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Abstract

Purpose—Lower urinary tract symptoms (LUTS) are common in the United States leading to a 

significant economic, quality-of-life, and public health burden. This burden will increase as the 

population ages and risk factors for LUTS such as diabetes and obesity remain highly prevalent. 

Improving clinical management and establishing the knowledge base to prevent LUTS will require 

a comprehensive research approach that examines factors beyond the lower urinary tract (LUT). 

While the study of these “extra-LUT” factors has increased recently, current urologic research 

does not systematically account for the broad set of potential LUTS contributors that span 

biologic, behavioral, psychological/executive function, and sociocultural factors. A comprehensive 

assessment of potential contributors to LUTS risk, treatment response, and progression is 

necessary to reduce the burden of this condition within the United States.

Materials and Methods—We consider challenges to continuing the predominantly LUT 

dysfunctioncentric approach that has dominated previous LUTS research, and propose a new, 

comprehensive framework for future urology research that includes a broader set of potential 

LUTS contributors.

Results and Conclusions—This comprehensive approach should help reduce the medical and 

economic burden of LUTS in the U.S. population.
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Introduction

Lower Urinary Tract Symptoms (LUTS)—including urinary incontinence, urinary 

frequency, urgency, nocturia, bladder pain and voiding difficulties—are common, especially 

in older adults. It has been estimated that more than 30 million Americans experienced 

LUTS in 2000.1 By 2025, with aging of the U.S. population, the prevalence of LUTS is 

expected to increase to more than 42 million.1 The impact of LUTS is substantial. 

Individuals who experience LUTS report similarly low quality of life scores to diabetes, 

hypertension, cancer, and—in severe cases—heart attack and stroke.2 In addition to reducing 

quality of life, LUTS is associated with important public health outcomes, though further 

research is needed to determine causal relationships. Individuals who experience LUTS are 

less likely than individuals with normal bladder function to achieve recommended levels of 

physical activity,3 and women with LUTS have reported their symptoms as a barrier to 

physical activity and a contributor to weight gain.4 As a potential barrier to physical activity, 

LUTS may increase the risk for obesity and related conditions, which is consistent with the 

strong association between urinary incontinence and both obesity5-8 and diabetes910 in 

women. Among the elderly, nocturia and urgency may increase risk for falls and 

fractures.1112 Additionally, LUTS may increase social isolation.13

The lower urinary tract (LUT)—defined anatomically as the bladder and urethra, or 

functionally, as the bladder, urethra, pelvic floor muscles, prostate gland and afferent/

efferent nerve supply—stores and evacuates urine. Because past research has emphasized 

characterization of LUT dysfunction (e.g., storage, voiding and post-micturition symptoms) 

rather than normal function, our understanding of the latter is limited. LUTS may not result 

solely from LUT dysfunction but also may be affected by other factors, such as co-morbid 

conditions and behavior. As examples, prostate enlargement can interfere with voiding and 

nocturnal polyuria may result from renal or cardiac failure rather than abnormalities in 

bladder storage or emptying. Similarly, a rectum distended with stool following use of 

narcotics may precipitate significant voiding difficulties in the absence of obstruction of the 

bladder neck or urethra.

The urology research community has made significant advances in LUT dysfunction-

centered research in recent decades. However, a broader framework for assessing LUTS risk 

beyond dysfunction of the LUT has yet to be developed and subsequently integrated into 

clinical practice or research. Such a framework will likely contribute to greater 

understanding of the contributors of LUTS and may eventually lead to approaches to prevent 

these conditions. We advocate that the urology research community must expand their 

foundation of LUT-centric research to a broader set of extra-LUT factors. Indeed, continuing 

the narrow focus on LUT dysfunction that has dominated LUTS research to date may hinder 

future understanding of LUTS risk and management. We consider challenges with 

continuing a predominantly LUT dysfunction-centric approach to urology research and 

establish a comprehensive framework for consideration of LUT and extra-LUT factors in 

future studies of LUTS.
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Challenges with Current Treatment of LUTS

Major advances have been made over the past several decades in the management of men 

and women with LUTS who present for care. These treatments span the spectrum of 

modalities and include behavioral therapy, drugs, neuromodulation, surgery, and biologics, 

among others. Despite these improvements, there remains considerable opportunity to 

reduce the burden of LUTS. Persons who seek treatment represent only a small segment of 

the population who suffer from LUTS, leaving many individuals who may benefit from 

treatment undiagnosed and untreated.14-17 Importantly, individuals who do not seek 

treatment often adopt negative coping behaviors (e.g., fluid manipulation) that may 

compromise overall health.18 While some individuals choose not to seek treatment because 

of minimal bother,19 others avoid care because of shame,20 misperceptions about the 

inevitability of LUTS,19 and lack of information about available treatment.19 Among treated 

patients, drug side effects (e.g., dry mouth, constipation, reduced ejaculation), morbidity 

associated with surgery, co-morbid illnesses, cost and many other factors can negate the 

benefits of intervention across LUTS conditions. For urinary incontinence (UI), first-line 

treatments—including pelvic floor muscle training for stress UI (SUI) and behavioral 

therapy for urgency UI (UUI)—improve outcomes in many patients21 but depend in large 

part on the patient's ability to self-manage, which is affected by psychological, cognitive, 

and social factors. Many second and third-line treatments for SUI and UUI have inconsistent 

outcomes, uncertain durability, and high risk of complications.2122 For LUTS associated 

with benign prostatic hyperplasia (BPH), randomized clinical trials (RCT) have 

demonstrated the efficacy of commonly used pharmacologic therapies in men, but the 

beneficial effects of treatment may not be generalizable, can be costly because of long-term 

use, and produce numerous, often intolerable side-effects, which reduces adherence.23 For 

interstitial cystitis/bladder pain syndrome (IC/BPS) and chronic prostatitis/chronic pelvic 

pain syndrome (CP/CPPS), numerous medical interventions have been proposed; however, 

effective treatment remains elusive. Because IC/BPS and CP/CPPS commonly occur with 

non-urologic chronic pain conditions (e.g., fibromyalgia, irritable bowel syndrome, chronic 

fatigue syndrome)24 that likely complicate treatment approaches, a comprehensive approach 

to assess and treat patients with these syndromes may lead to better clinical management and 

possibly to development of more effective therapies.

Because therapies developed based on a narrow LUT-centric view of LUTS often achieve 

limited and inconsistent success, we suggest a broader approach to LUTS research may be 

warranted. Indeed, such comprehensive assessments may yield a better understanding of 

factors associated with increased risk and/or severity of LUTS. We propose such 

assessments must be undertaken if the burden of LUTS in the U.S. population is to be 

reduced in the coming years, including among persons who may benefit from but do not 

seek care.

Establishing a Comprehensive Framework to Understand LUTS

To expand our thinking for potential contributors to LUTS, we conceptualized a new multi-

level framework (Figure 1). Beginning in the center and expanding outward, the framework 

shows a comprehensive view of potential contributors to LUTS from most to least studied. 
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The LUT—where much of the prior research in LUTS has focused—comprises the center of 

the framework, followed by local (e.g., reproductive organs, pelvic floor myofascial support, 

rectum and vulvovaginal tissues) and systemic (e.g., cardiovascular, renal, neuropsychiatric, 

metabolic, musculoskeletal) biologic factors. The next level moves beyond biologic 

considerations to behavioral factors, such as diet, level of physical activity, and decisions 

about when to use the toilet. Less well studied than behavioral considerations are factors 

relating to psychology and executive functioning, including personality traits, self-efficacy, 

resiliency, and problem-solving ability. Finally, social determinants, defined as the 

“conditions in which people are born, grow, live, work and age”25 (e.g., socioeconomic 

status, access to healthcare, culture, availability of healthy food, environment), have received 

limited evaluation as potential contributors to LUTS. This framework aims to broaden 

research to consider a comprehensive set of potential LUTS contributors and to engage a 

broad range of researchers (from urologists and urogynecologists to primary care providers, 

internal medicine subspecialists, behavioral medicine experts, nurses, social workers, 

epidemiologists, and public health professionals) in the investigation of as many extra-LUT 

factors as possible in future research, with the ultimate goal of improving clinical care and 

prevention.

Many of the “rings” in this framework interact or overlap. For example, postponement of 

urination or defecation is a behavioral factor that may result from an environmental factor, 

such as toilet access or cleanliness. Additionally, factors such as genetics, time and age may 

influence multiple levels of this schematic.

The State of Research on Potential Extra-LUT Contributors to LUTS

There has been some recognition of the importance of extra-LUT factors to LUTS. For 

example, the “DIAPPERS” mnemonic (delirium, infection, atrophic urogenital tissues, 

pharmaceuticals, psychological disorders, endocrine disorders, restricted mobility, stool 

impaction), which reminds clinicians to consider systemic issues such as depression and 

restricted mobility in assessing LUTS in the elderly,26 was proposed 30 years ago. However, 

the mnemonic has seen limited application in research and its use in clinical care has been 

primarily limited to geriatric populations. Further, current consideration of extra-LUT 

factors remains primarily limited to biologic factors (such as immune system mediators and 

central pain processing), rather than cognitive, psychological, or social determinants. Interest 

in identifying lifestyle and co-morbid conditions (primarily obesity, diabetes and metabolic 

syndrome) that are associated with the risk of LUTS and/or its severity has emerged only 

recently. As an example, the Boston Area Community Health (BACH) Survey27 enrolled 

approximately 5,500 men and women over a relatively broad age range and studied urologic 

signs and symptoms (questionnaires focused on assessing symptoms of BPH/LUTS, CP/

CPPS, IC, UI and erectile dysfunction) over a period of about 7 years. This investigation was 

unique in that it was population based and assessed a broad range of factors including socio-

demographic characteristics, health care access/utilization, lifestyle/behavioral, psychosocial 

factors, health status, physical measures, and biochemical parameters. Subsequently, BACH 

investigators have reported on a broad array of factors associated with LUTS including 

beverages,28 vitamins and minerals,29 psychoactive medications,30 dietary macronutrients, 

cholesterol and sodium,2931 physical activity, smoking and alcohol consumption32 and 
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vitamin C.33 There is worldwide interest in lifestyle factors with individual studies 

conducted in England,3435 Japan,36 Taiwan,37 Australia,3839 Norway,40 China,4142 and 

Korea,43 as well as across multiple countries.44

Most of our understanding of extra-LUT factors as potential contributors to LUTS is derived 

from observational epidemiological studies, many of which were cross-sectional, limiting 

inference of the findings. Importantly, RCTs have been conducted only infrequently to 

assess the benefits of lifestyle changes on LUTS. For example, the Ambulatory Treatments 

for Leakage Associated with Stress Incontinence trial showed that a pessary with or without 

pelvic floor muscle training could be used to treat SUI,45 and the Program To Reduce 

Incontinence by Diet and Exercise demonstrated that moderate weight loss among 

overweight and obese women reduced UI.46 The early, exploratory efforts—often 

underpowered, single site, single population studies—that comprise the majority of existing 

extra-LUT research support expanded focus in this area. However, aside from pelvic floor 

muscle training and weight loss in UI, increased evidence is required to justify the effort 

(potential side effects, cost, etc.) to intervene on the majority of non-LUT factors to reduce 

the impact of LUTS both at the patient and population level.

Over the past eight years, the National Institute of Diabetes and Digestive and Kidney 

Diseases (NIDDK) has promoted a shift in emphasis so that the major research studies of 

LUTS it supports now include a more comprehensive assessment of factors (Figure 1):

• The Multidisciplinary Approach to the Study of Chronic Pelvic Pain 

(MAPP) Research Network (http://www.mappnetwork.org), established in 

2008, is broadly assessing potential contributors to several urologic 

chronic pelvic pain syndrome clinical phenotypes. These include systemic 

biological factors; the interplay between co-occurring urologic and non-

urologic conditions (e.g., fibromyalgia, irritable bowel syndrome, chronic 

fatigue syndrome); and psychosocial determinants such as depression and 

anxiety, among others. The phenotypes identified through the MAPP 

Research Network may improve targeting of existing treatment strategies 

and inform future research to evaluate novel treatment targets.

• The Symptoms of Lower Urinary Tract Dysfunction Research Network 

(LURN, https://nihlurn.org), begun in 2012, is considering behavioral 

(e.g., diet, fluid intake, tobacco use, physical activity) and psychological 

(e.g., psychological disorders, coping) factors as potential contributors to 

LUTS. Recently, LURN conducted a systematic literature review (personal 

communication, Dr. Catherine Bradley) to evaluate non-LUT factors as 

potential contributors to LUTS. Three major non-LUT factor groups were 

identified: a) lifestyle, food and beverage consumption, psychological and 

social factors, b) pelvic function, and c) health characteristics and 

medications. Under lifestyle, consumption, psychological and social 

factors, studies of 14 categories of factors were identified including: diet, 

fluid intake, alcohol intake, caffeine intake, tobacco use, work schedule, 

physical activity, mindfulness/meditation, sleep disorders, psychological 

disorders, physiological stress, history of trauma, coping, and social 
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support. The review—which consisted of an initial screening followed 

with evidence grading by two independent experts—identified only 472 

relevant studies of the 2,064 studies generated in initial search results. The 

extent of evidence varied substantially; weak for most of the categories, 

and moderate in some. However, despite the lack of governmental funding 

for this research, the extensive volume of existing data suggests that extra-

LUT factors are important and provides an impetus for their further study.

• The Prevention of Lower Urinary Tract Symptoms in Women (PLUS) 

Research Consortium (http://grants.nih.gov/grants/guide/rfa-files/RFA-

DK-14-004.html)—launched in September 2015—will comprehensively 

address extra-LUT factors among women. The Consortium includes 

researchers with broad expertise in nursing, urology, urogynecology, 

pediatrics, adolescent health, obstetrics-gynecology, geriatrics, 

psychology, epidemiology, and public health. The goals of this 

Consortium are to define bladder health, identify risk factors for LUTS, 

and conduct future prevention research based on behavioral and 

psychosocial/executive function factors and social determinants of health.

Opportunities for Expanding LUTS Research

To significantly advance our understanding of LUTS, we suggest that urology researchers 

must take the lead in developing a body of evidence that encompasses a comprehensive set 

of potential extra-LUT contributors to LUTS. This can be accomplished through qualitative 

research to identify relevant patient-centered concerns, ongoing and future epidemiologic 

research, and RCTs for selected factors where strong associations and potential mechanisms 

of action have been identified. These studies must move beyond the exploratory nature of 

existing research to include investigations of sufficient size and ethnic/racial diversity. 

Subsequently, effective methods to disseminate and implement research findings into 

clinical care must be identified.

Developing this body of research represents a significant challenge; however, several 

opportunities exist that will facilitate a more comprehensive approach to LUTS research:

Adapting and testing interventions shown to be successful for other diseases/conditions

Urologic and urogynecologic investigators have an opportunity to learn from research in 

other chronic diseases. Fields outside of urology have embraced this comprehensive 

perspective, expanding research to consider the role of non-biologic factors in disease 

etiology and management. This research has yielded insights that have enhanced clinical 

practice and ultimately improved patient outcomes. In diabetes, behavioral factors are well 

integrated into research and clinical prevention interventions. The contribution of behavioral 

factors to diabetes risk and prevention has been well documented through the Diabetes 

Prevention Program (DPP), which showed that weight loss achieved through dietary 

modification and increased physical activity reduced the risk of diabetes onset among 

individuals at risk for the disease.4748 Even before this landmark study, Medicare began 

providing reimbursement for diabetes self-management training provided by a qualified 
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clinician—including non-physician providers such as diabetes educators.49 Obesity research 

has identified psychological and executive function factors such as mindfulness50 and 

negative affect51 as potential positive and negative contributors to loss of control eating in 

children—a precursor to adult binge-eating disorders. Leading health organizations—

including the World Health Organization,25 the U.S. Department of Health and Human 

Services,52 and the Institute of Medicine (IOM)53—recognize the important role social 

determinants play in disease prevention and management. The role of social determinants of 

health is being explored through research in numerous disease areas, including diabetes,54 

chronic kidney disease,55 and cardiovascular disease.56 Adapting findings from other 

diseases to study non-biologic factors for LUTS holds great promise.

Collaboration within and beyond the urologic and urogynecologic communities

Much of the past research on LUTS has been carried out by urologists and urogynecologists 

without broader cross-discipline collaboration. A more comprehensive approach to LUTS 

research will require trans-disciplinary efforts led by urologists or urogynecologists and 

incorporating expertise from a variety fields, including other medical specialties, behavioral 

science, psychology, and public health. For example, musculoskeletal strengthening 

interventions that reduce falls and fractures in the elderly and other high risk populations 

have the potential to improve LUTS by helping individuals with functional urinary 

incontinence to reach the bathroom in time. However, exploring a potential connection 

would require urology specialists to work with musculoskeletal experts to properly design 

studies. In turn, urology specialists must engage researchers from relevant fields outside of 

urology to incorporate LUTS into their ongoing research efforts. For example, cardiologists 

and nephrologists should partner with urology researchers to consider urinary incontinence 

as a barrier to adherence to diuretics among heart and kidney disease patients.

Focusing on factors that may be more readily incorporated into LUTS research and care

Some extra-LUT factors may require less effort to incorporate into research and clinical care 

than others and therefore may more readily be implemented into research and ultimately 

care. For example, the close relationship between rectal distention and bladder dysfunction 

in children is well known and interventions to improve rectal emptying are integral to 

treatment of bladder conditions by pediatricians;5758 However, rectal distention has yet to be 

evaluated as a risk or promoting factor for LUTS in adults or as an impediment to successful 

treatment. Additionally, a questionnaire for assessment of the impact of dietary factors on 

LUTS in IC/BPS has been developed but not incorporated into research.59

Conclusion

Despite growing interest in the role of extra-LUT factors in LUTS, there remains a need to 

incorporate these factors in future research. To date, scientific advances for improving the 

treatment, management, mitigation and ultimately prevention of LUTS has likely been 

slowed by a narrow focus on LUT dysfunction. We encourage a comprehensive approach to 

the study of LUTS and have begun this process as evidenced by the research focus of three 

NIDDK supported urology research networks. This comprehensive approach includes local 

and systemic biology, as well as behavior, psychology and executive functioning, and social 
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determinants of health. The approach will be facilitated by the LUT specialists taking the 

lead in incorporating other research perspectives into LUT research through 1) adaptation 

and testing of interventions shown to be effective in other diseases/conditions, 2) 

collaboration within and beyond the urologic and urogynecologic communities, and 3) early 

focus on factors that may be more readily incorporated into research and routine clinical 

care. We hope that investigators will consider this expanded perspective in all future research 

independent of funding source. This will require active outreach to other specialties and 

research disciplines. We anticipate that research findings from a comprehensive assessment 

of factors that potentially underlie LUTS risk and progression will likely take time; however, 

the long-term benefit will lead to improved clinical care and a reduction in the burden of 

these highly prevalent conditions in the U.S. population.
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Key of Definitions for Abbreviations

BACH Boston Area Community Health Survey

BPH benign prostatic hyperplasia

CP/CPPS chronic prostatitis/chronic pelvic pain syndrome

DPP Diabetes Prevention Program

IC/BPS interstitial cystitis/bladder pain syndrome

IOM Institute of Medicine

LURN the Symptoms of Lower Urinary Tract Dysfunction Research Network

LUT lower urinary tract

LUTS lower urinary tract symptoms

MAPP the Multidisciplinary Approach to the Study of Chronic Pelvic Pain 

Research Network

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases

PLUS the Prevention of Lower Urinary Tract Symptoms in Women Research 

Consortium

RCT randomized clinical trials

SUI stress urinary incontinence

UI urinary incontinence

UUI urgency urinary incontinence
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Figure 1. A Multi-level Framework for Considering Potential Causes and Contributors to LUTS
This schematic shows a comprehensive view of potential contributors to LUTS from the 

well-studied lower urinary tract at the center, to those increasingly less studied in each 

successive ring emanating from the center. Prior studies that have considered factors outside 

of LUT dysfunction have mostly focused on biologic domains, including local and systemic 

biology. There has been limited research on behavioral factors, such as diet, level of physical 

activity, and decisions about when to use the toilet. Even less well-studied are factors 

relating to psychology and executive functioning—including personality traits, self-efficacy, 

resiliency, and problem-solving ability—and social determinants of health (e.g., 

socioeconomic status, access to healthcare, availability of healthy food, environment). The 

NIDDK has promoted a shift in emphasis so that the major research studies of LUTS it 

supports—MAPP, LURN, and PLUS—now include a more comprehensive assessment of 

factors. The factors included in these “rings” often interact with each other. Factors across 

all rings of the schematic are influenced by age of the person and the time or duration of 

exposure, and several (e.g., LUT and local biology, systemic biology, behavior, and 

psychological and executive functioning) may be influenced by genetics.
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