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Purpose: The impact of non-urologic factors on male lower urinary tract symptoms (LUTS) 

remains unclear. We investigated cross-sectional and longitudinal associations among anxiety, 

depression, physical function, sleep quality and urinary symptom sub-domains.

Materials and Methods: Data from 518 men in the Symptoms of Lower Urinary Tract 

Dysfunction Research Network (LURN) study were analyzed to identify associations between 

PROMIS depression, anxiety, sleep disturbance, and physical function measures and LUTS 

sub-domains, as derived from the AUA-Symptom Index and LUTS Tool. Multivariable linear 

regression was used to assess the relationships between PROMIS measures and LUTS sub-

domains at baseline and at 3- and 12-month follow-up.

Results: Baseline depression and anxiety were associated with urinary incontinence (UI; 

p<0.001), voiding symptoms (p<0.001), and quality of life (QOL, p=0.002), whereas baseline 

sleep disturbance was associated with voiding and storage symptoms and QOL (p<0.001 for all). 

Urinary symptom severity improved in all sub-domains at 3 and 12 months. Similar associations 

between PROMIS measures and LUTS sub-domains were observed at all time points, but baseline 

depression, anxiety, sleep disturbance, and physical function measures were not associated with 

longitudinal trajectories of LUTS.

Conclusions: Urinary symptom sub-domains are independently associated with modifiable 

clinical variables including sleep quality and depression at all time points, but these variables 

do not predict the degree of improvement in LUTS following urologic evaluation and treatment 

over the medium-term. Bidirectional assessment and randomized experiments may improve our 

understanding of these relationships.
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Introduction:

Lower urinary tract symptoms (LUTS) are highly prevalent, costly to treat, and negatively 

impact health-related quality of life.1, 2 The International Continence Society (ICS) groups 

LUTS into sub-domains including storage symptoms (frequency, urgency, nocturia, and 

urinary incontinence [UI] including stress, urgency, and mixed UI), voiding symptoms 

(weak stream, hesitancy, straining, intermittency, split stream), and post-micturition 

symptoms (i.e., post-void dribbling or post-void UI).3 All types of UI, including post-void 

UI, are associated with higher degrees of bother,4–6 and although UI was traditionally 

thought to be uncommon in men, approximately 50% of treatment-seeking men in the 

Symptoms of Lower Urinary Tract Dysfunction Research Network (LURN) Observational 

Cohort study (the same cohort we are reporting here) reported UI.5

Prior studies have demonstrated that male LUTS are associated with anxiety and 

depression.1 In men enrolled in the Epidemiology of LUTS (EpiLUTS) study, depression 

was associated with urinary frequency and incomplete bladder emptying, whereas anxiety 

was related to nocturia and urinary urgency.1 In a symptom-based cluster analysis of men 

from LURN, four different groups of men were identified. The group denoted as Cluster 
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M1 (clinically similar to bladder outlet obstruction) reported more severe psychological 

distress including more perceived stress, sleep dysfunction, and anxiety compared with the 

other three male clusters. Moreover, depression was higher in Cluster M1 in comparison to 

Clusters M2 (men with mostly post-void symptoms) and M3 (men with frequency, but no 

incontinence).7 Furthermore, in general, more severe baseline anxiety and sleep disturbance 

were associated with overall severity of LUTS.8

One of the barriers to improving diagnosis and management of patients with LUTS has 

been imprecise physician-led classification of subtypes of LUTS and associated etiologies. 

In this study, we classify patients based on their presenting symptoms, including voiding 

symptoms, storage symptoms, the presence of UI, and overall bother.9, 10 Comparisons of 

how anxiety, depression, physical function, and activity influence these urinary sub-domains 

has not been performed, and it remains unknown how these factors may influence urinary 

sub-domains and/or longitudinal changes in LUTS following standard urologic treatment. 

We examine how non-urologic factors including activity, sleep, and psychosocial factors 

influence sub-domains of urinary symptoms (voiding, storage, UI, bother) as well as the 

longitudinal trajectories of LUTS. We hypothesized that these non-urologic factors would be 

differentially associated with urinary symptom sub-domains and would be associated with 

the trajectories of LUTS over time.

Materials and Methods:

Study Design and Population

Participants were recruited to the LURN Observational Cohort Study (www.nih-lurn.org) 

from 2015–2017 at six tertiary referral centers.11 Detailed inclusion criteria have been 

previously reported.11, 12 Briefly, the study includes adult (≥18 years) treatment-seeking 

patient presenting to a LURN physician for a return or new-patient visit with at least 

one lower urinary tract symptom as identified by the LUTS Tool.13 Men with prostate 

cancer, symptomatic stricture disease, or endoscopic surgery (e.g., transurethral resection 

of the prostate) within the preceding 6 months were excluded. Baseline demographic and 

clinical information as well as multiple patient-reported outcome measures were collected 

at baseline and at 3 and 12 month follow-up. Participants were treated by their physician 

according to standard best practices.

Measures

Voiding symptoms, storage symptoms, and associated bother were determined using the 

American Urological Association Symptom Index (AUA-SI)14 as previously described.15–18 

Voiding symptoms were defined as incomplete emptying, intermittency, weak stream, and 

straining. Storage symptoms were defined as frequency, nocturia, and urgency. Bother was 

evaluated using the AUA-SI Quality of Life (QOL) score. As UI is not captured by the 

AUA-SI questionnaire, it was assessed by responses to LUTS Tool Question 15: “During 

the past month, how often did you leak urine?” and Questions 16a-g: “How often in the 

past week have you (a) leaked urine just after you have finished urinating? (b) leaked urine 

in connection with a sudden need to rush to urinate? (c) leaked urine in connection with 

laughing, sneezing, or coughing? (d) leaked urine in connection with physical activities, 
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such as exercising or lifting a heavy object? (e) leaked urine when you are sleeping? (f) 

leaked urine during sexual activity? (g) leaked urine for no reason?”. Patient-Reported 

Outcomes Measurement Information System® (PROMIS®) Depression and Anxiety Short 

Forms 8a,19 Sleep Disturbance Short Form 8b20, and Physical Function Mobility subdomain 

v1.221 instruments were used to identify associations between PROMIS measures and LUTS 

sub-domains.

Statistical Methods

Missing data were imputed using the sequential regression technique22 implemented by 

IVEware 2.0.23 Ten imputed datasets were generated. AUA subscale scores were calculated 

by summing the relevant items. AUA voiding, storage, and QOL subscales are shown 

on their raw scale for descriptive analyses but were normalized using the percent of 

the maximum possible score for multivariable modeling so that effect estimates can be 

interpreted as a percentage of the maximum possible total scale.24 The LUTS Tool UI 

questions were combined by calculating the weighted Euclidean distance between the 

questions, where weights were calculated using the ratio of the total average correlation 

to the average correlation for each individual item with the other items.25 The score was then 

normalized by the maximum value and multiplied by 100.

Baseline characteristics of men with LUTS are presented using medians, interquartile ranges 

(IQR), frequencies, and percentages. Trajectories of LUTS sub-domains and PROMIS 

measures over time were explored graphically using box plots. Pearson correlations were 

used to quantify the association between each pair of PROMIS measures and UI, voiding, 

and storage sub-domains, whereas Spearman’s correlation was used for the QOL score. 

Multivariable linear regression was used to assess the relationships between baseline 

PROMIS measures, participant characteristics, and LUTS sub-domains. Model selection 

was conducted based on a pool of clinically meaningful variables (Table 1) which were 

then subjected to stepwise selection with p-values of 0.2 on each imputed data set and 

backwards selection was completed on p-values obtained across multiply imputed data sets 

using Rubin’s rules. To assess the association between baseline PROMIS measures and 

longitudinal LUTS sub-domains, similar procedures were performed using mixed effects 

linear regression models with random participant intercepts. Participants who did not 

report sub-domain symptoms at baseline were excluded from the corresponding longitudinal 

models. Hypothesis-driven interactions between PROMIS measures and time from baseline 

were assessed to determine whether the association between depression, anxiety, sleep 

disturbance, and physical functioning and LUTS sub-domains varied across follow-up. 

Models with random slopes were also assessed as a sensitivity analysis. SAS v9.4 (SAS 

Institute, Cary, NC) was used for all statistical analyses.

Results:

Six hundred seven males provided informed consent to the study and 593 had a complete 

baseline assessment. Among those, 518 males with complete demographic information and 

at least 15 of 22 non-missing responses to the LUTS Tool severity questions were included 

in the analysis. Of the 518 men included in the analysis, the median age was 63 years, 
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81% were white, 40% were obese (BMI ≥ 30), 18% reported a diagnosis of diabetes, and 

27% reported sleep apnea (Table 1). The median baseline PROMIS scores were all near the 

population mean of 50; observed median scores were 48 (IQR 38–53) for depression, 49 

(IQR 37–53) for anxiety, 52 (IQR 46–57) for sleep disturbance, and 50 (IQR 43–60) for 

physical functioning.

We assessed baseline associations of urinary symptom sub-domains with anxiety, 

depression, sleep disturbance, and physical function PROMIS measures (Supplementary 

Figure 1A–D). PROMIS depression and anxiety measures were highly correlated (r=0.77). 

Due to this large correlation, only depression was included in the primary analyses to 

avoid the problem of multicollinearity in regression models. Depression was significantly 

associated with UI, voiding, and storage sub-domains (r=0.33, r=0.28, and r=0.20, 

respectively, p<0.001), as was sleep disturbance (r=0.21, r=0.34, and r=0.33, p<0.001). 

Physical function showed a smaller association with UI and storage symptoms (r=−0.20 and 

−0.21, p<0.001), but was not associated with voiding symptoms (r=−0.004, p=0.93). AUA-

SI QOL was associated with sleep disturbance (ρ=0.34, p<0.001) and to a slightly lesser 

degree with depression (ρ=0.27, p<0.001). Although the correlation of QOL with physical 

function was statistically significant, the association was minimal (ρ=−0.09, p=0.04).

Multivariable analyses demonstrate that depression was strongly associated with UI (effect 

size estimate 6.3 [95% CI 4.5–8.1], p<0.001), voiding symptoms (estimate 6.0 [95% 

CI 3.5–8.4], p<0.001), and QOL (estimate 3.8 [95% CI 1.5–6.2], p=0.002), and was 

moderately associated with storage symptoms (estimate 2.5 [95% CI 0.3–4.7], p=0.03). 

Sleep disturbance showed a strong association with voiding (estimate 8.1 [95% CI 5.6–

10.6], p<0.001) and storage (estimate 7.2 [95% CI 5.0–9.5], p<0.001) sub-domains and 

QOL (estimate 7.5 [95% CI 5.2–9.9], p<0.001) and was moderately associated with UI 

symptoms (estimate 2.1 [95% CI 0.04–3.9], p=0.02) (Figure 1; models with covariates 

shown in Supplementary Table 1). Similar effects were observed when anxiety was used in 

the model instead of depression (Supplementary Figure 2).

Next, we assessed changes in LUTS sub-domains over time in our sample (i.e., patients 

receiving standard treatment); treatment categories are shown in Table 1. There were 

statistically significant improvements in LUTS sub-domains over the study period (Figure 

2). On average, the severity of UI decreased slightly over the 12-month period (median 

score was 20.4, 18.5, 17.8 at baseline, 3-months, 12-months respectively; linear trend 

test p<0.001), and the severity of voiding symptoms also steadily decreased (median 

score was 6, 5, 4 at baseline, 3-months, and 12-months, respectively; linear trend test 

p<0.001). The severity of storage symptoms decreased at 3-months and then plateaued 

(median score was 7, 5.3, 5 at baseline, 3-months, and 12-months, respectively; linear 

trend test p<0.001). Finally, median QOL score as reported on the AUA-SI was 4 (mostly 

dissatisfied) and improved to 3 (about equally satisfied and dissatisfied) at 3- and 12-months, 

respectively (Figure 2). In contrast, on average, there was not a difference in PROMIS 

anxiety, depression, sleep distrurbance, or physical function over the study time period 

(Supplementary Figure 3).
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To examine the relationship of baseline PROMIS measures with LUTS sub-domains over 

time, we performed multivariable mixed effects linear regression analyses (Figure 3). 

Overall, symptoms in all sub-domains improved from baseline to the 3- and 12-month 

follow-ups, but participants with higher baseline PROMIS depression scores reported higher 

symptom severity across all LUTS sub-domains at all time points (estimates range 2.4 

to 5.8). Sleep disturbance was significantly associated with increased voiding symptom 

severity (estimate 4.6 [95% CI 2.4–6.7], p<0.001), storage symptom severity (estimate 5.7 

[95% CI 3.8–7.6], p<0.001), and worse QOL (estimate 6.5 [95% CI 4.6–8.4], p<0.001) at 

all time points. Sleep apnea was also associated with worse QOL (estimate 5.1 [95% CI 

1.7–8.5], p=0.003). Similar effects were seen when anxiety was used in the model instead of 

depression (Supplementary Figure 4).

To assess if the association between baseline PROMIS measures and LUTS sub-domains 

varied over follow-up, interactions with time from baseline and depression, sleep 

disturbance, and physical function were tested, but all interactions yielded non-significant 

results. A final sensitivity analysis assessing the correlation between random participant 

slopes representing change in LUTS sub-domains over time and baseline PROMIS measures 

revealed no meaningful associations (Pearson correlation range, −0.098–0.068, p-value 

range 0.03–0.91).

Discussion:

Lower urinary tract symptoms are diverse and associated with many non-urologic factors. 

Improved understanding of potentially modifiable factors that are associated with sub-

domains of LUTS and trajectories of improvement holds the potential to improve care for 

patients with bothersome LUTS along with guideline-driven urologic care. In this study, 

we demonstrate that male LUTS sub-domains are independently associated with modifiable 

clinical variables including anxiety, depression, and sleep disturbance. Furthermore, we 

demonstrate that in participants undergoing standard treatment, measures of depression, 

anxiety, and sleep disturbance are associated with LUTS at baseline as well as 3- and 

12-month follow-up, but these non-urologic factors did not relate to the trajectory of 

improvement over time. In other words, clinically, although a patient with depression may 

have worse LUTS before and after treatment compared to a patient without depression, his 

relative improvement in LUTS over the medium-term is not associated with his baseline 

depression.

These results are consistent with, but expand upon the results from the population-based, 

cross-sectional EpiLUTS internet survey.1, 26 Self-reported depression was associated with 

voiding symptoms, and voiding plus storage or post-void symptoms, but not storage or 

post-void symptoms alone.26 Self-reported chronic anxiety was associated with voiding 

plus post-void symptoms.26 Using PROMIS measures in treatment-seeking patients, we 

found that anxiety and depression were highly correlated (r=0.77), and were most strongly 

associated with voiding and UI sub-domains.

Symptom-based cluster analysis of the same LURN cohort analyzed here also demonstrated 

differential psychological symptoms amongst male clusters.7 However, these clusters have 
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not yet been validated, and clinical application of cluster-based data remains challenging; 

for example, classification of an individual patient into a cluster remains a work in progress. 

The present data sub-divides LUTS into clinical symptom categories, consistent with ICS 

and other classification systems.3 In contrast to ICS terminology, we did group post-void UI 

with any UI, but we have previously demonstrated that both types of UI are bothersome and 

common in treatment-seeking men.5 Furthermore, sensitivity analyses demonstrated similar 

associations of baseline PROMIS anxiety, depression, sleep disturbance, and physical 

function measures with post-void UI and urgency UI (Supplementary Figure 5).

Several limitations of this study should be noted. The study population was treatment-

seeking, and primarily white, non-Hispanic/Latino, and English-speaking, which may limit 

generalizability. The median age was 63, similar to many studies of men with LUTS, and 

only 12% of the treatment-seeking population was under age 45. Prevalence of urinary 

symptoms increases with age, and while age was included in multivariate analyses, care 

should be taken in generalizing results to younger men with LUTS. In addition, the LURN 

Observational Cohort study excluded men with prostate cancer (and thus post-prostatectomy 

patients), so very few men (≤1%) had stress UI; results presented here should not be 

extrapolated to men with stress UI. The goal of the current study was to use a clinically-

relevant and widely used questionnaire (AUA-SI) to categorize presenting LUTS to allow 

for translatability into current practices, but the AUA-SI lacks questions regarding UI. 

Future directions will include exploration of these themes with more comprehensive urinary 

symptom questionnaires (e.g., the LURN-SI-29 or SI-10).27, 28 We did not demonstrate an 

association between baseline depression, anxiety, sleep disturbance, and physical function 

measures and trajectories in LUTS over time, nor did we assess if patients were treated for 

sleep apnea, anxiety, or depression during the LURN Observational Cohort study period. 

Causality cannot be assessed or assumed in this work, but we suggest that future studies 

include both randomized experiments where potential causes are manipulated, as well 

as cross-lagged panel analysis of potential bidirectional relationships29, 30 between these 

PROMIS measures and LUTS sub-domains. Finally, treatment type was not included in 

models examining changes over time, however, all participants received standard treatment 

as determined by their clinician, and as we did not see an effect of baseline PROMIS 

measures on LUTS sub-domain trajectories, inclusion of treatment data may only over-

complicate the presented models.

Conclusions:

Modifiable non-urologic factors including sleep, anxiety, and depression are independently 

associated with urinary symptom sub-domains at all time points, but are not associated 

with the degree of change in urinary symptoms following standard urologic treatment over 

the medium-term. Bidirectional assessment and randomized experiments may expand our 

understanding of these relationships and improve care for men with LUTS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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LURN Symptoms of Lower Urinary Tract Dysfunction Research Network

UI Urinary incontinence
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Figure 1. Baseline multivariable linear regression model assessing the relationships between 
baseline PROMIS measures, participant characteristics, and LUTS sub-domains.
Statistically significant covariate point estimates and corresponding 95% confidence 

intervals depicted as diamonds and horizontal bars, respectively. Final covariates included 

in each model are shown, grey shading indicates that covariate was not included in the 

model depicted in that column. For example, all else equal, for each 10 point increase in the 

baseline PROMIS depression score, the LUTS UI score increased (i.e. more severe UI) by 

6.3 units, on average, where each unit represents 1% of the total scale. Full model results are 

provided in Supplementary Table 1.
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Figure 2. LUTS sub-domains over time.
Sub-domains are displayed using the raw scores on the y-axes. Higher UI, voiding, and 

storage scores represent worse symptom severity, while higher QOL scores represent worse 

quality of life. The box represents the first to third quartiles (Q1 to Q3, respectively) of 

scores, with the median depicted by a horizontal line. Mean measures are shown as plus 

signs. The whiskers extend down from the box to the most extreme observation that is 

less than or equal Q1 minus 1.5 times the IQR and up from the box to the most extreme 

observation that is less than or equal to Q3 plus 1.5 times the IQR. Measures that are below 

or above this cut off, respectively, are graphed as dots.
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Figure 3. Repeated measures linear regression model assessing the relationships between 
baseline PROMIS measures, participant characteristics, and LUTS sub-domains at follow-up 
timepoints.
Statistically significant covariate point estimates and corresponding 95% confidence 

intervals depicted as diamonds and horizontal bars, respectively. Final covariates included 

in each model are shown, grey shading indicates that covariate was not included in the 

model depicted in that column. For example, all else equal, for each 10 point increase in the 

baseline PROMIS depression score, the LUTS UI score increased (i.e. more severe UI) by 

4.9 units, on average, where each unit represents 1% of the total scale.
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Table 1:

Male participant characteristics.

Male participants (N=518)

Age (years) 63 (55–70)

Age category < 45 63 (12%)

45 – 54 59 (11%)

55 – 64 157 (30%)

65+ 239 (46%)

Race
1 White 415 (81%)

Black 52 (10%)

Asian 20 (4%)

Other/Multi-racial 25 (5%)

Ethnicity
1 Hispanic/Latino 21 (4%)

BMI
2 29 (26–33)

BMI category
2 BMI < 25 105 (20%)

25 ≤ BMI < 30 204 (40%)

30 ≤ BMI 205 (40%)

Diabetes
2 93 (18%)

Smoking status Never 280 (54%)

Current or former smoker 238 (46%)

Sleep apnea
2 139 (27%)

Treatment group* OAB medication 58 (11%)

Voiding medication 180 (35%)

Prostate surgery 25 (5%)

Behavioral or physical therapy 61 (12%)

Note: values shown are median (interquartile range) or count (percent)

1
Missing <2%

2
Missing <1%

*
Treatments at or before enrollment, groups are not mutually exclusive
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