. Candidate independent variables for multiple
linear regression analysis were identified using univariate analysis.
All tests were two-tailed and P-values of less than 0.05 were con-

sidered to be statistically significant.

RESULTS
It was determined that 401 patients were eligible for inclusion in
this study. Figure 1 shows the flowchart for our study.

The mean age of all the patients was 57.26 + 9.36 years. In the
presence of urgency of urination, nocturia and high frequency
of urination, the SBP values increased and the classification of
the patients changed from “elevated blood pressure” to “stage-1
hypertension”. However, voiding symptoms did not lead to a sim-
ilar effect on the systolic blood pressure (Table 1).

When the cutoff value was set at 40 g, the increase in prostate
volume did not lead to a significant change in SBP (P = 0.305).
Similarly, no statistically significant relationship between post-
voiding residual volume and SBP was found (P = 0.174) (Table 1).
Among the seven symptoms, urgency for urination was found
to have the most significant effect on SBP with an increase of
6.55 mmHg (P < 0.001). That effect was followed by nocturia,

high frequency of urination, hesitancy in urinating and feeling

of incomplete bladder emptying with increases of 4.63, 3.33, 2.37
and 1.67 mmHg, respectively. While straining to urinate had no
effect on SBP, intermittency of urination led to a decrease in SBP
of 1.78 mmHg (Table 2). The distributions of each group were
presented in relation to the presence of lower urinary tract symp-
toms and the severity of the International Prostate Symptom Score
(Table 3). This analysis did not identify any significant effects on SBP
from the severity of the International Prostate Symptom Score and
the peak urinary flow rate (Tables 2 and 3). As the number of stor-
age symptoms increased, the SBP value also increased (P < 0.001,
r = 0.536). On the contrary, as the number of voiding symptoms
increased, the SBP value decreased (P < 0.001, r = -0.327).

In a subgroup analysis that was composed of 33 patients who
only had storage symptoms and 27 patients who only had voiding
symptoms, SBP was found to be significantly higher in the patients
who only had storage symptoms (135.21 + 6.10 versus 128.04 +
7.62 mmHg) (P < 0.001).

DISCUSSION

Many studies have investigated factors such as age and health-
related, physical, psychiatric, lifestyle, socioeconomic and met-
abolic factors that might show associations with storage and
voiding symptoms.>'*'® Some studies have found divergent
results regarding the factors associated with storage and void-
ing symptoms.*® Previous epidemiological studies have investi-
gated links between sympathetic overactivity and lower urinary
tract symptoms.*>!*?2 Recently, the effects of lower urinary tract
symptoms on sympathetic nervous system activity have been
drawing attention.

Some studies have demonstrated that pathophysiological
similarities and common pathways exist between lower urinary
tract symptoms and autonomic nervous system hyperactivity.?**
Animal models have demonstrated that autonomic nervous sys-
tem activity is an important determinant of prostate growth and,
thus, that it is associated with lower urinary tract symptoms.?**
McVary et al. reported that changes to the American Urological
Association Symptom score, Benign Prostatic Hyperplasia Impact
Index score and Quality of Life score had significant effects on sys-
tolic and diastolic blood pressure.?! They found a positive correlation
between total symptom scores and blood pressure, although they
did not evaluate the effect of each symptom separately. Similarly, in
another study, International Prostate Symptom Score and peak
urinary flow rate values were identified as positively related vari-
ables for diastolic blood pressure, and this finding was associated
with increased sympathetic activity.”

Systolic or diastolic blood pressure has been presented as a
determinant of nocturia.” The circadian rhythm of blood pres-
sure has been investigated among patients with benign prostate

enlargement, and presence of nocturia has been found to be an



independent risk factor for non-dipper hypertension. Its presence
has also been reported to be a poor prognostic factor for cardio-
vascular morbidity and mortality.**

Martin et al. evaluated many factors associated with uncom-
plicated storage and voiding symptoms. None of the storage and
voiding symptoms were found to be significant in terms of SBP
and DBP? Based on the effects of thyroid dysfunction on auto-
nomic nervous system activity, they noted that increased modu-
lation of beta-2 adrenergic receptors may lead to voiding symp-
toms.”® On the other hand, if their conjecture were correct, this
reasoning should also explain a similar relationship between SBP
and both voiding and storage symptoms.

According to a rodent model, chronic intermittent hypoxia
causes increased HIF-1 alpha synthesis. This alerts the sympa-
thetic neurons and stimulates the release of epinephrine, norepi-
nephrine and other catecholamines. As a result, blood pressure
increases.?® This mechanism is very similar to benign prostate
enlargement. Prostate hyperplasia gives rise to inadequate blood
flow to prostate cells. It activates chronic hypoxia and ischemia,
and many mediators such as HIF-1 alpha, VEGF and TGF beta
start to be released. The association between sympathetic systemic

activity and lower urinary tract symptoms can be explained by

this mechanism.?” In another animal model, it was shown that
hypertensive rats exhibited symptoms of voiding dysfunction
and had increased presence of sympathetic neurotransmitters.
Alpha-1 sympathetic hyperactivity is a well-known dynamic
component of benign prostate enlargement because it increases
the smooth muscle tone of the prostate and causes bladder out-
let obstruction.?

According to Jang et al., in patients with sympathetic hyper-
activity, alpha blockers were less effective.?® They commented that
sympathetic hyperactivity was a negative prognostic factor for
progression of benign prostate enlargement. However, this cor-
relation was only observed in relation to the total International
Prostate Symptom Score. They measured the patients’ heart rate
variability to determine sympathetic activity, although all of the
patients were normotensive.

Our study differs from the previous studies because we inves-
tigated each voiding and storage symptom separately, in terms of
their association with SBP. We found that storage symptoms were
more significant determinants than voiding symptoms, in terms
of stage-1 systolic hypertension. Even if these patients have blood
pressure values that do not require any medication, they still could

experience cardiac problems in their future lives.

Excluded (n=331)
- Not meeting inclusion criteria (n = 103)
- Patients whose data were not fully accessible (n = 130)
- Patients with stage-2 hypertension (n = 98)
(SBP = 140 mmHg or DBP = 90 mmHg)

Enrollment Assessed for eligibility (n = 732)
—
Y
Cross-sectional study (n =401)
(Evaluation in terms of systolic blood pressure)
Allocation

Group | (n =83)
Normotension
(SBP 110-119 mmHg)

SBP = systolic blood pressure; DBP = diastolic blood pressure.

Group Il (n =130)
Elevated blood pressure
(120 < SBP < 130 mmHg)

Group Ill (n=188)
Stage 1 hypertension or

(130 < SBP < 140 mmHg)

Figure 1. Flowchart of the study population.

Previous expression as “systolic pre-hypertension”




According to the 2007 guidelines of the European Society of
Cardiology/European Society of Hypertension, and the Seventh
Report of the Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure, prehyperten-
sion was classified as 130 < SBP < 140 mmHg and/or 80 < DBP
< 90 mmHg.">* It was recommended that cardiologists should
start administering antihypertensive medication when prehyper-
tension is detected. Since then, systolic prehypertension has been

the focus of discussion and research. In the 2014 guidelines, the

recommendation was that cardiologists should not start treatment
with medication based on the presence of systolic prehyperten-
sion; instead, very close follow-up was recommended, given that
these patients were at very high risk of harboring or developing
serious cardiovascular diseases.'

The 2017 guidelines of the American College of Cardiology/
American Heart Association changed the definition of prehy-
pertension, to create two different stages: elevated blood pres-
sure (120 < SBP < 130 mmHg and DBP > 80 mmHg) and stage-1

Table 1. Changes to systolic blood pressure according to lower urinary tract symptoms, post-voiding residual urine, prostate volume and age

Variable

Urgency of urination

Nocturia

Urgency and nocturia

High frequency of urination

Intermittency of urination

Hesitancy in urinating

Feeling of incomplete bladder emptying

Straining to urinate

PVR (ml)

Prostate volume (g)

Age

Absent (n = 235)
Present (n = 166)
Absent (n =213)
Present (n = 188)
Absent (n = 296)
Present (n = 105)
Absent (n =281)
Present (n = 120)
Absent (n = 292)
Present (n =109)
Absent (n =271)
Present (n = 130)
Absent (n = 306)
Present (n = 95)
Absent (n = 222)
Present (n = 179)
<20 (n=298)
21-50 (n =55)
> 50 (n=48)
25-40 (n = 188)
>40(n=213)

PVR = post-voiding residual urine.
Continuous variables are given as mean + standard deviation (independent-sample t test). Correlation between age and systolic blood pressure was analyzed

using Pearson correlation analysis.

Mean value of systolic blood

P-value
pressure + standard deviation
124.88 = 7.50
< 0.001
132.28 £6.32
125.06 £ 7.15
<0.001
131.22+7.48
125.74 +7.26
<0.001
134.16 £ 6.21
126.84 + 8.01
< 0.001
130.51+£7.08
129.02+7.72
< 0.001
125.06+7.75
129.04 =+ 7.89
<0.001
125.66 = 7.50
128.30 £ 7.96
0.104
126.79+7.73
130.10 £ 7.59
<0.001
125.27 £ 7.51
128.24 +7.91
126.09 £ 8.12 0.174
128.23 £ 7.64
128.38 + 8.08
0.305
127.56 +7.77
R=-0.068 0.174

Table 2. Effects of urinary symptoms on systolic blood pressure (linear regression analysis)

Covariates t-value
Constant 71.38
Urgency of urination 8.49
Nocturia 6.03
High frequency of urination 4.46
Intermittency of urination -2.47
Hesitancy in urinating 2.57
Feeling of incomplete bladder emptying 1.80
Straining to urinate -1.67
Qmax -1.91
IPSS-moderate -0.54
IPSS-severe 0.75

Qmax = peak urinary flow rate; IPSS = International Prostate Symptom Score.
“IPSS-mild”was taken as the reference category, and so the categories of “IPSS-moderate”and “IPSS-severe” were evaluated in relation to the reference value.

B (95% confidence interval) P-value
124.42 (120.99 to 127.85) <0.001
6.55 (5.03 to 8.06) < 0.001
4.63(3.12t06.14) <0.001
3.33(1.86 to 4.80) < 0.001
-1.78 (-3.75 t0 -0.43) 0.014
2.37 (0.55 t0 4.18) 0.011
1.67 (-0.15 to 3.49) 0.016
-1.71 (-3.73 t0 0.31) 0.096
-0.14 (-0.27 t0 0.01) 0.057
-0.44 (-2.05 t0 1.16) 0.588
-0.76 (-1.23 to 2.75) 0.454



hypertension (130 < SBP < 140 mmHg or 80 < DBP < 90 mmHg)."
Thus, the term “systolic prehypertension” was replaced by “stage-1
systolic hypertension”. The alert value requiring follow-up became
130 < SBP < 140 mmHg.

Patients with benign prostate enlargement experiencing lower
urinary tract symptoms, who did not need antihypertensive medica-
tion, were included in our study. We divided them into subgroups in
terms of SBP. Although we did not detect any statistically significant
correlation between the International Prostate Symptom score, peak
urinary flow rate and SBP when lower urinary tract symptoms were
examined individually, the other six symptoms except for straining to
urinate were found to have significant effects on SBP. Among these
six symptoms, urgency of urination, nocturia and high frequency of
urination had the strongest effects on SBP and shifted the blood pres-
sure stage from “elevated blood pressure” to “stage-1 hypertension’”.
The contributions of these symptoms to increased SBP were 6.55,
4.63 and 3.33 mmHg, respectively and these increases were statisti-
cally significant. Considering that, according to the new American
College of Cardiology/American Heart Association classification,
the differences between the groups are only 10 mmHg, and that
such differences in SBP (especially in the case of increases) change
the therapeutic approach that physicians take, we believe that these
results are clinically significant as well.

Hypertension and benign prostatic hyperplasia (BPH) are
common age-related diseases. These two pathophysiological
conditions coincide in about 25-30% of men over 60 years old.*
Hypertension increases the risk of moderate-to-severe lower uri-

nary symptoms by 1.5-fold.* Conversely, we observed that severe

lower urinary symptoms induced higher systolic blood pressure.
Because all the patients in our study had blood pressure values
under 140 mmHg, there was no need for medication.

We demonstrated that as the number of storage symptoms
increased, the SBP value also increased. As the number of voiding
symptoms increased, the SBP value decreased. Sympathetic activ-
ity was not directly measured in this study, but our findings were
compatible with those of other studies that measured sympathetic
activity and suggested that sympathetic activity could be triggered
via storage symptoms.***2-

When the cutoff value was set at 40 g, we observed that the
increase in prostate volume did not lead to a significant change
in SBP. This was expected, because there is no direct correlation
between prostate volume and the severity of lower urinary tract
symptoms. Prostatic hyperplasia is a histological phenomenon
and does not always have to cause obstruction, whereas lower
urinary tract symptoms are a mixture of neuromuscular changes
that are assumed to interact with the autonomic nervous system.
Prostate enlargement of solely non-obstructive nature has no direct
connection with the neuronal changes that play a major role in
lower urinary tract symptoms. It is assumed that prostate enlarge-
ment alone does not have an impact on the autonomic nervous
system unless it is symptomatic.

We did not find any relationship between postvoiding residual
volume and SBP. This may be explained by the low residual urine
volumes. Most of the patients were within the normal range and
hardly any were above the generally well-accepted limit of 50 ml.

At values under 50 ml, there are no SBP-related changes, possibly

Table 3. Distribution of groups in terms of presence of urinary symptoms and IPSS severity

Systolic blood pressure

Variable 110-119 mmHg 120-129 mmHg 130-139 mmHg P-value
(n=83) (n=130) (n=188)
L Absent, n (%) 71(85.8) 99 (76.2) 65 (34.6) .
Urgency of urination <0.001
Present, n (%) 12 (14.5) 31(23.8) 123 (65.4)
X Absent, n (%) 59(71.1) 90 (69.2) 64 (34.0) .
Nocturia <0.001
Present, n (%) 24 (28.9) 40 (30.8) 124 (66.0)
X L Absent, n (%) 75(90.4) 91 (70.0) 115 (61.2) .
High frequency of urination <0.001
Present, n (%) 8(9.6) 39 (30.0) 73 (38.8)
) L Absent, n (%) 49 (59.0) 90 (69.2) 153 (81.4) .
Intermittency of urination <0.001
Present, n (%) 34 (41.0) 40 (30.8) 35(18.6)
. . L Absent, n (%) 47 (56.6) 77 (59.2) 147 (78.2) .
Hesitancy in urinating <0.001
Present, n (%) 36 (43.4) 53 (40.8) 41(21.8)
Feeling of incomplete Absent, n (%) 62 (74.7) 89 (68.5) 155 (82.4) LA
bladder emptying Present, n (%) 21(25.3) 41 (31.5) 33(17.6) ’
. X Absent, n (%) 32(38.6) 56 (43.1) 134 (71.3) .
Straining to urinate <0.001
Present, n (%) 51(61.4) 74 (56.9) 54 (28.7)
Mild, n (%) 28(33.7) 34(26.2) 78 (41.5)
IPSS Moderate, n (%) 38 (45.8) 67 (51.5) 71(37.8) 0.065
Severe, n (%) 17 (20.5) 29 (22.3) 39(20.7)

IPSS = International Prostate Symptom Score.

*Chi-square test.



because there is no irritation effect on the bladder. At values above
50 ml, compensation due to continuous sympathetic stimulation
develops and there is inhibition of nerve conduction.'>*

Because heart rate variability can be assessed as a non-invasive
indicator of sympathetic nervous system function, some research-
ers have used it to analyze sympathetic activity.** Thus, they syn-
chronously evaluated the relationship between heart rate variabil-
ity and lower urinary tract symptoms because heart rate variability
reflected spontaneous changes in autonomic activity. In another
study, changes to SBP and DBP were recorded one and five min-
utes after a tilt table test, respectively, to assess alterations in auto-
nomic activity. Thus, the response to circulatory stress was eval-
uated via the tilt table.”!

One limitation of our study was that we did not measure the
variability of sympathetic activity via heart rate variability or a
stress tilt test. We defend our hypothesis based on the findings in
the literature. If we had been able to prove that variability in sym-
pathetic activity was present, the power of our study would have
become higher, but this was not possible because of our study design.
Another limitation of our study was the small number of patients.

To our knowledge, this was the first study to evaluate voiding
and storage symptoms separately in terms of their associations
with SBP, in patients with benign prostate enlargement-related

lower urinary tract symptoms.

CONCLUSIONS

We presume that storage symptoms are directly related to systolic
blood pressure levels. When each symptom was analyzed indi-
vidually, urgency of urination, nocturia and high frequency of
urination were found to be correlated with the most significant
rises in systolic blood pressure. We also found that the combina-
tion of urgency of urination and nocturia had an adjuvant effect
and together increased the systolic blood pressure more than
each symptom did alone. In accordance with previous studies,
we hypothesize that storage symptoms provoke sympathetic sys-
tem activity and may manifest as stage-1 hypertension, which is
an important precursor for cardiovascular diseases. Further pro-
spective studies with larger patient groups are needed to prove
this relationship and to show whether treatment of storage symp-

toms may help in treating stage-1 systolic hypertension.

REFERENCES

1. CoyneKS, Sexton CC, Kopp Z5, et al. Rationale for the study methods and
design of the epidemiology of lower urinary tract symptoms (EpiLuts)
study. BJU Int. 2009;104(3):348-51. PMID: 19291251; doi: 10.1111/j.1464-
410X.2009.08425 x.

2. Ramberg H, Eide T, Krobert KA, et al. Hormonal regulation of beta2-
adrenergic receptor level in prostate cancer. Prostate. 2008,68(10):1133-42.
PMID: 18454446; doi: 10.1002/pros.20778.

Martin SA, Haren MT, Marshall VR, Lange K, Wittert GA. Prevalence
and factors associated with uncomplicated storage and voiding
lower urinary tract symptoms in community-dwelling Australian
men. World J Urol. 2011;29(2):179-84. PMID: 20963421; doi: 10.1007/
500345-010-0605-8.

Choi JB, Lee JG, Kim YS. Characteristics of autonomic nervous system
activity in men with lower urinary tract symptoms (LUTS): analysis of
heart rate variability in men with LUTS. Urology. 2010;75(1):138-42.
PMID: 19854482; doi: 10.1016/j.urology.2009.08.018.

Oh DG, Cho DS, Yun IS, et al. The difference of lower urinary tract
symptoms between sympathetic hyperactive and hypoactive men.
Int Neurourol J. 2013;17(1):30-3. PMID: 23610709; doi: 10.5213/
inj.2013.17.1.30.

Russo Gl, Castelli T, Privitera S, et al. Increase of Framingham
cardiovascular disease risk score is associated with severity of lower
urinary tract symptoms. BJU Int. 2015;116(5):791-6. PMID: 25601421;
doi: 10.1111/bju.13053.

Kim'S, Jeong JY, Choi YJ, et al. Association between lower urinary tract
symptoms and vascular risk factors in aging men: the Hallym Aging
Study. Korean J Urol. 2010;51(7):477-82. PMID: 20664781; doi: 104111/
kju.2010.51.7.477.

Kopp W. Diet-Induced Hyperinsulinemia as a Key Factor in the Etiology
of Both Benign Prostatic Hyperplasia and Essential Hypertension?
Nutr Metab Insights. 2018;11:1178638818773072. PMID: 30455570;
doi: 10.1177/1178638818773072.

Fink RL, Kolterman OG, Griffin J, Olefsky JM. Mechanism of insulin
resistance in aging. J Clin Invest. 1983;71(6):1523-35. PMID: 6345584;
doi: 10.1172/jci110908.

Seals DR, Esler MD. Human ageing and the sympathoadrenal system.
JPhysiol. 2000;528(Pt 3):407-17. PMID: 11060120; doi: 10.1111/}.1469-
7793.2000.00407 x.

. Whelton PK, Carey RM, Aronow WS, et al. 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. 2018;71(6):1269-324.
PMID: 29133354; doi: 10.1161/HYP.0000000000000066.

. Barcin C. What has changed with the new European Society of

Cardiology/ European Society of Hypertension guideline? Turk
Kardiyol Dern Ars. 2014;42(1):1-6. PMID: 24481087; doi: 10.5543/
tkda.2014.46095.

Jeong CW, Park HK, Hong SK, et al. Comparison of prostate volume
measured by transrectal ultrasonography and MRI with the actual
prostate volume measured after radical prostatectomy. Urol Int.
2008;81(2):179-85. PMID: 18758216; doi: 10.1159/000144057.

. Mongiu AK, McVary KT. Lower urinary tract symptoms, benign

prostatic hyperplasia, and obesity. Curr Urol Rep. 2009;10(4):247-53.
PMID: 19570484, doi: 10.1007/511934-009-0041-8.



20.

22.

23.

24.

25.

26.

. RohrmannS, Crespo CJ, Weber JR, et al. Association of cigarette smoking,

alcohol consumption and physical activity with lower urinary tract
symptoms in older American men: findings from the third national
health and nutrition examination survey. BJU Int. 2005;96(1):77-82.
PMID: 15963125; doi: 10.1111/j.1464-410X.2005.0557 1 X.

. Orsini N, Rashidkhani B, Andersson SO, et al. Long-term physical activity

and lower urinary tract symptoms in men. J Urol. 2006;176(6 Pt 1):2546-50.
PMID: 17085155; doi: 10.1016/j.,juro.2006.07.030.

. Rosen RC, Giuliano F, Carson CC. Sexual dysfunction and lower urinary tract

symptoms (LUTS) associated with benign prostatic hyperplasia (BPE). Eur
Urol.2005:47(6):824-37.PMID: 15925080; doi: 10.1016/j.eururo.2004.12.013.

. Parsons JK. Modifiable risk factors for benign prostatic hyperplasia and

lower urinary tract symptoms: new approaches to old problems. J Urol.
2007;178(2):395-401. PMID: 17561143; doi: 10.1016/.juro.2007.03.103.

. Wu Z, Wu K, Wang B. Clinical significance of residual urine volume in

bladder outlet obstruction with benign prostatic hyperplasia. Zhonghua
Wai Ke Za Zhi. 1997,35(6):374-6. PMID: 10374477.

Juszczak K, Mazur M, Wyczétkowski M, Thor PJ. Autonomic nervous system
activity in patients with lower urinary tract symptoms secondary to benign
prostatic hyperplasia estimated by heart rate variability. The Open Urology
&Nephrology Journal. 2008;1:44-9. doi: 10.2174/1874303X00801010044.

. McVary KT, Rademaker A, Lloyd GL, Gann P. Autonomic nervous system

overactivity in men with lower urinary tract symptoms secondary
to benign prostatic hyperplasia. J Urol. 2005;174(4 Pt 1):1327-433.
PMID: 16145413, doi: 10.1097/01.ju.0000173072.73702.64.

Michel MC, Heemann U, Schumacher H, Mehlburger L, Goepel M.
Association of hypertension with symptoms of benign prostatic
hyperplasia. J Urol. 2004;172(4 Pt 1):1390-3. PMID: 15371852; doi:
10.1097/01.ju.0000139995.85780.d8.

Mason OR, Lynch K, Rashid M, et al. Systolic Blood Pressure as a Novel
Determinant of Nocturia in Non-Hispanic Black Men. J Am Soc Hypertens.
2016;10 Suppl 1:e6. PMID: 27677142; doi: 10.1016/},jash.2016.06.019.
Turgut F, Bayrak O, Kanbay M, et al. Circadian rhythm of blood pressure
in patients with benign prostatic hyperplasia. Scand J Urol Nephrol.
2008:42(1):47-52. PMID: 17853012; doi: 10.1080/00365590701520008.
Fliers E, Klieverik LP, Kalsbeek A. Novel neural pathways for metabolic
effects of thyroid hormone. Trends Endocrinol Metab. 2010;21(4):230-6.
PMID: 20005733; doi: 10.1016/j.tem.2009.11.008.

Semenza GL, Prabhakar NR. Neural regulation of hypoxia-inducible
factors and redox state drives the pathogenesis of hypertension in
a rodent model of sleep apnea. J Appl Physiol. 2015;119(10):1152-6.
PMID: 25953833; doi: 10.1152/japplphysiol.00162.2015.

27.

28.

29.

30.

3.

32.

Margel D, Shochat T, Getzler O, Livne PM, Pillar G. Continuous positive
airway pressure reduces nocturia in patients with obstructive sleep
apnea. Urology. 2006;67(5):974-7. PMID: 16635510; doi: 10.1016/j.
urology.2005.11.054.

Jang HI, Park SG, Shim KH, et al. The Correlation Between the Treatment
Efficacy and the Sympathetic Activity in Men With Lower Urinary
Tract Symptoms. Int Neurourol J. 2014;18(3):145-9. PMID: 25279242;
doi: 10.5213/inj.2014.18.3.145.

Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure: the JNC 7 report. JAMA.
2003;289(19):2560-72. PMID: 12748199; doi: 10.1001/jama.289.19.2560.
Boyle P, Napalkov P.The epidemiology of benign prostatic hyperplasia
and observations on concomitant hypertension. Scand J Urol Nephrol
Suppl. 1995;168:7-12. PMID: 7541551.

Joseph MA, Harlow SD, Wei JT, et al. Risk factors for lower urinary tract
symptoms in a population-based sample of African-American men.
Am J Epidemiol. 2003;157(10):906-14. PMID: 12746243; doi: 10.1093/
aje/kwg051.

Kranse R, van Mastrigt R. Weak correlation between bladder
outlet obstruction and probability to void to completion.
Urology. 2003;62(4):667-71. PMID: 14550440; doi: 10.1016/50090-
4295(03)00575-2.

Date and venue of the event at which the paper was presented:

This manuscript was presented as an oral presentation at the 8" Eurasian

Uro-oncology Congress in Tbilisi, Georgia, June 28 to July 1,2018

Conflict of interest: None

Sources of funding: None

Date of first submission: January 3, 2019
Last received: July 22,2019
Accepted: September 16,2019

Address for correspondence:

Ismail Selvi

Department of Urology, Karabuk University Training and Research Hospital
78200 Karabtik, Turkey

Tel. +90 0370 415 80 00

Fax.+90 0370412 56 28

E-mail: ismselvi33@hotmail.com

© 2019 by Associagao Paulista de Medicina

This is an open access article distributed under the terms of the Creative Commons license.


mailto:ismselvi33@hotmail.com

