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Abstract
Introduction and hypothesis Urinary incontinence (UI) has recently been associated with increased mortality. This observation
deserves consideration, since UI is a frequent condition. Shared risk with cardiovascular disease and UI could offer part of the
explanation.
Methods In this narrative review, we explore the association between UI and some cardiovascular risk factors: obesity, diabetes,
high blood pressure, tobacco smoking, alcohol, and caffeine intake. We also review the benefit of cardiovascular risk manage-
ment on bladder health.
Results Bladder function is affected bymany cardiovascular risk factors. They can be protective or detrimental. Obesity, diabetes,
and, to a lesser extent, high blood pressure and cigarette smoking have been associated with UI in different settings, precede new
onset UI in longitudinal studies, have a dose effect, and have a biologic mechanism linked with UI. Thus, UI could be considered
a possible consequence of metabolic syndrome. Furthermore, prevention programs aimed at decreasing weight, quitting
smoking, healthy diet, and increasing physical activity have resulted in a decreased incidence, prevalence, and severity of UI.
Conclusions Knowing the association among UI, cardiovascular risk factors, and mortality should encourage UI screening in the
population as well as cardiovascular risk factor screening among patients with UI. The secondary benefit for UI could be an
important motivator for increasing adherence to cardiovascular prevention programs.
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Introduction

Urinary incontinence (UI) is frequent, estimated to affect 423
million individuals worldwide in 2018 [1]. Incontinent patients
have a poorer quality of life, lower work productivity, and
higher risk of suffering from major depressive disorder [2, 3].
They have a higher risk of being institutionalized and utilize
medical services at a higher rate than patients not suffering from
UI [4, 5]. Thus, UI has a considerable impact on everyday life
and places a burden on caregivers and healthcare systems.

Since 1950, UI has been pointed out as a possible marker of
poor outcome and death [6]. Godfarb first observed that in an
institutionalized geriatric population, only 3% of the incontinent
patients were still alive at the end of the study compared with

25% in the control group. He concluded that UI is one of the
indicators of high mortality [6]. This unexpected association has
been recently confirmed in twometa-analyses: after a new-onset
stroke [7] and in the general population [8]. Although caution
must be taken with meta-analyses of observational studies, re-
peated observation in different settings, a large effect that per-
sists in pool analysis adjusted for confounders, and a dose-
response effect (mortality increasing with the severity of UI)
support a real association. However, a fundamental point must
be resolved: How could urine leakage be associated with death?

Many components of metabolic syndrome may impact the
continence mechanism. Gacci et al. found that men with lower
urinary tract symptoms (including UI) have 68% higher odds
of suffering from major adverse cardiac events [9]. Thus, the
apparent highmortality among patients suffering fromUImay
be concealed by its association with cardiovascular diseases.
This hypothesis deserves to be explored since it could poten-
tially impact public health strategies. In this narrative review,
we aim at summarizing the available evidence on the associ-
ation between UI and each cardiovascular risk factor as well as
alcohol and caffeine intake. We also review the benefit of
cardiovascular risk management on bladder health.
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Methods

Studies of interest were searched in MEDLINE, using
Medical Subject Headings keywords “urinary incontinence”
AND “risk factors” AND “any individual risk factor”
(smoking, high blood pressure OR hypertension, obesity OR
overweight, cholesterol, caffeine, alcohol) without year limi-
tation. To give a general idea of the available evidence, a
semiquantitative summary of the number of positive longitu-
dinal and cross-sectional studies was built for each factor. The
cross-sectional studies were arbitrarily separated based on the
number of included patients (< 1000, 1000–5000, and > 5000
patients). As indirect information, the association between UI
and comorbid conditions classically associated with cardio-
vascular risk factors [heart disease, chronic obstructive pulmo-
nary disease (or cough), stroke, and dementia] was also noted.

Results

Association between cardiovascular risk factors
and urinary incontinence

Body weight

Obesity is a universally acknowledged risk factor for UI [urge
UI (UUI), stress UI (SUI), and mixed UI (MUI)] (Table 1).
Obesity increases abdominal pressure and thus results in

supplementary stress on the bladder closure system [10].
Other mechanisms, such as insulin resistance or oxidative
stress, may also play a role in impairing the pelvic floor and
detrusor muscles by causing vascular damage [11].

Compared with patients with a normal body mass index
(BMI < 25), overweight patients (BMI 25–30) are more likely
to report UI, and this risk is greatest for obese patients (BMI >
30) [11]. In large population-representative samples (e.g.,
NHANES [12], Nurses Health Study [13, 14], EPINCONT
[15]), obesity increases the odds of suffering from UI by
50% to 350%, and the association persists in analyses that
control for potential confounding factors [11].

In prospective studies, patients continent for urine at base-
line are at increased risk for developing new-onset UI if they
increase their BMI or waist circumference in the follow-up
evaluations [10, 16, 17]. Similarly, patients already suffering
from UI are more prone to progression of their UI with in-
creasing weight/BMI [10, 16, 17].

Diabetes

Type II diabetes mellitus (DM) has a growing epidemiology
that parallels obesity. Many cross-sectional studies in various
populations have found high prevalence of UI in diabetic pa-
tients (Table 1). Similarly, compared with normal glucose tol-
erance, pre-diabetic states have been shown to increase the
risk of UI [18]. The odds ratio for reporting UI in large sample
studies ranges between 1.1 and 2.3 [61, 60]. Furthermore,

Table 1 Semiquantitative summary of published evidence for the association between urinary incontinence (UI) and cardiovascular risk factors, some
related comorbid conditions, and alcohol and caffeine consumption

Potential risk factor Cross-sectional studies Prospective studies Total number of published studies and
proportion of positive studies (+) *

< 1000 pts 1000–5000 pts > 5000 pts

Cardiovascular risk factors

BMI/obesity ++++ ++++ +++ +++ > 100 90%(+)

Diabetes +++ ++++ ++ ++ > 60 75% (+)

Smoking ++ ++ ++ + > 50 50% (+)

Hypertension ++ ++ + + > 20 50% (+)

Associated comorbid conditions

Heart disease ++ + + + > 20 50% (+)

COPD/cough +++ +++ ++ + > 30 90% (+)

Stroke ++ ++ + ++ > 20 75% (+)

Dementia ++ + + + > 10 100% (+)

Alcohol and caffeine consumption

Alcohol + + + + > 20 50% (+)

Caffeine + + + + > 10 50% (+)

The approximate number of positively associated cross-sectional and prospective studies is given for each factor. The total number of available studies in
PubMed and the proportionwith a positive association (+) is also given. Cross-sectional studies are stratified by study size. +: 1–5 publications; ++: 5–10
publications; +++: 10–20 publications; ++++: > 20 publications where the factor is associated with UI. The number of studies may includemore than one
publication on the individual cohort

BMI: body mass index; COPD: chronic obstructive pulmonary disease; pts.: patients; UI: urinary incontinence
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incontinent diabetic patients have more frequent and heavy
episodes of urine leakage compared with incontinent patients
without DM [19–21].

Compared with non-diabetic patients, continent diabetic
patients have a higher incidence of new onset UI over time
(mostly UUI) [10, 14]. A new diagnosis of DM in the follow-
up interval is associated with a 50% increased hazard of suf-
fering from new weekly or daily incontinence [10]. In a large
prospective study, gestational diabetes increased the risk of
suffering from all types of post-partum UI (particularly UUI
and MUI) [22].

Diabetic cystopathy affects up to 40–80% of diabetic pa-
tients and results from alteration of the detrusor muscle
microarchitecture and function, secondary to microvascular
damage [23]. With long-standing DM, autonomic neuropathy
impairs bladder function. In addition, recurrent urinary tract
infection and osmotic diuresis induced by hyperglycemia may
result in urinary symptoms and UI. UUI and overactive blad-
der are the clinical expression of these mechanisms.
Gestational diabetes increases SUI risk by increasing both
the maternal risk of complications and weight of the fetus.

High blood pressure

The association between high blood pressure (HBP) and uri-
nary incontinence is less well established than that between UI
and DM or obesity (Table 1). The odds of having UI are
increased by up to 50% for patients with HBP, but higher
unadjusted effects have been published, for example, in a
population-based survey in Taiwan (OR: 1.8; CI: 1.5–2.3)
[24]. The effect persists after adjustment for many con-
founders [25].

In a large British population-representative cohort at the
age of 68 years, HBP assessed 4 to 8 years before increased
the prevalence of UUI at age 68, and the association persisted
after adjusting for sex, SUI, and previous stroke [26].
However, the statistical significance was lost after adjusting
for other vascular risk factors (DM, smoking). Baseline HBP
increased the odds of suffering from new-onset UUI in the
Nurses Health Study [10] and, for pregnant women, of suffer-
ing from postpartum incontinence [22]. No studies explored a
dose-response effect for blood pressure.

Smoking and high blood cholesterol

The association between tobacco smoking and urinary incon-
tinence is very weak (Table 1). According to cross-sectional
studies, tobacco could have a large impact on UI prevalence
[27], play no role [28], or even have a protective effect [10].
Smoking at baseline was not associated with incident UI in
most longitudinal studies, except in three small studies
[29–31]. However, in the EPINCONT study [15], the authors
found a dose-response effect when comparing heavy (> 20

cigarettes per day) other smokers (< 20 cigarettes per day).
The effect on the prevalence of UI (SUI, UUI, and MUI) was
seen among current and former smokers, but was more evi-
dent for severe UI, and was independent of potential con-
founding factors (age, parity, coughing, or dyspnea). The in-
creased risk for former smokers compared with never
smokers, also seen in the Nurses Health Study II, could high-
light a remaining effect after quitting smoking or could be
explained by the fact that incontinent patients are more prone
to quit smoking [14, 15].

Blood pressure and smoking impact the lower urinary sys-
tem by altering the vascular/microvascular supply to the blad-
der and pelvic muscle. HBP has been associated with some
bladder receptor dysfunction [32]. Tobacco has an anti-
estrogenic effect and impairs collagen synthesis [33].
Smoking can also increase abdominal pressure secondary to
pulmonary-related disease and/or coughing (Table 1). Blood
lipids have not been extensively studied, but may play a role in
prostatic inflammation resulting in hyperplasia and urologic
symptoms [9].

Alcohol consumption

Alcohol is a diuretic and might increase detrusor instability.
Earlier in vivo and in vitro animal studies in rats showed that
ethanol impairs detrusor contractility with a dose-dependant
effect [34]. However, another animal study found decreased
oxidative stress among diabetic rats exposed to moderate al-
cohol consumption [35] and ethanol-mediated relaxation of
smooth muscle of the bladder that adapts to alcohol-induced
diuresis [36]. Thus, alcohol could have beneficial and detri-
mental effects on the bladder.

The association between alcohol consumption and UI is
unsolved. A rapid search of the scientific literature reveals
equivalent numbers of studies with and without an effect of
alcohol on UI (Table 1). In the LookAHEAD study, the OR of
any UI increased by 1.06 (CI: 1.00–1.12; p < 0.05) for any
increase in the number of drinks per week in adjusted analysis
[37]. Kincade et al. found greater urine loss for those partici-
pants who drink alcohol [38]. Nevertheless, the association
between UI and alcohol consumption was lost after adjusting
for confounders in other studies [39]. Furthermore, a protec-
tive effect of moderate alcohol drinking was seen in a small
cross-sectional study among men [40]. Similarly, results from
Bortolotti et al. suggest an unadjusted trend of decreasing
prevalence of UI with an increasing number of alcoholic
drinks per week and for a large range of alcoholic consump-
tion, but the tests did not reach the statistical threshold [41].

In a longitudinal study, alcohol consumption was associat-
ed with a decreased likelihood of resolving UI [17]. Alcohol
consumption at baseline was associated with post partum UI
for pregnant women, but the association disappeared in ad-
justed analysis [42].
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Alcohol has a J-shaped association with mortality; 1–2
drinks per day has the greatest impact on reduction of cardio-
vascular and all-cause mortality, but higher intake increases
the risk of death [43]. The risk of dying for patients suffering
from alcohol use disorders is three- to fourfold that of the
general population [44].

Caffeine consumption

Caffeine has diuretic properties, and low doses can cause tran-
sient contraction of the detrusor muscle, which might favor UI
episodes [45]. A few cross-sectional and three prospective
studies explored the association between caffeine consump-
tion and UI (Table 1). Consumption of two daily cups of
coffee or more (250 mg per day) is associated with an in-
creased risk of suffering from moderate to severe UI [28]. In
the large prospective NHS II, among 65,176 women continent
for urine, the risk of developing UI was only seen when com-
paring women with the highest (450 mg) to the women with
the lowest consumption of caffeine [46]. The association was
obvious for UUI, but not for SUI or MUI. The quantity of
caffeine drunk correlates with the volume of urine loss and
the number of episodes of leakage [38]. However, the evi-
dence is sparse, and studies show conflicting results.
Caffeine could even have a protective effect on UI [47].

In a dose-response meta-analysis of prospective studies, the
association between mortality and caffeine consumption had a
non-linear association. Consumption of three cups per day
offered the largest risk reduction for cardiovascular mortality
(21%, CI: 16–26%) [48].

How management of cardiovascular risk factors
impacts bladder health

Isolated intervention

Weight loss has a protective effect on the risk of developingUI
[49]. A decrease in BMI (≥ 5%) over a 3-year period is asso-
ciated with a lower risk of persistent or new SUI [50].
Furthermore, weight loss can improve symptoms for patients
suffering fromUI. In a meta-analysis of randomized studies of
UI in obese or overweight patients, the intervention group
(weight loss) achieved a greater proportion of cure or im-
provement [45]. However, considering the cure rate alone,
the analysis did not reach the statistical threshold. In one study
among obese patients, bariatric surgery resulted in an effective
weight loss at 1 year and a dramatic decrease in UI prevalence
for women (49.3% before and 18.3% after surgery) and men
(21.8% before and 9.8% after surgery) [51]. The differences
were still significant after 3 years.

Tight control of glycemia might prevent incident UI by its
beneficial impact on microvascular and neurologic complica-
tions of diabetes [52]. In a prospective study of women with

type I DM, in a multivariable logistic regression adjusted for
age, BMI, daily insulin dose, parity, hysterectomy, autonomic
neuropathy, and infection, long-term poor glycemic control
was associated with an increased risk of UI (OR: 1.03; CI:
1.01–1.06) per mmol/mol increase in HbA1c) [52]. For type II
DM, the beneficial effect of tight glycemic control is less
evident, possibly blurred by the frequent comorbid conditions
that influence the risk of UI (obesity, HBP, etc.). Links be-
tween HbA1c and UI were suspected in small cross-
sectional studies [53]. However, many larger and prospective
reports failed to highlight any single biochemical determinant
of diabetes that could be clearly associated with the risk of UI
(duration of DM, drugs used, HbA1c) [21, 54]. In the National
Health and Nutrition Examination Survey (NHANES),
among women with intermediate-range HbA1c (HbA1c 6.5–
8.5%) and after adjusting for age and BMI, each 1% increase
in HbA1c was associated with a 13% increase in the risk of
any incontinence (CI: 1.03–1.25) and a 34% (CI: 1.06–1.69)
increase in the risk of stress incontinence [18]. This was not
found for poorly controlled diabetes (HbA1c > 8.5%). In a
second analysis of the same population, biochemical markers
of type II DM, plasma glucose, and HbA1c were all associated
with SUI and UUI [12]. However, the association was con-
founded by BMI and was not statistically significant after
adjustment. Nevertheless, diabetic neuropathy is a microvas-
cular complication dependent on tight glycemic control, and
macrovascular complications have all been associated with UI
[20, 55, 56].

There is no trial of smoking cessation that focuses on the
effect on UI. However, past smokers have a persistent risk of
suffering from UI. In some studies, the prevalence is equal to
or even higher than that of current smokers. Therefore, it
seems unlikely that intervention on cigarette smoking could
have a significant impact on UI treatment/prevention in the
short term. Nevertheless, a persistent and higher prevalence of
UI patients in the past smoker group may indicate that incon-
tinent patients are more prone to quit smoking. Furthermore,
cough and cigarette-related heart or pulmonary disease in-
creases UI risk and could be prevented by quitting smoking.

Three studies assessed the effect of caffeine intake reduc-
tion on UI, and all showed no statistically significant changes
in the number of UI episodes [45]. No studies to date have
explored an intervention to reduce alcoholic beverage intake
with a focus on UI as an outcome.

Integrated intervention

In a randomized controlled study of prediabetic obese women,
intensive lifestyle modification (healthy diet, increased exer-
cise, quitting smoking, losing weight) resulted in a lower risk
of suffering from any UI compared with the metformin treat-
ment group or the placebo group [49]. The number needed to
treat was 12 to prevent one SUI over 3 years and 20 to prevent
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one UUI. Weight loss, increased exercise, and less incident
diabetes explained 35% of the effect, which was mostly driven
by decreased BMI [49].

In a randomized controlled study of diabetic obese men,
intensive lifestyle modification (aimed at losing weight,
healthy, low calorie diet, and increased exercise) resulted in
a lower risk of suffering from any UI compared with the sup-
port and education alone group [57]. After 1 year, the preva-
lence of UI in the intervention group dropped from 11.3% to
9.0%. Comparedwith controls, UI participants in the interven-
tion group had a greater chance of resolving their UI (OR: 1.9;
CI: 1.0–3.6).

Finally, for 380 older men continent for urine, self-
identified as sedentary, and enrolled in a physical activity trial,
the increase in physical performance was independently asso-
ciated with a lower risk of incident UI at 1 year [29].

Discussion

Bladder function is affected by cardiovascular risk and life-
style. These factors can be protective or can precipitate/
exacerbate bladder conditions. Obesity, diabetes, and, to a
lesser extent, HBP and cigarette smoking have been associat-
ed with UI in different settings (constituency), precede new
onset UI in longitudinal studies (temporality), have a dose
effect (biologic gradient), and have a biologic mechanism
linked with UI (plausibility), facts arguing for causality [58].
Thus, UI should be considered a possible consequence of
metabolic syndrome, as obstructive sleep apnea and polycys-
tic ovary syndrome are.

In the previously mentioned meta-analysis, pooled analysis
of models adjusting for cardiovascular factors revealed a per-
sistent but attenuated effect of UI on mortality. Although this
could translate into the presence of other potential hypotheses
linking UI and death, under-adjustment is plausible. A pro-
spective study should account for a dose effect between some
factors and the risk of UI and between the factors and mortal-
ity (e.g., BMI, HbA1c, smoking, alcohol consumption).

Knowing the link among UI, cardiovascular disease, and
death could have three potential public health benefits. First,
cardiovascular risk screening and risk management should be
offered to all UI patients. In many instances, intervention for
bladder health (weight loss programs, exercise) will also result
in an indirect decrease in mortality. Second, UI is a frequently
overlooked condition. Health providers recognize limited
competence, and few are aware of the possible dramatic con-
sequences of UI. Patients are reluctant to talk about UI.
Dedicated information centered on UI’s unfavorable out-
comes that parallel cardiovascular disease would help patients
recognize UI as a health problem that needs to be solved and
might change priorities for care providers. Finally, prevention
programs aimed at decreasing weight, quitting smoking,

healthy diet, and increasing physical activity have all resulted
in a decreased incidence, prevalence, and severity of UI. Such
an impact on bladder health will certainly add to motivation of
patients to adhere to “unpopular” lifestyle modification pro-
grams (mainstay of cardiovascular preventive medicine).
Indeed, aiming at a possible control of urinary leaks is prob-
ably easier to appreciate for patients than aiming at a con-
trolled blood pressure or lipid profile (although it has impor-
tant health issues). Besides, patients with UI have been shown
to better benefit from some interventions to prevent important
health burdens, like in the case of the fall prevention program
[59].

This article has many limitations. First, although it tried to
give a realistic picture of the available evidence to link cardio-
vascular factors and UI, this work is not a systematic review. It
explored only one database, without strict criteria for data
extraction or study quality rating. Second, most studies includ-
ed in this review used a cross-sectional design, where the
sequential relationship between the supposed risks factor and
UI cannot be made, and thus can only suggest a possible
association. Furthermore, studies generally included mostly
women. Thus, an association between risk factors and UI in
men is less well established. Finally, some studies explored
only risk factors for a specific subtype of UI: urge UI (UUI),
stress UI (SUI), or mixed UI (MUI). Furthermore, the defini-
tion used varied across studies.

The observation of a higher cardiovascular disease and
mortality risk among patients with UI should raise awareness
among patients and care providers in order to better identify
urinary complaints and offer treatment.
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