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Purpose: To investigate whether seasonal changes occurred in lower urinary tract symptoms (LUTS) in patients with benign
prostatic hyperplasia (BPH).

Methods: Patients aged 50 years and older with BPH treated with au-blockers were enrolled. The International Prostate Symp-
tom Score (IPSS), quality of life (QoL) score, maximum and average flow rate, voided volume, and postvoid residual volume
were measured in summer and winter.

Results: A total of 164 patients were enrolled. The total IPSS and QoL index did not show a significant difference between the
2 seasons. When the IPSS was divided into storage symptoms and voiding symptoms, storage symptoms in winter were sub-
stantially but nonsignificantly higher than those in summer (P =0.056). Of the 7 individual symptoms in the IPSS, a signifi-
cant seasonal difference was observed only for nocturia, with a higher score in winter. Moreover, none of the uroflowmetric
parameters showed a seasonal change. Voided volume had significant correlations with each symptom (urgency and nocturia)
and overall subjective scores (storage, total IPSS, and QoL) exclusively in summer, while this correlation remained only for
nocturia in winter.

Conclusions: As it has generally been assumed that LUTS deteriorate in winter, the present study corroborated that the sever-
ity of storage symptoms was higher in winter than in summer, even in patients treated with a;-blockers. In contrast, a seasonal
difference was not observed in the uroflowmetric parameters, which may be partly due to the loss of the correlation between
subjective and objective measurements of storage symptoms in winter.
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INTRODUCTION ease, cerebrovascular disease, and respiratory disease [1-3]. Ad-

ditionally, it is generally assumed that lower urinary tract symp-
It is well recognized that the season of the year exerts an influ- toms (LUTS) in patients with benign prostatic hyperplasia
ence on some disease conditions, such as coronary heart dis- (BPH) can be affected by seasonal variation, becoming exacer-
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bated in the cold season. This phenomenon can be explained as
follows. Cold stress increases sympathetic activity, which stimu-
lates smooth muscle contraction in the prostate, and induces
detrusor overactivity, which decreases the voiding interval and
volume [4,5]. However, only a few clinical studies have ad-
dressed the associations between seasonal changes and LUTS
[6-9]. Some studies found significant differences in subjective
symptoms between the cold and hot seasons [6,9], while others
did not [7,8]. Moreover, inconsistent results have been found
regarding seasonal variation in some uroflowmetric parameters
[7-9]. Such contradictory results prompted us to further inves-
tigate the impact of seasonal variation on LUTS. Thus, we con-
ducted a prospective study to assess seasonal changes in urinary
symptom scores and uroflowmetric parameters in men with
LUTS and BPH.

MATERIALS AND METHODS

Patients and Study Design

From January 2014 to August 2016, consecutive patients with
BPH were enrolled in this prospective study. The inclusion cri-
teria were patients aged >50 years who had an estimated pros-
tate volume >20 mL measured by ultrasonography and had
been treated with au-blockers for >3 months to avoid the issue
of initial treatment efficacy. The exclusion criteria included a re-
peated history of urinary tract infections, chronic urinary re-
tention, prostate cancer, or any other condition likely to cause
urinary problems, as well as the use of antimuscarinics, $3-
adrenergic agonists, diuretics, or vasopressin. The approval of
the Institutional Review Board and informed consent from all
patients were obtained beforehand.

Assessment of LUTS

The International Prostate Symptom Score (IPSS) question-
naire was used to evaluate subjective symptoms. The sum of the
storage symptom subscore (frequency, urgency, and nocturia)
and the voiding symptom subscore (intermittency, decreased
urinary stream, straining, and the feeling of incomplete empty-
ing) was determined, as well as the total score. Uroflowmetry
was performed to determine the maximum and average urinary
flow rate (Qmax, Qave) and the voided volume (VV). Postvoid
residual volume (PVR) was measured by ultrasonography.
These measurements were performed once for each patient 6
months apart in the first winter (defined as December, January,
and February) and summer (defined as June, July, and August)
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Table 1. Monthly average ambient temperatures in the cold and
hot seasons from January 2014 to August 2016

Winter Summer

Year
December January February  June July

2014 39°C 23°C  28°C 219°C 251°C 26.0°C
2015 7.2°C 32°C  37°C 214°C 256°C 254°C
2016 - 34°'C  47°C 21.7°C 242°C 26.2°C
Average 5.6°C 30°C  37°C 21.7°C 25.0°C 25.9°C

August

during the study period to assess seasonal variation. Patients
were asked to record the temperature in their bedroom at the
time they went to sleep and woke up when they responded to
the IPSS questionnaire.

Climate Data

The average monthly ambient temperatures in degrees Celsius
(°C) at the patients’ area of residence (longitude 139°E, latitude
36°N) during the study period were extracted from the Auto-
mated Meteorological Data Acquisition System (AMeDAS),
operated by the Japan Meteorological Agency, and shown in
Table 1.

Statistical Analysis

Data with a normal distribution were expressed as mean +
standard deviation. Data with a nonnormal distribution were
expressed as median (interquartile range [IQR]). The intra-
group difference between the winter and summer values were
analyzed by the Wilcoxon rank-sum test. Each pairwise group
difference was analyzed using the Mann-Whitney U-test. The
Spearman rank correlation coeflicient was used to assess corre-
lations between various variables. P-values of <0.05 were con-
sidered to indicate statistical significance.

RESULTS

Characteristics of the Patients

A total of 164 patients, aged 70.9 +7.6 years, were enrolled in
this study. Their mean estimated prostate volume was
34.8+11.2 mL. The median duration of a;-blocker treatment
before the study entry was 607 days (IQR, 263-1,128 days).
Seventy patients were treated with naftopidil (50-75 mg/day),
62 with tamsulosin (0.2 mg/day), and 32 with silodosin (8 mg/
day).
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Table 2. Comparison of IPSS, QoL score, and uroflometric parameters by season (n=164)

Variable Winter Summer P-value
IPSS
QI: Incomplete emptying 1(0-2) 1(0-2) 0.193
Q2: Frequency 1(1-2) 1(1-2) 0.081
Q3: Intermittency 1(0-2) 1(0-2) 0.664
Q4: Urgency 1(0-1) 1(0-2) 0.976
Q5: Weak stream 2(1-3) 2(1-3) 0.892
Q6: Straining 1(0-2) 1(0-2) 0472
Q7: Nocturia 2(1-3) 2(1-2) 0.018
Total score 10 (6-15) 8.5(6-13.8) 0.073
Voiding score 5(3-8.8) 5(2.3-9) 0.196
Storage score 4(3-6) 4(3-6) 0.056
QoL score 3(2-4) 3(2-4) 0.750
Uroflowmetric parameters
Qmax (mL/s) 10.1 (7.9-14.0) 10.0 (7.0-15.0) 0.383
Qave (mL/s) 5.4 (4.0-7.0) 5.0 (3.5-7.0) 0.328
VV (mL) 159.5 (109.5-247.3) 160.0 (104.0-254.0) 0.618
PVR (mL) 45.0 (24.3-78.3) 43.5 (24.0-67.5) 0313

Values are presented as median (interquartile range). P-values were determined by Wilcoxon's rank-sum test.
IPSS, International Prostate Symptom Score; QoL, quality of life; Qmax, maximum urinary flow rate; Qave, average urinary flow rate; V'V, voided

volume; PVR, postvoid residual.

Seasonal Changes in LUTS

As shown in Table 2, of the 7 individual symptoms in the IPSS,
a significant seasonal difference was observed only for nocturia,
which showed a higher score in winter. When the IPSS was di-
vided into storage symptoms and voiding symptoms, the score
of storage symptoms in winter was substantially but nonsignifi-
cantly higher than in summer (P =0.056). However, the total
IPSS and QoL scores did not show any difference between the 2
seasons. None of the uroflowmetric parameters showed sea-
sonal differences.

Of the 164 participants, 58 provided a complete record of
their bedroom temperatures. These patients were divided into 2
groups (high and low bedroom temperature) by the median
value of the bedroom temperature. A high bedroom tempera-
ture at wake-up time was defined as >9°C (IQR, 7°C-11.5°C)
in winter and >26°C (IQR, 24°C-27°C) in summer. The fre-
quency of nocturia was compared between these 2 groups.
There was no significant difference in nocturia scores between
the 2 groups defined according to their bedroom temperature
in either season (Table 3). Likewise, no LUTS other than noctu-
ria were different between the 2 groups (data not shown).
Moreover, there were no correlations between bedroom tem-
perature and nocturia score in either season (r=-0.0241, P=
0.886 for winter, r=-0.102, P=0.547 for summer).

Int Neurourol J 2017;21:197-203

Table 3. Comparison of nocturia score in winter and summer
by bedroom temperature

Season & bedroom temperature Median (IQR) P-value
Winter 0.443
High (29°C) (n=28) 2(1-2)
Low (226°C) (n=34) 2.0(1.3-3.0)

Summer 0.167
High (29°C) (n=30) 1.5(1.0-2.8)
Low (=26°C) (n=24) 2(2-3)

P-values were determined by Mann-Whitney U-test.
IQR, interquartile range.

Lastly, in order to explore the degree to which uroflowmetric
measurements reflected the subjective symptoms determined by
the IPSS in association with seasonal changes, the correlations
between Qmax, Qave, VV, and PVR and their corresponding
symptoms in the IPSS (i.e., correlations between Qmax/Qave
and weak stream, straining, and intermittency; between VV and
frequency, urgency, and nocturia; and between PVR and incom-
plete emptying) as well as the total IPSS and QoL scores were
examined in both seasons using the Spearman rank correlation.
As shown in Table 4, no symptom score in the IPSS was mean-
ingfully correlated with its uroflowmetric counterpart in either
season. However, in summer, VV showed significant negative
correlations with overall symptoms, as indicated by storage, to-
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nese patients with LUTS treated by medication showed no sig-
nificant difference in the total IPSS, voiding symptoms, and
storage symptoms, but a significant change in Qmax, which
was higher in both the cold and comfortable seasons than in
the hot season [7]. Another study conducted in the United
Kingdom (UK) examined the effect of seasonal variation on the
IPSS and uroflowmetric parameters among 296 men with
LUTS recruited in 4 different seasons (spring, summer, au-
tumn, and winter) [8]. There were no significant variations in
either the IPSS or uroflowmetric parameters by season, with
the exception of increased actual nightly voids in frequency-
volume charts over the summer months. A similar retrospec-
tive analysis was conducted using a large database of 1,185 Ko-
rean men with LUTS, who were categorized into cold-season,
hot-season, and intermediate-season groups [9]. The IPSS, es-
pecially the scores for storage symptoms and QoL, were signifi-
cantly aggravated in the cold-season group compared with the
hot-season group. Seasonal differences were also observed in
some uroflowmetric parameters, with VV being higher and
PVR being lower in the cold season than in the hot season.
Taken together, although we feel that storage symptoms are
likely to become worse in the cold season, this possibility has
not always been confirmed in previous studies. However, de-
spite the large number of patients, the 2 recent studies from the
UK and Korea [8,9] examined seasonal variation in LUTS not
within individuals, but between groups of patients recruited in
different seasons, and thus the results were driven by individual
differences as well as seasonal differences. With regard to this
point, the small study from Japan [7] seems more reliable as an
examination of the seasonal variability of LUTS, but the num-
ber of patients was too small to draw firm conclusions. There-
fore, in order to elucidate the impact of seasonal differences on
LUTS, we conducted a prospective study in a larger number of
patients, comparing both subjective and objective urinary
symptoms measured by the IPSS and uroflowmetry between
the cold and hot seasons within the same individuals.

In our study, the severity of nocturia and storage symptoms
determined by the IPSS was worse in winter than in summer.
Considering our observations from our daily clinical practice
and the increasing amount of research into the etiology of cold
stress-induced storage symptoms, this finding seems reason-
able. When designing our study, we presumed that nighttime
frequency might be associated with bedroom temperatures, es-
pecially in the cold season, and we hypothesized that lower
bedroom temperatures would be correlated with higher night-
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time frequency. Thus, we examined the difference in nocturia
scores between 2 groups classified according to the median
bedroom temperature, as well as the correlation between noc-
turia scores and bedroom temperature. Unexpectedly, we did
not find any associations between nighttime frequency and
bedroom temperature. This may have been partially due to the
smaller number of patients who were available for this analysis,
as well as to issues relating to various types of heating and hous-
ing. The use of cu-blockers may have been another contributor
to this negative result, since ai-blockers have been shown to
potentially inhibit cold stress-induced detrusor overactivity in
animal models [13,14].

However, objective measurements by uroflowmetry showed
no seasonal variation in our study, although it was assumed that
the aggravation of frequency in the cold season would cause a
lower VV and flow rate. Nonetheless, some uroflowmetric pa-
rameters exhibited even better results in the cold season than in
the hot season in the 2 previous studies [7,9]. The authors hy-
pothesized that the higher Qmax in winter was due to a change
of temperature caused by movement from the cold outdoors to
the warm indoors for measurements, rendering the sympathet-
ic nerve atonic and thus favoring urination [7]. Additionally, it
was proposed that the lower VV resulting from decreased di-
uresis by increased insensible fluid loss in the hot season could
lead to a higher VV in the cold season [9]. In any case, there
seems to be some discrepancy between the subjective measure-
ments made using the IPSS and the objective measurements by
uroflowmetry as a function of the season of the year. Thus, we
examined the correlations between uroflowmetric parameters
and the IPSS in winter and summer separately. The severity of
each symptom in the IPSS did not meaningfully reflect the uro-
flowmetric measurements in either season. Instead, the overall
symptoms indicated by storage, total IPSS, and QoL scores, as
well as storage symptoms such as urgency and nocturia, were
significantly correlated with VV in the summer, while such a
correlation was only found for nocturia in the winter among
the same cohort of patients. This suggests that the decreased
VV and flow rate that resulted from the aggravation of storage
symptoms in the winter may not have been reflected in uro-
flowmetric measurements performed in a well-heated exami-
nation room. That is, seasonal variations did exist in subjective
urinary symptoms, which reflected individuals’ daily experi-
ences, but not in objective uroflowmetric parameters that were
measured only once in air-conditioned examination rooms, not
at the ambient temperature. Several studies have investigated
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the relationship of uroflowmetric parameters and LUTS evalu-
ated by the IPSS, with conflicting results [18-25]. However, no
studies have addressed this issue in association with seasonal
variations. Discrepancies in the season and ambient tempera-
tures when the studies were conducted may have played a role
in producing inconsistent correlations between the IPSS and
uroflowmetric variables.

Some limitations of this study need to be acknowledged. First,
the number of patients was relatively small. Second, seasonal as-
sessments were performed only once in each patient, and infor-
mation from the spring and fall was lacking. Third, this was a
questionnaire-based study without objective assessments of day-
time and nighttime frequency by frequency-volume charts. It is
well known that there are discrepancies between nocturia scores
on the IPSS and nighttime frequency in frequency-volume
charts [26]. In fact, the aforementioned UK study showed a sig-
nificant increase in median actual nightly voiding episodes over
the summer months, despite identical median nocturia scores
across the 4 seasons [8]. Lastly, this study was conducted in a
limited area in Japan. Therefore, the observations from this study
are not applicable to all regions with 4 seasons throughout the
world. This point was clearly presented in the aforementioned
study conducted in 3 Japanese communities with different ambi-
ent temperatures [6].

In conclusion, this study demonstrated that patients with
BPH experienced aggravated storage symptoms in winter com-
pared with summer, even when treated with ou-blockers. How-
ever, seasonal variation was not observed in the objective vari-
ables evaluated by uroflowmetry, which may be partly due to
the loss of relationship between subjective symptoms and uro-
flowmetric measurements, especially in the winter. Therefore,
seasonal variations in subjective symptoms should be consid-
ered in assessments of the efficacy of therapy for LUTS, espe-
cially when initiating or switching drugs [27]. Further research
is expected to elucidate the extent and impact of seasonal varia-
tions in LUTS for women as well as men across 4 seasons in a
larger cohort of patients from more areas with different climate
profiles.
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