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Methods: Fifty-one people aged 18 to 50 years with relapsing-remitting MS and mild-to-moderate
disability (Expanded Disability Status Scale score ≤6.0) completed a self-report questionnaire regarding
urinary incontinence, urgency, and frequency at baseline and then prospectively recorded their falls daily
for 3 months using fall calendars. Participants were classified as recurrent fallers (two or more falls) or
nonrecurrent fallers (fewer than 2 falls) for one regression model and then as fallers (one or more falls) or
nonfallers (no falls) for another regression model. Associations between baseline bladder dysfunction and
faller status were assessed using logistic regression adjusted for the potential confounders of age, sex, and
disability.
Results: Fifteen participants were recurrent fallers, 36 were nonrecurrent fallers, 32 were fallers, and 19
were nonfallers. After adjusting for age, sex, and disability, there was a significant association between urinary urgency with incontinence and recurrent falls in the 3 months after baseline (odds ratio, 57.57; 95%
CI, 3.43-966.05; P = .005).
Conclusions: Urinary urgency with incontinence is associated with recurrent falls in people with relapsingremitting MS with mild-to-moderate disability. Further research is needed to better understand the mechanisms underlying this association and to evaluate the effect of bladder management programs on falls. Int
J MS Care. 2017;19:184–190.
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alls are common in people with multiple sclerosis (MS), with many studies demonstrating
more than 50% of people with MS falling in a
3- to 6-month period.1,2 Falls are associated with loss
of confidence in walking, reduced quality of life, injuries, and possibly death.2-4 Ascertaining the risk factors
for falls in people with MS, particularly the reversible
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ing fall prevention interventions and for optimizing the
content of these interventions. Bladder dysfunction is
also common in MS.5 Demyelination of the complex
neural circuitry responsible for urine storage and release,
via urinary sphincter and bladder detrusor muscle contraction and relaxation, can cause a range of bladder
symptoms, including urinary frequency, urgency, and
incontinence.6-8 Bladder dysfunction is associated with
falls in older adults.9-11 Bladder dysfunction may be associated with falls because it is a marker for other fall risk
factors, such as declines in other physical or cognitive
functions or overall frailty. It is also possible that bladder
dysfunction directly contributes to falling, particularly
with urgency and fear of incontinence making people
move more quickly than is safe. Despite the high prevalence of bladder dysfunction and falls in people with
MS, the known association between these problems in
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Background: Bladder dysfunction and falls are common in people with multiple sclerosis (MS), but
associations between these problems are unclear. We sought to clarify the association between specific types
of bladder dysfunction and prospectively recorded falls in people with MS.

Bladder Dysfunction and Falls in MS

a faller as someone who fell only once or more. Because
people who have recurrent falls may have different characteristics than those who fall at least once,1 it is possible
that there may be different associations between bladder
dysfunction and falls in these two groups.
In addition to conflicting results, no study published
to date has evaluated whether specific urinary symptoms are associated with future falls in people with MS.
The purpose of the present study was to clarify the possible association between baseline urinary symptoms
and future falls, including one or more falls and recurrent (two or more) falls and to identify whether specific
urinary symptoms, including incontinence, urgency,
and frequency, are associated with future falls in people
with MS.

Methods
Participants
Participants were recruited to this longitudinal observational cohort study of fall risk factors in MS from
outpatient MS clinics in the VA Portland Health Care
System (VAPORHCS) and Oregon Health and Science
University (OHSU) multiple sclerosis clinics and from
the surrounding community using flyers, advertisements
at educational programs, and referrals from clinicians, as
previously reported.17 Of an estimated 1400 people with
MS receiving care annually in these clinics, 112 agreed
to participate in the study, and 55 provided informed
consent and satisfied the criteria for this analysis. Of the
eligible individuals, four were excluded from this analysis because they had incomplete fall calendars, resulting
in 51 people with relapsing-remitting MS (RRMS)
being included in this analysis (Figure 1). This study
was approved by the VAPORHCS and OHSU institutional review boards. All participants provided written
informed consent to participate.
The inclusion criteria for this analysis were a physician-confirmed diagnosis of MS18; RRMS subtype;
mild-to-moderate disability due to MS (EDSS19 score
≤6.0); no relapse within 30 days of baseline; able to
understand and consent in English; and complete data
available. Age was limited to 18 to 50 years to minimize
causes of falls other than MS. In addition, individuals
were excluded if they had balance or gait affected by a
condition other than MS, were not able to walk 100 m,
could not comprehend English, or were blind.
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older adults, and a rationale for an association in people
with MS, studies examining the association of bladder
dysfunction with falls in people with MS are limited and
have yielded conflicting results.2,12-16
Four studies found an association between retrospectively counted falls and urinary symptoms in people with
MS. Finlayson et al.12 observed statistically significant
associations between urinary incontinence and one
or more falls occurring 6 months before baseline in a
cohort of 1089 older adults with MS. Matsuda et al.14
found associations between urinary incontinence and
one or more falls and between urinary incontinence and
multiple falls occurring 6 months before baseline in a
cohort of 474 patients with MS. In a study of 92 ambulatory adults with MS, Sung et al.15 reported that those
with urinary bladder problems that they described as
severe experienced more falls in the previous 3 months,
independent of imbalance and walking speed. Sosnoff
et al.16 reported that in 52 ambulatory adults with MS,
the bladder/bowel subscale score of the Expanded Disability Status Scale (EDSS) was associated with falls in
the previous 12 months. Although the results of these
studies all suggest that bladder dysfunction, particularly
incontinence, is associated with falls, they are limited by
restricted assessment of bladder symptoms and by assessing falls retrospectively only. The present study attempted to overcome these limitations by assessing multiple
aspects of bladder symptoms, including incontinence,
urgency, and frequency, and by assessing falls prospectively, the current gold standard approach.
Of the two previously published studies evaluating
the relationship between prospectively counted falls
and urinary symptoms only one found a significant
association. Gunn and colleagues13 found, in a cohort
of 148 ambulatory (EDSS score of 3.5–6.5) people with
MS aged 33 to 84 years, that those with regular or frequent urinary incontinence were at significantly greater
odds of being a faller in the 3 months after baseline than
were those with no or occasional urinary incontinence.
However, Nilsagård and colleagues2 found no significant
association between baseline urinary incontinence and
falling in the 3 months after baseline in a cohort of 76
ambulatory (EDSS score of 3.5–6.0) people with MS
aged 25 to 75 years. This discrepancy in findings could
be because Gunn et al. defined a faller as someone who
fell two or more times, whereas Nilsagård et al. defined
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recurrent fallers if they fell two or more times or as nonrecurrent fallers if they fell once or not at all. Participants
were also categorized as fallers if they experienced one
fall or more and as nonfallers if they had no falls during
3 months of counting. This was done so that we could
compare these findings with previously published results
because previous studies have defined a faller as a person
who has fallen two or more times or as a person who has
fallen once or more.2,12,13

1400 Patients with MS
estimated to receive care
annually at the recruitment
centers

112 Patients agreed to
participate in the study
57 Patients did not satisfy
the inclusion criteria
55 Patients satisfied the
inclusion criteria and
provided informed consent

Potential Confounders

51 Patients with RRMS
included in the study and
analysis

Figure 1. Consort diagram for participant
recruitment, participation, and analysis
MS, multiple sclerosis; RRMS, relapsing-remitting multiple
sclerosis.

Statistical Analyses

Variables
Urinary Symptoms
At baseline, as part of their health history, participants
were asked to respond “yes” or “no” to the following
written question: “Do you currently have any of the
following symptoms? Urinary incontinence? Urinary
frequency? Urinary urgency?” Responses were collected
for each symptom.
Falls
Participants were then asked to prospectively record
their number of falls each day using fall calendars. The
definition of a fall was clearly written at the top of each
calendar page, as follows: “any unexpected event that
results in ending up on the ground, floor, or any lower
surface.”17 This definition is recommended for use in
investigations, and the use of fall calendars to count falls
is the current gold standard for fall detection in research
because it helps minimize recall bias.20,21 Participants
were asked to mail their fall calendars back to the investigative team in self-addressed envelopes at the end of
each month. To reduce bias due to loss to follow-up,
participants who did not turn in their calendars on time
were telephoned within 1 week after the deadline to
remind them to submit their calendars.
Based on the number of falls reported during 3
months of counting, participants were categorized as

To assess for differences in characteristics between
recurrent fallers and nonrecurrent fallers (and between
fallers and nonfallers), mean age was compared between
groups using two-sample t tests, and associations
between the extent of disability as measured by the
EDSS and faller status and between sex and faller status
were assessed using Fisher exact and χ2 tests. Age was
treated as a continuous variable and sex as a categorical
variable. The EDSS score was treated as a continuous
variable in adjusted analyses.
To assess the relationship between recurrent falls (or
one and more falls) and urinary incontinence or urinary
urgency, adjusting for age, sex, and disability (EDSS
score), we divided the cohort into two groups: participants having urinary urgency without incontinence
(represented by indicator variable 1) and those having
urinary urgency with incontinence (represented by
indicator variable 2). This was done because all the participants with urinary incontinence were found to have
urinary urgency, although some participants had urinary
urgency without incontinence.
Adjusted relationships between bladder dysfunction
and faller status were assessed using multiple logistic
regression, providing odds ratios (ORs) with 95% confidence intervals (CIs). For multiple logistic regression, we
performed standard diagnostics to assess model integrity
and evaluated the ability of the model to distinguish par-
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Age and sex were reported by participants at baseline.
Disability due to MS was assessed using the EDSS performed by a physician or nurse practitioner.19 Age and
sex were targeted as potential confounders because they
have been found to be associated with bladder incontinence and falls in adults with and without MS.22-24
The EDSS score was targeted as a potential confounder
because greater MS-associated disability may also affect
bladder dysfunction7 and falls.23,25

4 Patients did not complete
their fall calendars for 3 mo
following the baseline visit

Bladder Dysfunction and Falls in MS

and nonfallers in EDSS scores (P = .446), age (P = .767),
or sex (P = .611) (Table 1).
Urinary dysfunction was more prevalent in fallers (any or recurrent) than in nonrecurrent fallers or
nonfallers. Of the 15 recurrent fallers, two (13%) had
urinary urgency without incontinence, seven (47%) had
urinary urgency with incontinence, and seven (47%)
had urinary frequency. Of the 36 nonrecurrent fallers,
five (14%), one (3%), and six (17%) had urinary urgency without incontinence, urinary urgency with incontinence, and urinary frequency, respectively. Of the
32 fallers, five (16%), eight (25%), and 11 (34%) had
urinary urgency without incontinence, urinary urgency
with incontinence, and urinary frequency, respectively;
and of the 19 nonfallers, two (11%), none, and two
(11%) had urinary urgency without incontinence, urinary urgency with incontinence, and urinary frequency,
respectively.
Adjusted analyses revealed a significant association
between having urinary urgency with incontinence
and recurrent falls (OR, 57.57; 95% CI, 3.43-966.05;
P = .005). Standard diagnostics demonstrated that
the logistic regression model fit the observed data well
(McFadden’s R2 = 0.3).27 The ability of the model to
discriminate recurrent fallers from nonrecurrent fallers
was assessed by computing the area under the receiver
operating characteristic curve, which was 0.815.

Results
Participant Characteristics
Of the 51 participants, 15 (29%) were recurrent fallers (3 men, 12 women; fall count range, 2–11) and 36
(71%) were nonrecurrent fallers (11 men, 25 women).
On reclassification of the cohort, 32 (63%) were fallers (8 men, 24 women; fall count range, 1–11), and 19
(37%) were nonfallers (6 men, 13 women). No statistically significant differences were observed between recurrent and nonrecurrent fallers in EDSS scores (P = .145),
mean age (P = .134), or sex (P = .513) or between fallers

Table 1. Characteristics of the 51 study participants according to fall status
Variable
EDSS score
  Median (range)
  25th–75th quartile
EDSS score of 0–2.5,
No.
EDSS score of
3.0–6.0, No.
Falls per person, No.
  Median (range)
  25th–75th quartile
  (IQR)
Age, mean ± SD
(95% CI), y
Sex, male/female,
No.

Nonrecurrent
Total cohort Recurrent fallers
fallers
(N = 51)
(≥2 falls) (n = 15) (<2 falls) (n = 36) P value
3.0 (0–6.0)
1.5–3.5
25

3.0 (0–6.0)
2.0–4.0
5

2.25 (0–6.0)
1.5–3.0
20

26

10

39.6 ± 8.5
(37.2-42.0)
14/37

Fallers
Nonfallers
(≥1 fall) (n = 32) (0 falls) (n = 19) P value
2.5 (0–6.0)
2.0–3.5
17

3.0 (0–3.5)
1.5–3.0
8

16

15

11

2 (2–11)
2–4 (2)

0 (0–1)
0–1 (1)

1 (1–11)
1–2 (1)

0 (0–0)
0–0 (0)

36.8 ± 9.8
(31.4-42.2)
3/12

40.7 ± 7.8
(38.1-43.4)
11/25

39.8 ± 8.7
(36.7-43.0)
8/24

39.1 ± 8.4
(35.1-43.2)
6/13

.145a

.134b
.513c

Abbreviations: CI, confidence interval; EDSS, Expanded Disability Status Scale; IQR, interquartile range; SD, standard deviation.
Note: P values are two-tailed.
a 2
χ Test.
b
Two-sample t test.
c
Fisher exact test.
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ticipants who experienced recurrent falls or one or more
falls from those who did not by computing the area
under the receiver operating characteristic curve. Where
standard multiple logistic regression could not be implemented because of quasi-complete separation of data, we
used Firth restricted logistic regression and estimated the
goodness-of-fit of the regression models using McFadden’s R2.26 Finally, achieved power was determined for
significant results, and sample size estimates were calculated for suggestive but nonsignificant results. Statistical
computations were performed using Stata (version 13.1,
StataCorp, College Station, TX), and the level of significance was set at P < .05. All computed P values were
two-tailed.
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Table 2. Relationship between bladder
dysfunction and fall status adjusted for age,
sex, and disability
≥1 falls

Recurrent falls
Bladder
dysfunction

OR
P
z
(95% CI) value statistic

Urinary
2.69
urgency
(0.29without
25.13)
incontinence

P
z
value statistic

0.87

2.08
(0.3412.74)

.427

0.79

Urinary
57.57 .005a 2.82
urgency
(3.43with
966.05)
incontinence

14.70
(0.65333.83)

.092

1.69

Urinary
frequency

4.09
(0.7522.43)

.105

1.62

3.57
(0.8415.21)

.386

OR
(95% CI)

.086

1.72

Abbreviations: CI, confidence interval; OR, odds ratio.
Notes: P values are two-tailed.
a
Statistically significant.

associations between falls and either urinary frequency or
urinary urgency dysfunction.

Effect Modification
Age, sex, and disability were not effect modifiers in
the relationship between urinary urgency with and without urinary incontinence and fall status.

Discussion
In this study, we found a statistically significant association between baseline urinary urgency with incontinence and subsequent recurrent falls (two or more falls
in 3 months) after adjusting for age, sex, and disability
(EDSS score) in people with mild-to-moderate RRMS.
We did not find significant associations between urinary
urgency without incontinence or urinary frequency and
subsequent falls or between urinary urgency with incontinence and any (one or more) falls in the 3 months after
baseline.
These findings help clarify the previous controversy
in the literature regarding the association between bladder symptoms and subsequent falls in people with MS.
It is likely that Gunn and colleagues13 found an association between urinary incontinence and subsequent falls
when Nilsagård and colleagues2 did not find such an
association because Gunn’s group looked at recurrent
falls (ie, two or more falls) and Nilsagård’s group looked
at any falls (ie, one or more falls). We found an association between the bladder symptoms of urgency with
incontinence and recurrent falls but not between urinary
urgency with incontinence and one or more falls.
Various mechanisms may underlie an association
between urinary urgency with incontinence and recurrent falls, including specific behaviors, such as rushing
to the restroom to avoid incontinence and dehydration
because of avoiding drinking water28; adverse effects
of anticholinergic or antimuscarinic medications used
for the management of neurogenic bladder dysfunction6,29,30; or the common pathology of spinal cord
lesions contributing to both problems. The persistence
of this association after adjusting for EDSS score argues
against a strong influence of the common pathology of
spinal cord lesions. We did not have sufficient information about behaviors or medication use to further
explore these potential relationships.
The number of fallers in this study was similar to
that reported in other studies of falls in people with MS.
Approximately 63% of this sample fell once or more,
comparable with the 63% reported by Nilsagård et al.,2
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After adjusting for the potential confounders of age,
sex, and disability, we did not find significant associations between urinary urgency without incontinence
(OR, 2.69; 95% CI, 0.29-25.13; P = .386) or urinary
frequency (OR, 3.57; 95% CI, 0.84-15.21; P = .086)
and recurrent falls (two or more falls compared with
fewer than two falls). We also did not find significant
associations between urinary urgency with incontinence
(OR, 14.70; 95% CI, 0.65-333.83; P = .092), urinary
urgency without incontinence (OR, 2.08; 95% CI,
0.34-12.74; P = .427), or urinary frequency (OR, 4.09;
95% CI, 0.75-22.43; P = .105) and sustaining one or
more falls (compared with no falls) (Table 2). In all
the regression models, the assumption of linearity was
satisfied. For all the adjusted analyses, age, sex, and disability were not significantly associated with recurrent
falls or one or more falls. Power analysis revealed that
the association between urinary urgency with incontinence and recurrent falls was powerfully significant,
having achieved an observed post hoc power of 96%.
The nonsignificant trends observed for the relationships between urinary frequency and recurrent falls and
between urinary urgency with incontinence and one or
more falls were expectedly underpowered, achieving post
hoc power of 36% and 42%, respectively. With respect
to potential future studies, sample size estimates are large
but not necessarily intractable, needing a total of approximately 125 individuals to observe statistically significant

Bladder Dysfunction and Falls in MS

PracticePoints
• People with MS who have urinary urgency and
incontinence are likely at greater risk for falls
than those without these symptoms.
• MS patients should be asked about bladder
symptoms and fall history.
• Treating bladder symptoms in people with MS
may provide benefits beyond direct effects on the
bladder.

tiple falls. It has been suggested that multiple falls are
more clinically relevant because multiple falls may be
more likely to increase risk of injury and reduce activity,
participation, and quality of life.
This study also has several limitations. The sample
size was small and included only individuals 50 years
and younger with RRMS, limiting generalizability. It
is also not known whether these findings will hold true
for falls occurring beyond 3 months after baseline. This
evaluation of bladder symptoms, although more detailed
than any previous studies, was limited. We asked participants about urinary frequency, urgency, and incontinence but not about nocturia (need to wake in the night
to urinate), a symptom of overactive neurogenic bladder
that is a known risk factor for falls in older adults.10,11
We also did not ask about urinary tract infections, which
are associated with a worsening of MS symptoms31
and with falls in older adults.32 In addition, the present
study did not quantify the severity of urinary symptoms,
which would allow for a dose response assessment of the
effect of bladder dysfunction on fall risk. Further largerscale prospective studies of longer duration with more
heterogeneous samples and more complete evaluation of
urinary dysfunction are needed to verify the associations
we detected.
Although preliminary, the results of this study, combined with those of previous studies demonstrating an
association between bladder dysfunction and falls in
people with MS, are potentially clinically important.
Multidisciplinary fall prevention programs are recommended for people with MS. The results of this study
suggest that such programs should particularly be considered for reducing fall risk in recurrent fallers and that
such programs should include strategies for managing
urinary urgency with incontinence.

Conclusion
The results of this study support that urinary urgency
with incontinence is an independent risk factor for
recurrent falls occurring within 3 months after baseline
in adults with RRMS. This is an important finding
because urinary urgency with incontinence is often amenable to physical, behavioral, and pharmaceutical interventions.29 This study also draws attention to the wide
range of potential consequences of bladder incontinence,
a symptom possibly underreported in certain patient
populations.14,33 Further studies specifically designed and
powered to investigate the association between bladder

International Journal of MS Care
189

Downloaded from http://meridian.allenpress.com/doi/pdf/10.7224/1537-2073.2016-049 by guest on 20 September 2020

and approximately 30% fell twice or more, fewer than
reported by Gunn et al.13 (~53%) and Matsuda et al.14
(~45%). The prevalence of urinary dysfunction in the
present cohort was fairly comparable with that of previous studies in people with MS. In the present study,
29% had urinary urgency, 25% had urinary frequency,
and 16% had urinary incontinence. Previous studies
in people with MS report approximately 24% to 86%
having urinary urgency, 17% to 82% having urinary frequency, and 34% to 72% having urinary incontinence.7
We also observed that although several participants
had urinary urgency without incontinence, none had
incontinence without urgency. This suggests that having
urinary urgency with incontinence may occur subsequent to having urinary urgency without incontinence,
but urodynamic evaluation is needed to fully assess the
nature and severity of bladder dysfunction and its effect
on the upper and lower urinary tracts.
The average level of disability in the present study,
as assessed by the EDSS, was lower than that in previous studies examining the association between bladder
symptoms and prospectively assessed falls. In this study,
the median EDSS score was 3.0, whereas in the studies
by Nilsagård et al.2 and Gunn et al.,13 the median EDSS
score was 4.0 to 4.5. The high prevalence of falls and
bladder dysfunction in all of these samples suggest that
both falls and bladder dysfunction are common, early,
and persistent symptoms in MS.
This study has several strengths. Falls were prospectively counted using a fall calendar to limit recall bias,
and participants were reminded to record their falls
and submit their calendars to reduce loss to follow-up.
We also delineated different types of bladder symptoms
rather than assessing only the effect of any bladder
symptoms. In addition, we identified different associations between bladder symptoms and any falls or mul-
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dysfunction and falls are needed to fully understand this
relationship and to evaluate whether including treatment
of urinary urgency with incontinence in fall prevention
interventions helps prevent falls and their sequelae and
improve quality of life. o
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