
Abstract. Background/Aim: This study aimed to determine
whether psychological stress associated with the COVID-19
pandemic might exacerbate lower urinary tract symptoms
(LUTS) and decrease lower urinary tract function in
outpatients with LUTS. Patients and Methods: We evaluated
104 patients who visited our hospital during the first wave
of the COVID-19 pandemic. Psychological stress was
evaluated by the Stress Response Scale-18 (SRS-18). Subjects
were divided into aggravation and non-aggravation of
psychological stress groups according to the SRS-18. LUTS
was evaluated according to the International Prostate
Symptom Score (IPSS). Lower urinary tract function was
evaluated as the post-void residual urine volume (PVR).
Comparisons of scores and changes in scores of each
parameter before versus during/after the first wave of the
COVID-19 pandemic were performed between the two
groups. Results: Forty-two patients were included in each
group. We observed no significant differences in the
comparison of scores at each time point and in changes in
total IPSS score, voiding symptom subscores and PVR
between the two groups. Although no significant differences
in storage symptom subscores were observed between the
two groups, changes in storage symptom subscores increased
significantly during the first wave of the pandemic in the
aggravation of psychological stress group (p=0.02).

However, no significant increase was observed after the first
wave. Conclusion: Psychological stress during the COVID-
19 pandemic might transiently aggravate storage symptoms
in patients with LUTS. Physicians should be aware of the
possibility of transient worsening of LUTS during future
pandemics, and transiently additional medication might be
effective in such patients.

To date, the Coronavirus Disease-19 (COVID-19) pandemic
has caused much hardship worldwide and has been a public
health concern since it was first confirmed in Wuhan, China
in late 2019. Thereafter, it spread all over the world within a
few months (1, 2), and was declared a pandemic by the World
Health Organization on 11th March 2020. Since then, millions
of cases and deaths due to COVID-19 have been reported.
Mild cases of COVID-19 experience upper respiratory

tract symptoms, fever, and diarrhea (3), while more severe
cases experience pneumonia, multiple organ failure and even
death (4). Thus, COVID-19 can affect the entire body,
including the lower urinary tract. Nabbeeh et al. reported that
lower urinary tract symptoms (LUTS) worsened significantly
after COVID-19 infection in patients with benign prostatic
hyperplasia (BPH) (5). One report described the progression
of BPH due to damage to the prostate gland after COVID-
19 infection (6). On the other hand, another study reported
no evidence of progression of BPH after COVID-19
infection (7). Thus, the association between LUTS/BPH and
COVID-19 still remains unclear.
However, apart from the physical effects of COVID-19

infection, the COVID-19 pandemic itself has likely caused
significant psychological stress in a lot of people. Previous
natural disasters, such as the Great East Japan earthquake,
reportedly caused a transient increase in blood pressure,
number of suicides, etc. (8, 9) In addition, the incidence of
nocturia increased transiently after the Great East Japan
Earthquake (10). Thus, previous epidemiological studies
demonstrated the occurrence of various morbid conditions
due to psychological stress following the disaster. However,

2800

in vivo 36: 2800-2805 (2022)
doi:10.21873/invivo.13017

Exacerbation of Urinary Storage Symptoms by the 
Psychological Stress Induced by the COVID-19 Pandemic

TAKESHI MIYAZAKI, KOSUKE TOMINAGA, YU OKABE, NAOTAKA GUNGE, 
WATARU MATSUOKA, HIROSHI MATSUZAKI, SHINTARO ASO, MASAHIRO TACHIBANA, 
CHIZURU NAKAGAWA, AIKO FUJIKAWA, KAZUNA TSUBOUCHI, NOBUYUKI NAKAMURA, 

HIROFUMI MATSUOKA and NOBUHIRO HAGA

Department of Urology, Faculty of Medicine, Fukuoka University, Fukuoka, Japan

Correspondence to: Nobuhiro Haga, Department of Urology,
Fukuoka University, Faculty of Medicine, 1 45-1, 7-chome
Nanakuma, Jonan-ku, Fukuoka 814-0180, Japan. Tel: +81
928011011, Fax: +81 928731109, e-mail: nhaga@fukuoka-u.ac.jp

Key Words: COVID-19 pandemic, lower urinary tract symptoms,
psychological stress.

This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0
international license (https://creativecommons.org/licenses/by-nc-nd/4.0).



although the COVID-19 pandemic is considered to be equal
to a disaster, only a few reports have evaluated whether the
psychological stress of the COVID-19 pandemic exacerbated
LUTS and affected lower urinary tract function. The aim of
the present study was to clarify whether the psychological
stress related to the COVID-19 pandemic might have
worsened LUTS and lower urinary tract function in the
patients with LUTS.

Patients and Methods

This prospective, observational study included 104 consecutive
patients with LUTS who visited our hospital during the first wave
of the COVID-19 pandemic in Japan, from April 2020 to May 2020.
The cohort size was limited to 104 patients in this study because
our department introduced another study of LUTS after the end of
this study. To clarify whether psychological stress resulting from the
pandemic worsened LUTS and lower urinary tract function, the
present cohort was divided into two groups according to the
presence or absence of aggravation of psychological stress.
The inclusion criteria were patients with LUTS and lower urinary

tract dysfunction who had been regularly seen by a doctor at our
tertiary hospital before the start of the pandemic. To clarify the effect
of the pandemic-related psychological stress on LUTS and lower
urinary tract dysfunction, the exclusion criteria were patients
diagnosed with COVID-19 based on reverse transcription-polymerase
chain reaction (RT-PCR) tests during the observation period. In
addition, 20 patients were excluded from the present analyses,
because LUTS and lower urinary tract function could not be
evaluated during the observation period. Our purpose in the present

study was to investigate the association between psychological stress
due to the COVID-19 pandemic and LUTS and lower urinary tract
function. Informed consent was obtained from all the participants
before the investigation after an explanation of its aim and methods.
The investigation protocols were approved by the ethics committee
of our institution (clinical trial registration number U20-07-006).

Evaluation of psychological stress. Psychological stress regarding
the COVID-19 pandemic was evaluated by the Stress Response
Scale-18 (SRS-18) (11). Before evaluating the psychological stress,
the present cohort was asked to evaluate only the psychological
stress regarding the COVID-19 pandemic during the past few days.
SRS-18 was measured three times i.e., before, during and after the
first wave of the COVD-19 pandemic. Because psychological stress
before the first wave of the pandemic could not be evaluated after
the start of the first wave, psychological stress regarding the COVID-
19 pandemic before the first wave was involuntarily evaluated during
the first wave. Thus, psychological stress before the first wave and
that during the first wave were concurrently evaluated during the first
wave of the pandemic. The SRS-18 is composed of 18 questions.
Higher scores indicate greater psychological stress. In the present
study, if the SRS-18 score increased during the first wave of the
COVID-19 pandemic compared with before the first wave, the
subjects were grouped into the aggravation of psychological stress
group. The remaining subjects were grouped into the non-
aggravation of psychological stress group.

Evaluations of LUTS and lower urinary tract function. LUTS was
evaluated using the International Prostate Symptom Score (IPSS).
Moreover, IPSS subscores, such as voiding symptom subscore (sum
of the intermittency score, weak stream score and straining score)
and storage symptom subscore (sum of the frequency, urgency and
nocturia scores), were also assessed as individual scores (11). Post-
void residual urine volume (PVR) determined by ultrasonography
during the observation period was also evaluated. Each parameter
was evaluated three times, i.e., before, during, and after the first
wave of the COVID-19 pandemic in Japan.
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Table I. Baseline characteristics of patients stratified according to
aggravation of psychological stress.

Mean (±SD) and number of patients

   Aggravation No aggravation p-Value

N 42 42                         
Age (years) 76 (10) 72 (8)               0,06
Sex (M/F) 34/8 36/6                0,55
Current diseases
   BPH 31 32                    0,9
   OAB 6 4                          
   NB 3 4                          
   Others 2 2                          
Height (cm) 160 (9) 163 (7)              0,23
Weight (kg) 60 (10) 63 (12)              0,22
SRS-18 6.5 (6.5) 7.5 (9.3)             0,55
IPSS 13.1 (7.6) 12.3 (7.2)            0,61
IPSS voiding symptoms 7.6 (5.2) 6.8 (4.8)             0,45
IPSS storage symptoms 5.3 (3.1) 5.9 (3.4)               0,4
Post-void residual 
urine volume 33 (41) 45 (56)              0,51

BPH: Benign prostatic hyperplasia; OAB: overactive bladder; NB:
neurogenic bladder; SRS-18: Stress Response Scale-18; IPSS:
International Prostate Symptom Score; SD: standard deviation.

Figure 1. Time-course of changes in Stress Response Scale-18 scores
during the first wave of the COVID-19 pandemic. Psychological stress
was evaluated using the Stress Response Scale-18. There was no
significant change in psychological stress during the observation period.



Two comparisons were performed between the aggravation of
psychological stress and non-aggravation of psychological stress
groups, as follows. First, comparison of scores at each time of
assessment was performed between the two groups. Second,
changes in the scores of each parameter from “before the pandemic”
to “during” or “after the first wave of the COVID-19 pandemic”
were evaluated using the formula: (score during or after the first
wave of the pandemic – score before the first wave of the
pandemic) for each parameter.

Statistical analysis. All the variables are presented as medians or
means±standard deviation. Data were analyzed statistically using the
Mann-Whitney U-test or one-way analysis of variance with Tukey’s
test for continuous variables. The chi-squared test or Fisher’s exact
test was performed for categorical variables. Linear mixed effect
models were fitted to examine how the outcome data changed over
time. Data were analyzed using JMP version 14 software (USA). A
probability value of p<0.05 was considered significant.

Results

The patients’ characteristics are shown in Table I. Forty-two
patients each were included in the aggravation of
physiological stress group and the non-aggravation of

physiological stress group. There were no significant
differences in mean age, sex or current disease (BPH,
overactive bladder, neurogenic bladder) (p=0.06, p=0.55, and
p=0.9, respectively), and no significant differences in physical
characteristics, such as height and weight, between the two
groups (p=0.23 and p=0.22, respectively). The baseline SRS-
18 score was not significantly different between the two
groups (p=0.55). There were no significant differences
between the two groups in total IPSS score, IPSS voiding
symptom subscore and IPSS storage symptom subscore at
baseline (p=0.61, p=0.45, and p=0.4, respectively), and no
significant difference in PVR at baseline between the two
groups (p=0.51). There was no significant time-course change
in psychological stress during the observation period in the
entire cohort (p=0.55) (Figure 1).
In the present study, significant time-course changes in

total IPSS score, voiding symptom score, and storage
symptom score were not observed in each group
(aggravation: non-aggravation of psychological stress group;
p=0.8 : p=0.96, p=0.88 : p=0.99, and p=0.61 : p=0.83,
respectively) (Figure 2). Additionally, no significant
differences were observed in terms of the comparison of total
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Figure 2. Time-course of changes and group comparison of scores
related to the International Prostate Symptom Score (IPSS). A) Time-
course of changes and group comparison of total IPSS score. B) Time-
course of changes and group comparison of IPSS voiding symptom
score. C) Time-course of changes and group comparison of IPSS
storage symptom score. The blue line represents the aggravation of
psychological stress group, and the orange line represents the non-
aggravation of psychological stress group.



IPSS score, voiding symptom subscore and storage symptom
subscore at each time point between the two groups.
Regarding changes in the score of each parameter from

“before the first wave of the pandemic” to “during the first
wave of the pandemic”, changes in the total IPSS score
(p=0.36) and voiding symptom subscore (p=0.51) were not

significantly different between the two groups (Figure 3A and
B). Only the IPSS storage symptom subscore increased
significantly from “before” to “during the first wave of the
pandemic” in the aggravation of psychological stress group
compared with the non-aggravation of psychological stress
group (p=0.02) (Figure 3C). On the other hand, in terms of
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Figure 3. Comparison of changes in the International Prostate Symptom Score (IPSS). A) Comparison of changes in total IPSS score. B) Comparison
of changes in IPSS voiding symptom score. C) Comparison of changes in IPSS storage symptom score. Before-During indicates the change in scores
from “before the first wave of the COVID-19 pandemic” to “during the first wave of the COVID-19 pandemic”. Before-After indicates the change
in scores from “before the first wave of the COVID-19 pandemic” to “after the first wave of the COVID-19 pandemic”. The blue line represents
the aggravation of psychological stress group, and the orange line indicates the non-aggravation of psychological stress group.



changes in the values of each parameter from “before” to “after
the first wave of the pandemic”, no significant differences were
observed in changes in total IPSS score, voiding symptom
subscore and storage symptom subscore (p=0.83, p=0.86,
p=0.34, respectively) between the two groups (Figure 3). PVR
and the change in PVR during the observation period were not
significantly different between the two groups (Figure 4).

Discussion

The present study demonstrated that aggravation of
psychological stress induced by the first year of the COVID-
19 pandemic worsened the storage symptom of lower urinary
tract dysfunction, as evaluated by the IPSS. The present
results were consistent with the results reported by Schiavi
et al., who investigated LUTS and quality of life (QOL)
using several questionnaires in female overactive bladder
(OAB) patients during the COVID-19 outbreak (2). They
demonstrated that micturition frequency, nocturia, OAB
symptoms and QOL were significantly worsened during the
COVID-19 outbreak (2). However, they did not demonstrate
the rationale why LUTS worsened during the COVID-19
outbreak. Also, Barone et al. demonstrated that the
association between the LUTS and psychological stress
during the COVID-19 outbreak (12). However, this study
was conducted by an anonymous cross-sectional web-based
survey. Therefore, the cohort in the study conducted by
Barone et al. included the healthy subjects. On the other

hand, our present study was conducted only by the patients
with LUTS. Thus, this study is the first to show that
psychological stress regarding the COVID-19 pandemic
might have induced LUTS during the first wave of the
COVID-19 outbreak in the patients with LUTS who visited
our outpatient clinic.
The present results also demonstrated that aggravation of

storage symptoms during the COVID-19 pandemic was
transient, and there was an improvement in storage
symptoms by the end of the first wave of the pandemic.
Thus, if a similar situation occurs in the future, physicians
might be able to anticipate that the aggravation of LUTS is
likely to be transient, and can temporarily prescribe
additional drugs for patients complaining of aggravation of
LUTS during abnormal circumstances.
In the present study, PVR did not significantly increase in

patients with aggravation of psychological stress. In addition,
significant differences in voiding symptoms were not
observed between patients with and without aggravation of
psychological stress. Also, in the entire cohort, psychological
stress was not significantly aggravated during the first wave
of the COVID-19 pandemic. Thus, because psychological
stress was not that severe in the early part of the pandemic,
its effect on voiding symptoms and lower urinary tract
function might have been minimal even in patients with
aggravation of psychological stress.
Several limitations must be considered in the present study.

First, the statistical power was weak due to the small sample
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Figure 4. Time-course of changes and group comparison of post-void residual urine volume (PVR) and changes in PVR. A) Time-course of changes
and group comparison of PVR. B) Changes in PVR from “before the first wave of COVID-19 pandemic” to “during or after the first wave of
COVID-19 pandemic”. The blue line and box represent the aggravation of psychological stress group, and the orange line and box represent the
non-aggravation of psychological stress group.



size. However, it was difficult to accumulate more patients
during the emergency situation of the pandemic. Second,
lower urinary tract function was only evaluated by PVR.
Performance of urodynamic studies, e.g., by uroflowmetry,
would have better revealed lower urinary tract dysfunction
during the pandemic. Third, there might be a recall bias
regarding the psychological stress before the first wave of the
COVID-19 pandemic. Finally, it is possible that patients with
COVID-19 were not completely excluded from the present
cohort. RT-PCR was not performed in afebrile patients or
patients without respiratory symptoms. Since another study
demonstrated that COVID-19 infected patients with BPH had
aggravation of LUTS and worsening of lower urinary tract
function (5), we could not completely exclude the possibility
that not just psychological stress, but also COVID-19
infection itself might have affected the LUTS in patients with
aggravation of psychological stress in the present study.
In conclusion, psychological stress during the COVID-19

pandemic might have transiently aggravated storage symptoms
in patients with LUTS. In a similar situation as in the present
study, physicians should anticipate that aggravation of LUTS
is not likely to persist for a long time, and that transient
additional medication for LUTS might be effective in patients
with psychological stress during future pandemics.

Conflicts of Interest
The Authors have no conflicts of interest to declare in relation to
this study.

Authors’ Contributions
Nobuhiro Haga contributed to the conception and design. Takeshi
Miyazaki contributed to the drafting of the manuscript. Kosuke
Tominaga contributed to the acquisition of the data. Yu Okabe
provided administrative, technical or material support. Naotaka
Gunge contributed to the acquisition of the data. Wataru Matsuoka
contributed to the analysis and interpretation of the data. Hiroshi
Matsuzaki provided administrative, technical or material support.
hintaro Aso contributed to the acquisition of the data. Masahiro
Tachibana contributed to the acquisition of the data. Chizuru
Nakagawa contributed to the analysis and interpretation of the data.
Aiko Fujikawa contributed to the analysis and interpretation of the
data. Kazuna Tsubouchi performed the statistical analysis. Nobuyuki
Nakamura performed the statistical analysis. Hirofumi Matsuoka
contributed to the supervision. 

References
1 Can O, Erkoç M, Ozer M, Karakanli MU and Otunctemur A:
The effect of COVID-19 on lower urinary tract symptoms in
elderly men. Int J Clin Pract 75(6): e14110, 2021. PMID:
33621391. DOI: 10.1111/ijcp.14110

2 Schiavi MC, Zullo MA, Luffarelli P, Di Pinto A, Oliva C and
Palazzetti P: Urogynecological survey in a group of Italian
women treated for overactive bladder: Symptoms and quality of

life analysis during the Covid-19 period. Taiwan J Obstet
Gynecol 60(4): 674-678, 2021. PMID: 34247805. DOI: 10.1016/
j.tjog.2021.05.015

3 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan
H, Lei CL, Hui DSC, Du B, Li LJ, Zeng G, Yuen KY, Chen RC,
Tang CL, Wang T, Chen PY, Xiang J, Li SY, Wang JL, Liang ZJ,
Peng YX, Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, Chen
Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Zhong NS
and China Medical Treatment Expert Group for Covid-19:
Clinical characteristics of Coronavirus disease 2019 in China. N
Engl J Med 382(18): 1708-1720, 2020. PMID: 32109013. DOI:
10.1056/NEJMoa2002032

4 Weiss P and Murdoch DR: Clinical course and mortality risk of
severe COVID-19. Lancet 395(10229): 1014-1015, 2020. PMID:
32197108. DOI: 10.1016/S0140-6736(20)30633-4

5 Nabeeh H, Ibrahim A, Taha DE, Talaat M and Abdelbaky TM:
Impact of COVID-19 pandemic on lower urinary tract symptoms
in patients with benign prostatic hyperplasia and predictors of
urine retention in such patients. Low Urin Tract Symptoms
14(1): 41-46, 2022. PMID: 34435456. DOI: 10.1111/luts.12407

6 Haghpanah A, Masjedi F, Salehipour M, Hosseinpour A,
Roozbeh J and Dehghani A: Is COVID-19 a risk factor for
progression of benign prostatic hyperplasia and exacerbation of
its related symptoms?: a systematic review. Prostate Cancer
Prostatic Dis 25(1): 27-38, 2022. PMID: 34007019. DOI:
10.1038/s41391-021-00388-3

7 De Nunzio C, Franco A and Lombardo R: LUTS/BPH and
SARS-COV2: when a misunderstanding in the correct
physiopathology results in incorrect associations. Prostate
Cancer Prostatic Dis 25(1): 5-6, 2022. PMID: 34253847. DOI:
10.1038/s41391-021-00419-z

8 Kuroda Y, Orui M and Hori A: Trends in suicide mortality in 10
years around the Great East Japan earthquake: Analysis of
evacuation and non-evacuation areas in Fukushima prefecture.
Int J Environ Res Public Health 18(11): 6005, 2021. PMID:
34205006. DOI: 10.3390/ijerph18116005

9 Haga N, Hata J, Ishibashi K, Nomiya M, Takahashi N and
Kojima Y: Blood pressure in hemodialysis patients after Great
East Japan earthquake in Fukushima: the effect of tsunami and
nuclear power accident. J Hypertens 31(8): 1724-1726, 2013.
PMID: 23822931. DOI: 10.1097/HJH.0b013e328362dd5c

10 Kimura S, Sato T, Orikasa K, Nakagawa H and Ito A: Night-time
urinary frequency is increased after the Great East Japan
earthquake along with seasonal variation: a five-year longitudinal
study in Kesennuma City. Tohoku J Exp Med 252(4): 329-337,
2020. PMID: 33268602. DOI: 10.1620/tjem.252.329

11 Suzuki S, Shimada H, Miura M, Katayanagi K, Umano R and
Sakano Y: Development of a new psychological stress response
scale (SRS-18) and investigation of the reliability and the validity.
J Behav Med 4(1): 22-29, 1997. DOI: 10.11331/jjbm.4.22

12 Barone B, De Luca L, Napolitano L, Reccia P, Crocetto F, Creta
M, Vitale R, Caputo VF, Martino R, Cirillo L, Fusco GM,
Trivellato M, Celentano G, La Rocca R, Prezioso D and Longo
N: Lower urinary tract symptoms and mental health during
COVID-19 pandemic. Arch Ital Urol Androl 94(1): 46-50, 2022.
PMID: 35352524. DOI: 10.4081/aiua.2022.1.46

Received August 13, 2022
Revised August 27, 2022
Accepted August 29, 2022

in vivo 36: 2800-2805 (2022)

2805


