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Abstract
Background  The relationship between frailty and nocturnal voiding is poorly understood.
Aim  To characterize the association between frailty, as defined by a frailty index (FI) based upon the Canadian Study of 
Health and Aging (CSHA) criteria, and nocturia, defined by measures of nocturnal urine production.
Methods  Real-world retrospective analysis of voiding diaries from elderly males with lower urinary tract symptoms (LUTS) 
at an outpatient urology clinic. Males ≥ 65 years with ≥ 2 nocturnal voids were included. A modified FI was calculated from 
the LUTS database, which captured 39 variables from the original CSHA FI. Patients were divided into 3 groups by modi-
fied FI: low (≤ 0.077) (n = 59), intermediate (> 0.077 and < 0.179) (n = 58), and high (≥ 0.179) (n = 41). Diary parameters 
were compared using the Kruskal–Wallis test and pairwise comparisons with the Wilcoxon rank-sum test and Bonferroni 
adjustment.
Results  The high frailty group was characterized by higher nocturnal urine volume (NUV), maximum voided volume (MVV), 
nocturnal maximum voided volume (NMVV), and nocturnal urine production (NUP). The presence of comorbid diabetes 
mellitus did not explain this effect.
Conclusion  Elderly males seeking treatment for LUTS with a high frailty burden are disproportionately affected by excess 
nocturnal urine production. Future research on the mechanistic relationship between urine production and functional impair-
ment is warranted.
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Introduction

A growing body of literature has associated nocturia with 
significant morbidity and mortality. Nocturnal voiding is a 
cardinal feature of several hypervolemic conditions, and may 
be the presenting sign of serious systemic cardiovascular, 
respiratory, endocrine, and metabolic diseases [1]. Although 
the cause-and-effect relationship between nocturia and mor-
tality remains to be established, the multitude of comorbid 
conditions and their association with nocturia risk factors 
aligns well with the accumulated deficits model of frailty, 
which considers frailty as a function of the total burden 
of health deficits acquired across the aging process [2, 3]. 
Frailty has been conceptualized and measured using a vari-
ety of approaches [4–8], but one of the most widely used is 
the frailty index (FI), a valid and reliable measure derived 
from the Canadian Study of Health and Aging (CSHA) 
[2–4]. The FI captures the presence of current diseases, 
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performance in activities of daily living, and physical signs 
from the physical examination, and higher levels of the FI 
are closely correlated with increased morbidity and early 
mortality [2–4].

The pathogenesis of nocturia relies upon a fundamen-
tal mismatch between nocturnal urine volume and storage, 
wherein nocturnal voiding may be driven by excess produc-
tion, as seen in nocturnal polyuria and global polyuria, and/
or reduced bladder capacity (either functional or anatomic) 
[1]. However, to our knowledge, an association between 
nocturia and frailty has never been described. Accordingly, 
we sought to use voiding diary data from elderly men with 
LUTS at an outpatient urology clinic to characterize the rela-
tionship between nocturia and frailty.

Methods

Study design and procedures

This study was a retrospective analysis of 24-h voiding dia-
ries completed from 2008 to 2018 by elderly male veterans 
who were being treated for lower urinary tract symptoms 
(LUTS) at a Veterans Affairs outpatient urology clinic.

All patients had established care before being asked to 
complete a voiding diary. Patients were being actively man-
aged by a urologist in accordance with the best practice 
framework for the evaluation and treatment of nocturia [9], 
which involved a thorough medical interview and physical 
examination, with individualized behavioral modification 
plans (evening fluid restriction, bladder training exercises, 

etc.) as a first-line intervention; medications for persistent 
symptoms; and outlet-reducing surgery for urinary retention 
refractory to pharmacologic therapy [9].

A voiding diary database for retrospective analysis was 
compiled with approval from the Veterans Affairs New York 
Harbor Healthcare System Institutional Review Board. A 
waiver of informed consent was granted as voiding diaries 
are a standard of care in the evaluation and management of 
LUTS [9]. Patient electronic records were reviewed to deter-
mine demographics, medications, genitourinary diagnoses, 
procedures, and comorbidities.

Patients were included if they were male, age ≥ 65 years, 
and had completed at least one 24-h voiding diary show-
ing ≥ 2 nocturnal voids during the sleeping period. Only the 
first diary showing ≥ 2 nocturnal voids was included from 
patients with more than 1 complete diary. Patients were 
excluded if they had a diagnosis of lithium-induced diabe-
tes insipidus because of the pronounced association between 
lithium-containing drugs and polyuria (n = 4) [10].

Data from voiding diaries were collected in a standard 
manner (as modified from van Kerrebroeck and colleagues) 
[11] and analyzed retrospectively (Table 1). Although the FI, 
as originally described, is comprised of 92 items [2], indi-
vidual studies often use subsets or smaller numbers of items 
with which to compute the FI [6]. In our study, the LUTS 
database included 39 of the 70 possible clinical assessment 
items (out of the total of 92 items) (see Table 2 for a listing 
of those included in the current study). As is customary for 
studies using subsets of items from the original CSHA [5, 
6], we calculated the FI on the basis of the proportion of 
conditions in any given patient relative to the total number 

Table 1   Overview of voiding diary parameters

Table modified from [11]

Parameter Definition

Sleeping period The time from when an individual goes to bed with the intention of sleeping until they awaken 
with the intention of rising

Nocturnal voids Number of voids passed during sleeping hours
24-h volume Total volume of urine passed in a 24-h period
Nocturnal urine volume (NUV) Total volume of urine produced during sleeping hours; includes the first morning void volume
Maximum voided volume (MVV) The single largest voided volume passed in a 24-h period
Nocturnal maximum voided volume (NMVV) The single largest voided volume passed during sleeping hours
Nocturia index (Ni) NUV/MVV; an Ni > 1 indicates that NUV exceeds functional bladder capacity and nocturia or 

enuresis occurs
Nocturnal urine production (NUP) NUV/(sleeping hours); NUP ≥ 90 mL/h indicates nocturnal polyuria
Nocturnal polyuria index (NPi) NUV/TUV; NPi > 0.20-0.33 (age-dependent) may be used as an alternative criterion for noctur-

nal polyuria
Nocturnal bladder capacity index (NBCi) (Number of nightly voids − [Ni − 1]); NBCi > 0 indicates that nocturia occurs at voided vol-

umes less than MVV; NBCi > 2 is associated with severe nocturia
First uninterrupted sleep period (FUSP) Time between when the individual goes to bed with the intention of sleeping to the time of first 

unintended awakening



1995Aging Clinical and Experimental Research (2020) 32:1993–2000	

1 3

of conditions in the item pool. This approach was also used 
in the original description of the FI [2].

Many studies have employed FI as a categorical variable 
and defined frailty using FI thresholds, which often differed 
depending on the population under study [2–4, 12]. The 
distribution of FI scores in our sample differed from the 
gamma shaped distribution typically reported in those stud-
ies and instead clearly represented a biomodal distribution 
(Fig. 1). In view of this, we divided our sample into groups 
representing low, intermediate, and high levels of frailty, 
based on corresponding FI cut points of ≤ 0.077, {> 0.077 
and < 0.179}, and ≥ 0.179, respectively.

Table 2   Variables that comprise 
the Canadian Study of Health 
and Aging (CSHA) 70-item 
frailty index clinical assessment

Table modified from [4]

Captured in the present study Not captured in the present study

Head and neck problems
Bradykinesia, facial
Urinary incontinence
Gastrointestinal problems
Musculoskeletal problems
Bradykinesia of the limbs
Mood problems
Feeling sad, blue, depressed
History of depressed mood
Depression (clinical impression)
Sleep changes
Memory changes
Long-term memory impairment
Changes in general mental functioning
Onset of cognitive symptoms
Paranoid features
Tremor at rest
Intention tremor
History of Parkinson’s disease
Seizures, partial complex
Seizures, generalized
Syncope or blackouts
Headache
Cerebrovascular problems
History of stroke
History of diabetes mellitus
Arterial hypertension
Peripheral pulses
Cardiac problems
Myocardial infarction
Arrhythmia
Congestive heart failure
Lung problems
Respiratory problems
History of thyroid disease
Thyroid problems
Skin problems
Malignant disease
Abdominal problems

Changes in everyday activities
Poor muscle tone in neck
Problems getting dressed
Problems with bathing
Problems carrying out personal grooming
Toileting problems
Bulk difficulties (muscle bulk on neurological exam)
Rectal problems
Problems cooking
Sucking problems (sucking reflex on neurological exam)
Problems going out alone
Impaired mobility
Poor muscle tone in limbs
Poor limb coordination
Poor coordination, trunk
Poor standing posture
Irregular gait pattern
Falls
Tiredness all the time
Restlessness
Short-term memory impairment
Clouding or delirium
History relevant to cognitive impairment or loss
Family history relevant to cognitive impairment or loss
Impaired vibration
Postural tremor
Family history of degenerative disease
Breast problems
Presence of snout reflex
Presence of the palmomental reflex
Other medical history

Fig. 1   Frequency Distribution of modified frailty index. Note X-axis 
represents frailty index (FI) intervals. To approximate tertiles, low, 
medium, and high Frailty groups were defined by FI values of 0 
to ≤ 0.077; 0.078 to 0.179; and ≥ 0.179, respectively
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Statistical analysis

For both patient demographics and diary parameters, cat-
egorical variables are reported as frequency (percentage), 
and continuous variables are reported as median (95% con-
fidence intervals) using Wilcoxon confidence interval esti-
mates. Categorical and continuous variables were compared 
using the Fisher’s exact test and the Kruskal–Wallis test, 
respectively. When inter-group differences were found to be 
significant, the Wilcoxon rank-sum test was used to deter-
mine partial order between sample pairs. All tests performed 
were two-sided, and a p value < 0.05 was deemed statisti-
cally significant, with the Bonferroni correction applied for 
multiple comparisons.

Results

The frequency distribution of the FI for the patients gen-
erating the 158 patient diaries meeting inclusion crite-
ria is shown in Fig. 1. FI cutoffs were {≤ 0.077} for low 
(n = 59), {> 0.077 and < 0.179} for intermediate (n = 58), 
and {≥ 0.179} for high (n = 41) for the predefined groups.

A complete overview of patient demographics, comor-
bid conditions, and urologic treatment history is provided in 
Table 3. There were no statistically significant differences 
in demographics, medication usage, or history of surgery or 
radiation therapy between frailty groups. Among medical 
comorbidities, diabetes mellitus (DM), chronic obstructive 
pulmonary disease (COPD), obstructive sleep apnea (OSA), 
and congestive heart failure (CHF) were more likely in the 
high frailty group, with DM occurring in over 25% of the 
sample overall (44/158).

Table 4 indicates the rates of several measures of noc-
turnal urine production (NUV, MVV, NMVV, and NUP) 
in the high frailty group compared to the intermediate and 
low frailty groups. Bonferroni-adjusted pairwise compari-
sons ([p = 0.05]/3 = 0.017) reached significance for many 
of these. Additional analysis limited to those cases without 
DM (n = 114) showed that high frailty continued to be sig-
nificantly associated with greater nocturnal urine production 
(NUV, NMVV, NUP; all p < 0.02), but without significant 
differences in 24-h urine production (p = 0.18).

Discussion

In this group of aged male veterans, higher frailty was asso-
ciated with greater nocturnal urine production. Although 
some of this effect might have reflected the disproportionate 
number of DM patients in the high frailty group (as implied 
by their higher rate of 24-h urine production, consistent with 
possible glycosuria), stratification analyses showed that the 

association between nocturia and frailty persisted indepen-
dently of DM.

Relationships between frailty and DM in old age are well-
acknowledged in the literature [13, 14] and the presence of 
DM has been shown in several studies to be associated with 
incident frailty [15, 16] or absence of improvement in frailty 
status [17]. Although the specific mechanisms of how dia-
betes may affect frailty remain uncertain, likely candidates 
may include chronic inflammation and/or the adverse impact 
of skeletal muscle damage and neuropathic pain on mobility 
and ambulation [18]. Higher rates of 24-h urine production 
were also seen in the much smaller number of CHF patients, 
a group with an increased non-osmotic drive for thirst and 
high utilization of diuretic agents [19, 20], as well as COPD 
and OSA, but owing to the relatively low prevalence of these 
conditions in our sample, we were unable to make any valid 
statistical inferences about the influence of CHF, COPD, or 
OSA in this data set.

Although examination of the relationship between noc-
turia and frailty is novel, frailty has been implicated in other 
LUTS. Frailty is associated with an increased risk of incon-
tinence [21]. Frail older people, as assessed by an impaired 
timed up and go test, are also more likely to have overac-
tive bladder (OAB) than age-matched non-frail older people 
[22]. In addition, among community-dwelling older males, 
severe symptoms on the International Prostate Symptom 
Score (IPSS) are associated with a higher prevalence of 
frailty [23]. In the setting of OAB, benign prostatic hyper-
plasia (BPH), and other LUTS, a reduction in functional 
bladder capacity is central to the pathogenesis of nocturia 
in some patients, and conversely, nocturia may be classi-
fied as one component of the symptom complex for patients 
with OAB, BPH with bladder outlet obstruction, or urinary 
incontinence [1]. However, nocturia is a complex and mul-
tifactorial condition, and comorbid LUTS are far from the 
only underlying etiology.

Unfortunately, older people—and particularly the frail 
elderly—are often either overtly or covertly excluded from 
involvement in research studies [24], which has left them 
underrepresented in pivotal trials on pharmacologic and sur-
gical management for LUTS [25]. Moreover, among older 
people with LUTS, those with significant frailty may be dis-
proportionately affected by the presence of urologic symp-
toms as urinary incontinence is associated with an increased 
risk of hospitalizations, nursing home admissions, and social 
isolation [26]. Among patients with refractory idiopathic 
detrusor overactivity, frail older patients experienced a sig-
nificantly longer duration of recovery and lower long-term 
success rate following onabotulinumtoxin A treatment com-
pared to their non-frail contemporaries [27]. Among indi-
viduals undergoing transurethral resection of the prostate 
(TURP), frailty is associated with an increased occurrence 
of complications and discharge to a skilled or assisted living 
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facility, which persists after adjusting for factors including 
age, race, and recent weight loss [28, 29].

The causes and underlying mechanisms of nocturia 
among frail elderly men and women are multifactorial 
and, amongst others, include conditions such as peripheral 

edema, elevated natriuretic peptide secretion (possibly 
because of sleep apnea), excessive fluid intake, circadian 
blunting in arginine vasopressin secretion, medications, 
or renal tubular dysfunction [23, 30, 31]. Desmopressin, 
which is used in patients with nocturia owing to nocturnal 

Table 3   Demographics, 
comorbid conditions, and 
treatment history by frailty 
burden

Categorical variables are reported as frequency (percentage); continuous variables are reported as median 
(95% CI) using Wilcoxon confidence interval estimates
RRP radical retropubic prostatectomy, TURP transurethral resection of the prostate, EBRT external beam 
radiotherapy
*Statistical significance

Frailty index p value

Low (n = 59) Intermediate 
(n = 58)

High (n = 41)

Demographic characteristics and medi-
cal comorbidities

 Age (years) 71 (67–80) 72 (66–80) 71 (68–77) 0.779
  Race
  Caucasian 28 (47.5) 31 (53.4) 26 (63.4) 0.601
  African-American 25 (42.4) 23 (39.7) 12 (29.3)
  Other/unspecified 6 (10.2) 4 (6.9) 3 (7.3)

 Body mass index (kg/m2) 29 (27–32) 29 (26–33) 29 (25–33) 0.841
 Hypertension 46 (78.0) 45 (77.6) 37 (90.2) 0.212
 Diabetes Mellitus 13 (22.0) 11 (19.0) 20 (48.8) 0.003*
 Chronic obstructive pulmonary disease 2 (3.4) 14 (24.1) 14 (34.1) < 0.001*
 Obstructive sleep apnea 6 (10.2) 14 (24.1) 13 (31.7) 0.025*
 Congestive heart failure 0 (0) 2 (3.4) 5 (12.2) 0.006*
 Cerebrovascular disease 0 (0) 3 (5.2) 3 (7.3) 0.091
 Cognitive impairment 0 (0) 1 (1.7) 3 (7.3) 0.064
 Parkinson’s disease 0 (0) 0 (0) 1 (2.4) 0.259

Comorbid urologic conditions
 Overactive bladder (OAB) 16 (27.1) 16 (25.9) 15 (36.6) 0.545
 Benign prostatic hyperplasia (BPH) 25 (42.4) 23 (39.7) 14 (34.1) 0.718
 Bladder outlet obstruction 6 (10.2) 4 (6.9) 2 (4.9) 0.747
 Incontinence 5 (8.5) 8 (13.8) 4 (9.8) 0.726

Medications
 α-Blocker 36 (61.0) 32 (55.2) 29 (70.7) 0.371
 5α-Reductase inhibitor 16 (27.1) 17 (29.3) 12 (29.3) 0.950
 Anticholinergic 6 (10.2) 13 (22.4) 6 (14.6) 0.196
 Thiazide diuretic 5 (8.5) 14 (24.1) 6 (14.6) 0.075
 Loop diuretic 1 (1.7) 2 (3.4) 5 (12.2) 0.069

Urological surgery
 No surgery 54 (91.5) 50 (86.2) 36 (87.8) 0.700
 Surgery 5 (8.5) 8 (13.8) 5 (12.2)
 RRP 2 (3.4) 3 (5.2) 3 (7.3)
 TURP 2 (3.4) 5 (8.6) 2 (4.9)
 Urethroplasty 1 (1.7) 0 (0) 0 (0)

Radiation
 No radiation 52 (88.1) 52 (89.7) 37 (90.2) 0.999
 Radiation 7 (11.9) 6 (10.3) 4 (9.8)
 EBRT 5 (8.5) 5 (8.6) 3 (7.3)
 Brachytherapy 2 (3.4) 1 (1.7) 1 (2.4)
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polyuria and no identifiable contributory comorbidities, 
is not recommended in frail elderly patients due to an 
increased risk of hyponatremia [32].

This study is subject to a number of limitations. 
First, our study represents a retrospective single institu-
tion cross-sectional analysis based on clinical records. 
Although a reliable FI which predicts outcomes can be 
constructed from as few as 20 [33] or even 11 items [34], 
our frailty model admittedly could not completely dupli-
cate that used in the CSHA. Given the various approaches 
to characterizing frailty [5], our use of the FI was limited 
to the specific conditions accessible to us in our patients’ 
Veterans Affairs records. Specifically, the frailty model 
used here could not take into account impairment in daily 
activities or cognitive impairment, which are both impor-
tant facets of frailty, such that information regarding actual 
impairment is limited (except for bladder function and 
cognitive problems). As the FI reflects mainly medical 
comorbidities, and patients in the high FI group were dis-
proportionately affected by a number of conditions known 
to cause increased urine production (i.e., DM, COPD, 
OSA, and CHF), the results of the present study may be a 
function of comorbidity burden. Although no inter-group 
differences were observed in the prevalence of comorbid 

genitourinary diagnoses, the association between frailty 
and other LUTS such as OAB and urinary urge inconti-
nence may nevertheless pose an operative systematic bias. 
Given that only elderly male veterans were included in this 
analysis, results may not be generalizable to all elderly 
men due to differences in lifestyle and distribution of asso-
ciated comorbid conditions. Likewise, these results cannot 
be extrapolated to women. Despite these limitations, to our 
knowledge, the present analysis is the only study which 
has applied a validated method of calculating an FI and 
explored its relationship with nocturia.

Although the predefined cut points allowed for a com-
parison of voiding diary parameters between 3 groups of 
approximately equal size, our cutoff for “high frailty” was 
significantly lower than other meaningful FI cutoffs that 
have been identified in population studies [3, 4, 35]. These 
relatively lower values may reflect the fact that our sample 
consisted of what some have termed a “young-old” group 
in their late 1960s and early 1970s, unlike the studies of 
Rockwood et al. [4] and Hoover et al. [35], which included 
sizeable numbers of persons in their 1980s and above. Future 
prospective research involving larger well-defined frailty 
subgroups is needed to further phenotype the etiology of 
nocturia in frail individuals and establish individualized 

Table 4   Voiding diary parameters by frailty burden

Variables reported as median (95% CI) using Wilcoxon confidence interval estimates. Significance determined using Kruskal-Wallis test by 
ranks. The Wilcoxon rank-sum test was used to determine partial order between sample pairs with Bonferroni adjustment for pairwise compari-
sons ([p = 0.05]/3 = 0.017)
NUV nocturnal Urine Volume (total volume of urine produced during sleeping hours; includes the first morning void volume), MVV maximum 
Voided Volume (single largest voided volume passed in a 24-h period), NMVV nocturnal Maximum Voided Volume (single largest voided 
volume passed during sleeping hours), Ni Nocturia Index (NUV/MVV; a Ni > 1 indicates that NUV exceeds functional bladder capacity), NUP 
Nocturnal Urine Production rate (NUV/[Sleeping hours]), NPi Nocturnal Polyuria Index (NUV/TUV; fraction of the 24-h urine volume excreted 
at night), NBCi Nocturnal Bladder Capacity Index − ([#nocturnal voids − (Ni − 1)]; NBCi > 0 indicates that nocturia occurs at voided volumes 
less than MVV), FUSP first Uninterrupted Sleep Period Duration (time between when the individual goes to bed with the intention of sleeping 
to the time of first unintended awakening)
Terminology: Sleeping Period—time from when an individual goes to bed with the intention of sleeping until they awaken with the intention of 
rising; Nocturnal Voids: number of voids passed during sleeping hours; 24-h volume—total volume of urine passed in a 24-h period
*Statistical significance

Frailty index p values

Low (n = 59) Intermediate (n = 58) High (n = 41) All groups Low vs. int. Int. vs. high Low vs. high

Sleep period (h) 8.0 (8.2–9.0) 8.5 (7.5–9.8) 9.0 (7.7–9.6) 0.080 – – –
Nocturnal voids 3 (2–4) 3 (2–4) 3 (2–5) 0.333 – – –
24-h volume (mL) 1650 (1390–2517) 1620 (1259–2119) 2200 (1800–2550) 0.005* 0.409 < 0.001* 0.024
NUV (mL) 630 (500–1060) 690 (505–942) 916 (671–1419) < 0.001* 0.926 < 0.001* < 0.001*
MVV (mL) 300 (200–387) 285 (200–345) 318 (243–400) 0.034* 0.684 0.011* 0.043
NMVV (mL) 250 (183–353) 240 (180–300) 300 (228–400) 0.014* 0.810 0.004* 0.020
Ni 2.6 (2.0–3.2) 2.6 (2.1–3.4) 2.9 (2.2–4.0) 0.161 – – –
NUP (mL/h) 83 (63–121) 83 (56–118) 126 (73–163) 0.003* 0.551 < 0.001* 0.008*
NPi 0.40 (0.31–0.52) 0.44 (0.33–0.54) 0.44 (0.34–0.58) 0.157 – – –
NBCi 1.20 (0.88–1.82) 1.11 (0.74–1.62) 1.23 (0.56–2.10) 0.533 – – –
FUSP (h) 2.0 (1.0–3.0) 2.5 (1.5–3.4) 1.8 (1.0–2.6) 0.064 – – –
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recommendations for evaluating and managing nocturia in 
these patients.

Conclusion

A voiding diary analysis of elderly males with nocturia at 
an outpatient urology clinic identified frailty as a condi-
tion significantly associated with increased nocturnal urine 
production. Future research on the mechanistic relation-
ship between urine production and functional impairment 
is warranted.
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