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ABSTRACT

Purpose: Nocturia (waking from sleep at night to void) iscammon cause of sleep
disruption and associated with increased comospiditd impaired quality of life.
However, its impact on mortality remains uncleare Yerformed a systematicsreview
and meta-analysis to evaluate the association ofuria with mortality, 0oth as a
prognostic and causal risk factor.

Materials and Methods: We searched PubMed, Scopus, CINAHL and major
conference abstracts up to December 31, 2018. Raeffects meta<analyses addressed
adjusted relative risks (RR) of mortality for peeplith necturia and a meta-regression
explored potential determinants of heterogeneitgiuiding risk of bias. We applied the
GRADE framework to rate the quality of evidence faycturia as a prognostic risk
factor for mortality and, separately, as a causaatality.

Results: Of 5230 identified reports, 11 ‘ebservational stsdproved eligible. For the
assessment of nocturia, ten studies used symptastiganaires and one frequency-
volume charts. Nocturia was“defined a3 episodes/night in six (55%), and a8
episodes/night in five (45%)\studies. Pooled edtamaemonstrated a risk ratio of 1.27
(95% confidence interval 1.16-1.46=48%; absolute 5-year mortality difference 1.6%
and 4.0% in people aged 60 and 75 years, respigtifée pooled estimates of relative
risk did notidiffer significantly across varyingeagender, follow-up time, nocturia case
definition;risk of bias, or study region. We ratie quality of evidence for nocturia as
a prognostic factor as moderate and as a causertdility as very low.

Conclusions: Nocturia is probably associated with an approxityate3-fold increased

risk of death.

Keywords: epidemiology; meta-analysis; mortalitgcturia; systematic review
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INTRODUCTION

Nocturia (waking from sleep at night to void) iseomf the most common and
bothersome lower urinary tract symptoms (LUTS) J1,Bhe incidence of nocturia
increases markedly with age in both women and n3nHesides being a common
cause of sleep disruption and impaired quality itd, Inocturia is assoc€lated with
comorbidities such as diabetes, cardiovascularadese chronic respiratory diseases,
neurological diseases and malignancies [4-6]. Arcompanying /meta-analysis
demonstrates that nocturia is associated with dold?risk of falls and 1.3-fold risk of
fractures [7]. Suggesting a number of possible alapathways, some authors have

postulated that nocturia may increase the riskeattd {8].

As people with nocturia tend to be older ‘and areremiikely to have comorbid
conditions, the relevance of using ngctusia as atatity risk factor must consider the
effect of various confounders of,the associatiotwben nocturia and mortality (i.e. we
would not want to attribute to moeturia an assammtvith death that can be completely
explained by older age). Tojoptimally assess thgath of nocturia on mortality, one
must also take inta_acecount fluctuation of noctuaa well as follow-up time (time
interval after initial.assessment) [3]. Furthermdrerestigators should use a validated
nocturia assessment method, and to further minithieeisk of bias, reliably register all

deaths-during follow-up.

The primary aim of our systematic review and metahgsis is to clarify the association
with, and the possible impact of nocturia on mdastaladdressing possible effect
modification by age, gender, follow-up time, varyinocturia definitions, and different

sources of bias on the relative measures of asgotié.e. possible variation in the
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extent of association by age, gender, and othéorigc We therefore tested the relation

of nocturia with mortality, both as a prognostskriactor and causal agent.

MATERIALS AND METHODS

We registered the review protocol (PROSPERO: CRQ8261132), and fallowed the
Preferred Reporting Items for Systematic reviews aeta-Analyses.(PRISMA)

guidance [9].

Data sources and searches

We searched the databases of PubMed (from, 194&)puSc (from 1995), and
Cumulative Index of Nursing and Allied Health Légmre (CINAHL) (from 1960) up to
December 31, 2018. Additionally, we searchied thaference proceedings of the
American Urological Association (AUA), European Asmgtion of Urology (EAU),
International Continence Society (ICS), and Intdomal Urogynecological Association
(IUGA) annual conferences fron1™v2005 to 2018 for angoing or unpublished studies.
We did not apply any restrietions to language obliation status. Finally, we hand-
searched the referefice lists of the included agicbupplementary Appendix 1 provides

the search strategy.

Eligibjility €riteria

We included longitudinal studies with a follow-uptydy duration) of at least three
months with at least 95% of the participants beadglts (aged>18 years), assessing
nocturia at baseline and reporting death durintpfelup (after an initial assessment).
We excluded studies that evaluated the effect gfiatervention, including cohorts of

untreated control arms.
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Study selection and data extraction

We employed standardized, pilot-tested forms wétailed instructions for screening of
abstracts and full texts, risk of bias assessmemid, data extraction. Pairs of two
reviewers independently screened study reporteligibility, assessed risk of bias of
eligible studies, and abstracted data. The reviewesolved disagreements through
discussion and, if necessary, consulted cliniciathodologist adjudicaters. When more
than one report provided data of the same studyextected relevant data from all
reports after excluding overlap. We recorded thenty/source of the'study sample, age
and sex distribution, exclusion criteria, assessneols used, for nocturia, follow-up
time, sample size, exclusion criteria and respoate,and adjustment variables (for the
mortality effect estimates). We contacted the augtiod primary studies for confirmation

and clarification of our data extraction.

Assessment of the quality of evidencejand risk ofds

According to the Grading “«of¢{,Recommendations, Assess$, Development and
Evaluation (GRADE) framework, for assessments ofjposis, a body of observational
studies begins as high-quality evidence. Sevetalosies of limitations may, however,
reduce evidencey/quality, including risk of bias, pmecision, inconsistency and
indirectness’ [10]. 'In contrast, in the GRADE apptodor studies of interventions, a
body of ‘ebservational studies begins as ‘low-qyaétiidence, and may be rated down
to svery-low’ by the same limitations as in intent®n studies, but may also be rated up
by-factors such as a large effect size or a dosgerese gradient [11]. Therefore, in this
review, which includes only observational studiég, evidence can provide trustworthy
inferences about prognosis (i.e. is nocturia assediwith mortality) but not causation

(i.e. does nocturia cause an increase in deatbdprinally compare the certainty of the
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pooled estimates for nocturia both as a progndatior (synonymous with risk factor)
and as a cause of mortality, we assessed the ywdlievidence with the GRADE

framework for both prognostic and intervention eesa [10,11].

The methods for risk of bias evaluation for londihal cohort studies™are"less
developed than the methods for randomised condrdfials [12]. Through discussion
and consensus building, and taking previous liteeatinto account [8, 13-15], we
developed an instrument to categorise studies terelowsor high risk of bias
(Supplementary Appendix 2). This includes the fesguof the included studies that
could potentially bias the estimates: represergaggs\of the sample to the general
population, confidence in the assessments of mact@md mortality, proportion of
missing data and adjustments for impertant’ potent@founders/risk factors of

mortality.
Data analysis, including statistical analysis

mortality, we extracteéd hazard ratios (HR), or raléively relative risks (RR) to be used
interchangeably “withsHRs. To minimize confoundiriggm the reported regression
models we/Selected those with maximum adjustmdingsstudy reported only an odds
ratio (OR) instead of HR or RR we, acknowledging thigh prevalence of nocturia,
converted the OR into RR using the following foranul
RR=0OR/(1-p+(pxOR))

in which p represents the baseline risk i.e. thke of death in people without nocturia at
the baseline [16]. We calculated the pooled RRsgutie DerSimonian—Laird random

effects inverse variance method. When raw data weadlable, to take account of the
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effect of potential confounders including age amdnorbidities, we derived adjusted

RRs from multivariable logistic regression models.

To address the effect of age and the natural listbnocturia on the relative measures
of association, we stratified the analyses by tlgegroups (18-49 yr, 50-697yr antd
yr). We adjusted for gender, follow-up time (<1€. ¥10 yr), risk of bias and study
region and examined these variables as possit#etafiodifiers using chi-square tests.
We stratified estimates by nocturia status in teofna binary variable (case definitions
of >2 vs. 0-1; an@d3 vs. 0-2 voids/night) and a three-value eategbriadable (2 vs. O-

1 and>3 vs. 0-1 voids/night), using the latter to explesgosure-response relationship

of nocturia with mortality.

We complemented our subgroup analyses’ using clairsgiests with meta-regression
analysis weighted by the inverse{of the varianca nandom effects model employing
pre-specified hypotheses. We_examined the followiagables as potential sources of
heterogeneity: (1) gender, (2)*age, (3) lengthotibiv-up, (4) nocturia case definition,
and (5) risk of bias. /\We, pre-specified hypothdabkas the effect of nocturia on mortality
would be higherter: (1) male vs. female or mixehder, (2) younger age (<70 ¥3.0
yr), (3) sharter follow-up time (<10 v&10 yr), (4) higher nocturia case definitior3(
vs.>2 voids/night), and (5) high vs. low risk of bid8¥e set a threshold of p value less

tharr 0:05 as a minimum criterion for a crediblegsobp effect.
We report the association of nocturia with mornyalm terms of both relative and

absolute estimates, presenting five-year absoisks of death among men and women

aged 60 years and older — an age group commongctatf by nocturia [3]. When
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calculating the baseline risks, we first estimatesl average five-year death rates from
the reported annual death rates for people ageaftsid 75-84 yr in the USA for 2016
[17]. Then, for the average estimates on the peexal of nocturia of two or more voids
per night [18] in desired age groups, we extratbhedreported prevalences from studies
included in a previous comprehensive systematievey19] (SupplementaryAppendix
3), calculated the 95% confidence intervals (CI) fatural logarithms/0f prevalences
per 100 people and pooled the estimates in randf@ote meta-analysis
(Supplementary Fig. 1). Finally, to derive the Iiaserisks in the_absence and presence
of nocturia, we divided the average death ratggaportions based on the prevalence of
nocturia and pooled relative risks for the desiage groups. Statistical analyses were
performed using metan and metareg in Stata 124dtaSorp, College Station, TX,

USA) [20].

RESULTS

Literature search and study ¢haracteristics

We screened 5 23@ abstracts and retrieved 132 tidhgrligible full text reports and
22 conferencesabstracts (Fig. 1). Ten original felt articles and one conference
abstract provided data on nocturia-associated desatluding 19 590 men and 14 241
womep-with/a total follow-up of 297 379 person-yef@rable 1) [21-32]. Five (45%) of
the 11 authors confirmed the accuracy of our dat@aetion [22,25,27,29,31]; two
(28%) corrected some errors or provided additiomfarmation [26,32] and four (36%)

were unable respond to our requests for data clteeukslarifications [21,23,28,30].
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Studies were conducted on three continents, in @rademixed gender populations that
varied widely in their age distributions and follap times (Table 1). Nocturia was
defined a2 episodes per night in six (55%), and>&sepisodes per night in five (45%)
studies. Reflecting the differences in study popoites, as well as variations in symptom
assessment methods, the baseline prevalence airiaoict the study populations varied
widely, with ranges of 8-34% based on a case d&finbf >2 (vs. 0-1 veids/night) and

2.5-35% with a case definition &f3 (vs. 0-2 voids/night) in adults aged <70 yr; in
adults age&70 yr, the range was 35-49% in the broader cageid@h and 8-38% in

the more restrictive (Supplementary Table 1).

Risk of bias

To identify eligible individuals, two studies uselctoral rolls [22,27], two household

registries [23,26] and three civil registries [Z532]. One study used a combination of
hospital and primary care registries) [28], one uied patients from a hospital’'s

diabetes clinic [30] and one used primary carestegs for White and zip code lists for
Black participants [31].. We, eonsidered the cohartsseven studies to adequately
represent general pOpulations with a satisfact@stigpation rate [21-23,26-28,32]

(Fig. 2, Table 1) or assessment of nocturia aelbse, ten studies used symptom
guestionnaifes and one used frequency-volume ch®fes considered eight studies
(73%) tovhave assessed nocturia accurately [23F38] 2, Table 1). Five studies (45%)
collected” mortality data from a national death s&gi and five (45%) used linkage to
registries of different health care institutionseWonsidered that ten studies (91%)
assessed mortality accurately through registry dafa23,25-30,32]. Eight studies

(73%) had little missing data [22,25-29,31,32]. Sixdies (55%) adequately performed
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adjustments for their estimates [22,25,26,29,31F2§. 2, Table 1, Supplementary

Table 1).

Impact of nocturia on mortality

The pooled relative risk of death in 11 studiedof® and 9 high risk of bias) proved
higher in people with nocturia compared to thostheut nocturia (RR"1.27; 95% CI
1.16-1.40; heterogeneity?=348.3%:; moderate quality evidence fof pragnosis aeny

low quality evidence for causality) (Fig. 3, Talle

In subgroup meta-analyses, the pooled estimateag®wciation between nocturia and
mortality did not differ significantly for samplestratified by age, gender, follow-up
time, nocturia case definition, risk of biasyandst/region (Supplementary Tables 1-3).
This was also true for the mdultivariable-adjustedetarregression analyses

(Supplementary Table 4).

Based on the mean deathyrates in the USA amongleoeged 60 and 75 yr with

respective age-specific'prevalences of noctarkadgpisodes per night) of approximately
20% and 40% (Supplementary Fig. 1), the noctursa@ated increase in the overall
five-year absolute death risk were 1.6% and 4.0%reyrpeople aged 60 and 75 yr,

respectively (Fig. 4, Supplementary Fig. 2).

T he.quality of evidence
We identified 11 studies: 2 low and 9 high riskbids (Figure 2). We rated down the
quality due to the high risk of bias (to which timajority of the included studies were

susceptible). We therefore rated the quality ofdemnce (certainty in estimates) as
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moderate for nocturia as a prognostic risk factornhortality, and as very low quality

for nocturia as a causal factor for mortality (TeaB).

DISCUSSION

This meta-analysis showed a 27% increase in relatsk of death in peagple with
nocturia (defined as eithe? or>3 episodes/night) compared to thosé without noaturi
after adjustment for age, gender and various coitlitids. This correspondents with
nocturia-associated increase in the overall fivaryabsolute death*risk by 1.6% among
aged 60 yr and 4.0% among aged 75 yr. The magndfithe-association did not differ
across a number of predictor variables. Our findgngf moderate-quality evidence for
nocturia as prognostic factor of increased riskdeath but only very low-quality

evidence for nocturia as a cause of mortality.

Strengths and limitations

The strengths of this review“ineldde a comprehensigarch of both published and
unpublished studies without) language restrictiahgplicate assessment of eligibility,
risk of bias, and data extraction; checking of datauracy with the authors of the
original studies; and appraisal of the quality witlence using the GRADE approach for
inferences<regarding nocturia both as a progndatitor and as a causal factor for
mortality.“Besides the novel approaches in estaiblisthe best available evidence on
the topiC, to our knowledge, our study is the fissprovide absolute effects in addition
to'rélative estimates on the association betweeturia and mortality (for this purpose,
we also meta-analyzed the prevalence of noctunig;ibformation is likely of interest

itself, see Supplementary Figure 3).
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The limitations of our review are largely thosetlod eligible studies. No study was free
of risk of bias and limitations related to non-reggntativeness of source populations,
inaccuracy in assessments of nocturia or mortahigsing data or inadequately adjusted
analyses were common (Figure 2). Second, althooglamalyses showed no effect for
nocturia case definition, only three studies predigstimates for nocturia as'a discrete
variable with multiple values (number of voids).ifth only one study/[26],»provided
data on the association between nocturia and nitgrigdecifically for wamen. Fourth,
none of the studies addressed causes of deathyamndere therefore unable to assess
mortality from specific causes. Fifth, no detailddta _from bladder diaries were
available, and we were therefore unable to diffeats the effects of nocturia on
mortality when appearing as an isolated symptomceompanied by other LUTS, or if
nocturia was due to global/nocturnal pelyuria, il bladder capacity or mixed
etiology [1]. Sixth, there was paucity/of, studiess@ssing sleep disorders as potential
comorbid conditions with nocturia, and thus, we evenable to differentiate between
the roles of insomnia symptems_as potential cordeus vs. mediators for mortality
(nocturia caused by primary, insomnia vs. insomeieordary to nocturia) [33]. Given
that, especially among“the older people, noctiwiane of the leading causes of sleep
disruption, whichshag further been shown to progoate mortality, analyses to test
effect modification by sleep disorders would behhygelevant [34-36]. Accordingly, in
the two ‘available studies exploring the role oepla@lisruption as one of the potential
mediaters between nocturia and mortality, both cetetl in Western male populations
and.the other excluded from our review for beingrdaarventional study (a randomized
trial of dutasteride for prostate cancer chemoprger), the association between
nocturia and mortality turned non-significant aftemtrolling the estimates for sleep

disorders and other comorbidities [31,36]. Seventine of the studies utilized more
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sophisticated analytical techniques, such as straicequation modeling, to identify
potential causal pathways between nocturia and atitgr{37]. Eighth, although the
meta-regression analysis failed to show an infleeoicduration of follow-up, lack of
repeated assessments during the follow-up anceftirer failure to take into account the
effect of incident and remittent nocturia on théreates limits that analysiSy Finally,
results provide only very low-quality evidence nefjag nocturia as_a)cause of the

increased death rate associated with the exposure.

Relation to prior work

Only one earlier systematic review with meta-analygsoeen published examining the
impact of nocturia on mortality [38]. This systeiatyview published in 2015, reported
a pooled HR of 1.23 (1.07-1.42), comparable\tolmst estimate. The review included
seven studies, all included in our review, [18,1%324-26], but failed to include four
studies that proved eligible in ouf systematic eexione full text article [30] and one
conference abstract [23] thatwwere reported betioeepublication of their review and
apparently met their eligibility~criteria, and tvebudies that were published after their
review appeared [34,32]. In their subgroup analy@es adjustments used or meta-
regression performed), shorter follow-up time (xOvs. >10 yr), larger sample size
(>5000 vs. L5000 people) and more restrictive mcttase definitionX3 vs.>2 voids
per night)/predicted mortality. With comprehensadjustments and inclusion of four
additional studies [23,30,31,32], none of thesegsulp effects remained significant in
our-meta-analysis. To rate the risk of bias, thtd@ns reported that they used or planned
to use an instrument designed for observationaliesu[39]; they did not, however,

present the results. The review also lacked angsassent of nocturia-associated
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absolute effects on mortality and included no assesit of quality of evidence for

prognosis or causation.

Implications of findings

Clinicians and patients should be aware tiatturia occurring at least twig€yper night
may be a marker of ill health. Although urologit@atments have potential‘to improve
quality of life of patients with nocturia, clinigia should focus not onlyfon treating the
symptom, but also exploring patients’ general lme#diking intg@ account the relevant
risk factors for each individual [40,41]. The adation between nocturia and mortality
likely reflects chronic illness as a cause of hatleturia apnd mortality. For instance, it is
not difficult to imagine how diabetes could causghlbnocturia and premature death. It
is less likely, but still possible, that nocturig/in the causal pathway leading to
premature death. For instance, impaired Sleep assalt of nocturia could impair
physiological night-time blood preSsure dipping;raase sympathetic activity [42], and
thus increase cardiovascular«deaths. In additi@mtidres and other injuries may result
from falls or other accidents\related to frequaghtitime toileting and daytime fatigue
[7], and complications“of these events could regsulpremature death. Indeed, the
companion review/tosthis article documents an aaton between nocturia and falls
and fractures.)These causal pathways are, howgweculative, and we have concluded
that therefissonly very low-quality evidence supip@y nocturia as a causal factor in

premature death [7].
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CONCLUSIONS

Moderate-quality evidence suggests that nocturiafifdd as either>2 or >3
episodes/night) is associated with a 1.3-fold iaseel risk of death. Future

investigations should address the impact of treatrfoe nocturia on mortality.

Authors’s affiliations

& Department of Urology, Paijat-Hame Central Hodpltahti, Finlandk

b Department of Urology, Tampere University Hospitahd Faeulty of Medicine and
Life Science, University of Tampere, Tampere, Fidla

¢ Department of Epidemiology and Biostatistics, ImgleCollege, London, UK.

4 Department of Urogynaecology, Oxford Universityggitals NHS Trust, Oxford, UK.
© Department of Research, Netherlands/Comprehe@aveer Organization, Utrecht,
The Netherlands.

" Department of Urology, University.of Fukui, Fukdgpan.

9 Department of Medicine, University of Toronto, ®ato, ON, Canada.

" Department of Urologys, Sheffield Teaching Hospit@heffield, UK.

' Department of Medicine and Division of Gerontolp@eriatrics and Palliative Care,

University of Alabamé& Birmingham UAB School of Medicine, Birmingham, AUSA

I Departmeht/of Veterans Affairs, Birmingham/AtlaGariatric Research Education and
Clinical’Center, Atlanta, GA, USA.

* Department of Urology, Hackensack University MadliCenter, New Jersey, NY,
USA.

' Department of Urology, University of Helsinki artdelsinki University Hospital,

Helsinki, Finland.

15
Copyright © 2019 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



™ Department of Urology and The Landon Center OnnggiUniversity of Kansas,
Kansas City, KS, USA.

" Department of Urology, North-Western State Medithliversity named after I.I.

Mechnikov, Saint Petersburg, Russia.

° Department of Pathology, University Hospital ofrBo Bonn, Germany.

P Department of Obstetrics and Gynecology, Tampemnevewsity Hospital, Tampere,
Finland.

9 Department of Medicine, Division of General Mediei and. Geriatrics, Emory
University School of Medicine, Atlanta, GA, USA

" Faculty of Social Sciences, University of Tampdr@npere; Finland.

° Department of Clinical Epidemiology and Biostatist McMaster University,

Hamilton, ON, Canada.

! Department of Medicine, McMaster Wniversity, Hatoiil, ON, Canada.

Y Department of Public Health, University of HelsinKelsinki, Finland.

Funding/Support and role ofithe sponsor

This study was conducted by the Clinical Urology &pidemiology (CLUE) Working
Group supportediby the Academy of Finland (gra®026 and 309387), Competitive
Research Funding of the Helsinki, Uusimaa Hosgdiadtrict (grants TYH2016135,
TYH201%114, TYH2018120, and TYH2019321), Jane arado# Erkko Foundation,
and-Sigrid Jusélius Foundation. Pesonen was sugapalto by grants from the Finnish
Urelogical Association, Cartwright by the UK Medid&esearch Council, Markland by
the US Department of Veterans Affairs and Natidnatitute of Health, and Vaughan

by a US Department of Veterans Affairs Merit Awgil@1l RX002293-01A2). The

16
Copyright © 2019 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



sponsors had no role in the analysis and interpoataf the data or the manuscript

preparation, review, or approval.

Acknowledgments

The authors would like to thank information spestaMervi Ahola for advice regarding
literature search strategies. We would also likehenk the following researchers for
checking extracted data for accuracy and/or pragididditionakinformation regarding
the original studies: Pasquale Abete, Yohannes $hade, Varant Kupelian, Haruo

Nakagawa, Hiromitsu Negoro and Jonne Akerla.

References

1. Hashim H, Blanker MH, DrakeMJ et al: Interna@b Continence Society (ICS)
report on the terminology“for nocturia and noctlifaever urinary tract function.
Neurourol Urodyn 204988: 499.

2. Agarwal A, Eryuzlu LN, Cartwright R et al: Whiatthe most bothersome lower
urinary traet symptom? Individual- and populatienvdl perspectives for both
mensand women. Eur Urol 20185%: 1211.

3. Pesonen JS, Cartwright R, Mangera A et al: Broté and remission of nocturia:
a-Systematic review and meta-analysis. Eur Urob20Q: 372.

4. Tikkinen KA, Auvinen A, Johnson TM 2nd et al: gystematic evaluation of
factors associated with nocturia—the populatioreda&INNO study.Am J

Epidemiol 2009170: 361.

17
Copyright © 2019 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



5. Johnson TM 2nd, Sattin RW, Parmelee P et altuatiag potentially modifiable
risk factors for prevalent and incident nocturiaolder adults. J Am Geriatr Soc
2005;53: 1011.

6. Marshall SD, Raskolnikov D, Blanker MH et al: dtiaria: current levels of
evidence and recommendations from the Internati@misultation/on Male
Lower Urinary Tract Symptoms. Urology 20185: 1291.

7. Pesonen JS, Vernooij RWM, Cartwright R et ale Tinpact of nocturia on falls
and fractures: a systematic review and meta-amsaly$i.Urol 2019; doi:
10.1097/JU.0000000000000459.

8. Yoshimura K: Correlates for nocturia: a reviefAepidemiological studies. Int J
Urol 2012;19: 317.

9. Moher D, Liberati A, Tetzlaff J etsal:"\Preferregporting items for systematic
reviews and meta-analyses: the RRISMA statementl BdD09;339: b2535.

10. lorio A, Spencer FA, Falavigha M et al: Use GRADE for assessment of
evidence about prognesis; rating confidence imesdts of event rates in broad
categories of patients, BMJ 20Q1350: h870.

11. Guyatt GH, @xman AD, Kunz R et al: What is “ljtyeof evidence” and why is
it importantto elinicians? BMJ 200836: 995.

12. GuyattiGH, Oxman AD, Vist G et al: GRADE guidek: 4. Rating the quality
ofvevidence—study limitations (risk of bias). JriCkpidemiol 201164: 407.

13« Fahtinen RM, Cartwright R, Tsui JF et al: Letlegm impact of mode of delivery
on stress urinary incontinence and urgency urinacgntinence: a systematic
review and meta-analysis. Eur Urol 2076; 148.

14. Hayden JA, van der Windt DA, Cartwright JL ktAssessing bias in studies of

prognostic factors. Ann Intern Med 201%8: 280.

18
Copyright © 2019 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



15. Kim SY, Park JE, Lee YJ et al: Testing a tawl dssessing the risk of bias for
nonrandomized studies showed moderate reliability promising validity. J
Clin Epidemiol 201366: 408.

16. Sinclair JC and Bracken MB: Clinically usefuleasures of effect in binary
analyses of randomized trials. J Clin Epidemiol4,9&: 881.

17.  Centers for Disease Control and Prevention:ioNak CenteT) for Health
Statistics, Vital Statistics Online. Available at

https://www.cdc.gov/nchs/data access/vitalstateertitm

18. Tikkinen KA, Johnson TM 2nd, Tammela TL etldoeturia frequency, bother,
and quality of life: how often is too often? A pégion-based study in Finland.
Eur Urol 201057: 488.

19. Bosch JL and Weiss JP: The prevalence ancesanfsnocturia. J Urol 2010;
184:440.

20. Harris RJ, Bradburn MJ, Deeks JJ et al: Mefiard- and random-effects meta-
analysis. Stata J 2008:3.

21.  Asplund R: Mortalitynintthe elderly in relatida nocturnal micturition. BJU Int
1999;84: 2974

22. Bursztyn'M{ Jacob J and Stessman J:. Usefubifesscturia as a mortality risk
factor for coronary heart disease among persons iood920 or 1921. Am J
Cardiol 200698: 1311.

23 Fitzgerald MP, Davila-Roman AL, Garcia A et &locturia prevalence and
association with chronic medical illness, 2-yeantaldy in older Puerto Rican
men. Presented at the annual meeting of the Irttena Continence Society,

San Francisco, California, September 29-Octob2039; abstract 277.

19
Copyright © 2019 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



24. Palloni A, Davila AL and Sanchez-Ayendez M: RoieRican Elderly: Health
Conditions (PREHCO) Project, 2002-2003, 2006-20CPER34596), v1. Ann
Arbor, Michigan: Inter-university Consortium for Rwal and Social Research
2013. Available at https://doi.org/10.3886/ICPSR3E.Y1.

25. Nakagawa H, Niu K, Hozawa A et al: Impact ottuwia on bone fracture'and
mortality in older individuals: a Japanese longiiad cohort study.J Urol 2010;
184:1413.

26. Kupelian V, Fitzgerald MP, Kaplan SA et al: Asmtionsof nocturia and
mortality: results from the Third National Healtimda Nutrition Examination
Survey. J Urol 2011185:571.

27. Galizia G, Langellotto A, Cacciatore F et‘aksAciation between nocturia and
falls-related long-term mortality risk insthe elder] Am Med Dir Assoc 2012;
13: 640.

28. Lightner DJ, Krambeck AE, Jacobson DJ et alcthida is associated with an
increased risk of coronary.heart disease and dBdth Int 2012;110: 848.

29. Van Doorn B, Kok ET,"Blanker MH et al: Mortgliin older men with nocturia.
A 15-year followup of the Krimpen study. J Urol 20187:1727.

30. Chung MS¢Chuang YC, Lee JJ et al: Prevalendeaasociated risk factors of
nocturia and subsequent mortality in 1,301 patieritis type 2 diabetes. Int Urol
Nephrol 201446: 1269.

314 Endeshaw YW, Schwartz AV, Stone K et al: Ndetuinsomnia symptoms and
mortality among older men: the Health, Aging anddiB&Composition studyJ

Clin Sleep Med 2016t2: 789.

20
Copyright © 2019 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



32.  Akerla J, Pesonen JS, Péyhonen A et al: Impidower urinary tract symptoms
on mortality: a 21-year follow-up among middle-agedl elderly Finnish men.
Prostate Cancer Prostatic Dis 2029; 317.

33. Ancoli-Israel S, Bliwise DL and Ngrgaard JmeTeffect of nocturia on, sleep.
Sleep Med Rev 20115: 91.

34. Cappuccio FP, D'Elia L, Strazzullo P et aleepl duration/and“all-cause
mortality: a systematic review and meta-analysigpafspective studies. Sleep
2010;33: 585.

35. da Silva AA, de Mello RG, Schaan CW et alePleuration and mortality in the
elderly: a systematic review with meta-analysis.8®pen 20166: e008119.

36. Bliwise DL, Howard LE, Moreira DM et als Nocta and associated mortality:
observational data from the REDUCE«trial. Prostaéamcer Prostatic Dis 2019;
22:77.

37. Bielby WT and Hauser RM: Structural equationdels. Annu Rev Sociol 1977,
3:137.

38. Fan Y, Wei F, Lang, ¥ et al: Meta-analysis ofctumia and risk of all-cause
mortality in adultypopulation. Int J Cardiol 20185: 120.

39. Wells G;“Shea B, O'Connell D et al: The Newlea®ttawa Scale (NOS) for
assessing the quality of nonrandomised studies etatanalyses. Ottawa,
Ontario, Canada: The Ottawa Hospital Researchtinsti2019. Available at
http://www.ohri.ca/programs/clinical_epidemiologyford.asp.

40 Oelke M, Anderson P, Wood R et al: Nocturiaften inadequately assessed,
diagnosed and treated by physicians: results obaprvational, real-life practice
database containing 8659 European and US-Ameriaaanps. Int J Clin Pract

2016;70: 940.

21
Copyright © 2019 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



41. Sakalis VI,  Karavitakis M, Bedretdinova D et I: a Medical
treatment of nocturia in men with lower urinary ctrasymptoms: systematic
review by the European Association of Urology Glirdes Panel for Male
Lower Urinary Tract Symptoms. Eur Urol 20172: 757.

42. Obayashi K, Saeki K and Kurumatani N: Indemgdassociationsjbetween
nocturia and nighttime blood pressure/dipping ohedly individualS:the HEIJO-

KYO cohort. 3 Am Geriatr Soc 20163: 733.

Figure (and supplementary material) legends

Table 1.Characteristics of the original studies_includeamnalyses.

Table 2. Evidence profile: nocturia as a prognostic faébormortality versus as a cause
of mortality.

Figure 1. Study flow chart.

Figure 2. Risk of bias of the included studies.

Figure 3. A forest plot ofsthe telative risks of death irop&e with nocturia.

Figure 4. Relative and ‘absolute risk of death in five yeagdMeen people with and

without nocturid.
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Table 1. Characteristics of the original studies includedmalyses.

Study Country
Asplund Sweden
1999 [21]

Bursztyn Israel
2006 [22]

Fitzgerald Puerto Rico
2009 [23,24]
Nakagawa Japan
2010 [25]

Kupelian 2011 USA
[26]

Galizia Italy
2012 [27]

Lightner 2012 USA
[28]

Van Doorn The
2012 [29] Netherlands
Chung Taiwan
2014 [30]

Endeshaw USA
2016 [31]

Akerla Finland
2019 [32]

Source of sample  Population characteristics Exclusion criteria

Pensioners'

association registr
Electoral records

Various public
registries
Civil registry

Various public
registries

Electoral rolls

Medical records

Both sex, 40% men, mear
age 73 yr (range 53-92 §r’
Both sex, 55% men, all
aged 70 yr

Men, mean age 71 yr
(range 60-99 yr)

Both sex, 46% men, mear Non-members of NHI

age 76 yr (range 70-97 yr.

Both sex, 47% men, mear
age 49 yr (range 20-90 yr

Both sex, 45% men, mear
age 74 yr (range 65+ yr)

Men, mean age 54 yr

from various healtt (range 40-79 yr)

care units

Civil registry

Hospital diabetic

clinic

Medicare
beneficiares,

designated zip coc

areas
Civil registry

Men, mean age 61 yr
(range 50-78 yr)

None
None

Institutionalized

system

Institutionalized

None

Surgery/condition

Assessment of

nocturia

Unvalidated

Unvalidated

Unvalidated

Assessment of

mortality

National death
registry
National death
registry
National death
registry

In accordance-witt NHI registry

IPSS/AUA=SI

In accordance witt NHCS Linked

IRSS/AUA-SI

Mortality Files

In accordance witt GP registries,

IPSS/AUA-SI

death certificates

Median
follow-up

time
4.5 yr

12 yr
2yr

5yr

8.8 yr

12 yr

AUA-SI (assessed Multiple sources 17 yr

affecting lower‘urinary every 2 yrs)

tract
Surgeryleandition

tractpoor health

FVC (frequency-
affecting’lower urinary volume chart)

Both sex, 52% men, mear Treatment for type 2 OABSS

age 63 yr (range 32-94 §r. diabetes for less than

Men, mean age 74/yy
(range 70-79 yr)

Men, meanage 58 yr
(range 50-70 yr)

yr
None

None

IPSS

DAN-PSS

(assessed every

five years)

incl. death
certificates and
autopsy reports
GP registries

National death
registry

Clinic visits,
telephone
contacts, death
certificates
National death
registry

13.4yr

25yr

9yr

21 yr

No. of
contacted at
the baseline
10216

759

1736

2925

39695

1780

3874

3398

1715

Unclear

3143

No. of eligible
respondents

6143 (60%)
456 (60%)
1480 (85%)

784 (27%)

15988 (69%)

1288 (72%)

2115 (55%)

1114 (33%)

1301 (76%)

1478

1332 (42%}

AUA-SI = American Urological Association Symptondix, DAN-PSS = Danish Prostatic Symptom Score, @ereral practice, IPSS = International Prostatafgm Score,
LUTS = lower urinary tract symptoms, NHCS = Natib@anter for Health Statistics, NHI = National Hisalnsurance, OABSS = Overactive Bladder Symptoor&c
@ Age rangapproximated by using the reported standard devig8D) for mean age (mean age + 3SD).
® Previouslyunpublished analyses based on the study raw dala [2

°To replace men who either died or dropped out,tamidil 332 men were recruited during the first fgaars of follow-up.

4 Response available for every assessment of LUT8e\alive).
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Table 2. Evidence profile: nocturia as a prognostic factor for mortality versus as a cause of mortality.

Summary of findings Quality assessment
No. of No. of participants® PrognosisY)s.
stl?di(:es Relativerisk Absoluterisk ~ causation Starting  Risk of Inconsis- Indirectness | mprecision Certainty in
des No Nocturia  (95% CI) difference quality bias® tency P estimates
(design) nocturia
. . Serious  MNo.Sefious No serious No serious
Ade 60 Vr- Prognosis High limitations ~ limitations limitations limitations Moderate
11 g]e yr:
(cbservation 26763 7048 127 (01'%6' 1.6% per Syr
al cohort) 1.40) Age 75 yr:
4% per Syr Causation Low Seriols  Noserious  No serious No serious Very low
limitations limitations  limitations limitations y

GRADE = Grades of Recommendation, Assessment, Development, and Evaluation

& Some studies reported the number of exposed participants for several nocturia case definitiens. In these cases, the number of participants with > 2 and 0-1 voidg/night was
included in the total count of exposed and unexposed participants.

> Assessment based on the principles of the GRADE framework where the body of obisefvational evidence begins as high quality when used for prognosis research and as low
quality when used for intervention research.

¢ Assessment described in Supplementary Appendix 2 and Fig. 2.
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Studies identified from Studies identified from
PubMed, Scopus and the conference abstracts
CINAHL (n=6,348) (n=1,626)

v > Qverlapping (n=2,744) |

Titles and abstracts screened (n=5,230) |

-l m‘bstracts excluded
~ (n=5,076)

y y

Full text articles
extracted for detailed
evaluation (n=132)

N

Conference tracts

include etailed
evalu (n=22)

- Articles excluded (n=143)
Y Y - Not a longitudinal study (n=26)
- Nocturia not assessed at
baseline (n=16)
- An intervention study (n=10)
- Mortality not reported (n=91)

e

References of eligible Eligible full texts ( % and conference
full texts and abSEI%' (n=1)

conference abstracts

-]
screened (n=295)

v

Eligible full texts (n=0) |

* \j

A2

Total studies included in qualitative analyses (n=12)

[ __ Systematic reviews

* o (n=1)

Original studies included in meta-analyses (n=11)
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Risk of bias criteria

Reference "o | Aresamert | Aesament | Mising |adstment Oriie
Asplund 1999 [21] . . ‘ . . High
Bursztyn 2006 [22] . . . . . High
Fitzgerald 2009 [23,24] ‘ ' ' ' ' High
Nakagawa 2010 [25] . ‘ ‘ ‘ ‘ High
Kupelian 2011 [26] . ‘ . . . Low
Galizia 2012 [27] . . ' ' ’ High
Lightner 2012 [28] ' ‘ ‘ ‘ ‘ High
Van Doorn 2012 [29] . . . . . High
Chung 2014 [30] . . ‘ . . High
Endeshaw 2016 [31] . . . . . High
Akerla 2019 [32] , ’ + Low

]




Reference Gender definition
Mean age 18-49 years

Kupelian 2012 [26] Male 2+
Lightner 2012 [28] Male 2+
Kupelian 2012 [26] Female 2+

Subtotal (I-squared=50.7%, p=0.131)

Mean age 50-69 years

Fitzgerald 2009 [23, 24] Male
Kupelian 2012 [26] Male
Lightner 2012 [28] Male
Van Doorn 2012 [29]  Male

Akerla 2019 [32] Male
Kupelian 2012 [26] Female
Chung 2014 [30] Both

Subtotal (I-squared=26.8%, p = 0.224)

Mean age 70 or higher
Fitzgerald 2009 [23, 24] Male
Kupelian 2012 [26] Male
Endeshaw 2016 [31] Male
Akerla 2019 [32] Male
Kupelian 2012 [26] Female
Asplund 1999 [21] Both
Bursztyn 2006 [22] Both
Nakagawa 2010 [25] Both
Galizia 2012 [27] Both
Subtotal (I-squared=49.8%, p = 0.043)

Overall (I-squared=48.3%, p=0.010)

NOTE: Weights are from
random effects analysis

3+
2+
2+
2+
3+
2+
3+

3+
2+
3+
3+
2
3%
24
2+
2+

Nocturia case

v

Copyright © 2019 American Quacm Assosiation Education and Research, Inh Unauthorized reproduction of this oD prohibited

Relativerisk Weight

(95% ClI)

2.56 (1.32,4.94
1.31(0.73,2.35
1.10(0.66, 1.86
1.49(0.92,2.42

—_—

1.21(0.70, 2.04
1.60 (1.06, 2.41
1.48(1.15,1.91
1.03(0.75, 1.42
1.20(0.81, 1.80
1.94(1.27,2.96
1.89(1.01,3.45
1.40(1.18, 1.67

—_—_m oo

1.02(0.74, 1.35)
1.35(1.11, 1.63)
1.18(0.97, 1.44)
1.57(1.11,2.23)
1.19(1.04, 1.37)
1.28(1.01, 1.62)
0.89(0.55, 1.43)
1.98(1.09, 3.59)
1.02(1.01,1.27)
1.19(1.07, 1.33)

( )

1.27 (1.16, 1.40

(%)

1.87
2.29
2.79
6.95

2.65
3.97
7.08
5.52
4.13
3.80
2.11
29.27

5.92
8.93
8.75
4.95
10.75
7.57
3.17
222
11.53
63.78

100.00



Age

60 yr

75yr

Relative risk
(95% Cl)

1.40(1.18-1.67)
—

1.19(1.07-1.33)
_._

0.5

Gender

Men

Women

Overall

Men

Women

Overall

Absolute death risk
per five years (%)?

151
7 [ 0-1 voids/night
[]3.1 [ = 2 voids/night
143
[ 144
57
' | 24.4
'  29.0
| 118.0
' 21.4
| ] 20.8
' ] 24.8




