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Abstract
Introduction and hypothesis The objective of this analysis
was to describe urinary incontinence (UI) incidence and per-
sistence over 5 years in association with treatment status,
sociodemographic, medical, and lifestyle factors, in a
racially/ethnically diverse population-based female sample.
Methods The Boston Area Community Health Survey en-
rolled 3,201 women aged 30-79 years of black, Hispanic,
and white race/ethnicity. Five-year follow-up was completed
by 2,534 women (conditional response rate 83.4 %), allowing
population-weighted estimates of UI incidence and persis-
tence rates. Predictors of UI were determined using multivar-
iate logistic regression models.
Results Incidence of UI at least monthly was 14.1 % and
weekly 8.9 %. Waist circumference at baseline and increasing
waist circumference over 5-year follow-up were the most
robust predictors of UI incidence in multivariate models
(P ≤0.01). Among 475 women with UI at baseline, persis-
tence was associated with depression symptoms [monthly UI,
odds ratio (OR)=2.39, 95 % confidence interval (CI) 1.14–
5.02] and alcohol consumption (weekly UI, OR=3.51, 95 %
CI 1.11–11.1). Among women with weekly UI at baseline,
41.7 % continued to report weekly UI at follow-up, 14.1 %
reported monthly UI, and 44.2 % had complete remission.
Persistence of UI was not significantly higher (58.2 % vs.
48.0 %, chi-square P =0.3) among untreated women. Surgical
or drug treatment for UI had little impact on estimates for

other risk factors or for overall population rates of persistence
or remission.
Conclusions Women with higher gains in waist circumfer-
ence over time were more likely to develop UI, but waist
circumference was not predictive of UI persistence. UI treat-
ments did not affect associations for other risk factors. Addi-
tional research on the role of alcohol intake in UI persistence is
warranted.

Keywords Urinary incontinence . Female . Lower urinary
tract symptoms . Epidemiology . Urinary bladder . Overactive
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Introduction

Urinary incontinence (UI) affects millions of adult women and
has a substantial negative impact on quality of life (QoL)
[1–3]. Prevalence estimates range from 10% for weekly urine
leakage [4] to 47 % for occasional (monthly) leakage [5].
Numerous epidemiological studies have identified risk factors
for prevalent UI, with prominent associations for increasing
age, body mass index (BMI) and vaginal child delivery. Data
from longitudinal studies provide more compelling evidence
by measuring development of UI over time [5]. For example,
the Nurses’ Health Study found that lower physical activity
levels, higher waist circumference, and postmenopausal hor-
mone use were associated with not only incidence but persis-
tence over an 8-year follow-up [6–8].

Prior epidemiological studies of UI incidence and persis-
tence are limited in two major respects: lack of data on UI
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treatment and on racially/ethnically diverse populations.Miss-
ing UI treatment data could result in biased estimates of the
natural history of UI (i.e. progression or remission) and con-
found associations with risk factors for persistence or inci-
dence. This is particularly of concern if treatments occurred
between baseline and follow-up study visits. In a prior analy-
sis, women with persistent UI were compared with women
never reporting UI [8]. Thus, the question of which factors
might predict persistence vs. remission among women with
UI remains unexamined. Furthermore, no study has included a
population-based random sample balanced by race/ethnicity
to allow more generalizable results.

The objectives of this analysis were to examine the inci-
dence and persistence of UI among women aged ≥30 years
from a population-based random stratified sample survey.
Furthermore, we aimed to identify predictors of UI status after
5 years of follow-up, particularly focusing on treatment and
various lifestyle, medical, and sociodemographic factors.

Methods

Study design and population

The Boston Area Community Health (BACH) Survey is an
observational cohort study designed to assess the epidemiol-
ogy of urologic symptoms in a racially/ethnically diverse
population-based sample. Using a stratified two-stage cluster
design, BACH recruited a random sample of 5,502 residents
(2,301 men, 3,201 women) aged 30–79 years from three
racial/ethnic groups in Boston, MA, USA. Participants com-
pleted an in-person interview at baseline (occurring between
2002 and 2005) and approximately 5 years later (2006–2010).
Completed follow-up interviews were obtained for 2,534
women from the 3,037 eligible for follow-up (not deceased,
incarcerated, on active military duty; or those medically in-
competent), resulting in a conditional response rate of 83.4 %.
Further details on the BACH study design have been pub-
lished [9]. All participants provided written informed consent.
The study was approved by the New England Research Insti-
tute Institutional Review Board.

Measurement of urinary incontinence and treatment status

During in-person interviews at baseline and follow-up, UI was
assessed by the question, “Many people complain that they
leak urine (wet themselves) or have accidents. In the last
12 months, have you leaked even a small amount of urine?”
Women who responded positively were then classified by the
frequency of their urine leakage. The analysis examined two
outcome classifications: (i) monthly, defined as urine leakage
occurring at least once per month in the past 12 months, and
(ii) weekly, defined as occurring at least once per week in the

past 12 months. To describe UI type, women were further
classified as having stress UI if they experienced involuntary
loss of urine on effort or physical exertion, urgency UI if they
experienced involuntary loss of urine associated with urgency,
mixed UI if they had both, and other if they had neither [4, 5,
10].

At both study visits, medication use in the previous 4 weeks
was collected by recording medication container labels and by
self-report using prompts for indication. Medication labels
and/or responses were coded using the Slone Drug Dictionary
[11], which classifies medications using a modification of the
American Hospital Formulary Service Pharmacologic–Ther-
apeutic Classification System. Drug treatment for UI was
defined as current use of any of the following: oxybutynin
chloride (Ditropan®), transdermal oxybutynin chloride
(Ditropan Transdermal®), tolterodine tartrate (Detrol®),
darifenacin hydrobromide (Enablex®); solifenacin succinate
(Vesicare®); trospium chloride (Sanctura®); fesoterodine fu-
marate (Toviaz®); propantheline bromide (Pro-Banthine®);
hyoscyamine (Levsin®). Medications for overactive bladder
(OAB) were included, as these are also prescribed for UI.
Surgical intervention was assessed by asking participants if
they ever had “surgery for incontinence (urine leakage).”
Participants self-reported use of pelvic floor strengthening
exercises, urination timing, and other treatments (pessary,
biofeedback, electric stimulation, acupuncture, and
homeopathy).

Statistical analysis

Descriptive analyses examined the change in UI frequency
between baseline and follow-up and prevalence at follow-up
among all women. To identify relevant predictors, separate
multivariate logistic regression models were created for inci-
dence and persistence. Analysis of incidence (UI present at
follow-up among women without UI at baseline) included the
2,059 women with no or rare (less often than monthly) UI at
baseline. Analyses of persistence (UI present at follow-up
among women with UI monthly or more often at baseline)
included the 475 participants with UI at baseline.

We examined various sociodemographic, medical, and
lifestyle factors (Table 3 footnote) plausibly related to UI
based on previous evidence. Initially, age-adjusted estimates
were obtained for each possible predictor. Variables associated
with UI outcome at P <0.20 in the age-adjusted model were
then included in a multivariate model to obtain adjusted OR
and 95 % CI for the association between variable and out-
come. Treatment indicators were then added to this model to
examine its influence at baseline or follow-up. Interactions
between race/ethnicity and other factors were tested in the
multivariate models, and exploratory analyses were stratified
by race/ethnicity to examine possible differences in predictors.
To account for missing data (<1 % of urological data),
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multiple imputation was performed in IVEware, generating 15
complete data sets, based on multivariate sequential regres-
sion [12]. To account for the multistage sampling design and
obtain population-generalizable estimates, data observations
were weighted inversely to their probability of selection at
baseline, adjusted for nonresponse bias at follow-up, and then
poststratified to the Boston census population in 2000. Anal-
yses were conducted in SAS v.9.3 (SAS Institute, Cary, NC,
USA) and SUDAAN v.11.0 (Research Triangle Park, NC,
USA).

Results

Mean ± standard deviation (SD) time between baseline and
follow-up assessments was 4.8 (0.6) years. Table 1 presents
changes in UI frequency between baseline and follow-up.
Prevalence of at least monthly or weekly UI increased slightly
over follow-up, from 19.7 % to 21.4 % for monthly and from
11.0 % to 13.4 % for weekly UI. Among women with weekly
UI at baseline, 41.7 % continued to report weekly UI at
follow-up, whereas 44.2 % had complete UI remission. Over-
all, remission was most common among women with leakage
two to three times a month (55.2 %). Although Hispanic
women less frequently reported urgency UI and more com-
monly reported stress UI (Table 2), racial/ethnic differences in
UI prevalence were not statistically significant.

Incidence of UI

Among the 2,059 women reporting no UI at baseline, inci-
dence of at least monthly was 14.1 % and of at least weekly
was 8.9 %. Table 3 presents select factors that were considered
in predictive models for UI incidence based on prior studies
and their associations in age-adjusted models (P <0.20). Fac-
tors associated with increased incidence of monthly or more
frequently UI were higher waist circumference, smoking,
having increased carbonated beverage intake by 2+ servings/
day over follow-up, depression symptoms, asthma, and
arthritis/rheumatism (age-adjusted P <0.05). In addition, for
more frequent (weekly or more often), low physical activity
and allergies were predictive. Race/ethnicity was not statisti-
cally associated with UI incidence in age-adjusted models;
however, upon adjustment for waist circumference and age,

black women had a lower odds of frequent UI compared with
white women (OR=0.54, 95 % CI 0.30–0.99, P =0.048).

In full multivariate models, waist circumference at baseline
was the most robust predictor (weekly UI, OR=1.03 per cm
increase, 95 % CI 1.01–1.05, P =0.01) and alone explained the
greatest variation in UI incidence. From the baseline mean
([standard error (SE)] of 89.6 (0.7) cm, mean change in waist
circumference was an increase of 6.7 (0.6) cm over the follow-
up period and was higher for women with smaller waist cir-
cumferences at baseline and for white compared with black and
Hispanic women. A larger increase in waist circumference over
follow-up was predictive of developing weekly UI (OR=1.03
per cm increase, 95 % CI 1.01–1.06, P =0.01) and had strong
positive associations with other factors, particularly lower phys-
ical activity, increased carbonated beverage intake, and pres-
ence of depression symptoms, asthma, or arthritis/rheumatism;
adjustment for waist circumference accounted for associations
between UI and most of these other factors. Because mean
waist circumference was higher among blacks vs. whites, the
inverse association between black race and incidence of weekly
UI was strengthened upon adjustment for waist circumference.
Age, smoking status, and allergies remained marginally signif-
icant as predictors of weekly UI.

Interactions between race/ethnicity and other factors in the
multivariate model were not statistically significant. In explor-
atory analysis stratified by racial/ethnic groups (data not
shown), the most significant predictors of weekly UI inci-
dence among white women were waist circumference (P =
0.003) and change in waist circumference (P =0.01). For
black and Hispanic women, current cigarette smoking, as well
as depression symptoms among Hispanic women, were most
statistically significant (P =0.01).

Persistence and regression of UI

Among the 475 women with UI at baseline, approximately
half reported UI persistence at follow-up: 51.0 % of women
with monthly or more frequent UI, 55.8 % with weekly or
more frequent UI. Excluding women (n =82) ever having
surgical or pharmaceutical UI treatment, the proportion with
monthly persistence was unchanged, but weekly persistence
was not significantly higher among untreated vs. treated wom-
en (58.2 % vs. 48.0 %, chi-square P =0.3).

Few factors were statistically significant predictors of per-
sistence (alternatively, regression, Table 4). Women with

Table 1 Change in frequency of
urinary incontinence between
Baseline and follow-up (N=
2,534) (percentages are row and
adjusted for age)

Follow-up urinary incontinence

Baseline (prevalence) None or < monthly 1–3 per month 1+ per week

None or < monthly (80.3 %) 85.9 % 5.2 % 8.9 %

1–3 times per month (8.7 %) 55.2 % 25.8 % 19.0 %

1+ times per week (11.0 %) 44.2 % 14.1 % 41.7 %
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depression symptoms or from the middle socioeconomic level
(vs. lowest) had approximately twice the odds monthly per-
sistence. Alcohol drinking (1+ vs. no drinks/day) was associ-
ated with two to three times the odds of persistence, although
CI were wide, e.g., for weekly or more frequent, OR=3.51,
95 % CI: 1.11–11.1. Similarly, marginally significant associ-
ations were observed for use of tricyclic antidepressants. No
associations between waist circumference, smoking status, or
race/ethnicity and persistence were found.

Treatment status

Figure 1 presents percentages for treatment and management
strategies among women with UI at baseline. Rates of prior
surgical intervention and current pharmaceutical treatment
were similar in patients reporting monthly (surgical 6.5 %,
medication 6.4 %) and weekly (surgery 10.6 %, medication
9.9 %) UI, with few patients having had both interventions.
Treatments at baseline were not strongly predictive of persis-
tence or remission. Results were similar for treatment reported
at follow-up (data not shown). Adjusting for treatment status
did not appreciably change results for factors associated with
persistence in the multivariate models shown in Table 3.

Only ten women with UI at baseline newly reported having
had surgery between baseline and follow-up; eight had com-
plete remission, whereas reported monthly UI. Meanwhile,
new use of UI medications between baseline and follow-up
occurred for 4 % of women (n =22 with monthly or more
frequent UI, n =16 with weekly or more frequent UI). Com-
pared with nonusers of medication at follow-up, new users
had the highest rates of remission of weekly UI (59.2 % vs
43.7 % who used medication at neither time point, 46.9 %
who used medication at baseline only, and 38.6 % who were

repeat users). Treatments other than medication, surgery,
timing, or pelvic floor strengthening exercises were rare
(<3 %) and were most commonly used at follow-up among
women with persistent UI. Of the women without UI at
baseline, 34 (1.3 %) reported previously receiving surgery;
ten reported UI at follow-up (six at least weekly). A total of 17
women without UI at baseline reported having had surgery
between baseline and follow-up; most (12 of 17) reported no
UI at follow-up.

Discussion

This longitudinal, population-based study of women confirms
certain results from prior studies of UI incidence and persis-
tence and provides novel findings regarding treatment status
and waist circumference gains over time. In general, risk
factors for newly developing UI (incidence) differed from
those for having persistent UI over 5 years of follow-up.
Higher baseline and greater increases in waist circumference
over follow-up were robust predictors of UI incidence. Per-
sistence was most strongly associated with alcohol intake and
marginally with depression symptoms or midsocioeconomic
level. Of note, UI treatments had little impact on overall rates
persistence or remission and did not affect associations for
other risk factors.

This is the first generalizable population-based study using
a racially/ethnically balanced design to examine changes in UI
status and persistence over time. Compared with other epide-
miological investigations, a unique strength of this study is its
detailed data on medications and other treatments. This ad-
dresses the criticism of most previous epidemiological studies
in which the potential effects of treatment status were

Table 2 Prevalence (%) urinary
incontinence (at least once per
month) at follow-up, overall, and
by race/ethnicity

Race/ethnicity chi-square P=
0.62; type of incontinence by
race/ethnicity P =0.10; duration
of incontinence by race/ethnicity
P=0.25. For weekly urine leak-
age (data not shown), age P-
trend=0.004; race/ethnicity
P =0.99; type of incontinence by
race/ethnicity P =0.23; duration
of incontinence by race/ethnicity
P=0.44

Overall (n=2,534) Black (n=840) Hispanic (n=850) White (n=844)

Total 21.4 20.1 16.9 22.9

Age (years) category

<40 18.3 23.5 8.6 18.2

40-49 14.8 12.4 17.3 15.4

50-59 23.1 24.5 16.3 23.7

60-69 30.0 21.7 19.9 34.5

70+ 26.2 27.0 35.0 25.4

p-trend 0.002 0.20 0.06 0.02

Type of incontinence at follow-up

Stress 19.6 15.4 30.9 19.7

Urgency 18.5 22.0 14.5 17.5

Mixed 33.8 41.3 40.7 29.4

Other 28.2 21.3 13.9 33.4

Duration of incontinence (years)

<1 26.7 28.4 50.7 22.3

1–5 46.5 49.7 33.0 47.2

>5 26.8 21.9 16.3 30.5
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unknown. Our results show that the rate persistence was only
marginally higher among women who had not received sur-
gical or pharmaceutical treatment compared to the total sam-
ple. This was likely due to the low overall rate of treatment,
which made a relatively small impact on population level rates
of persistence and remission, despite treatment efficacy in
some patients. Given relatively low rates of surgery and

medication in the general population [13, 14], these findings
reinforce epidemiological studies lacking treatment data.

In addition, among the subgroup of women who had re-
ceived treatment at baseline, the proportion with persistent UI
at 5-year follow-up was similar to that with remission. It is
possible that a lack of treatment benefit was due to more
severe UI among these patients, who were concurrently using

Table 4 Associations between baseline characteristics and persistence of urinary incontinence (UI) among women with at least monthly (N =475) or
weekly (N =271) UI at baseline

Persistence of at least monthly Persistence of at least weekly

Age adjusted Multivariate adjusted Age adjusted Multivariate adjusted

OR (95 % CI) P OR (95 % CI) P OR (95 % CI) P OR (95 % CI) P

Age (years) 1.01 (0.98–1.03) 0.64 1.01 (0.99–1.04) 0.30 1.01 (0.97–1.04) 0.66 1.01 (0.97–1.04) 0.67

Socioeconomic statusa 0.08 0.04 0.13 0.12

Low 1.00 1.00 1.00 1.00

Middle 1.82 (0.90–3.71) 0.10 2.35 (1.07– 5.16) 0.03 2.61 (0.99–6.85) 0.052 2.19 (0.80– 5.99) 0.12

High 0.84 (0.36–1.95) 0.68 1.14 (0.48– 2.74) 0.77 1.29 (0.42–4.00) 0.66 0.85 (0.28– 2.59) 0.77

Alcohol drinking 0.19 0.15 0.08 0.10

0 1.00 1.00 1.00 1.00

<1 drink/day 1.38 (0.71–2.69) 0.35 1.35 (0.68–2.67) 0.39 1.47 (0.6–3.63) 0.40 1.38 (0.56–3.41) 0.48

1+ drinks/day 2.32 (0.93–5.79) 0.07 2.52 (0.99–6.46) 0.053 3.56 (1.17–10.83) 0.03 3.51 (1.11–11.10) 0.03

Depression symptoms 1.91 (0.94–3.87) 0.07 2.39 (1.14–5.02) 0.02 — — —

Tricyclic antidepressants 3.19 (1.13–8.99) 0.03 2.88 (0.95–8.73) 0.06 2.91 (0.81–10.43) 0.10 3.44 (0.89–13.24) 0.07

Beta receptor agonists 1.76 (0.78–3.99) 0.18 1.80 (0.79–4.08) 0.16

Table presents all variables significant at P <0.20 level in an age-adjusted model. The multivariate-adjusted model refers to the model that then
simultaneously adjusted for relevant factors, including an indicator variable for currently pregnant (N =5). All variables presented either in Table 1 or the
footnote of Table 1 were considered as predictors of persistence or remission but are not presented or included in these models because of a lack of
association (P ≥0.20)
OR odds ratio, CI confidence interval
a Socioeconomic status was calculated using a composite measure of education level and household income

Fig. 1 Treatment use and
persistence or remission among
women with urinary incontinence
(UI) monthly or more frequently
(N =475) or weekly or more
frequently (N =271) at baseline.
Treatments reported as “other”
included pessary, biofeedback,
electric stimulation, acupuncture,
and homeopathy
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medications and experiencing UI at baseline. For women who
previously underwent surgical treatment, efficacy may have
decreased over time, resulting in recurrence [15]. Alternative-
ly, one subtype (e.g., stress UI) may have resolved and another
(e.g., urgency UI) developed or persisted.

The importance of waist circumference for UI incidence is
consistent with prior studies, which identified weight, weight
gain, BMI, and central adiposity as risk factors [16–19].
However, to our knowledge, this is the first study to report
that greater increases in waist circumference over time are
positively associated with newly developing UI, particularly
frequent UI. It is biologically plausible that increased waist
circumference increases the weight load on the abdomen and
pelvic floor, which increases bladder pressure and urethral
mobility, thereby facilitating leakage. Data from a randomized
trial of a behavioral weight-loss program among overweight/
obese women with UI showed that women in the intervention
arm (with mean 8.0 % weight loss) had a significant reduction
in both stress and urgency UI at 6-months follow-up [20].
However, the study did not examine waist circumference
changes or the relative contributions of increased physical
activity and reduced caloric intake. Although a role for phys-
ical activity or diet in the development of UI is plausible
[21–23], the evidence to date suggests that weight, particularly
central adiposity, is more relevant.

An interesting finding from our exploratory analyses was that
although waist circumference was relevant for all racial/ethnic
subgroups, it was a highly significant predictor of UI incidence
for white women only. This may be related to the fact that there
was more variation in both baseline and change in waist circum-
ference among white women compared with black and Hispanic
women, and the mean increase over follow-up was largest
among white women. Among black and Hispanic women, cur-
rent smoking, and amongHispanics, depression symptoms, were
more statistically significant for developing weekly UI. Further
research is needed to understand mechanisms in which smoking
and depression may contribute to development of UI and wheth-
er these associations are causal. Of note, predictors of persistent
UI were similar across the racial/ethnic subgroups.

For women with UI, our results indicate that alcohol intake
may contribute to its persistence. This finding is consistent
with results from the Nurses’ Health Study [8], though a
precise mechanism of action remains to be identified. Numer-
ous studies indicate that UI is associated with decreased QoL
[2, 3, 24], but few studies have focused specifically on de-
pression [24].We found depression symptomswere predictive
of persistence of occasional but not weekly UI. Tricyclic
antidepressants have been used to treat UI; therefore, the
association with persistence may reflect treatment rather than
a risk factor. Further research is also needed to understand
mechanisms behind the finding that women of midlevel so-
cioeconomic status had the highest odds of persistent UI. This
was an unexpected finding, because previous analyses of

baseline BACH data showed no socioeconomic status differ-
ences in prevalence [4] or treatment seeking for UI [13], and
the Reproductive Risks for Incontinence Study in Kaiser
found no associations between education or income and pro-
gression or persistence of UI [18]. Furthermore, although
black women were at lower odds of developing weekly UI,
there were no racial/ethnic differences in persistence of UI.

A limitation of this study is that the 5-year duration be-
tween baseline and follow-up may have missed brief episodes
of UI, interim changes in severity, and interim changes in
medication use. Although the study was sufficiently powered
to analyze incidence, analysis of persistence of weekly UI had
fewer women, which may be why few significant predictors
were observed. For accurate assessments of medication effi-
cacy and outcomes, multiple assessments of UI shortly before
and after starting treatment would be helpful. Also, data on
surgical treatment were self-reported and lacking detailed
information on type of surgery, e.g., sacral neuromodulation
or other techniques. Lastly, three new treatments for urgency
incontinence have recently been approved: mirabegron, per-
cutaneous tibial nerve stimulation, and botulinum toxin A
(Botox®) intradetrusor injections; it is unclear whether these
results apply to new medications.

In conclusion, this population-based observational study of
women of Hispanic, black, and non-Hispanic white
race/ethnicity found that the most robust predictor of newly
developing UI among all women was increasing waist cir-
cumference over time. However, among women with UI at
baseline, waist circumference was not predictive of persis-
tence. UI treatments had little impact on overall rates of
persistence or remission and did not affect associations for
other risk factors. Finding that risk factors for incidence dif-
fered from those for persistence suggests a need to establish
distinct public health messages for UI prevention, particularly
regarding avoiding abdominal weight gain.
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