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a group of healthy, community-dwelling older adults over a 
two-week period.

METHODS

A group of community-dwelling older men (n = 55, aged 
64.3 ± 7.52 years) and women (n = 92, aged 62.5 ± 6.73 
years) were recruited for a research study of insomnia and 
aging. All subjects had a self-reported complaint of insomnia 
and were recruited into the study specifi cally on this com-
plaint. Presence or absence of nocturia was not a consider-
ation in recruitment. To establish a baseline sleep pattern, all 
subjects had 2 weeks of sleep logs, and a subset (n = 60: 44 
women and 16 men) had an additional week of wrist actigra-
phy. Sleep logs were used to collect information concerning 
daily timing (i.e., bedtime, wakeup time) of sleep, subjec-
tive quality of “restedness” in the morning (Likert-like scale 
from 1-7 with 1: “not at all rested,” 4: “moderately rested,” 
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Insomnia, especially experienced as diffi culty maintaining 
sleep, is quite common in older individuals, with epide-

miologic studies indicating rates of 40% to 70%.1 Numerous 
age-related changes are thought to increase the likelihood of in-
somnia in senescence, including changes to the circadian timing 
system and sleep homeostatic mechanisms, decreased arousal 
threshold, increased rates of anxiety, pain, and depression, and 
generally poor health.1 While all of these factors might contrib-
ute to the decline of sleep continuity in older adults, the over-
whelming reason given by older adults themselves is that their 
sleep is disturbed because they need to get up to urinate (noctu-
ria). Between two-thirds and three-quarters of older individuals 
surveyed in epidemiological studies report that their sleep is 
disturbed because of nocturia.2-6 The majority report that noctu-
ria is the only reason their sleep is disturbed.2-6 Further, survey 
studies have shown that the greater the number of nocturnal 
voids, the greater the self-described poor sleep, insomnia symp-
toms, and daytime sleepiness.7-15 For those individuals who re-
port nocturia as bothersome there is even a stronger correlation 
with disturbed sleep.13,16

As noted, to date, no study of the relationship between 
sleep and nocturia has used objective measurements of sleep, 
nor have previous studies examined the relationship between 
sleep and nocturia prospectively, on a night-to-night basis. 
Such data could enable the comparison of nights with or with-
out nocturia in the same individual. To fi ll this gap, we here 
report on the relationship between objective and subjective 
measures of sleep and nocturia collected prospectively from 
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BRIEF SUMMARY
Current knowledge/Study Rationale: Despite the overwhelming pre-
ponderance of older individuals who indicate that nocturia is the primary 
cause of their sleep disruption, there is relatively little objective data to 
support this assertion. There is also scant data on the interrelationship 
between nocturia and insomnia.
Study Impact: Our data indicate that nocturia compounds the negative 
impact of insomnia. Mitigation of the alerting aspects of nocturia-associ-
ated behaviors may enable an improvement in sleep.
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and 7: “very rested”), the number of nocturnal awakenings, 
the time it took to fall asleep, and the number of times that 
subjects woke to use the bathroom. We collected 12.1 ± 3.39 
days of sleep logs per subject. Not all logs were fully com-
pleted, resulting in some missing data. Of the 1,786 days 
of logs, 1,774 had information concerning the number of 
trips to the bathroom, 1,108 had information concerning 
morning restedness, and 1,784 had sleep timing data. Sleep 
efficiency [(time in bed − time awake) / time in bed] was 
calculated from the self-reported sleep data. Wrist actigra-
phy collects arm movement data by means of a wrist-worn 
device that contains a 3-dimensional accelerometer. From 
these data, sleep and, notably, the occurrence of wakefulness 
during sleep are inferred.17 Actigraphy data were collected 
with an Actiwatch-L (Minimitter, Bend OR) for 7 days in 
58 subjects and 6 days in 2 subjects. Sleep was determined 
using the built-in algorithms in the Actiware-Sleep software 
(v.3.1, Mini-Mitter, Bend OR). Sleep efficiency, the num-
ber and length of nocturnal wake episodes, and the overall 
amount of wakefulness after sleep onset (WASO) were all 
calculated from actigraph data. Subjects also had one night 
of at-home recording of breathing parameters (EdenTrace, 
Mallinckrodt, Hazelwood, MO) from which the respiratory 
disturbance index (RDI) was calculated. Data were scored 
based on the Chicago Criteria18 for hypopneas and discern-
able apneas; RDI was calculated using self-reported sleep 
times. Due to technical problems, 14 of the 147 recordings 
were unavailable.

Data were analyzed using several different approaches. Ini-
tially, we examined all actigraphic data from individual nights 
for individual subjects, classifying each night by the number 
of logged nocturnal bathroom visits. These data were analyzed 
both continuously and categorically (i.e., 0/1/2/3/4 or more) 
using linear regression and analysis of variance (ANOVA), 
respectively (OriginPro8, Origin Lab, Northampton MA). Sec-
ondly, in order to examine the relationships between noctur-
nal bathroom trips and sleep quality on a within subject basis, 
we examined the data of the 19 subjects who during the one 
week of actigraphy data collection had ≥ 2 nights on which they 
went to the bathroom at least once and ≥ 2 nights on which they 
did not use the bathroom after going to bed. For each of these 
nights, we calculated percent difference from the one-week av-
erage for each sleep variable of interest. The average percent 
difference was calculated for toileting and non-toileting nights 
and pairwise comparisons made. Data throughout the manu-
script are shown as mean ± SD.

Prior to the collection of any data, subjects signed a consent 
form approved by the Stanford University Institutional Review 

Board. All procedures conformed to the principles outlined in 
the Declaration of Helsinki.

RESULTS

Subjects (Table 1) reported 1.4 ± 1.2 trips to the bathroom 
per night (range 0-9) and 2.4 ± 1.6 nocturnal awakenings per 
night (range 0-15). More than half (54.2% ± 39.9%) of all noc-
turnal awakenings were associated with using the bathroom. As 
these subjects were all recruited for the presence of self-report-
ed insomnia, they had generally poor sleep efficiency with a 
not unexpected difference between the subjective (sleep log) 
and objective (actigraphy) measures of sleep efficiency (67.8% 
± 16.9% and 79.2% ± 9.74%, respectively). When limiting the 
analysis to sleep data collected by log and actigraph concomi-
tantly, the subjective sleep efficiency was similarly poor (67.1% 
± 16.1% by sleep log). Given their poor sleep, subjects reported 
being only moderately rested (3.8 ± 1.5; scale = 1-7, with 7 
being the most rested). Subjects were relatively free of sleep-
related breathing disruption, as the RDI was 3.44 ± 2.85 and 
only 2 subjects had an RDI > 10. Thus, older subjects with a 
primary complaint of insomnia slept poorly and getting up to 
use the bathroom was associated with more than half of all noc-
turnal awakenings.

Data for individual nights, subdivided by the number of trips 
to the bathroom at night, are presented in Table 2. The number 
of trips to the bathroom at night was negatively associated with 
subjective measures of restedness (r = -0.13, linear regression; 
F4,1093 = 4.27, p < 0.01 ANOVA) and sleep efficiency (r = -0.22, 
linear regression; F4,1768 = 24.5, p < 0.001 ANOVA). The num-
ber of trips to the bathroom at night was positively associated 
with objective, actigraph-derived measures of sleep disrup-
tion, including the number of nocturnal wake bouts (r = 0.23, 
linear regression; F6,409 = 5.03, p < 0.001 ANOVA), the mean 
length of the nocturnal wake bouts (r = 0.13, linear regres-
sion; F6,409 = 3.48, p < 0.01 ANOVA), and the overall WASO 
(r = 0.24, linear regression; F6,409 = 5.66, p < 0.001 ANOVA). 
The relationship between objective (actigraph-derived) sleep 
efficiency and the number of trips to the bathroom at night was 
mixed, with a weak linear relationship (r = -0.099, p < 0.05, 
linear regression), but no categorical relationship (F4,411 = 1.24, 
p = 0.29 ANOVA). Splitting the data into nights with or without 
a trip to the bathroom did reveal a difference in objective sleep 
efficiency (p < 0.05, 2-tailed t-test), with lower sleep efficiency 
occurring on nights with a trip to the bathroom. Since common 
factors (e.g., age, sex, RDI, body mass index, diabetes, use of 
diuretics; see Table 1) might be related to the number of trips 
to the bathroom, we examined each of the linear relationships 

Table 1—Demographic characteristics

n Age (y) RDI BMI
Diuretics/BP 

Meds (%) Diabetes (% yes)
Male 55 64.3 ± 7.52 3.8 ± 2.4 26.1 ± 3.59 29% 0%
Female 92 62.5 ± 6.73 3.2 ± 3.0 24.4 ± 4.44 17% 3%

Due to missing data, n = 85 (female, RDI), n = 48 (male, RDI), n = 81 (female BMI), n = 44 (male, BMI). RDI, respiratory disturbance index; BMI, body mass 
index; BP Meds, blood pressure medications.
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detailed above using multiple regression. In an initial regres-
sion analysis, we found that age (p < 0.001), RDI (p < 0.001), 
body mass index (p < 0.01), and use of diuretics (p < 0.05), 
but not sex (p = 0.12), were related to the number of trips to 
the bathroom at night. These factors were, therefore, included 
in the multiple regression models. After adjusting for these 
factors, subjective (restedness, sleep efficiency) and objective 
(number of wake bouts, mean length of wake bouts, WASO, 
sleep efficiency) measures were all still significantly related to 
the number of trips to the bathroom at night. In toto, it appears 
that going to the bathroom at night is associated with signifi-
cant subjective and objective disruption of nocturnal sleep.

In the subset of subjects with ≥ 2 nights of bathroom use and 
≥ 2 nights of no bathroom use, pairwise comparisons of the 
length of wake bouts indicated that bouts were 11.5% ± 23.5% 
longer on nights on which there was a trip to the bathroom 
(p < 0.05, paired t-test). Similarly, WASO was 20.8% ± 33.0% 
longer on nights on which there was a trip to the bathroom 
(p < 0.05, paired t-test). There were no differences in total sleep 
time (p = 0.18), the length of sleep bouts (p = 0.52), or the num-
ber of sleep (p = 0.12) or wake (p = 0.15) bouts. Thus, nocturia 
appears to be associated with the length of individual nocturnal 
wake episodes without affecting the overall amount or structure 
of sleep as imputed through actigraphy.

DISCUSSION

Our data indicate that toileting at night is a common oc-
currence in older individuals with insomnia, significantly as-
sociated with the amount of wakefulness occurring during the 
night and decreasing subjective restedness after sleep. Previ-
ous epidemiological work relying on self-reported sleep has 
described the negative relationship between subjective sleep 
quality and nocturia, as well as the common occurrence of 
nocturia in older individuals. More recently, data from the 
Sleep Heart Health Study have indicated that more general 
characteristics of nocturia summarized over a one-month in-
terval were related to poorer quality sleep on a single night 
of polysomnography.19 Our work extends this research as it 
provides the first objective measurement of sleep disruption 
and its association with nocturia on nights in which both were 
documented simultaneously. Nocturia appears to worsen the 
already poor sleep of individuals with insomnia, perhaps by 
providing a stimulus for waking which is then often accom-
panied with turning on the lights (further decreasing sleepi-
ness)20 and an opportunity for a lengthy awakening.21 The 

ultimate question remains whether the urge or need for urina-
tion causes the awakening, or after awakening due to another 
cause, an individual then feels the urge or need to urinate. 
This is more than an esoteric question since the answer could 
help guide therapeutic intervention, as is evinced by current 
experimental protocols.22

Our study is not without its limitations. We were unable 
to capture which of the awakenings were associated with the 
trips to the bathroom. Further, although actigraphy is use-
ful in determining overall amounts of wakefulness during a 
sleep episode, it is not as accurate as polysomnography in 
determining the precise length of specific awakenings. Future 
research studies should use polysomnography and objective 
urination monitoring to better delineate the effects of noctu-
ria on sleep.
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