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ABSTRACT

Objectives: Life competence, or the ability to live actively, is essential for healthy aging. However, which
lower urinary tract symptoms (LUTS) affect older adults’ life competence is unknown. This study assessed
association between the five types of LUTS and life competence among community-dwelling older adults
(=65 years old).

Design: Cross-sectional survey.

Setting: Community-dwelling older adults (=65 years old) randomly selected from the basic resident register
of Kashiwa City as part of the Kashiwa study.

Participants: The study included 916 community-dwelling older adults (481 males) in Japan.

Outcome measures: A self-administered questionnaire was used to collect data regarding LUTS, which
included frequency, nocturia, urgency, urinary incontinence, and overactive bladder (OAB). Life
competence was measured using the Japan Science and Technology Agency Index of Competence. Sex-
stratified logistic regression analyses were adjusted for age, obesity, alcohol consumption, polypharmacy,
and comorbidities. Results: Males experienced symptoms of frequency, nocturia, urgency, urinary
incontinence, and OAB at rates of 68.0%, 89.0%, 16.0%, 3.7%, and 4.3%, respectively. Females experienced
these symptoms at rates of 68.3%, 80.0%, 11.0%, 7.4%, and 8.5%, respectively. Among males, lower life
competence was only associated with nocturia (>3 times/night) (adjusted odds ratio [AOR]: 1.71, 95%
confidence interval [CI]: 1.05-2.79). Contrarily, lower life competence among females was significantly
associated with frequency (AOR: 1.61, 95% CI: 1.04-2.49), urgency (AOR: 2.06, 95% CI: 1.08-3.95), and
OAB (AOR: 2.43,95% CI: 1.15-5.11).

Conclusion: The different associations between LUTS and life competence by sex might be related to
differences in susceptibility to nocturnal awakening and musculoskeletal functions. To maintain life
competence and promote healthy aging in older adults, LUTS should be prevented and treated well,

especially nocturia among males, and frequency, urgency, and OAB among females.
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Strengths and limitations of this study

® This study focused on life competence, an important ability for healthy aging, in the context of lower
urinary tract symptoms.

® This study compared the different effects of five types of lower urinary tract symptoms on life
competence of older males and females.

® We only used a self-administered questionnaire to measure lower urinary tract symptoms, so that

recall bias is undeniable.

Keywords: lower urinary tract symptoms, competence, healthy aging, older adults
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INTRODUCTION

The concept of “healthy aging” provides a different perspective regarding the quality of life (QOL)

of older adults [1] and was defined by the World Health Organization as “the process of developing

and maintaining the functional ability that enables wellbeing in older age”.[2] Functional ability

includes a person’s ability to fulfill their basic needs, learn, grow, make decisions, be mobile, build

and maintain relationships, and contribute to society. This perspective re-frames older adults as

individuals who can facilitate their healthy aging, rather than being passive receivers of support.

Moreover, the maintenance of life competence to achieve healthy aging is becoming an important

theme in countries with aging populations.[3]

Lower urinary tract symptoms (LUTS) include problems with storage, voiding, or post-

micturition functions and are not limited to specific sexes, ages, or regions.[4] A study using the

International Continence Society’s definitions estimated that 45.2% of the global population of

individuals who are >20 years old have at least one LUTS.[5] Furthermore, LUTS is more prevalent

among older adults, with one international population-based study estimating that 80.7% of older

men and 79.3% of older women (>60 years old) have at least one type of LUTS, such as nocturia.[6]

Moreover, global population aging might increase the proportion of individuals with LUTS,

especially among older adults.[7, 8]

The presence of LUTS can negatively affect individuals’ QOL,[9, 10] and storage-related
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symptoms (e.g., nocturia, urgency, or urinary incontinence) have negative and significant

detrimental effects on people’s QOL.[11, 12] For example, nocturia (>2 times/night) can lead to

decreased QOL due to interrupted sleep,[13] falls on the way to the toilet,[ 14] and fall-related

fractures.[15] Urinary incontinence also affects QOL, which is related to the severity, type, and

number of incontinent episodes.[16] Moreover, QOL tends to decrease with age, suggesting that

older adults face a double burden of increased LUTS and decreased QOL. Although LUTS among

older adults has been investigated in the context of QOL, it is unclear whether they affect life

competence and which among them is most influential. Therefore, this study aimed to investigate the

associations of various types of LUTS with life competence among older Japanese community-

dwelling males and females.

MATERIAL AND METHODS

We used the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) cross

sectional reporting guidelines.[17]

Participants

The study participants were selected from a community-based study in Kashiwa City, Japan (the

Kashiwa study). The Kashiwa study evaluated 2,044 community-dwelling older adults (=65 years
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old) who were randomly selected from the basic resident register of Kashiwa City in 2012. Surveys

were performed every 1-2 years, and the present study evaluated information on participants of the

2016 survey, when questions regarding LUTS were introduced. A total of 1,339 individuals who

were not in long-term care participated in the 2016 survey, although we excluded 423 individuals

with cognitive dysfunction (Mini-Mental State Examination score of <23), gait problems, or missing

data regarding the main variables. Finally, the present study evaluated data from 916 participants

(481 males and 435 females). The participants were not involved in the design, or conduct, or

reporting, or dissemination plans of our research.

Ethical considerations

The study protocol was approved by the Ethics Committee of the University of Tokyo (approval

numbers: 12-8 and 18-166). All participants provided written informed consent before participating

in the Kashiwa study.

Life competence

Life competence, an ability to live actively for healthy aging, was evaluated using the Japan Science

and Technology Agency Index of Competence (JST-IC).[18, 19] The JST-IC was developed to

comprehensively measure the competence of older adults based on 16 items regarding new device
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use, information collection, life management, and social participation. The original Japanese version

of the JST-IC was used in the research. The scores range from 0 to 16, with higher scores indicating

greater competence.

Lower urinary tract symptoms

To collect data on the five types of LUTS (frequency, nocturia, urgency, urinary incontinence, and

overactive bladder [OAB]), we used a self-administered questionnaire regarding the frequency of

urination during the day and night, urgency, and urinary incontinence. Frequency was defined as >8

urinations during the day, while nocturia was defined as >1 urination during the night. Urgency was

defined as “a compelling need to urinate, due to pain or an unpleasant sensation, that is difficult to

defer”,[20] and the number of urinary incontinent episodes was recorded. We also considered the

presence of OAB, which is clinically important and prevalent among older adults, which we defined

as the occurrence of urgency with frequency or nocturia.

Other variables

Based on previous studies regarding LUTS,[21, 22] the following variables were selected as possible

confounding factors: age, obesity (body mass index of >25 kg/m?), alcohol consumption (>5

times/week),[23] polypharmacy (=6 drugs/day),[24] and comorbidities (hypertension, heart disease,
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diabetes, and dyslipidemia).[25-28]

Data analysis

The participants were stratified according to sex. Because the JST-IC data were not normally

distributed (Shapiro-Wilk test p-value <0.05), we treated the JST-IC score as a categorical variable

using the median (=12) for the multivariate analyses. To determine the association of each LUTS

with life competence by sex, logistic regression analyses predicting JST-IC were run with the

following independent variables: each LUTS (frequency, nocturia [1, 2, or >3 times per night],

urgency, urinary incontinence, or OAB), age, obesity, alcohol intake, polypharmacy, and

comorbidities (hypertension, heart disease, diabetes, and dyslipidemia). All statistical analyses were

performed using SPSS Statistics for Windows, version 27.0 (IBM, Armonk, NY), and differences

were considered statistically significant at p-values of <0.05.

RESULTS

Table 1 shows the participants’ characteristics stratified by sex. Males had significantly higher

proportions of obesity, alcohol consumption, polypharmacy, comorbidities (hypertension, heart

disease, and diabetes), and three types of LUTS (nocturia, urgency, and OAB). Females had

significantly higher proportions of dyslipidemia and urinary incontinence.
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Table 1. Characteristics of participants
Total Males Females
Characteristics n=916 n=481 n=435 P
n (%) n (%) n (%) :
|
Age Mean, SD 76.3,5.1 76.5,5.2 76.1,5.0 0.22
JST-IC? >12 488 (53.3) 258 (53.6) 230 (52.9) 0.82
<12 428 (46.7) 223 (46.4) 205 (47.1)
Obesity® BMI>25 199 (22.0) 121 (25.6) 78  (18.1) 0.01 |
BMI<25 704 (78.0) 351 (74.4) 353 (81.9)
Alcohol >5 times/week 250 (27.3) 213 (443) 37 (8.5) <0.01
consumption® <5 times/week 665 (72.7) 268 (55.7) 397 (91.5)
Polypharmacy® >6 drugs/day 151 (16.6) 92  (19.2) 59  (13.7) 0.03 :
<6 drugs/day 758 (83.4) 386 (80.8) 372 (86.3) ‘
Comorbidities
Hypertension  Yes 407 (44.4) 238 (49.5) 169 (38.9) <0.01
No 509 (55.6) 243 (50.5) 266 (61.1)
Heart disease Yes 123 (13.4) 8 (17.7) 38 (8.7) <0.01
No 793 (86.6) 396 (82.3) 397 (91.3)
Diabetes Yes 101 (11.0) 68 (14.1) 33 (7.6) <0.01 |
No 815 (89.0) 413  (85.9) 402 (92.4)
|
Dyslipidemia  Yes 307 (33.5) 123 (25.6) 184 (42.3) <0.01 \
|
No 609 (66.5) 358 (74.4) 251 (57.7)
)
LUTS: |
Frequency >8 times/daytime 624 (68.1) 327 (68.0) 297 (68.3) 0.92
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Nocturia >1 time/night 776 (84.7) 428 (89.0) 348 (80.0)  <0.01
>) times/night 419 (45.7) 267 (55.5) 152 (34.9)  <0.01

>3 times/night 136 (148) 99 (206) 37 (8.5)  <0.01

Urgency >1 time/day 125 (13.6) 77  (16.0) 48 (11.0) 0.03
Urinary

>1 time/day 50 (5.5) 18 (3.7) 32 (74 0.02
incontinence
OABH4 106 (11.6) 69 (14.3) 37  (8.5) <0.01

aJST-IC: Japan Science and Technology Agency Index of Competence.
"Missing cases: 13 in obesity, 1 in alcohol consumption, 7 in polypharmacy.
°LUTS: lower urinary tract symptom.

d0AB: overactive bladder (frequency & nocturia [>1] & urgency).

Figures 1 and 2 show the results of the logistic regression analyses to determine the

association of each LUTS type with life competence, after adjustment for age, obesity, alcohol

consumption, polypharmacy, and comorbidities. Among males, lower life competence was

significantly associated with nocturia (>3 times/night) only (adjusted odds ratio [AOR]: 1.71, 95%

confidence interval [CI]: 1.05-2.79). Contrarily, lower life competence among females was

significantly associated with frequency (AOR: 1.61, 95% CI: 1.04-2.49), urgency (AOR: 2.06, 95%

CI: 1.08-3.95), and OAB (AOR: 2.43, 95% CI: 1.15-5.11).

DISCUSSION
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The results indicated that nocturia (=3 times/night) was significantly associated with lower life

competence among males, it was significantly associated with frequency, urgency, and OAB among

females. Thus, the association of LUTS with life competence may vary according to sex.

First, nocturia was more prevalent in males than in females, as shown in Table 1. A possible

explanation is the lifestyle difference between both sexes. For example, eating salty food and

drinking more water are known risk behaviors of nocturia.[29, 30] In this study, males were more

likely to have hypertension and to consume alcohol. It is likely that they prefer to eat salty food and

drink water at night. Such lifestyles could increase the prevalence of nocturia in males. Regarding

the different associations between nocturia and life competence among males and females,

susceptibility to sleep disturbance could be a reason. Females generally experience more sleep

difficulties, such as insomnia,[31] and males may not be used to nocturnal awakening. For example,

an American cohort study revealed that the overall risk of mortality was higher among males with

sleep disturbances than among females with the same condition.[32] Thus, the effect of nocturia may

be judged to be more serious among males.

Lower life competence was significantly associated with frequency, urgency, and OAB only

among females. This could be explained by the physical differences between males and females, as

older females have a greater risk of musculoskeletal problems, such as sarcopenia, osteoporosis, and

osteoarthritis.[33] Toileting is a complex physical activity that involves several musculoskeletal

11
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functions,[34] and it is possible that physical fatigue due to frequent toileting and anxiety related to

urgency, could lead to lower competence among such frail older females.[35]

The present study had several limitations. First, recall bias is undeniable because a self-

administered questionnaire was used to measure the frequency of urination, urgency, and urinary

incontinence. However, we aimed to minimize the possibility of underestimation or overestimation

by double-checking the responses with the participants when the questionnaires were collected.

Second, the cross-sectional design precludes a conclusion regarding the causality of the relationship

between LUTS and competence. A well-designed prospective study is needed to evaluate the

causality of this relationship and the related mechanism(s).

To the best of our knowledge, this is the first study to reveal that the life competence

associated LUTS vary according to sex. Among males, lower life competence was associated with

nocturia (=3 times/night) only, while it was associated with frequency, urgency, and OAB among

females. These sex-based differences may be due to the different susceptibility between the sexes to

nocturnal awakening and musculoskeletal function. Therefore, to maintain life competence and

promote healthy aging among older adults, LUTS should be prevented and treated well, especially

nocturia among males, and frequency, urgency, and OAB among females.
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FIGURE LEGENDS

Figure 1. Results of the logistic regression analyses to determine the association of each LUTS type

with life competence, after adjustment for age, obesity, alcohol consumption, polypharmacy, and

comorbidities among older males (n = 468).

Figure 2. Results of the logistic regression analyses to determine the association of each LUTS type

with life competence, after adjustment for age, obesity, alcohol consumption, polypharmacy, and

comorbidities among older females (n = 424).
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ABSTRACT

Objectives: Functional ability, or the ability to live actively in older age, is essential for healthy aging.
However, which lower urinary tract symptoms (LUTS) affect older adults’ functional ability is unknown.
This study assessed association between the five types of LUTS and functional ability among community-
dwelling older adults (>65 years old).

Design: Cross-sectional survey.

Setting: Community-dwelling older adults (=65 years old) randomly selected from the basic resident register
of Kashiwa City as part of the Kashiwa study.

Participants: The study included 916 community-dwelling older adults (481 males) in Japan.

Outcome measures: A self-administered questionnaire was used to collect data regarding LUTS, which
included frequency, nocturia, urgency, urinary incontinence, and overactive bladder (OAB). Functional
ability was measured using the Japan Science and Technology Agency Index of Competence. Sex-stratified
logistic regression analyses were adjusted for age, obesity, alcohol consumption, polypharmacy, and
comorbidities.

Results: Males experienced symptoms of frequency, nocturia, urgency, urinary incontinence, and OAB at
rates of 68.0%, 89.0%, 16.0%, 3.7%, and 4.3%, respectively. Females experienced these symptoms at rates
of 68.3%, 80.0%, 11.0%, 7.4%, and 8.5%, respectively. Among males, lower functional ability was only
associated with nocturia (>3 times/night) (adjusted odds ratio [AOR]: 1.71, 95% confidence interval [CI]:
1.05-2.79). Contrarily, lower functional ability among females was significantly associated with frequency
(AOR: 1.61, 95% CI: 1.04-2.49), urgency (AOR: 2.06, 95% CI: 1.08-3.95), and OAB (AOR: 2.43,95% CI:
1.15-5.11).

Conclusion: The different associations between LUTS and functional ability by sex might be related to
differences in comorbidities and musculoskeletal functions. To maintain functional ability and promote
healthy aging in older adults, LUTS should be prevented and treated well, especially nocturia among males,

and frequency, urgency, and OAB among females.
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Strengths and limitations of this study

® The study participants were selected from randomly recruited older adults in a city.

® Functional ability, an essential concept for healthy aging, was measured using a comprehensive scale.

® Recall bias is undeniable because a self-administered questionnaire was used to measure lower
urinary tract symptoms.

® A cross-sectional design precludes a conclusion regarding the causality of the relationship.

Keywords: lower urinary tract symptoms, functional ability, healthy aging, older adults

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 5 of 28

oNOYTULT D WN =

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

BMJ Open

INTRODUCTION

The concept of “healthy aging” provides a different perspective regarding the quality of life (QOL)

of older adults [1] and was defined by the World Health Organization as “the process of developing

and maintaining the functional ability that enables wellbeing in older age”.[2] Functional ability

includes a person’s ability to fulfill their basic needs, learn, grow, make decisions, be mobile, build

and maintain relationships, and contribute to society. This perspective re-frames older adults as

individuals who can facilitate their healthy aging, rather than being passive receivers of support.

Moreover, the maintenance of functional ability to achieve healthy aging is becoming an important

theme in countries with aging populations.[3]

Lower urinary tract symptoms (LUTS) include problems with storage, voiding, or post-

micturition functions and are not limited to specific sexes, ages, or regions.[4] A study using the

International Continence Society’s definitions estimated that 45.2% of the global population of

individuals who are >20 years old have at least one LUTS.[5] Furthermore, LUTS is more prevalent

among older adults, with one international population-based study estimating that 80.7% of older

men and 79.3% of older women (>60 years old) have at least one type of LUTS, such as nocturia.[6]

However, despite the high prevalence of LUTS, the consultation rate remains low. [7] As global

population aging continues, the proportion of individuals suffering from LUTS might increase,

especially among older adults.[8, 9]
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The presence of LUTS can negatively affect individuals’ QOL,[10, 11] and storage-related

symptoms (e.g., nocturia, urgency, or urinary incontinence) have negative and significant

detrimental effects on people’s QOL.[12, 13] For example, nocturia (=2 times/night) can lead to

decreased QOL due to interrupted sleep,[14] falls on the way to the toilet,[15] and fall-related

fractures.[16] Urinary incontinence also affects QOL, which is related to the severity, type, and

number of incontinent episodes.[17] Moreover, QOL tends to decrease with age, suggesting that

older adults face a double burden of increased LUTS and decreased QOL.

Thus, studies showing a relationship between LUTS and QOL have been well accumulated.

On the other hand, studies regarding LUTS in the context of functional ability that are important for

healthy aging are limited. To promote healthy aging, it is necessary to investigate the relationship

between LUTS and functional ability in detail. Therefore, this study aimed to examine the

associations of various types of LUTS with functional ability among older Japanese community-

dwelling males and females.

MATERIAL AND METHODS

We used the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) cross-

sectional reporting guidelines.[18]
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Participants

The study participants were selected from a community-based study in Kashiwa City, Japan (the

Kashiwa study). The Kashiwa study evaluated 2,044 community-dwelling older adults (=65 years

old) who were randomly selected from the basic resident register of Kashiwa City in 2012. Surveys

were performed every 1-2 years, and the present study evaluated information on participants of the

2016 survey, when questions regarding LUTS were introduced. A total of 1,339 individuals who

were not in long-term care participated in the 2016 survey. Among them, we excluded 423

individuals with cognitive dysfunction (Mini-Mental State Examination score of <23) to ensure the

reliability of the data collected by the self-administered questionnaire, gait problems (whether they

reported that they can walk without any help) to eliminate the effects of physical movement

restrictions on functional ability and LUTS, or missing data regarding the main variables. Finally,

the present study evaluated data from 916 participants (481 males and 435 females).

Ethical considerations

The study protocol was approved by the Ethics Committee of the University of Tokyo (approval

numbers: 12-8 and 18-166). All participants provided written informed consent before participating

in the Kashiwa study.
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Functional ability

In this study, we evaluated functional ability using the Japan Science and Technology Agency Index

of Competence (JST-IC).[19, 20] The JST-IC is a validated scale to measure the level of overall

competence to live actively in older age with 16 items regarding new device use, information

collection, life management, and social participation. The original Japanese version of the JST-IC

was used in the research. The scores range from 0 to 16, with higher scores indicating greater

functional ability.

Lower urinary tract symptoms

To collect data on the five types of LUTS (frequency, nocturia, urgency, urinary incontinence, and

overactive bladder [OAB]), we used a self-administered questionnaire regarding the frequency of

urination during the day and night, urgency, and urinary incontinence. Frequency was defined as >8

urinations during the day, while nocturia was defined as >1 urination during the night. Urgency was

defined as “a compelling need to urinate, due to pain or an unpleasant sensation, that is difficult to

defer”,[21] and the number of urinary incontinent episodes was recorded. We also considered the

presence of OAB, which is clinically important and prevalent among older adults, which we defined

as the occurrence of urgency with frequency or nocturia.
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Other variables

Based on previous studies regarding LUTS,[22, 23] the following variables were selected as possible

confounding factors: age, obesity (body mass index of >25 kg/m?), alcohol consumption (>5

times/week),[24] polypharmacy (=6 drugs/day),[25] and comorbidities (hypertension, heart disease,

diabetes, and dyslipidemia).[26-29]

Data analysis

Considering that the characteristics of LUTS differ depending on sex, the participants were stratified

according to sex. The distribution of all variables, sex differences, and the crude associations

between the five types of LUTS and JST-IC were examined by univariate analysis. Since no clear

cutoff value has been set for JST-IC, we initially planned to treat it as a continuous variable.

However, we changed to treat it as a categorical variable using the median (=12) for the multivariate

analyses due to the collected data that was not normally distributed (Shapiro-Wilk test p-value

<0.05). To determine the association of each LUTS with functional ability by sex, logistic regression

analyses predicting lower JST-IC were run with the following independent variables: each LUTS

(frequency, nocturia [1, 2, or >3 times per night], urgency, urinary incontinence, or OAB), age,

obesity, alcohol intake, polypharmacy, and comorbidities (hypertension, heart disease, diabetes, and

dyslipidemia). As the dependent variable of the logistic regression analyses, the binary variable of
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JST-IC in which the high and low scores were reversed was used. All statistical analyses were

performed using SPSS Statistics for Windows, version 27.0 (IBM, Armonk, NY), and differences

were considered statistically significant at p-values of <0.05.

Patients and public involvement

The participants were not involved in the design, or conduct, or reporting, or dissemination plans of

our research. The study results will be available to the participants and the public through the open-

access journal article.

RESULTS

Table 1 shows the participants’ characteristics stratified by sex. Males had significantly higher

proportions of obesity, alcohol consumption, polypharmacy, comorbidities (hypertension, heart

disease, and diabetes), and three types of LUTS (nocturia, urgency, and OAB). Females had

significantly higher proportions of dyslipidemia and urinary incontinence. Crude associations

between each LUTS and the total score of JST-IC or its four components (new device use,

information collection, life management, and social participation) are shown in supplemental tables.

Table 1. Characteristics of participants
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1
2
3
4
5
6 Total Males Females
7 P
8 Characteristics n=916 n=481 n=435
9
10 n (%) n (%) n (%)
11
12 Age Mean, SD 76.3,5.1 76.5,5.2 76.1,5.0 0.22
13
14 JST-IC? >12 488 (53.3) 258 (53.6) 230 (52.9) 0.82
15
16 <12 428 (46.7) 223 (46.4) 205 (47.1)
17
18 Obesity® BMI>25 199 (22.0) 121 (25.6) 78 (18.1) 0.01
19
20 BMI<25 704 (78.0) 351 (744) 353 (81.9)
21
22 Alcohol >5 times/week 250 (27.3) 213 (443) 37 (8.5) <0.01
23
24 consumption® <5 times/week 665 (72.7) 268 (55.7) 397 (91.5)
25
26 Polypharmacy® >6 drugs/day 151 (16.6) 92  (19.2) 59  (13.7) 0.03
27
28 <6 drugs/day 758 (83.4) 386 (80.8) 372 (86.3)
29
30 Comorbidities
31
32 Hypertension  Yes 407 (44.4) 238 (49.5) 169 (38.9) <0.01
33
34 No 509 (55.6) 243 (50.5) 266 (61.1)
35
36 Heart disease Yes 123 (13.4) 8  (17.7) 38 (8.7) <0.01
37
38 No 793  (86.6) 396 (82.3) 397 (91.3)
39
40 Diabetes Yes 101 (11.0) 68 (14.1) 33 (7.6) <0.01
41
42 No 815 (89.0) 413 (85.9) 402 (92.4)
43
44 Dyslipidemia ~ Yes 307 (33.5) 123 (25.6) 184 (42.3) <0.01
45
46 No 609 (66.5) 358 (74.4) 251 (57.7)
47
48 LUTSe
49
50 Frequency >8 times/daytime 624 (68.1) 327 (68.0) 297 (68.3) 0.92
51
52 Nocturia >1 time/night 776  (84.7) 428 (89.0) 348 (80.0) <0.01
53
54 >2 times/night 419 (45.7) 267 (55.5) 152 (34.9) <0.01
55
56 >3 times/night 136 (14.8) 99  (20.6) 37 (8.9) <0.01
57
58 Urgency >1 time/day 125 (13.6) 77 (16.0) 48 (11.0) 0.03
59
60
10
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Urinary
>1 time/day 50 (5.5) 18 (3.7 32 (7.4) 0.02
incontinence
OAB¢ 106 (11.6) 69 (14.3) 37 (8.5) <0.01

3JST-IC: Japan Science and Technology Agency Index of Competence.
bMissing cases: 13 in obesity, 1 in alcohol consumption, 7 in polypharmacy.
¢LUTS: lower urinary tract symptom.

d0AB: overactive bladder (frequency & nocturia [>1] & urgency).

Figures 1 and 2 show the results of the logistic regression analyses to determine the

association of each LUTS type with the lower functional ability, after adjustment for age, obesity,

alcohol consumption, polypharmacy, and comorbidities. Among males, the lower functional ability

was significantly associated with nocturia (=3 times/night) only (adjusted odds ratio [AOR]: 1.71,

95% confidence interval [CI]: 1.05-2.79). Contrarily, lower functional ability among females was

significantly associated with frequency (AOR: 1.61, 95% CI: 1.04-2.49), urgency (AOR: 2.06, 95%

CI: 1.08-3.95), and OAB (AOR: 2.43, 95% CI: 1.15-5.11).

DISCUSSION

The results indicated that nocturia (=3 times/night) was significantly associated with lower

functional ability among males, it was significantly associated with frequency, urgency, and OAB

among females. Thus, the association of LUTS with functional ability may vary according to sex.

11
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Nocturia was more prevalent and influential in males than in females. One of the reasons for

this may be the influence of comorbidities. Male participants were more likely to have hypertension,

heart disease, and diabetes which are known as risk factors of nocturia.[26-28] It is possible that

these comorbidities increase nighttime urination and at the same time have a negative impact on

various daytime activities. In addition, it is necessary to consider the effects of polypharmacy.[30]

As shown in Table 1, males were taking more drugs than females. In recent years, it is known that an

increase in the number of medications taken in older adults leads to adverse events.[31] Taking high

doses of drugs for the treatment of comorbidities may lead to polypharmacy and reduce functional

ability. Thus, the effect of nocturia may be judged to be more serious among males.

Lower functional ability was significantly associated with frequency, urgency, and OAB

only among females. This could be explained by the physical differences between males and

females, as older females have a greater risk of musculoskeletal problems, such as sarcopenia,

osteoporosis, and osteoarthritis.[32] Toileting is a complex physical activity that involves several

musculoskeletal functions,[33] and it is possible that physical fatigue due to frequent toileting and

anxiety related to urgency, could lead to lower competence among such frail older females.[34]

The present study had several limitations. First, recall bias is undeniable because a self-

administered questionnaire was used to measure the frequency of urination, urgency, and urinary

incontinence. However, we aimed to minimize the possibility of underestimation or overestimation

12
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by double-checking the responses with the participants when the questionnaires were collected.

Second, the cross-sectional design precludes a conclusion regarding the causality of the relationship

between LUTS and competence. A well-designed prospective study is needed to evaluate the

causality of this relationship and the related mechanism(s).

To the best of our knowledge, this is the first study to reveal that the functional ability

associated with LUTS vary according to sex. Among males, the lower functional ability was

associated with nocturia (=3 times/night) only, while it was associated with frequency, urgency, and

OAB among females. These sex-based differences may be due to the sex-related difference in

comorbidities and musculoskeletal function. Therefore, to maintain functional ability and promote

healthy aging among older adults, LUTS should be prevented and treated well, especially nocturia

among males, and frequency, urgency, and OAB among females.
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FIGURE LEGENDS

Figure 1. Results of the logistic regression analyses predicting lower functional ability with various

types of LUTS in older males (n=468). The JST-IC was used as a binary dependent variable in which

the high and low scores were reversed. In each analysis, age, obesity, alcohol consumption,

polypharmacy, and comorbidities were adjusted.

Figure 2. Results of the logistic regression analyses predicting lower functional ability with various

types of LUTS in older females (n=424). The JST-IC was used as a binary dependent variable in which

the high and low scores were reversed. In each analysis, age, obesity, alcohol consumption,

polypharmacy, and comorbidities were adjusted.
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Supplemental Table 1: Crude associations between sub-types of LUTS and JST-IC

JST-IC (total)

Sub-types of LUTS

Total p Males p Females p
Frequency No 11.8£2.7  <0.01 11.842.7 0.23 11.842.6  <0.01
Yes 11.3£2.9 11.5£2.9 11.0£2.9
Nocturia No 11.9+£2.8 0.03 12.1£2.8 0.15 11.8+£2.8 0.06
(Once or more)
Yes 11.4£2.9 11.5£2.9 11.2£2.9
Nocturia No 11.842.7  <0.01 12.0£2.7  <0.01 11.6£2.7  <0.01
(Twice or more)
Yes 11.1£3.0 11.3£3.0 10.7£3.0
Nocturia No 11.6£2.8  <0.01 11.9+2.8  <0.01 11.4£2.8  <0.01
(Three times or more)
Yes 10.5£2.9 10.6+£2.8 10.0£2.9
Urgency No 11.6£2.8  <0.01 11.7+2.8 0.05 11.4£2.8  <0.01
Yes 10.7£3.1 11.0£3.1 10.2+£3.2
Urinary incontinence N 11.5£2.8  0.01 11.6£2.9  0.08 11427  0.08
Yes 10.2+3.5 10.4£2.7 10.1£3.9
OAB No 11.5£2.8  <0.01 117429 0.19 11.4£2.8  <0.01
Yes 10.8+3.1 11.2+£2.9 10.0+£3.2

LUTS: lower urinary tract symptom.
JST-IC: Japan Science and Technology Agency Index of Competence.
Student's t-tests were performed.
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Supplemental Table 2: Crude associations between sub-types of LUTS and the new device use

component of JST-IC

JST-IC (new device use)

Sub-types of LUTS

Total p Males p Females p
Frequency No 3.4+1.0 <0.01 3.5+0.9 0.05 3.2+0.9 0.01
Yes 3.1£1.1 3.3£1.0 2.9+1.1
Nocturia No 3.3+1.0 0.11 3.6+0.7 <0.01 3.2+1.1 0.20
(Once or more)
Yes 3.2+1.1 3.4+1.0 3.0+1.1
Nocturia No 3.3+1.0 0.07 3.5+0.9 0.02 3.1+1.1 0.07
(Twice or more)
Yes 3.1+1.1 3.3+1.1 2.9+1.1
Nocturia No 3.3+1.0 0.03 3.5+0.9 <0.01 3.0+1.1 0.44
(Three times or more)
Yes 3.0+1.2 3.1+1.2 2.9+1.2
Urgency No 3.2+1.0 0.06 3.4+1.0 0.03 3.1+1.1 0.35
Yes 3.0+1.3 3.1+1.2 2.9+1.4
Urinary incontinence N 32+1.0 006 34+10 025 3.1+1.1 0.2
Yes 2.9+1.3 3.1+1.2 2.8+1.3
OAB No 32+1.0  0.08 34+1.0  0.09 3.1+1.1  0.16
Yes 3.0£1.2 3.2+1.1 2.7+1.5

LUTS: lower urinary tract symptom.
JST-IC: Japan Science and Technology Agency Index of Competence.
Student's t-tests were performed.
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Supplemental Table 3: Crude associations between sub-types of LUTS and the information collection
component of JST-IC

JST-IC (information collection)

Sub-types of LUTS

Total p Males p Females p

Frequency No 34409 021 34408  0.74 35409  0.15

Yes 3.3+0.9 3.3+1.0 3.3+1.0
Nocturia No 35408  0.18 3.4+08  0.57 35408  0.22
(Once or more)

Yes 3.3+0.9 3.3+0.9 3.3+1.0
Nocturia No 3.540.8  <0.01 3.540.8  <0.01 3.540.8  <0.01
(Twice or more)

Yes 3.241.0 3.3+0.9 3.2+1.1
Nocturia No 3.4+40.8  <0.01 34408  <0.01 34409  <0.01
(Three times or more)

Yes 3.0+1.1 3.1+1.1 2.8+1.3
Urgency No 34409  0.02 34408  0.15 34409  0.02

Yes 3.1+1.1 3.2+1.1 3.1+1.1
Urinary incontinence N 34409  <0.01 34409  0.14 34409  0.02

Yes 29412 3.1+1.1 2.8+1.2
OAB No 3.4£0.9  0.02 34408  0.13 3.4£0.9  0.02

Yes 3.1+1.1 3.2+1.1 3.0+1.1

LUTS: lower urinary tract symptom.
JST-IC: Japan Science and Technology Agency Index of Competence.
Student's t-tests were performed.
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Supplemental Table 4: Crude associations between sub-types of LUTS and the life management

component of JST-IC

JST-IC (life management)

Sub-types of LUTS

Total p Males p Females p
Frequency No 3.2+1.0 0.05 3.0£1.1 0.66 3.4+0.8 <0.01
Yes 3.1£1.0 3.0£1.0 3.2+1.0
Nocturia No 3.2+1.0 0.40 3.1£1.1 0.72 3.3+0.9 0.79
(Once or more)
Yes 3.1£1.0 3.0+£1.0 3.2+1.0
Nocturia No 3.2+0.9 <0.01 3.1+1.0 0.25 3.3+0.9 0.03
(Twice or more)
Yes 3.0+1.1 3.0+1.1 3.1+1.1
Nocturia No 3.1+1.0 0.14 3.0+1.1 0.84 3.3+1.0 0.13
(Three times or more)
Yes 3.0+1.0 3.0+1.0 3.0+0.9
Urgency No 3.1+1.0 0.05 3.0+1.0 0.75 3.3+0.9 0.01
Yes 2.9+1.1 3.0+1.0 2.9+1.1
Urinary incontinence N 3.1£1.0  0.12 3.0:1.0  0.79 3309  0.05
Yes 2.9+1.2 2.9+1.1 2.8+1.2
OAB No 3.1£1.0  0.22 3.0+1.1  0.86 3309  0.06
Yes 3.0£1.0 3.0£1.0 3.0+1.1

LUTS: lower urinary tract symptom.

JST-IC: Japan Science and Technology Agency Index of Competence.

Student's t-tests were performed.
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Supplemental Table 5: Crude associations between sub-types of LUTS and the social participation

component of JST-IC

Sub-types of LUTS

JST-IC (social participation)

Total p Males p Females p
Frequency No 1.9£1.5 0.27 1.9£1.5 0.58 1.8£1.4 0.29
Yes 1.7+1.4 1.8+1.5 1.6+1.4
Nocturia No 2.0+1.5 0.10 2.0+1.6 0.40 1.9+1.4 0.07
(Once or more)
Yes 1.7+1.4 1.8+1.5 1.6+1.4
Nocturia No 1.8+1.4 0.29 1.9+1.5 0.29 1.7+1.4 0.29
(Twice or more)
Yes 1.7£1.4 1.8£1.5 1.6£1.4
Nocturia No 1.8£1.4  <0.01 20£15  <0.01 1.7£1.4  0.14
(Three times or more)
Yes 1.5£1.4 1.5£1.4 1.4£1.3
Urgency No 1.8+1.4 0.12 1.9£1.5 0.40 1.7£1.4 0.11
Yes 1.6£1.5 1.7£1.6 1.4+1.4
Urinary incontinence N 1.8£1.4 029 1915  0.13 1.7£1.4  0.95
Yes 1.6£1.5 1.3£1.3 1.7£1.5
OAB No 1.8£1.4 024 1.941.5  0.69 17414 0.06
Yes 1.6£1.5 1.8+1.6 1.3£1.4

LUTS: lower urinary tract symptom.

JST-IC: Japan Science and Technology Agency Index of Competence.

Student's t-tests were performed.
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ABSTRACT

Objectives: Functional ability, or the ability to live actively in older age, is essential for healthy aging. This
study assessed the association between the five types of LUTS and functional ability among community-
dwelling older adults (=65 years old).

Design: Cross-sectional study.

Setting: Community-dwelling older adults (>65 years old) randomly selected from the basic resident register
of Kashiwa City as part of the Kashiwa study.

Participants: The study included 916 community-dwelling older adults (481 males) in Japan.

Outcome measures: A self-administered questionnaire was used to collect data regarding LUTS, which
included frequency, nocturia, urgency, urinary incontinence, and overactive bladder (OAB). Functional
ability was measured using the Japan Science and Technology Agency Index of Competence. Sex-stratified
logistic regression analyses were conducted, adjusting age, obesity, alcohol consumption, polypharmacy,
and comorbidities.

Results: Males experienced symptoms of frequency, nocturia, urgency, urinary incontinence, and OAB at
rates of 68.0%, 89.0%, 16.0%, 3.7%, and 4.3%, respectively. Females experienced these symptoms at rates
of 68.3%, 80.0%, 11.0%, 7.4%, and 8.5%, respectively. Among males, lower functional ability was only
associated with nocturia (>3 times/night) (adjusted odds ratio [AOR]: 1.71, 95% confidence interval [CI]:
1.05-2.79). Contrarily, lower functional ability among females was significantly associated with frequency
(AOR: 1.61, 95% CI: 1.04-2.49), urgency (AOR: 2.06, 95% CI: 1.08-3.95), and OAB (AOR: 2.43, 95% CI:
1.15-5.11).

Conclusion: The different associations between LUTS and functional ability by sex might be related to
differences in the effect of comorbidities and physical fatigue. Our results help clarify the multifaceted
effects of LUTS in old age, the need for early detection and treatment of LUTS, and the importance of

maintaining functional ability.
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Strengths and limitations of this study

® The study participants were selected from randomly recruited older adults in a city.

® Functional ability, an essential concept for healthy aging, was measured using a comprehensive scale.

® Recall bias is undeniable because a self-administered questionnaire was used to measure lower
urinary tract symptoms.

® A cross-sectional design precludes a conclusion regarding the causality of the relationship.

Keywords: lower urinary tract symptoms, functional ability, healthy aging, older adults
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INTRODUCTION

The concept of “healthy aging” provides a different perspective regarding the quality of life (QOL)

of older adults [1] and was defined by the World Health Organization as “the process of developing

and maintaining the functional ability that enables wellbeing in older age”.[2] Functional ability

includes a person’s ability to fulfill their basic needs, learn, grow, make decisions, be mobile, build

and maintain relationships, and contribute to society. This perspective re-frames older adults as

individuals who can facilitate their healthy aging rather than being passive receivers of support.

Moreover, the maintenance of functional ability to achieve healthy aging is becoming an important

theme in countries with aging populations.[3]

Lower urinary tract symptoms (LUTS) include problems with storage, voiding, or post-

micturition functions and are not limited to specific sexes, ages, or regions.[4] A study using the

International Continence Society’s definitions estimated that 45.2% of the global population of

individuals who are >20 years old have at least one LUTS.[5] Furthermore, LUTS is more prevalent

among older adults, with one international population-based study estimating that 80.7% of older

men and 79.3% of older women (>60 years old) have at least one type of LUTS, such as nocturia.[6]

However, despite the high prevalence of LUTS, the consultation rate remains low. [7] As global

population aging continues, the proportion of individuals suffering from LUTS might increase,

especially among older adults.[8, 9]
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The presence of LUTS can negatively affect individuals’ QOL,[10, 11] and storage-related

symptoms (e.g., nocturia, urgency, or urinary incontinence) have negative and significant

detrimental effects on people’s QOL.[12, 13] For example, nocturia (=2 times/night) can lead to

decreased QOL due to interrupted sleep,[14] falls on the way to the toilet,[15] and fall-related

fractures.[16] Urinary incontinence also affects QOL, which is related to the severity, type, and

number of incontinent episodes.[17] Moreover, QOL tends to decrease with age, suggesting that

older adults face a double burden of increased LUTS and decreased QOL.

In recent years, studies have been conducted to clarify the association between LUTS and

more complex abilities than activities of daily living (ADL). An American study analyzed data from

the National Health and Nutrition Examination Surveys and found a significant association between

urinary incontinence and functional limitations, such as difficulty stooping, crouching, or kneeling,

in women in the community.[18] In a longitudinal study of community-dwelling older men, the risk

of onset of functional limitations (mobility, ADL, and cognitive dysfunctions) two years later was

examined in relation to the severity of LUTS. The results showed that the more severe the LUTS, the

worse the mobility and ADL, but not cognitive dysfunction.[19] In order to promote healthy aging, it

will be important to add the research considering the association between various types of LUTS and

more complex abilities. Therefore, this study aimed to compare five types of LUTS with a

comprehensively assessed functional ability in community-dwelling older adults.
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MATERIAL AND METHODS

We used the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) cross-

sectional reporting guidelines.[20]

Participants

The study participants were selected from a community-based study in Kashiwa City, Japan (the

Kashiwa study). The Kashiwa study evaluated 2,044 community-dwelling older adults (=65 years

old) who were randomly selected from the basic resident register of Kashiwa City in 2012. Surveys

were performed every 1-2 years, and the present study evaluated information on participants of the

2016 survey when questions regarding LUTS were introduced. A total of 1,339 individuals who

were not in long-term care participated in the 2016 survey. Among them, we excluded 423

individuals with cognitive dysfunction (Mini-Mental State Examination score of <23) to ensure the

reliability of the data collected by the self-administered questionnaire, gait problems (whether they

reported that they could walk without any help) to eliminate the effects of physical movement

restrictions on functional ability and LUTS, or missing data regarding the main variables. Finally,

the present study evaluated data from 916 participants (481 males and 435 females).
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Ethical considerations

The study protocol was approved by the Ethics Committee of the University of Tokyo (approval

numbers: 12-8 and 18-166). All participants provided written informed consent before participating

in the Kashiwa study.

Functional ability

In this study, we evaluated functional ability using the Japan Science and Technology Agency Index

of Competence (JST-IC).[21, 22] The JST-IC is a validated scale to measure the level of overall

competence to live actively in older age with 16 items regarding new device use, information

collection, life management, and social participation (Figure 1). The original Japanese version of the

JST-IC was used in the research. The scores range from 0 to 16, with higher scores indicating greater

functional ability.

Lower urinary tract symptoms

To collect data on the five types of LUTS (frequency, nocturia, urgency, urinary incontinence, and

overactive bladder [OAB]), we used a self-administered questionnaire regarding the frequency of

urination during the day and night, urgency, and urinary incontinence. Frequency was defined as >8

urinations during the day, while nocturia was defined as >1 urination during the night. Urgency was
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defined as “a compelling need to urinate, due to pain or an unpleasant sensation, that is difficult to

defer”,[23] and the number of urinary incontinent episodes was recorded. We also considered the

presence of OAB, which is clinically important and prevalent among older adults, which we defined

as the occurrence of urgency with frequency or nocturia.

Other variables

Based on previous studies regarding LUTS,[24, 25] the following variables were selected as possible

confounding factors: age, obesity (body mass index of >25 kg/m?), alcohol consumption (>5

times/week),[26] polypharmacy (=6 drugs/day),[27] and comorbidities (hypertension, heart disease,

diabetes, and dyslipidemia).[28-31]

Data analysis

Considering that the characteristics of LUTS differ depending on sex, the participants were stratified

according to sex. The distribution of all variables, sex differences, and the crude associations

between the five types of LUTS and JST-IC were examined by univariate analysis. Since no clear

cutoff value has been set for JST-IC, we initially planned to treat it as a continuous variable.

However, we changed to treat it as a categorical variable using the median (=12) for the multivariate

analyses due to the collected data that was not normally distributed (Shapiro-Wilk test p-value
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<0.05). To determine the association of each LUTS with functional ability by sex, logistic regression

analyses predicting lower JST-IC were run with the following independent variables: each LUTS

(frequency, nocturia [1, 2, or >3 times per night], urgency, urinary incontinence, or OAB), age,

obesity, alcohol intake, polypharmacy, and comorbidities (hypertension, heart disease, diabetes, and

dyslipidemia). As the dependent variable of the logistic regression analyses, the binary variable of

JST-IC in which the high and low scores were reversed was used. All statistical analyses were

performed using SPSS Statistics for Windows, version 27.0 (IBM, Armonk, NY), and differences

were considered statistically significant at p-values of <0.05.

Patients and public involvement

The participants were not involved in the design, conduct, reporting, or dissemination plans of our

research. However, the study results will be available to the participants and the public through the

open-access journal article.

RESULTS

Table 1 shows the participants’ characteristics stratified by sex. Males had significantly higher

proportions of obesity, alcohol consumption, polypharmacy, comorbidities (hypertension, heart

disease, and diabetes), and three types of LUTS (nocturia, urgency, and OAB). On the other hand,
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females had significantly higher proportions of dyslipidemia and urinary incontinence. Crude

associations between each LUTS and the total score of JST-IC or its four components (new device

use, information collection, life management, and social participation) are shown in supplemental

tables.

Table 1. Characteristics of participants

Total Males Females
Characteristics n=916 n=481 n=435 P
n (%) n (%) n (%)
Age Mean, SD 76.3,5.1 76.5,5.2 76.1,5.0 0.22
JST-IC? >12 488 (53.3) 258 (53.6) 230 (52.9) 0.82
<12 428 (46.7) 223 (46.4) 205 (47.1)
Obesity®< BMI>25 199 (22.0) 121 (25.6) 78 (18.1) 0.01
BMI<25 704 (78.0) 351 (74.4) 353 (81.9)
Alcohol >5 times/week 250 (27.3) 213 (44.3) 37 (8.5) <0.01
consumption® <5 times/week 665 (72.7) 268 (55.7) 397 (91.5)
Polypharmacy® >6 drugs/day 151 (16.6) 92  (19.2) 59  (13.7) 0.03
<6 drugs/day 758 (83.4) 386  (80.8) 372 (86.3)
Comorbidities
Hypertension  Yes 407 (44.4) 238 (49.5) 169 (38.9) <0.01
No 509 (55.6) 243 (50.5) 266 (61.1)
Heart disease Yes 123 (13.4) 8 (17.7) 38 (8.7) <0.01
No 793  (86.6) 396 (82.3) 397 (91.3)
10
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Diabetes Yes 101 (11.0) 68 (14.1) 33 (7.6) <0.01
No 815 (89.0) 413  (85.9) 402 (92.4)

Dyslipidemia  Yes 307 (33.5) 123 (25.6) 184 (42.3) <0.01
No 609 (66.5) 358 (74.4) 251 (57.7)

LUTS¢

Frequency >8 times/daytime 624 (68.1) 327 (68.0) 297 (68.3) 0.92

Nocturia >1 time/night 776 (84.7) 428 (89.0) 348 (80.0) <0.01

>2 times/night 419 (45.7) 267 (55.5) 152 (349)  <0.01

>3 times/night 136 (14.8) 99 (20.6) 37 (85  <0.01

Urgency >1 time/day 125 (13.6) 77 (16.0) 48 (11.0) 0.03
Urinary

>1 time/day 50 (5.9) 18 (3.7 32 (74 0.02
incontinence
OAB¢ 106 (11.6) 69 (14.3) 37  (8.5) <0.01

3JST-IC: Japan Science and Technology Agency Index of Competence.
®Obesity was defined according to the Japanese guideline.[32]

“Missing cases: 13 in obesity, 1 in alcohol consumption, 7 in polypharmacy.
dLUTS: lower urinary tract symptom.

¢OAB: overactive bladder (frequency & nocturia [>1] & urgency).

Figures 2 and 3 show the results of the logistic regression analyses to determine the

association of each LUTS type with lower functional ability after adjustment for age, obesity,

alcohol consumption, polypharmacy, and comorbidities. Among males, lower functional ability was

significantly associated with nocturia (>3 times/night) only (adjusted odds ratio [AOR]: 1.71, 95%

confidence interval [CI]: 1.05-2.79). Contrarily, lower functional ability among females was

11
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significantly associated with frequency (AOR: 1.61, 95% CI: 1.04-2.49), urgency (AOR: 2.06, 95%

CI: 1.08-3.95), and OAB (AOR: 2.43, 95% CI: 1.15-5.11).

DISCUSSION

The results indicated that nocturia (=3 times/night) was significantly associated with lower

functional ability among males; it was significantly associated with frequency, urgency, and OAB

among females. Thus, the association of LUTS with functional ability may vary according to sex.

Nocturia was more prevalent and influential in males than in females. One of the reasons for

this may be the influence of comorbidities. Male participants were more likely to have hypertension,

heart disease, and diabetes which are known as risk factors for nocturia.[28-30] It is possible that

these comorbidities increase nighttime urination and, at the same time, have a negative impact on

various daytime activities. In addition, it is necessary to consider the effects of polypharmacy.[33]

As shown in Table 1, males were taking more drugs than females. In recent years, it is known that an

increase in the number of medications taken by older adults leads to adverse events.[34] Taking high

doses of drugs for the treatment of comorbidities may lead to polypharmacy and reduce functional

ability. Another possibility is that alcohol intake has an effect. It is known that even a small amount

of alcohol has an adverse effect on health.[35] In this study, male participants consumed more

alcohol, which may have a negative impact on the health that underpins functional ability. Thus, the

12
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effect of nocturia may be judged to be more serious among males.

Lower functional ability was significantly associated with frequency, urgency, and OAB

only among females. This could be explained by the physical differences between males and

females. As shown in Table 1, female participants had a lower BMI. Weight loss and fatigue in old

age are strongly associated with each other and even cause frailty.[36] Toileting is a complex

physical activity,[37] and frequent toileting requires more physical strength and endurance. Older

females with lower weight could be more likely to have physical fatigue due to frequent toileting,

and it could lead to lower functional ability.[38]

The present study had several limitations. First, recall bias is undeniable because a self-

administered questionnaire was used to measure the frequency of urination, urgency, and urinary

incontinence. However, we aimed to minimize the possibility of underestimation or overestimation

by double-checking the responses with the participants when the questionnaires were collected.

Second, the relatively small sample size could have affected the results, and the cross-sectional

design precludes a conclusion regarding the causality of the relationship between LUTS and

competence. A well-designed prospective study with a larger sample size is needed to deeply

evaluate the causality of this relationship and the related mechanism(s).

This study examined the association between five types of LUTS and functional ability for

healthy aging. Among males, lower functional ability was associated with nocturia (=3 times/night)

13
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only, while it was associated with frequency, urgency, and OAB among females. These sex-based

differences may be due to the sex-related difference in the effect of comorbidities and physical

fatigue. Our results help clarify the multifaceted effects of LUTS in old age, the need for early

detection and treatment of LUTS, and the importance of maintaining functional ability.
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FIGURE LEGENDS

Figure 1. The English version of the Japan Science and Technology Agency Index of Competence.

Scale developers translated the items from Japanese to English. The English version has not been

validated.

Figure 2. Results of the logistic regression analyses predicted lower functional ability with various

types of LUTS in older males (n=468). The JST-IC was used as a binary dependent variable in which

the high and low scores were reversed. In each analysis, age, obesity, alcohol consumption,

polypharmacy, and comorbidities were adjusted.

Figure 3. Results of the logistic regression analyses predicted lower functional ability with various

types of LUTS in older females (n=424). The JST-IC was used as a binary dependent variable in which

the high and low scores were reversed. In each analysis, age, obesity, alcohol consumption,

polypharmacy, and comorbidities were adjusted.
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Supplemental Table 1: Crude associations between sub-types of LUTS and JST-IC

JST-IC (total)

Sub-types of LUTS

Total p Males p Females p
Frequency No 11.8£2.7  <0.01 11.842.7 0.23 11.842.6  <0.01
Yes 11.3£2.9 11.5£2.9 11.0£2.9
Nocturia No 11.9+£2.8 0.03 12.1£2.8 0.15 11.8+£2.8 0.06
(Once or more)
Yes 11.4£2.9 11.5£2.9 11.2£2.9
Nocturia No 11.842.7  <0.01 12.0£2.7  <0.01 11.6£2.7  <0.01
(Twice or more)
Yes 11.1£3.0 11.3£3.0 10.7£3.0
Nocturia No 11.6£2.8  <0.01 11.9+2.8  <0.01 11.4£2.8  <0.01
(Three times or more)
Yes 10.5£2.9 10.6+£2.8 10.0£2.9
Urgency No 11.6£2.8  <0.01 11.7+2.8 0.05 11.4£2.8  <0.01
Yes 10.7£3.1 11.0£3.1 10.2+£3.2
Urinary incontinence N 11.5£2.8  0.01 11.6£2.9  0.08 11427  0.08
Yes 10.2+3.5 10.4£2.7 10.1£3.9
OAB No 11.5£2.8  <0.01 117429 0.19 11.4£2.8  <0.01
Yes 10.8+3.1 11.2+£2.9 10.0+£3.2

LUTS: lower urinary tract symptom.
JST-IC: Japan Science and Technology Agency Index of Competence.
Student's t-tests were performed.
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Supplemental Table 2: Crude associations between sub-types of LUTS and the new device use
component of JST-IC

JST-IC (new device use)

Sub-types of LUTS

oNOYTULT D WN =

Total p Males p Females p

9 Frequency No 3.4+1.0 <0.01 3.5+0.9 0.05 3.2+0.9 0.01

11 Yes 3.1£1.1 3.3£1.0 2.9+1.1

12 Nocturia No 33410 011 36+07  <0.01 32411 020

(Once or more)

14 Yes 3.2+1.1 3.4£1.0 3.0£1.1

16 Nocturia No 33410  0.07 3.540.9  0.02 3.1+1.1 0.07
Twice or more

1; ( ) Yes 3.141.1 3.3+1.1 2.9+1.1

19 Nocturia No 33£1.0  0.03 35409  <0.01 3.0+1.1 0.44

20 (Three times or more)

21 Yes 3.0+1.2 31412 29412

23 Urgency No 32410  0.06 3.4£1.0  0.03 3.141.1 0.35

Yes 3.0+1.3 3.1+1.2 2.9+1.4

26 Urinary incontinence N 32410  0.06 3.4£1.0 025 3.1+1.1 0.22

28 Yes 2.941.3 31412 2.8+1.3

29

30 OAB No  32+1.0  0.08 3410 0.09 3111 0.16

31 Yes  3.0+12 32+1.1 27415

33 LUTS: lower urinary tract symptom.
34 JST-IC: Japan Science and Technology Agency Index of Competence.
Student's t-tests were performed.
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Supplemental Table 3: Crude associations between sub-types of LUTS and the information collection
component of JST-IC

JST-IC (information collection)

Sub-types of LUTS

Total p Males p Females p

Frequency No 34409 021 34408  0.74 35409  0.15

Yes 3.3+0.9 3.3+1.0 3.3+1.0
Nocturia No 35408  0.18 3.4+08  0.57 35408  0.22
(Once or more)

Yes 3.3+0.9 3.3+0.9 3.3+1.0
Nocturia No 3.540.8  <0.01 3.540.8  <0.01 3.540.8  <0.01
(Twice or more)

Yes 3.241.0 3.3+0.9 3.2+1.1
Nocturia No 3.4+40.8  <0.01 34408  <0.01 34409  <0.01
(Three times or more)

Yes 3.0+1.1 3.1+1.1 2.8+1.3
Urgency No 34409  0.02 34408  0.15 34409  0.02

Yes 3.1+1.1 3.2+1.1 3.1+1.1
Urinary incontinence N 34409  <0.01 34409  0.14 34409  0.02

Yes 29412 3.1+1.1 2.8+1.2
OAB No 3.4£0.9  0.02 34408  0.13 3.4£0.9  0.02

Yes 3.1+1.1 3.2+1.1 3.0+1.1

LUTS: lower urinary tract symptom.
JST-IC: Japan Science and Technology Agency Index of Competence.
Student's t-tests were performed.
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Supplemental Table 4: Crude associations between sub-types of LUTS and the life management

component of JST-IC

JST-IC (life management)

Sub-types of LUTS

Total p Males p Females p
Frequency No 3.2+1.0 0.05 3.0£1.1 0.66 3.4+0.8 <0.01
Yes 3.1£1.0 3.0£1.0 3.2+1.0
Nocturia No 3.2+1.0 0.40 3.1£1.1 0.72 3.3+0.9 0.79
(Once or more)
Yes 3.1£1.0 3.0+£1.0 3.2+1.0
Nocturia No 3.2+0.9 <0.01 3.1+1.0 0.25 3.3+0.9 0.03
(Twice or more)
Yes 3.0+1.1 3.0+1.1 3.1+1.1
Nocturia No 3.1+1.0 0.14 3.0+1.1 0.84 3.3+1.0 0.13
(Three times or more)
Yes 3.0+1.0 3.0+1.0 3.0+0.9
Urgency No 3.1+1.0 0.05 3.0+1.0 0.75 3.3+0.9 0.01
Yes 2.9+1.1 3.0+1.0 2.9+1.1
Urinary incontinence N 3.1£1.0  0.12 3.0:1.0  0.79 3309  0.05
Yes 2.9+1.2 2.9+1.1 2.8+1.2
OAB No 3.1£1.0  0.22 3.0+1.1  0.86 3309  0.06
Yes 3.0£1.0 3.0£1.0 3.0+1.1

LUTS: lower urinary tract symptom.

JST-IC: Japan Science and Technology Agency Index of Competence.

Student's t-tests were performed.
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Supplemental Table 5: Crude associations between sub-types of LUTS and the social participation

component of JST-IC

Sub-types of LUTS

JST-IC (social participation)

Total p Males p Females p
Frequency No 1.9£1.5 0.27 1.9£1.5 0.58 1.8£1.4 0.29
Yes 1.7+1.4 1.8+1.5 1.6+1.4
Nocturia No 2.0+1.5 0.10 2.0+1.6 0.40 1.9+1.4 0.07
(Once or more)
Yes 1.7+1.4 1.8+1.5 1.6+1.4
Nocturia No 1.8+1.4 0.29 1.9+1.5 0.29 1.7+1.4 0.29
(Twice or more)
Yes 1.7£1.4 1.8£1.5 1.6£1.4
Nocturia No 1.8£1.4  <0.01 20£15  <0.01 1.7£1.4  0.14
(Three times or more)
Yes 1.5£1.4 1.5£1.4 1.4£1.3
Urgency No 1.8+1.4 0.12 1.9£1.5 0.40 1.7£1.4 0.11
Yes 1.6£1.5 1.7£1.6 1.4+1.4
Urinary incontinence N 1.8£1.4 029 1915  0.13 1.7£1.4  0.95
Yes 1.6£1.5 1.3£1.3 1.7£1.5
OAB No 1.8£1.4 024 1.941.5  0.69 17414 0.06
Yes 1.6£1.5 1.8+1.6 1.3£1.4

LUTS: lower urinary tract symptom.

JST-IC: Japan Science and Technology Agency Index of Competence.

Student's t-tests were performed.
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2 STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-égctional studies
3 a
4 2
S
. . |
Z Section/Topic #t €M | Recommendation S Reported on page #
\S]
a1
; Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract z 1
9 (b) Provide in the abstract an informative and balanced summary of what was done and what wasound 2
1 o
1 (1) Introduction N
U
12 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported % 4-5
13 Objectives 3 State specific objectives, including any prespecified hypotheses S’_, 5
14
o
15 Methods S
1? Study design Present key elements of study design early in the paper 5
Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, foI%w-up, and data 5-6
18 °
19 collection §
20 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants g 5-6
21 @
22 g_
S
;i Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Giye diagnostic criteria, if 6-7
o
25 applicable g
26 Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measureiwent). Describe 6-7
27 measurement comparability of assessment methods if there is more than one group =)
;g Bias 9 Describe any efforts to address potential sources of bias 5 5-6
30 Study size 10 | Explain how the study size was arrived at B 5-6
31 Quantitative variables 11 | Explain how quantitative variables were handled in the analyses. If applicable, describe which gro@oings were chosen and 7-8
<
g; why <Q
34 Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding _g. 7-8
U
25 (b) Describe any methods used to examine subgroups and interactions S 7-8
6 3
37 (c) Explain how missing data were addressed ] 5-6
38 (d) If applicable, describe analytical methods taking account of sampling strategy g n/a
39 . o g
40 (e) Describe any sensitivity analyses § n/a
41 Results &
42 -
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which the present article is based

Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 5-6
confirmed eligible, included in the study, completing follow-up, and analysed c§
(b) Give reasons for non-participation at each stage S 5-6
(c) Consider use of a flow diagram E, n/a
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on %U;(posures and potential 8-10
confounders =
(b) Indicate number of participants with missing data for each variable of interest @ 8-10
Outcome data 15* | Report numbers of outcome events or summary measures b 8-10
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precisioi (eg, 95% confidence 10
interval). Make clear which confounders were adjusted for and why they were included §
(b) Report category boundaries when continuous variables were categorized % 7-8
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful timg period n/a
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses E n/a
Discussion §
Key results 18 | Summarise key results with reference to study objectives é' 10-11
Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discu% both direction and 11-12
magnitude of any potential bias 3
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of %alyses, results from 10-11
similar studies, and other relevant evidence §
Generalisability 21 | Discuss the generalisability (external validity) of the study results Z 12
Other information E
Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for %e original study on 13
=
<
=

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in c@hort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published exar@)les of transparent reporting. The STROBE

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicinegrg/, Annals of Internal Medicine at

—

oid

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.s%obe-statement.org.
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