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Abstract

Aims: Although lower urinary tract symptoms (LUTS) may occur at different periods during the
life course of women, little research on LUTS has adopted a life course perspective. The purpose
of this conceptual paper is to demonstrate how Life Course Theory and life course epidemiology
can be applied to study bladder health and LUTS trajectories. We highlight conceptual work from
the Prevention of Lower Urinary Tract Symptoms (PLUS) Research Consortium to enhance
understanding of life course concepts.

Methods: Consortium members worked in transdisciplinary teams to generate examples of how
life course concepts may be applied to research on bladder health and LUTS in eight prioritized
areas: (1) biopsychosocial ecology of stress and brain health; (2) toileting environment, access,
habits, and techniques; (3) pregnancy and childbirth; (4) physical health and medical conditions;
(5) musculoskeletal health; (6) lifestyle behaviors; (7) infections and microbiome; (8) hormonal
status across the life span.

Results: Life course concepts guided consortium members’ conceptualization of how potential
risk and protective factors may influence women’s health. For example, intrapartum interventions
across multiple pregnancies may influence trajectories of bladder health and LUTS, illustrating the
Principle of Life Span Development. Consortium members also identified and summarized
methodologic and practical considerations in designing life course research.

Conclusions: This paper may assist researchers from a variety of disciplines to design and
implement research identifying key risk and protective factors for LUTS and bladder health across
the life course of women. Results from life course research may inform health promotion
programs, policies, and practices.

Keywords

lower urinary tract symptoms; bladder health; girls; women; prevention; life course; theory;
epidemiology; transdisciplinary

Introduction

Lower urinary tract symptoms (LUTS) and associated conditions comprise a variety of
bothersome bladder complaints. Some examples are bothersome frequent and/or urgent
urination, urgency urinary incontinence (UUI; strong urge “to go” with urine loss before
reaching a toilet), stress urinary incontinence (SUI; urine loss with physical activity or
increases in abdominal pressure such as a cough or sneeze), nocturnal enuresis (urine loss
while asleep), difficulty urinating, dribbling after urination, and bladder or urethral pain
before, during, or after urination.(® 2
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LUTS have a substantial impact on the health and quality of life of girls and women across
the life course. LUTS predominantly include UUI and nocturnal enuresis during early
childhood, with an increase in urinary tract infections (UTIs) during adolescence,
particularly with sexual debut.(® In a population-based birth cohort, the prevalence of any
daytime or nighttime urinary incontinence (Ul) was roughly 10% and 14%, respectively,
among girls at 6.5 years.( ) Corresponding percentages declined to 5% and 6% by 9.5
years,* ) and to 4% and 2% by 14 years.(® In adulthood, LUTS predominantly include SUI
during the reproductive years, UUI and mixed Ul (combined UUI and SUI) with increasing
age,(”) and recurrent UTIs after menopause.(® Estimates of Ul in women range from 10% to
50%, depending on the definition of incontinence and age of the study population.(® 10) In
addition to impacting physical health, LUTS can negatively impact the emotional well-being
of girls and women. Children and adolescents with LUTS often experience shame,
embarrassment, and other forms of psychological distress. More than 50% of women with
LUTS report anxiety or depression,(11:12) and social isolation is common.(13. 14)

Although LUTS are known to occur at different periods over the life course, little research
on LUTS has adopted a life course perspective. Potential explanations for this gap include a
historical focus on the identification and treatment of LUTS rather than consideration of risk
and protective factors that can influence bladder health and be targeted through prevention.
(18) In addition, LUTS researchers may be unfamiliar with life course concepts and how to
incorporate them into etiologic studies. A life course perspective allows for the investigation
of social ecological and biological exposures that begin early in life and evolve throughout
the life course. These exposures may confer risk for or protection from LUTS and worsening
bladder health. Results from life course research can inform when and how health
professionals and policy makers intervene to prevent or ameliorate LUTS and promote
bladder health. Early prevention is particularly important, as early experiences of LUTS may
predispose girls and women to repeated episodes of LUTS or chronic LUTS.(®: 19)

The purpose of this paper is to demonstrate how concepts of Life Course Theory and life
course epidemiology can be applied to the study of bladder health and LUTS among girls
and women. Conceptual work from the Prevention of Lower Urinary Tract Symptoms
(PLUS) Research Consortium (PLUS) is highlighted to enhance understanding of life course
concepts. The PLUS Research Consortium is a transdisciplinary scientific network
established by the National Institute of Diabetes and Digestive and Kidney Diseases in 2015.
The goal is to expand research beyond the detection and treatment of LUTS to also
encompass LUTS prevention and the promotion and preservation of bladder health among
girls and women.(1®) Consistent with the World Health Organization’s definition of health,
(18) the PLUS Research Consortium conceptualizes bladder health as “a complete state of
physical, mental, and social well-being related to bladder function, and not merely the
absence of LUTS, ”with function that “permits daily activities, adapts to short term physical
or environmental stressors, and allows optimal well-being (e.g., travel, exercise, social,
occupational, or other activities).”X") Through the present manuscript, our intent is to
educate readers and stimulate their own interest in conducting life course research to
advance the field of bladder health. In the sections that follow, we introduce prevention
science and life course concepts and provide an overview of how life course concepts may
be applied to research on the etiology of poor bladder health and LUTS. We close by
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summarizing key points and calling upon our colleagues across diverse disciplines to
incorporate a life course perspective into their research on bladder health.

Prevention Science.

Prevention science involves the systematic study of potential precursors to human
dysfunction and health, termed risk and protective factors, respectively. (20 21) Risk factors
are attributes, characteristics, or exposures of an individual that increase the likelihood of
developing a disease or dysfunction. In contrast, protective factors enhance health and lessen
the likelihood that disease or dysfunction will occur in response to risk factors. More
recently, protective factors have been termed “promoting factors” when they exert direct,
positive effects on health.(22) Prevention scientists conduct etiologic studies to identify risk
and protective factors across different levels of biology within individuals (e.g., genes, cells,
tissues, organs, multi-organ systems), as well as across different levels of social ecology
surrounding individuals (e.g., family, peer group, school or workplace, health care system,
neighborhood, community, society).(20: 21, 23, 24) Rijsk and protective factors identified
through etiologic research become candidates for preventive intervention studies. These
studies aim to modify identified factors with the goal of promoting health and preventing
major dysfunction and disease.(2%: 21) Preventive interventions may include health promotion
programs and changes to practices and policies within institutions and governments. (24 25)
Evidence accumulated over time will point to effective prevention programs, practices, and
policies that can be implemented to foster health promoting behaviors among individuals
and health promoting features of the environment.

Life Course Concepts.

Prevention science is enhanced by the application of a life course developmental perspective
to etiologic research. In their recently published Handbook on Life Course Health
Development, Halfon and Forrest describe how prevailing conceptualizations of public
health problems have evolved from biomedical to biopsychosocial to life course health
development.(26) Precipitating influences include David Barker’s observation that under-
nutrition during pregnancy can lead to “fetal metabolic programming” that predisposes
individuals to cardiovascular disease decades later in adulthood.(”) This finding and others
spurred a large body of research over the past quarter century, which has informed
conceptual frameworks emphasizing the fetal and developmental origins of health and
disease.(?8) Subsequent frameworks have emphasized the life course as a means of
understanding health disparities and inequities.(?4 29 Two resources within the life course
literature, highlighted in Table 1, describe principles and concepts that can be tested in
etiologic research investigating how social ecology and biology may influence bladder
health and LUTS over time. The first resource, Life Course Theory, is summarized through
five general principles developed by Elder Jr. and colleagues to explain a variety of
sociological outcomes.(3%) The second resource, written by Kuh and colleagues, is a life
course approach specifically developed to guide research on health, human development,
and aging. These authors define /ife course epidemiology as the study of long term effects
on later health or disease risk of physical or social exposures during gestation, childhood,
adolescence, young adulthood, and later adult life.(31) The intent of life course epidemiology
is to understand biological, behavioral, and psychosocial processes that operate across an
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individual’s life course, or across generations, to influence the development of disease.(31)
Thus, a /ife course approach emphasizes exposures to risk and protective factors across an
individual’s life span.

Materials and Methods

The PLUS Research Consortium previously developed a conceptual framework to organize
potential risk and protective factors for LUTS and bladder health by level of social ecology
and biology, as well as the developmental period during which a factor is most likely to
confer risk or protection.(8) The Consortium also grouped potential risk and protective
factors into eight prioritized areas of study to guide future prevention science research (see
Table 2). For the present project, the lead author solicited the involvement of PLUS
Consortium members whose collective expertise represented different periods of the life
span (e.g., infancy; childhood; adolescence; early, middle, and older adulthood), each of the
eight PLUS prioritized areas of study, life course concepts, and study design and
methodology. Co-authors joined small, transdisciplinary writing teams to develop different
sections of this paper. This approach matched expertise to tasks, while also facilitating the
generation of research questions about bladder health and LUTS that expanded beyond each
member’s individual training and research experience. The lead author engaged with small
writing teams to clarify and suggest methods for collaborating on specific tasks, synthesized
sections, and solicited feedback on the paper as a whole.

In the Results section, research questions are proposed for each of the eight research areas
prioritized by PLUS. Some research questions reflect past consortium-wide activities to
identify and prioritize research questions, while other questions were newly generated by
writing team members. All research questions were further developed by writing team
members to reflect a life course perspective. Proposed research questions are intended to
serve as examples; they illustrate what is possible to investigate through life course research,
and not necessarily what the PLUS Research Consortium will choose to investigate over a
specific period of time. An example is provided for each of the eight research areas,
prioritized by PLUS, to stimulate interest in life course research across the broad readership
of Neurourology and Urodynamics. 1t is not feasible for a single study to investigate all the
research questions provided as examples. Table 2 identifies general principles of Life Course
Theory (30) and key concepts from life course epidemiology 3V illustrated by each research
question. Life course principles and concepts are discussed in greater detail below, followed
by possible study designs and methodological approaches that could be used to test proposed
research questions. Research teams that are interested in generating and refining life course
research questions can consider the three questions that PLUS investigators considered as
they developed the examples below (see Figure 1).

Results

(1) Biopsychosocial Ecology of Stress and Brain Health:

Adverse childhood experiences (ACEs) are harmful, early life experiences that affect
children directly (e.g., abuse and neglect) and indirectly through the child’s living
environment (e.g., parental conflict, substance use, or mental illness).(32) ACEs have been
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linked to delayed attainment of bladder control among children and the emergence of LUTS
later in life.(33.34) We ask, “How do the timing and nature of ACEs impact toilet training,
age of daytime and nighttime bladder control, bladder health, and LUTS development at
different periods of the life course?”

Consistent with the Principle of Life Span Development, this question examines the age at
which bladder control is attained during childhood, as well as the development of LUTS
during childhood, adolescence, and later life periods. Continence requires central nervous
system maturation and adequate functioning throughout the life course, including
recognition and interpretation of the physical sensation to urinate, distinction between
different degrees of bladder fullness and urge, planning and execution of toileting behaviors
(e.g., requesting permission to use a restroom), and suppression of urge until a toilet is
available.(3%) Consistent with the Principle of Timing and critical and sensitive periods, the
consequences of ACEs may differ depending on their timing in relation to (1) development
of brain regions that govern executive control,(36) (2) sensitive periods during which the
central nervous system is particularly vulnerable to stressors,3®) and (3) establishment of
daytime and nighttime bladder control.(33) Thus, exposure to ACEs should be assessed
prenatally and during infancy, as well as during childhood and adolescence. This would
permit the identification of associations that may be specific to a critical or sensitive period
during which ACEs occur. A life course approach to research is also ideal for assessing the
potential influence of stressor chronicity. The accumulation of ACEs over time (defined by
number, duration, and severity) could increase risk for abnormal timing of toilet training,
regression of bladder control, and development of subsequent LUTS.

(2) Toileting Environment, Access, Habits, and Techniques:

While toilet training typically occurs at home, toddlers continue to develop toileting habits
in daycare and pre-school, and girls can refine habits in primary and secondary school.(37)
We ask, “What factors contribute to restricted bathroom access in school settings among
girls, and how might restricted access cumulatively affect the bladder health of girls and
women across the life course?”

Girls’ restricted access to toilets in the school context illustrates the Principle of Linked
Lives. School systems may not have standardized policies regarding student bathroom
access, leaving such determinations to classroom teachers, who may lack knowledge or
training in bladder health. Indeed, teachers may not question their own restricted access to
bathrooms (i.e., accepting a norm or requirement that teachers not leave the classroom
unattended). Teachers may limit students’ bathroom access for many reasons, including
concern for misbehavior in the bathroom (e.g., vandalism, bullying) or missed classroom
time.(38) Girls” behavioral responses to limited bathroom access illustrate the Principle of
Agency. Agency to void may be compromised by rules restricting bathroom access, location
of bathrooms, limited time to void, and behaviors of peers that impact the cleanliness or
safety of the toileting environment.(39 In addition, subsets of students may avoid school
bathrooms when gendered bathroom spaces do not align with their gender identity.(40)
Students may restrict fluids or delay voiding despite urge;(39 these compensatory behaviors
may become habits impacting future bladder health trajectories.(1) By investigating the
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Principles of Linked Lives and Agency in relation to restricted bathroom access and
subsequent bladder health, life course researchers will be well positioned to inform policies
and practices governing bathroom access within schools.

(3) Pregnancy and Childbirth.

Bladder health status may change across pregnancy and childbirth experiences.(42)
Pregnancy and vaginal birth are known risk factors for Ul secondary to pelvic floor
musculature and nerve injury.(43-46) We ask, “How does management of the intrapartum
period across lifetime pregnancies influence bladder health and LUTS across the life
course?”

Not all childbirth experiences damage pelvic floor musculature. Several factors may enhance
vulnerability to pelvic floor muscular damage during childbirth, including older age at
delivery, mode of delivery (i.e., vaginal versus cesarean), longer duration of labor, and
management of second stage labor, such as intervention exposure (e.g., forceps, episiotomy),
(44, 47) method of pushing (i.e., Valsalva versus open glottis), duration of pushing, and
maternal position for birth (e.g., supine versus lateral position). Pelvic floor muscular tears
across pregnancies, as well as number of childbirth episodes and associated interventions,
may contribute to accumulated risk for LUTS and poorer bladder health. Researchers who
assess intrapartum management characteristics of a first childbirth, or only the most recent
childbirth, may misrepresent the risk associated with different management characteristics.

Labor management practices are context specific and may be dictated by local protocols and
practices (e.g., American College of Obstetricians and Gynecologists [ACOG] and
American College of Nurse-Midwives [ACNM] guidelines), provider type (e.g., obstetrician;
midwife), location (e.g., hospital, birth center, home), and insurance (e.g., private or public).
(48, 49) By examining the effects of labor management practices on urologic outcomes across
lifetime pregnancies, life course researchers will be well positioned to inform policies and
practices governing maternity care. Findings could potentially be used to tailor
recommended care based on age, parity, and mode of delivery, among other factors.

(4) Musculoskeletal Health:

The importance of physical activity for overall health is well established.®9) We ask, “How
might engagement in physical activity affect bladder health and the incidence and severity of
LUTS across the life course?”

Consistent with the Principle of Life Span Development, this question considers how type,
intensity, and duration of different physical activities may promote bladder health and serve
as protective orrisk factors for LUTS development across the life course. A key distinction
is between low-to-moderate and high-impact activities. Participation in high-impact physical
activity during adolescence (e.g., gymnastics) is associated with SUI during activity
performance,®1: 52) as well as SUI in middle age.®3) Participation in high-impact physical
activity during adulthood (e.g., long-distance running) is associated with Ul after first
pregnancy and delivery, while participation in low-impact activity pre-pregnancy (e.g.,
walking) is associated with lower prevalence of postpartum U1.5%) A recent systematic
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review suggests that prenatal exercise (pelvic floor muscle training with or without aerobic
exercise) can prevent U.(5)

Greater vulnerability to LUTS as women age may be explained by different biological
chains of risk that could be ameliorated through low-to-moderate physical activity. For
example, menopause leads to decreased endogenous estrogen, which can alter lower urinary
tract tissue in a manner that causes new onset urgency and frequency.(>®) Another example
involves strength and coordination; aging women may experience decreased muscle strength
and coordination, resulting in decreased pelvic floor support and bladder dysfunction.?) In
each case, low-to-moderate intensity physical activity may be helpful in offsetting biological
changes and preventing LUTS among aging women.

Researchers who adopt a life course approach to examining the effects of physical activity
on bladder health and LUTS will be well positioned to inform guidelines for physical
activity at different ages and to potentially tailor guidelines based on an individual’s profile
of risk and protective factors.

(5) Lifestyle Behaviors:

Adequate fluid intake is essential to homeostasis.(®8) Water plays a major role in nutrient
delivery, toxin removal, thermoregulation, and tissue hydration.(®®: 60) Adolescent and adult
women often receive the message from healthcare providers, educators, family members,
and peers that they should stay well hydrated. However, little is known about the impact of
this message on women’s behavior and bladder health. We ask, “What messages do women
recelve about fluid intake over their life course, and how do these messages affect fluid
intake and bladder health?”

Messaging for infants and children are directed toward parents and other caretakers, while
adolescents may receive direct messaging. Familial intergenerational messages may exert a
powerful influence on the frequency and types of fluids provided and consumed, illustrating
the Principle of Linked Lives. Likewise, a caregiver may influence fluid consumption in an
older care recipient by assisting with fluid management. Adolescent and adult women may
make independent choices about fluid intake after hearing messages, illustrating the
Principle of Agency. It remains to be demonstrated through research, however, whether
compliance with the message to stay well hydrated confers risk or protection with respect to
LUTS. Researchers who adopt a life course approach to studying the messages women
receive about fluid intake, as well as their compliance with messages and resulting health
status, will be well positioned to inform lay discourse messaging about bladder health habits
(e.g., “drink water when thirsty” versus “drink water continuously throughout the day”).

(6) Physical Health and Medical Conditions:

Known protective factors for cardiovascular health include (1) blood pressure management,
(2) cholesterol control, (3) blood glucose reduction, (4) physical activity, (5) healthy diet, (6)
weight loss, and (7) smoking cessation.(61-63) These behavioral factors are strongly
associated with medical and physical health conditions that influence bladder health,
including obesity and diabetes. We ask, “/s lifetime cardiovascular health associated with
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bladder health across the life course? If so, what mechanisms may account for this
association?”

Routine engagement in low-to-moderate intensity physical activity is protective against
LUTS.(64 Modest amounts of weight loss among overweight and obese women may
improve LUTS, specifically U1.(65.66) |_inks between LUTS and blood pressure, cholesterol,
and smoking have not been supported or are inconsistent(67: 8). Mechanisms linking
cardiovascular health protective behaviors to bladder health are unclear (e.g., direct links
versus indirect links through medical conditions such as obesity and diabetes). Potential
mechanisms underlying an association between poor cardiovascular and bladder health
include decreases in bladder function and sensation and poor pelvic floor muscle function
secondary to autonomic nervous system dysfunction, peripheral neuropathy, impaired
peripheral vasculature, or musculoskeletal disease.(®: 70 These potential mechanisms
illustrate biological chains of risk.

Researchers who adopt a life course approach will be well positioned to examine
mechanisms that unfold over time, as well as the degree to which different environments
may impact women’s bladder health. Women’s context (e.g., geography, community and
culture, socioeconomic circumstances) may facilitate or constrain their agency to make
behavioral choices (e.g., physical activity, diet, smoking). The Principle of Time and Place
and birth cohort effects are illustrated by changes in the prevalence of obesogenic
environments. For example, historical changes in the availability of high fructose corn syrup
and high saturated fat foods (i.e., processed foods) have contributed to increased body
weight and obesity rates in women, particularly among individuals with limited resources
for making healthy choices.(71: 72) These life course concepts highlight the importance of
prevention strategies that target obesogenic environments and structural inequities that
constrain women’s agency to make healthy choices.

(7) Infections and Microbiome:

Antimicrobial medications (i.e., “antibiotics”) are prescribed to treat diagnosed and
suspected bacterial infections, and prophylactically to minimize risk of acquiring infection.
(73.74) A broad spectrum of antimicrobial agents is in common use today, many with
variable doses and recommended durations of therapy.(3) Untoward effects of
antimicrobials include alterations in women and girls’ genitourinary and gastrointestinal
microbiomes.("®) We ask, “Through what mechanisms might life course exposure to
antimicrobial medications increase the risk of poor bladder health?”

Some evidence exists to suggest that alterations in genitourinary and gastrointestinal
microbiomes may lead to LUTS such as overactive bladder, urgency Ul, and recurrent lower
UTIs,(76) although the direction of associations has not been established. Consistent with the
Principle of Life Span Development and accumulation of risk over time, this question
examines varying and cumulative exposure to anti-microbial medications in relation to
bladder health and LUTS over the life course. The Principle of Timing and critical and
sensitive periods are also relevant. It is possible that risk of LUTS may be dependent on the
period during which antimicrobial exposure occurs. Birth, infancy, early childhood,
adolescence, sexual debut, pregnancy, menopause, and older age are periods during which
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girls and women may be more sensitive to the effects of antimicrobial exposure, due to age-
related physiological states of organ systems, as well as endogenous hormonal effects on the
genitourinary tract.("® For example, following menopause women experience a rise in
vaginal pH and a decrease in protective Lactobacilli that normally inhabit the vagina, which
in turn allows more pathologic organisms to colonize the vagina, potentially leading to
urogenital infection.("7) Chains of risk are particularly relevant to antimicrobial exposure, as
initial exposure to antimicrobial agents may alter host defenses, which in turn may lead to
greater susceptibility to infection, additional antimicrobial exposure, and even further altered
host defenses.(7®) Researchers who adopt a life course approach to examining the effects of
antimicrobial medications will be well positioned to inform health care policies, guidelines,
and practices, which may be tailored based on age and previous trajectories of health.

(8) Hormone Use across the Life Span:

The most common exogenous hormones are oral contraceptives and replacement estrogens,
with over 25% of women aged 15-49 years and 3-13% of women aged 45-64 years using
hormones for birth control, menstrual regulation, and control of perimenopausal or
menopausal symptoms.(78: 79) Exogenous medications that influence hormones include
selective estrogen receptor modulators (e.g., tamoxifen), used for the prevention and
treatment of breast cancer,(®) and medications such as clomiphene, used to induce ovulation
in women with ovulatory infertility.81) We ask, “How might life course exposure to
exogenous hormones influence bladder health and LUTS?”

Estrogen deficiency has been linked with LUTS,(82) potentially through a decline in
lactobacillus or other alterations of the microbiome.("") Exogenous hormone use may
favorably influence pelvic floor function through improvement of pelvic muscle tissue
quality (e.g., ability to detect bladder sensations and apply urethral pressure).(®3) In contrast
to a large literature on menopausal estrogen replacement, few studies have assessed the
potentially beneficial impact of oral contraceptive use on pre- and postmenopausal LUTS. A
recent systematic review supported an association between oral contraceptive use and
bladder pain syndrome (BPS),(®) but this association could be due to use of oral
contraceptives to address symptoms that are often comorbid with BPS (i.e., reverse
causation). The review identified too few high quality and prospective studies to assess other
LUTS.(84)

Consistent with the Principle of Life Span Development and accumulation of risk (or in this
case, protection), this question examines cumulative premenopausal and postmenopausal
exposure to exogenous hormones, including first use of contraception early during a
woman’s reproductive years, and potential changes in exposure. The Principles of Agency
and Linked Lives apply, as women typically choose contraceptive practices, while also being
influenced by members of their social networks, including family members, peers, partners,
and providers. The Principle of Time and Place and birth cohort effects are illustrated by
changing hormonal preparations (e.g., low dose formulations), patterns of use, and public
sentiment towards oral contraceptives and other exogenous hormones (e.g., hormone
replacement therapy) over time.(8%) Researchers who adopt a life course approach may
inform health care guidelines governing the use of exogenous hormones at different ages, as
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well as health messaging directed towards women. Women may advocate for specific
contraceptives or estrogen replacement therapies (agency), potentially as a function of what
others recommend (linked lives).

Life Course Study Designs and Methodological Approaches.—Factors that
contribute to the maintenance of bladder health and etiology of LUTS can be examined
through cohort, case-control, and cross-sectional study designs. Table 3 highlights four
example study designs and methodological approaches for exploring risk and protective
factors for LUTS and bladder health across the life course: (1) prospective cohort, (2)
retrospective cohort, (3) ambidirectional cohort, and (4) retrospective case-control or cross-
sectional study of women with and without LUTS, with recalled information about potential
risk and protective factors. Each of these designs has strengths and weaknesses. From a
methodological perspective, the three cohort study approaches allow for valid assessment of
temporality. A prospective or retrospective cohort study in which early-life exposures are
measured close to their time of occurrence is best for assessing the impact of these factors
on bladder health and LUTS later in life, due to greater accuracy of exposure assessment.
Studies with assessment of recalled early-life exposures among LUTS-free individuals and
follow-up assessment of LUTS (i.e., ambidirectional designs) tend to be better than
retrospective case-control and cross-sectional studies of participants with and without LUTS
that rely upon participants’ recall of early life events, as recall may be influenced by current
health status. From a practical perspective, however, researchers may not have the time,
ability, or funding to follow a cohort from early to later life. Researchers often rely upon
retrospective case-control or cross-sectional studies because of their greater efficiency and
lower cost. In addition, case-control studies are better suited for assessing outcomes that are
rare, such as recurrent UTIs or interstitial cystitis, because they avoid following hundreds, if
not thousands, of participants prospectively, only to see very few develop the outcome of
interest.

Table 3 provides examples to illustrate different approaches for addressing the question,
“Through what mechanisms might life course exposure to antimicrobial medications
increase the risk of poor bladder health?” In addition, Figure 2 illustrates the timing of
assessments that could be made at different life periods for each study design and
methodological approach. Several texts are available to provide a more thorough grounding
in different study designs, methods, and analytic techniques that may be applied to life
course research, (86-90)

Discussion

Prevention science can expand research and practice beyond the detection and treatment of
LUTS to bladder health promotion and LUTS prevention among girls and women. This
conceptual paper may assist researchers from a variety of disciplinary backgrounds to
develop and implement research that identifies key risk and protective factors for LUTS and
bladder health across the life course of girls and women. Studies may be designed to address
a single research question or multiple questions, particularly when the mechanisms
influencing trajectories of bladder health and LUTS may overlap across different risk and
protective factors. For the present paper, PLUS Research Consortium members worked in
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small, transdisciplinary teams to propose a single research question for each of the eight
areas of study prioritized by PLUS. Key proposed mechanisms overlapped across questions,
highlighting the efficiency of investigating multiple priority areas at once. For example, a
study could be designed to investigate the impact of physical activity, exogenous hormone
use, lifetime pregnancies, and intrapartum management strategies on pelvic floor function, a
key mechanism proposed to link physical activity, hormone use, pregnancy, and childbirth
experiences to trajectories of bladder health and LUTS. Another study could be designed to
examine life course concepts that apply across multiple priority areas. For example, the
influence of linked lives (e.g., women’s relationships with family members, peers, partners,
and providers) could be examined in relation to women’s toileting habits and techniques;
fluid intake; use of antimicrobial medicines; and exogenous hormone use. It is also possible
to combine different prioritized areas of study to answer a specific question. For example,
both physical health conditions (e.g., obesity, diabetes) and psychiatric health conditions
(e.g., depression, anxiety) may explain associations between ecological stressors and
trajectories of bladder health and LUTS.

While it is possible to focus on a specific period of the life span when applying a prevention
science approach to etiologic research, such an approach would provide a limited
understanding of how trajectories of dysfunction or health unfold over extended periods of
time. Such an approach also would provide limited information about the development and
persistence of potential socioeconomic inequities in health.(1. 92) A life course
developmental perspective is essential to gaining a more precise understanding of how
bladder health is preserved and LUTS develop among girls and women. Research findings
can, in turn, be used to develop programs, practices, and policies that promote bladder health
and prevent LUTS in diverse settings and at different periods across the life course.(26: 28.93)

Conclusions

We call upon our colleagues across diverse disciplines to focus on prevention and
incorporate a life course perspective in their research on LUTS and bladder health.
Contributions are needed from the fields of urology, obstetrics and gynecology, midwifery,
female pelvic medicine and reconstructive surgery, nursing, infectious disease, epidemiology
and other public health specialties, sociology, pediatrics, adolescent medicine, and geriatrics,
among other clinical and social science fields. To the extent possible, transdisciplinary
approaches are encouraged. While it may not be possible to include investigators
representing the wide array of disciplines highlighted above in a single research study,
partnering with one or more colleagues with expertise in life course theory or life course
epidemiology is sufficient to begin a program of research that incorporates life course
concepts. It also is possible to investigate life course research questions by conducting
secondary analyses of existing longitudinal datasets or adding new measures to ongoing
longitudinal cohort studies.

The PLUS Research Consortium is currently applying Life Course Theory and life course
epidemiology to the design of etiologic research that will identify key risk and protective
factors for LUTS and bladder health among adolescent and adult women. The present paper
may assist researchers who are interested or engaged in similar work. This paper can also be
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applied to better understand life course influences on a variety of other health outcomes.
Results from life course research may inform health promotion programs, policies, and
practices, which in turn may enhance the likelihood that individuals will experience optimal
health at different life periods and across the life course.
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(1) In what domain(s) are we
interested in studying risk
and protective factors for
LUTS and bladder health?

Il
L

(2) For a given domain, what
are possible research
applications of life course
theory principles and life
course epidemiology
concepts?

(3) What specific research
questions can test one or
more life course principles
and concepts that we have
prioritized?

Figurel.
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PLUS Prioritized Areas of Study \

Biopsychosocial Ecology of Stress and Brain Health
Toileting Environment, Access, Habits, and
Techniques

Pregnancy and Childbirth

Musculoskeletal Health

Lifestyle Behaviors

Physical Health and Medical Conditions

Infections and Microbiome

Hormone Use across the Life Span J

Life Course Principles and Concepts

Principle of Life Span Development

Principle of Agency

Principle of Time and Place / Birth Cohort Effects
Principle of Timing / Critical and Sensitive Periods
Principle of Linked Lives

Context

Accumulation of Risk Over Time

Chains of Risk

Embodiment

kVuInerabilitv and Resilience to Adversity /

Generating and Refining Life Course Research Questions: Three Key Considerations.
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10 20 30 40 50 60 70 80 years

Prospective cohort study of participants to determine whether antibiotic exposure impacts microbiome

Birth cohort of girls H

Retrospectively-assembled cohort study of participants to determine whether antibiotic exposure impacts bladder health/LUTS

Women aged 15-35
<&———— Capture life transitions of sexual debut
and first pregnancy

Women aged 50-70
Capture life transition of menopause,
as well as effects of aging on bladder

. Ambidirectional cohort study with recalled early-life breastfeeding and antibiotic exposure and follow-up for bladder health/LUTS

€——| Cohort of young women I

Case-control study with recalled early life information to test for effects of antibiotic exposure on recurrent UTIs

I Recurrent UTI Case |
|
|

Recurrent UTI Control |

Figure2.
Ilustration of Key Life Course Study Designs for Infections & Microbiome Examples in

Table 3.
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