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Abstract
Background—Nocturia, a common complaint in aging men and women, is frequently cited as
the cause of nocturnal awakenings leading to sleep loss, daytime fatigue, and reduced quality of
life (QOL).

Objective—Investigate the association of nocturia with QOL and depressive symptoms among
men and women.

Design, setting, and participants—A population-based epidemiologic survey of urologic
symptoms among persons aged 30–79 yr. A multistage stratified cluster sample design was used to
randomly sample 5503 residents of Boston, MA, USA.

Measurements—Nocturia was defined as a self-report of two or more voiding episodes nightly
or having to get up to urinate more than once nightly “fairly often,” “usually,” or “almost always.”
QOL was assessed using the physical and mental health component scores of the 12-Item Short-
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Form Survey (SF-12). Depression was assessed using the Center for Epidemiological Studies
Depression Scale. Multiple linear and logistic regression methods were used to model the nocturia
and QOL association and to control for confounders.

Results and limitations—Nocturia was associated with decreased SF-12 scores for both the
physical and mental health components after multivariate adjustment. Nocturia was also associated
with increased odds of depressive symptoms (men: adjusted odds ratio [OR]: 2.79; 95%
confidence interval [CI], 1.81–4.31; women: adjusted OR: 1.80; 95% CI, 1.29–2.51). Among
women who reported sleep interference due to urologic symptoms, nocturia was associated with a
threefold increase in odds of depression. In this cross-sectional analysis, the temporal sequence of
causality of the nocturia and depression association could not be assessed.

Conclusions—Nocturia is associated with decreased QOL and with an increased prevalence of
depressive symptoms in both men and women.
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Nocturia; Quality of life; Depression; Epidemiology

1. Introduction
Nocturia (nighttime voiding) is a common and bothersome urologic symptom [1–3] and is
the most frequently cited cause of nocturnal awakenings resulting in sleep loss, daytime
fatigue, and mood disturbance [1,4–6]. Previous studies have reported symptom bother and
reduced quality of life (QOL) associated with nocturia [1,7]. However, data are inconsistent
on frequency of nocturnal voiding and the level at which the frequency significantly affects
QOL and bother. One study reported adverse effects with only one voiding episode nightly
[1], while another showed significant effects with two or more nightly episodes [7]. Studies
have consistently shown an increase in depression with nocturia, but they were conducted
among men and primarily in older age groups [8–10].

Previous results from the Boston Area Community Health (BACH) Survey show decreased
overall QOL with increasing severity of lower urinary tract symptoms as assessed by the
International Prostate Symptom Score (IPSS) [11]. Current objectives are (1) to determine
the effect of nocturia on QOL and symptom bother, (2) to investigate the association of
nocturia with depression, and (3) to determine whether the association of number of nightly
voids with QOL and depression follows a dose-response pattern.

2. Methods
2.1. Overall design

BACH is a population-based epidemiologic survey of urologic symptoms and risk factors.
Detailed methods have been described elsewhere [12]. Eligibility criteria include the ability
to speak English or Spanish and being cognitively able to provide informed consent. A
multistage stratified design was used to randomly recruit approximately equal numbers
according to age (30–39, 40–49, 50–59, and 60–79 yr), gender, and race and ethnic group
(black, Hispanic, and white). Cross-sectional data from the baseline assessment (April
2002–June 2005) were used for this analysis. Interviews were completed with 5503 subjects
(2301 men, 3202 women), or 63.3% of 8702 eligible subjects. All protocols and informed
consent procedures were approved by the New England Research Institute’s institutional
review board.
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2.2. Data collection
Data were obtained during a 2-h in-person interview conducted by a trained interviewer,
generally in the subject’s home. Pregnant women and women who had given birth within the
last 6 mo were rescheduled to have study visits at least 6 mo after delivery. Height, weight,
and hip and waist circumference were measured. Self-reported information on major
comorbidities, lifestyle and psychosocial factors, and symptoms of urogynecologic
conditions was collected. Medication use in the past month was collected using a
combination of drug inventory and self-report with a prompt by indication.

2.3. Nocturia
Nocturia was defined in two ways to provide more robust analyses. The first definition used
two questions: (1) “During last month how often have you had to get up to urinate more than
once during the night?” and (2) “In the last 7 days on average how many times have you had
to go to the bathroom to empty your bladder during the night after falling asleep?” If the
response to question 1 was “fairly often,” “usually,” or “almost always,” or the response to
question 2 was two or more, nocturia was considered present. This broad definition of
nocturia has been used in previous BACH study reports [13,14]. The second definition was
based on the number of self-reported nightly voids (0, 1, 2, ≥3) to allow examination of
trends.

2.4. Quality-of-life measures
Overall QOL was assessed using the 12-Item Short-Form Survey (SF-12), which includes
both the physical component score (PCS-12) and the mental health component score
(MCS-12) [15]. These scores are standardized to have a mean (standard deviation) of 50
(10) in the general US population (higher scores indicate better QOL) and to approximate a
normal distribution. Interference with activities of daily living by urologic symptoms was
assessed using the validated Epstein scale; higher scores indicate greater interference [16].
The total score was obtained by summing individual scores from seven questions on
interference of urinary symptoms with various activities (0 for “none of the time” to 4 for
“all of the time”). These scores show a positive skew. The frequency of the sleep
interference item on the Epstein scale was used to assess sleep disturbance. The presence of
depressive symptoms was assessed using the abbreviated Center for Epidemiological
Studies Depression Scale. Participants reporting five or more depressive symptoms (out of
eight) were considered to have clinically significant depression [17].

2.5. Covariates
Covariates included age; self-reported race/ethnicity; body mass index (BMI) categorized as
<25, 25–29, or ≥30 kg/m2; physical activity assessed using the Physical Activity Scale for
the Elderly and categorized as low (<100), medium (100–250), or high (>250) [18]; alcohol
consumption categorized as alcoholic drinks consumed per day (0, <1, 1–3, or >3); smoking
as never, former, or current; and marital status as married, living with a partner, divorced/
separated, widowed, or single. The socioeconomic status (SES) index was calculated using a
combination of education and household income [19] and was categorized as low (lower
25% of the distribution), middle (middle 50%), or high (upper 25%). Comorbidities were
defined as a yes response to “Have you ever been told by a health care provider that you
have or had … ?” and included heart disease, hypertension, diabetes, and arthritis. Heart
disease included self-report of myocardial infarction, angina, congestive heart failure,
coronary artery bypass, or angioplasty stent. Prescription medications were grouped as
follows: (1) medications for overactive bladder/urinary incontinence (oxybutynin,
tolterodine tartrate, propantheline, hyoscyamine sulfate), (2) medications for painful bladder
syndrome (pentosan polysulfate sodium, amitriptyline, imipramine, hydroxyzine), (3)
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medications for benign prostatic hyperplasia (doxazosin, terazosin, prazosin, alfuzosin,
tamsulosin, finasteride), (4) diuretics of any class, and (5) selective serotonin reuptake
inhibitors(SSRIs)/serotonin–norepinephrine reuptake inhibitors (SNRIs)/serotonin
modulator antidepressants (ADs).

2.6. Statistical analysis
Analyses were conducted separately by sex. Multivariate linear regression was used to
model the association of nocturia with continuous SF-12 and interference (Epstein) scores.
Confounder-adjusted means and 95% confidence intervals (CIs) are reported. Confounder-
adjusted odds ratios (ORs) and 95% CI were estimated using multivariate logistic regression
to assess the association of nocturia and depression. Aside from age and race/ethnicity
(always included as design variables), additional covariates were included in logistic
regression models if their overall significance was p < 0.05 or if they changed the OR by
>10%. Multiple imputation was used to obtain plausible values for missing data [17].The
proportion with missing data was 0.4% (n = 22) for nocturia, 0.9% (n = 47) for comorbid
conditions and depression, and 0.9% (n = 49) for lifestyle variables (physical activity,
alcohol consumption, and smoking). The SES index was missing for 6.1% of participants (n
= 333) primarily because of missing data on household income rather than years of
education (0.3%, n = 16). Overall, 7.7% of BACH participants had missing data on at least
one of these variables. To be representative of the city of Boston (MA, USA), observations
were weighted inversely proportional to their probability of selection [20]. Weights were
poststratified to the Boston population according to the 2000 census. Analyses were
conducted in SAS 9.1 (SAS Institutes, Cary, NC, USA) and SUDAAN 9.01 (Research
Triangle Institutes, Research Triangle Park, NC, USA).

3. Results
Analytic sample characteristics are presented in Table 1. Prevalence of nocturia was 25.3%
in men and 31.3% in women, and the prevalence increased to approximately 40% in men
and women aged ≥60 yr.

A decrease in both mean physical and mean mental health component scores was observed
by nocturia and number of nightly voids after accounting for potential confounders (Fig. 1).
A significant trend of decreasing SF-12 scores with increasing number of nightly voids was
observed. The largest drop in mean PCS-12 scores was observed between one and two voids
nightly. A similar trend was observed for mean MCS-12 scores in men, while the decrease
in MCS-12 scores in women appeared more linear. An increase in mean interference scores
on the Epstein scale was observed for nocturia, with significant trends of higher scores with
more nightly voids for both genders.

The overall prevalence of depression was 14.0% in men and 20.1% in women and showed
little variation with age (Fig. 2). A higher prevalence of depression with nocturia was
observed in younger groups; however, this difference decreased with age. Nocturia was
associated with increased odds of depression with statistically significant trends with higher
number of voids (Table 2). Analyses stratified by age, AD use, and sleep interference are
presented in Table 3. Among men, an association of nocturia and depression was observed
at ages <65 yr, but there was no significant effect modification by age (p value >0.10).
Among women, an association of nocturia and depression was observed only in ages <50 yr.
When stratifying by sleep interference, a threefold increase in the odds of depression was
observed with nocturia among women who reported sleep interference due to urologic
symptoms (adjusted OR: 3.37; 95% CI, 1.63–6.94), while no association was observed
among women who reported no sleep interference (adjusted OR: 1.10; 95% CI, 0.74–1.54).
The difference by sleep interference in men was smaller and statistically nonsignificant. No
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effect modification of the nocturia and depression association was observed for AD use or
for the other covariates included in the analysis. Of additional urologic symptoms assessed
using the IPSS, frequency was reported most commonly in 33.4% of men and 42.4% of
women with nocturia, while overlap of nocturia with urgency, incomplete emptying, weak
stream, straining, and intermittency ranged between 6.9% and 19.1%. Further adjustment for
these urologic symptoms, urinary tract infections in the past 12 mo, history of renal disease,
marital status, erectile dysfunction in men (assessed using the Five-Item International Index
of Erectile Function), or use of waist circumference or waist-to-hip ratio instead of BMI did
not alter the results (data not shown).

4. Discussion
The results of the BACH study demonstrate a significant association of nocturia with
decreased QOL and interference with daily activities in both men and women. Nocturia was
also associated with increased likelihood of depression, especially among younger men and
women. An adverse effect of nocturia on QOL has been reported previously. A nested case-
control study of overactive bladder and QOL showed that nocturia was associated with a
decrease in the physical function, vitality, and mental health function subscales of the SF-36
measures of QOL, as well as with decreased hours and adequacy of sleep [1]. These results
suggest that even one voiding episode nightly is associated with increased bother, reduced
sleep, and decreased QOL. Similar associations were reported in a Finnish population-based
study [7]. In contrast with the previous study, an effect of nocturia on bother and QOL was
observed only with two or more voiding episodes nightly. Results from the BACH study are
consistent with these findings, with the largest decrease in SF-12 scores observed among
subjects with two or more voids nightly among both genders. The observed changes in
SF-12 scores (in the range of 3–5 points) are in the range of minimal important differences,
the smallest differences that are perceived as important to the subject, for this scale [21]

Consistent with previous reports of higher prevalence of nocturia in elderly men with
depression [8,10], our results show a strong association of nocturia with depression in both
men and women, with a significant trend in increased odds of depression with more voids
nightly. The magnitude of this association was larger in younger age groups, especially
among women <50 yr. Some studies have suggested that urinary symptoms are accepted as
part of aging, which may result in less perceived bother among older adults [22,23]. Our
results also suggest that the nocturia and depression association may be mediated by sleep
interference in women but not in men. Both depression and sleep disturbances are more
commonly reported in women. Additionally, women have been reported to have a higher
level of bother with nocturia than men [6]. Recent studies suggest sleep disturbance and
nocturia to affect QOL independently among Chinese men and women [24] and report an
association of nocturia and sleep disturbance in men with moderate or severe lower urinary
tract symptoms [25]. Although our results suggest that nocturia may lead, partly through
sleep disturbance, to the development of depression, the temporal sequence of causality of
the association cannot be determined from the present cross-sectional analyses. Adverse
health outcomes of reduced sleep duration and quality, including increased risk of obesity
and diabetes and reduced cognitive and physical function, are well established [26–30].
Results from the Tampere Aging Male Urologic Study, a population-based longitudinal
study of men 50–79 yr, showed no association between nocturia at baseline and depression
at follow-up. However, untreated baseline depression was associated with incident nocturia
[9]. As these are the only data addressing the temporal sequence of nocturia and depression,
additional longitudinal studies are needed.

Potential limitations of this study should be noted. Although history of comorbid conditions
was assessed by self-report, with the potential for associated biases, previous research has
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demonstrated the reliability and validity of self-report for heart disease, diabetes, and
hypertension [31–33]. Observed associations could be further affected by disease duration
and treatment history, which were not considered in this analysis. Additionally, BACH did
not include a neurologic assessment or data on life events, sleep apnea, and other sleep-
related conditions. Study strengths include a community-based random sample of a broad
age range, inclusion of both genders, representation for black and Hispanic populations, and
a wide range of covariates. The BACH study was limited geographically to the Boston area.
However, comparison of sociodemographic and health-related variables from BACH with
other large regional surveys (Boston Behavioral Risk Factor Surveillance System) and
national surveys (National Health Interview Survey) has shown that BACH estimates are
comparable to national trends on key health-related variables.

5. Conclusions
Results of the BACH study show that nocturia is associated with decreased QOL, increased
symptom bother, and an increased prevalence of depression, especially in younger men and
women. Similarly, significant trends in decreased QOL and increased odds of depression
were observed with increasing number of nightly voids. These results support previous
findings suggesting that voiding two or more times nightly is a threshold value of nocturia
beyond which the disorder has adverse effects on QOL and well-being.
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Fig. 1.
Quality-of-life measures (12-Item Short-Form Survey [SF-12], interference score) by
nocturia and number of voids per night in men and women; mean SF-12 (physical
component score [PCS-12] and mental health component score [MCS-12]) and interference
(Epstein scale) scores adjusted for age, race/ethnicity, socioeconomic status, body mass
index, physical activity, smoking, alcohol consumption, heart disease, hypertension,
diabetes, and arthritis
CI = confidence interval; N = no; Y = yes.
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Fig. 2. Prevalence of depression (Center for Epidemiological Studies Depression Scale ≥5) by
gender, age, and nocturia status
Take-home message
Nocturia is associated with increased symptom bother and depressive symptoms. Two or
more nighttime voiding episodes constitute a threshold level for nocturia beyond which
adverse effects on quality of life are detected.
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Table 1

Descriptive characteristics of analysis sample

Characteristic Men Women

Age

 Mean (SD) 47.6 (12.8) 49.2 (13.3)

 30–39, n (%) 615 (37.2) 792 (33.4)

 40–49, n (%) 659 (25.8) 839 (24.4)

 50–59, n (%) 510 (17.8) 777 (18.4)

 60–79, n (%) 517 (19.2) 794 (23.7)

Race/ethnicity, n (%)

 White 835 (36.3*) 1024 (32.0*)

 Black 700 (30.4*) 1067 (33.3*)

 Hispanic 766 (33.3*) 1111 (34.7*)

Socioeconomic status, n (%)

 Low 970 (24.3) 1595 (30.8)

 Middle 954 (49.1) 1199 (45.2)

 High 377 (26.6) 408 (23.9)

Marital status, n (%)

 Married 1075 (46.3) 972 (36.1)

 Living with a partner 194 (9.0) 248 (8.9)

 Divorced/separated 354 (12.1) 796 (18.7)

 Widowed 64 (2.6) 345 (9.3)

 Single, never married 614 (30.0) 842 (27.0)

Body mass index, kg/m2, n (%)

 <25 595 (26.6) 753 (33.3)

 25–29 905 (40.7) 972 (28.6)

 ≥30 801 (32.7) 1477 (38.1)

Physical activity (Physical Activity
Scale for the Elderly), n (%)

 Low (<100) 694 (26.8) 1191 (27.8)

 Moderate (200–250) 1068 (47.4) 1576 (53.6)

 High (>250) 538 (25.8) 434 (18.5)

Cigarette smoking, n (%)

 Never 964 (45.1) 1704 (50.2)

 Former 662 (28.7) 776 (27.2)

 Current 675 (26.2) 722 (22.6)

Alcohol consumption (drinks per day),
n (%)

 None 800 (27.5) 1661 (41.7)

 <1 815 (38.9) 1209 (43.2)

 1–2.9 434 (24.1) 268 (12.9)

 ≥3 252 (9.6) 64 (2.2)
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Characteristic Men Women

Heart disease, n (%) 248 (10.1) 303 (7.9)

Hypertension, n (%) 735 (26.1) 1125 (28.3)

Diabetes, n (%) 298 (9.3) 449 (9.6)

Arthritis, n (%) 444 (17.3) 1063 (29.0)

Depression (CESD ≥5), n (%) 391 (14.0) 830 (20.1)

Prescription medication use, n (%)

 For UI, OAB 16 (0.5) 53 (1.7)

 For painful bladder 21 (0.8) 75 (1.7)

 For BPH 110 (3.5) 0 (0.0)

 Diuretics 256 (8.1) 564 (13.8)

 Antidepressants 227 (11.9) 521 (17.1)

SF-12 scores

 PCS-12, mean (SD) 50.3 (9.3) 48.2 (10.8)

 MCS-12, mean (SD) 50.4 (9.8) 49.2 (10.6)

Interference score (Epstein scale)

 Mean (SD) 1.3 (3.6) 2.2 (4.8)

 Median (interquartile range) 0 (0–2) 0 (0–2)

Interference getting enough sleep, n
(%) 313 (12.4) 663 (18.1)

CESD = Center for Epidemiological Studies Depression Scale; UI = urinary incontinence; OAB = overactive bladder; BPH = benign prostatic
hyperplasia; SF-12 = 12-Item Short-Form Survey; PCS-12 = physical component score of SF-12; MCS-12 = mental health component score of
SF-12; SD = standard deviation.

*
Unweighted proportions.
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Table 2

Association of nocturia and depression (Center for Epidemiological Studies Depression Scale ≥5): odds ratios
and 95% confidence intervals

Age and
race/ethnicity Multivariate Model 1

Nocturia:
no. voids
per night

Adjusted, odds ratio
(95% CI)

Model 1,* odds ratio
(95% CI)

Plus sleep
interference, odds
ratio (95% CI)

Men 3.33 (2.06–5.39) 2.37 (1.59–3.55) 2.01 (1.27–3.17)

 0 1.00 1.00 1.00

 1 1.17 (0.72–1.88) 1.05 (0.64–1.71) 1.03 (0.63–1.68)

 2 3.99 (1.96–8.11) 2.46 (1.36–4.45) 2.08 (1.11–3.92)

 3+ 3.36 (1.88–6.01) 2.68 (1.45–4.93) 2.24 (1.15–4.34)

 p trend <0.001 <0.001 0.007

Women 2.18 (1.55–3.05) 1.77 (1.27–2.48) 1.40 (1.02–1.94)

 0 1.00 1.00 1.00

 1 1.38 (0.92–2.07) 1.18 (0.78–1.80) 1.13 (0.73–1.73)

 2 1.85 (1.15–2.98) 1.51 (0.93–2.44) 1.22 (0.75–1.98)

 3+ 3.79 (2.36–6.10) 2.63 (1.60–4.32) 1.94 (1.21–3.13)

 p trend <0.001 <0.001 0.010

CI = confidence interval.

*
Model for men adjusted for age, race/ethnicity, socioeconomic status, physical activity, smoking, alcohol consumption, arthritis, and

antidepressant use. Model for women adjusted for age, race/ethnicity, socioeconomic status, smoking, alcohol consumption, heart disease, diabetes,
and antidepressant use.
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Table 3

Association of nocturia and depression (Center for Epidemiological Studies Depression Scale ≥5) stratified by
age, antidepressant use, and sleep interference due to urinary symptoms: odds ratios and 95% confidence
intervals

Men Women

Characteristic
Unadjusted, odds
ratio (95% CI)

Multivariate,*
odds ratio (95%
CI)

Unadjusted,
odds ratio (95%
CI)

Multivariate,**
odds ratio (95%
CI)

Age, yr

 30–49 4.26 (2.33–7.81) 3.25 (1.81–5.84)
3.53 (2.26–
5.54)

2.34 (1.46–
3.75)

 50–64 2.25 (1.30–3.91) 2.45 (1.31–4.57)
1.38 (0.85–
2.25)

1.15 (0.69–
1.89)

 ≥65 2.53 (0.99–6.47) 1.48 (0.69–3.16)
1.72 (0.90–
3.31)

1.48 (0.68–
3.23)

  p interaction 0.266 0.630 0.013 0.030

SSRI/SNRI
use

 No 2.54 (1.72–3.76) 2.10 (1.33–3.33)
2.00 (1.42–
2.81)

1.59 (1.09–
2.33)

 Yes 3.47 (1.43–8.41) 2.66 (1.15–6.16)
3.40 (1.79–
6.45)

2.52 (1.31–
4.84)

  p interaction 0.516 0.830 0.131 0.175

Sleep
interference

 No 2.82 (1.63–4.88) 2.43 (1.41–4.20)
1.40 (0.95–
2.07)

1.10 (0.74–
1.64)

 Yes 1.84 (0.76–4.46) 2.18 (0.73–6.53)
4.15 (2.25–
7.67)

3.37 (1.63–
6.94)

  p interaction 0.428 0.635 0.002 0.009

CI = confidence interval; SSRI/SNRI = selective serotonin reuptake inhibitor/serotonin–norepinephrine reuptake inhibitor.

*
Adjusted for age, race/ethnicity, socioeconomic status, physical activity, smoking, alcohol consumption, and arthritis.

**
Adjusted for age race/ethnicity, socioeconomic status, smoking, alcohol consumption, heart disease, and diabetes.
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