
www.einj.orgCopyright © 2016 Korean Continence Society

This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http://creative-

commons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distri-
bution, and reproduction in any medium, provided the original work is properly cited.

Corresponding author:  Caroline Massot   http://orcid.org/0000-0001-6246-4749
Service de Médecine Physique et Réadaptation Fonctionnelle, Hôpital Saint 
Philibert, 115 rue du grand But, 59160 Lomme, Lille, France
E-mail: carolinemassot29@gmail.com / Tel: +33-320-22-5047 / 
Fax: +33-320-22-3855
Submitted: December 15, 2015 / Accepted after revision: January 18, 2016

INTRODUCTION

Multiple sclerosis (MS) is an autoimmune, inflammatory, 
chronic disease that results in demyelinating lesions of the cen-
tral nervous system. It affects women 3 times more often than 
men [1]. About 50% to 90% of patients suffer from lower uri-
nary tract symptoms (LUTS) during the course of the disease [2] 
and 90% of the patients have LUTS after 10 years of the disease 
[3,4]. Urgency and urge incontinence are most frequently re-

ported [2]. Urinary dysfunction may affect social relationships 
and activities of these patients. Moreover, urinary disorders can 
sometimes lead to permanent urological alterations [2].
  Stress urinary incontinence (SUI), defined as the involuntary 
leakage of urine on effort or exertion by the International Con-
tinence Society, is common in the general adult female popula-
tion [5]. The prevalence ranges from 17% to 41% [6]. Two 
mechanisms can explain the SUI: bladder neck hypermobility 
and intrinsic urethral sphincter deficiency. Many risk factors of 
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Purpose: To report the prevalence and risk factors of stress urinary incontinence (SUI) and the prevalence of intrinsic sphinc-
ter deficiency in women with multiple sclerosis (MS). 
Methods:  We conducted a retrospective study. Female patients with MS, followed for lower urinary tract symptoms (LUTS) 
during a 15-year period were included. Demographic data, MS history, expanded disability status scale (EDSS) score at the 
urodynamic visit, obstetrical past, birth weight, LUTS, and urodynamic findings were collected. SUI was defined as inconti-
nence during cough, or any effort.  A maximum urethral closure pressure less than 30 cm H2O defined intrinsic sphincter de-
ficiency.
Results: We included 363 women with a mean age of 46.7±10.8 years and a mean disease duration of 12.9±8.7 years. The in-
cidence of relapsing remitting MS, a secondary progressive form, and a primary progressive form was 60.6%, 32.8%, and 6.6%, 
respectively. The prevalence of SUI was 31.4%. The prevalence of intrinsic sphincter deficiency was 1.4% and 0.8% of these pa-
tients had a SUI (P=0.300). In a multivariate analysis, women with a SUI had significantly higher birth weight (P=0.030), a 
pelvic organ prolapse (P=0.021), urgent urinary incontinence (P=0.006), a lower EDSS score (P=0.019), and a weaker con-
taining effort (P<0.001). 
Conclusions:  The prevalence of SUI in women with MS was 31.4%. This symptom could affect the quality of life of women 
with MS.
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SUI like pregnancy, obesity, pelvic organ prolapse (POP), and 
obstetrical surgeries are known in the general population [6]. 
SUI has severe implications for daily function, social interac-
tions, and psychological wellbeing [6]. 
  Few studies have reported the prevalence of SUI in MS and 
this has varied from 16% to 55.9% [7-9]. These studies have in-
vestigated some factors relating to SUI in MS: female patients 
with SUI were older, had more of a relapsing remitting MS 
(RRMS), a higher voided volume and average maximum urinary 
flow, and a higher body mass index than MS patients without 
SUI. Only one study evaluated expanded disability status scale 
(EDSS) score [8], and only one reported MS relating to SUI [7]. 
To our knowledge, the prevalence of intrinsic urethral sphincter 
deficiency has not been studied previously in these patients.
  Thus, the present analysis was undertaken to determine the 
prevalence of SUI, the prevalence of intrinsic urethral sphincter 
deficiency, and risk factors of SUI in women with MS.

MATERIALS AND METHODS

We conducted a retrospective, single site study, at a large dedicat-
ed rehabilitation MS center in Saint Philibert Hospital in Lille, af-
ter receiving local Institutional Review Board approval. We re-
viewed the urodynamic database of women with MS over 15 
years from December 1999 to June 2014. All women aged >18 
years with MS, who had undergone a urodynamic test for LUTS 
were included. We collected demographic information, physical 
examination findings, and urodynamic data. Demographic infor-
mation included MS classification (RRMS, secondary progressive 
MS [SPMS] and primary progressive MS [PPMS]), age and EDSS 
score at the visit, age of onset of MS, obstetrical history (uterine 
status, parity, type of delivery, birth weight, episiotomy, and for-
ceps), number of urinary tract infections per year, constipation, 
number of sanitary pads per day, and if patients had pelvic floor 
muscle training. LUTS like SUI, urgency, urge incontinence, fre-
quency of voiding, voiding dysfunction, and urinary retention 
were recorded. SUI was defined by the International Continence 
Society as the involuntary leakage of urine on effort, exacerba-
tion, sneezing, or coughing [5]. Pelvic examination findings were 
recorded. Prolapse was defined using the POP quantification sys-
tem [10]. A rehabilitation physician, who had  urodynamic expe-
rience with a standard multichannel urodynamic setup using the 
the Medtronic system (Minneapolis, MN, USA), performed uro-
dynamics. Urodynamic methodology described by Amarenco 
and De Sèze for neurogenic bladder was used [2,11]. 

  Urodynamic information included a uroflowmetry (flow 
rate, residual urine volume by catheterization), a cystometry 
(bladder compliance, intravesical pressure, sensation of bladder 
filling, and cystometric capacity), and profilometry (maximum 
urethral closure pressure, urethral pressure during a straining 
effort). The intrinsic urethral sphincter deficiency was defined 
by a maximum urethral closure pressure <30 cm H2O [12]. If 
the patient had performed several urodynamic tests, only the 
last one was recorded.
  All data analysis was made using the R software (R Founda-
tion for Statistical Computing, Vienna, Austria) [13]. First, we 
performed a descriptive analysis with means, medians, inter-
quartile ranges for continuous variables, and frequencies for 
noncontinuous measures. Then, patients with SUI were com-
pared to patients without SUI for the different variables. Uni-
variate analysis was performed using Student t-test or Mann-
Whitney-Wilcoxon for quantitative variables and the chi-square 
test or Fisher exact test for qualitative data. Variables were in-
cluded in the logistic regression model examining factors asso-
ciated with SUI in MS. Conditional forward and backward 
models were performed on Akaike Information Criterion. 
These criteria estimate the quality of each model, relative to 
each of the other models. The model with the lowest Akaike In-
formation Criterion value indicates a higher quality. Receiver 
operating characteristic curves of the forward and backward 
models were performed. Significance level was set at P<0.05.

RESULTS

During this period, 400 women with MS were referred to our 

Table 1. Prevalence of SUI in MS by age range		

Age range (yr) No. Prevalence of SUI in MS (%)

18–24 5 60.0

25–29 15 20.0

30–34 26 26.9

35–39 43 44.2

40–44 75 30.7

45–49 56 23.2

50–54 55 36.4

55–59 39 25.6

60–69 44 34.1

≥70 5 20.0

SUI, stress urinary incontinence; MS, multiple sclerosis.	
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Table 2. Clinical characteristics of MS patients			 

Variable SUI (n=114) No SUI (n=249) P-value

Disease duration at the time of urodynamic exam 11 (10) 12 (11) 0.270
Clinical form (%)
   PPMS
   SPMS
   RRMS

  
6.1

22.8
71.1

  
6.8

37.4
55.8

0.017*
  
  
  

EDSS score 4 (3) 5.5 (3) 0.030*
Treatment for MS (%)
   None
   Immunomodulator
   Immunosuppressor
   Monoclonal antibodies

  
45.6
25.4
18.4
10.5

  
53.4
19.3
20.1

7.2

0.324
  
  
  
  

Urological treatment (%)
   Anticholinergic
   Alpha-antagonist

  
21.9

9.6

  
16.1
16.1

  
0.228
0.142

Values are presented as median (interquartile range) unless otherwise indicated.			 
MS, multiple sclerosis; SUI, stress urinary incontinence; PP, primary progressive; SP, secondary progressive; RR, remittent recurrent; EDSS, expand-
ed disability status scale.			 
*P<0.05, statistically significance.			 

Table 3. Clinical characteristics of multiple sclerosis form of patients				  

Variable PPMS (n=24) SPMS (n=119) RRMS (n=220) P-value

Age (yr) 48.5 (10.4) 51 (14.0) 42.5 (14.0) <0.001*
EDSS  score 6 (2.3) 6.5 (1.0) 4 (2.1) <0.001*
Disease duration at the time of urodynamic exam (yr) 5.5 (7.0) 17 (11.0) 10 (10.0) <0.001*

Values are presented as median (interquartile range).				  
PPMS, primary progressive multiple sclerosis; SPMS, secondary progressive multiple sclerosis; RRMS, remittent recurrent multiple sclerosis ; EDSS, 
espexanded disability status scale.				  
*P<0.05, statiscally significance.				  

Table 4. Low urinary tract symptoms in patients with multiple sclerosis			 

Variable SUI (n=114) No SUI (n=249) P-value

POP (%) 4.4 1.6 0.146
Constipation (%) 39.5 35.3 0.521
Anorectal dyschesia (%) 7.9 7.6 1.000
Urinary infections (%) 21.9 28.5 0.233
Pyelonephritis (%) 3.5 3.2 1.000
Self-catheterization (%) 2.6 9.6 0.017*
No. of daily incontinent episodes 1.3±1.7 0.7±1.3 <0.001*
Drink (L/day) 1.4±0.4 1.4±0.5 0.565
Pollakisuria (%) 42.1 41.0 0.928
Nocturia (%) 25.4 23.7 0.820
Voiding dysfunction (%) 48.2 63.0 0.011*
Urgency (%) 57.9 58.6 0.985
Overflow incontinence (%) 7.0 11.6 0.243
Urge urinary  incontinence (%) 60.5 43.0 0.003*

Values are presented as mean±standard deviaion unless otherwise indicated. 			 
SUI, stress urinary incontinence; POP, pelvic organ prolapse. 			 
*P<0.05, statistically significance.			 
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center. Thirty-five women with an incomplete file and 2 patients 
with an indwelling catheter were excluded. The mean age of 363 
patients was 46.7±10.8 years and the mean disease duration 

was 12.9±8.7 years. Median patient disability expressed as an 
EDSS score was 5 (3.5). The incidence of patients with a RRMS, 
SPMS, and PPMS was 60.6%, 32.8%, and 6.6%, respectively. 

Table 5. Urodynamic investigations in patients with multiple sclerosis				  

Variable Total population (n=363) SUI (n=114) No SUI (n=249) P-value

Cystometry
Initial detrusor pressure (cm H2O)
   NA (n)

  
15.9±8.8

2

  
17.1±9.5

1

  
15.3±8.5

1

  
0.076

  

Bladder sensation (%)
   Oversensitivity
   Reduced bladder sensation
   Normal sensation

  
26.7
33.1
40.2

  
24.6
31.6
43.9

  
27.7
33.7
38.6

0.623

Detrusor activity (%)
   Normal
   Detrusor overactivity
   Detrusor underactivity 
Maximum bladder capacity (mL)

  
62.5
30.9

6.6
432.7±187.3

  
71.9
22.8

5.3
414.5±171.6

  
58.2
34.5

7.2
441±193.8

0.043*
  
  
  

0.212

Bladder compliance (%)
   Normal
   Decreased
   Increased
Strong desire to void (mL)
   NA (n)

  
51.2
32.5
16.3

412±176.5
32

  
51.8
30.7
17.5

394.2±161.4
7

  
51
33.3
15.7

420.5±183
25

0.841
  
  
  

0.361
  

Urethral pressure
MUCP 
   NA (n)

  
70±33

7

  
65.2±34

1

  
72.2±32.3

6

  
0.031*

  

Sphincter deficiency (%)
   Yes
   No
   NA

  
1.4

96.7
1.9

  
0.8

98.3
0.9

  
1.6

96.0
2.4

0.300

During straining (%)
   Uninterpretable
   Impossible
   Poor quality
   Possible

  
24.5
28.1
17.9
29.5

  
10.5
41.2
26.3
21.9

  
30.9
22.1
14.1
32.9

<0.001*

Uroflowmetry
Maximum flow rate (mL/sec)
   NA (n)

  
24.3±11.7

82.0

  
27±10.2
21.0

  
22.9±12.1

61.0

  
<0.001*

  

Postvoid residual (%)
   Significant
   No significant
   Uninterpretable

  
20.1
60.3
19.6

  
10.5
71.1
18.4

  
24.5
55.4
20.1

0.004*

Aspect of curvea) (%)
   Flat
   Cloche
   Chopped
   Uninterpretable
   Catheterization 
Detrusor sphincter dyssynergia (%)

  
14.3
45.2
17.9
22.6
16.0

5.2

  
9.6

58.8
13.2
18.4

7.9
2.6

  
16.5
39.0
20.1
24.5
19.7

6.4

0.005*
  
  
  
  

0.007*
0.203

Values are presented as mean±standard deviaion unless otherwise indicated. 				  
SUI, stress urinary incontinence; NA, not applicable; MUCP, maximal urethral closure pressure.				  
a)Flat, smooth curve; cloche, normal curve during urine flow; chopped, when the flow curve fluctuated with multiple peaks during a period of con-
tiniuous urine flow; uninterpretable, because voided volume was <150 mL of urine; catheterization, patients who did not failed to urinate.
*P<0.05, statistically significance.				  
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  The prevalence rate of SUI in our study was 31.4% in patients 
with MS. The mean age of patients with SUI was 46.4 ±11.1 
years and 46.8±10.7 years for patients without SUI (P=0.722). 
Table 1 summarizes the distribution of prevalence of SUI by age 
range. Clinical characteristics of patients with or without SUI 
are shown in Table 2. 
  Women with RRMS were younger than women with PPMS 
or SPMS (P<0.001), and had a lower EDSS score (P<0.001) (Ta-
ble 3).
Patients with PPMS were more likely to have recent onset dis-
ease (P<0.001) as compared to patients with SPMS and RRMS.
  Women with SUI had more pregnancies (P <0.002) and 
childbirths (P <0.003) than patients without SUI. In parous 
women, SUI significantly increased with episiotomy (P<0.001) 
and birth weight (P=0.037) if birth weight was >4 kg, if birth 
weight was between 3 to 4 kg (P=0.031). Patients with no SUI 
presented with significantly less delivery disorders than women 
with SUI (P<0.001). Patients with SUI had more pelvic floor 
muscle training than patients with no SUI (P=0.026). 
  Table 4 summarizes LUTS. For pelvic prolapse, 4 patients 
had an anterior prolapse, 3 had a posterior and anterior pro-
lapse, and 1 had an anterior middle, and posterior prolapse. 
  In our study, urodynamic findings showed several significant 

differences between women with and without SUI. These re-
sults are shown in Table 5. The prevalence of intrinsic urethral 
sphincter deficiency was 1.4% of MS patients, and there was no 
association with SUI.
  Conditional forward stepwise model was compared to condi-
tional backward stepwise model. The results of multivariate 

Table 6. Results of logistic regression with backward model of risk factors of stress urinary incontinence in patients with multiple scle-
rosis	

Variable β SE P-value Adjusted OR 

Episiotomy 0.61 0.34 0.068 1.84

Birth weight >4 kg 2.15 0.72 0.003 8.57

Pelvic organ prolapse 2.13 0.92 0.021 8.38

Voiding dysfunction -0.57 0.33 0.089 0.57

Urge incontinence 0.95 0.35 0.006 2.59

Containing effort
   Poor quality
   Impossible
   Uninterpretable

  
1.72
1.62

–0.67

  
0.45
0.41
0.56

  
<0.001
<0.001

0.231

  
5.61
5.03
0.51

Detrusor activity
   Detrusor overactivity
   Acontractile detrusor

  
–0.67
–1.37

  
0.52
0.82

  
0.203
0.093

  
0.51
0.25

Detrusor pressure bladder empty (cm H2O) 0.03 0.02 0.071 1.03

Strong desire to void (mL) 0.002 0.001 0.046 1.002

Expanded disability status scale –0.22 0.09 0.019 0.8

Anticholinergic 1.35 0.45 0.003 3.86

OR, odds ratio; β, standardized beta coefficient; SE, standard error. 
Akaike Information Criteria=280.3				  

Fig. 1. Receiver operating characteristic curves of forward and 
backward models. AUC, area under the curve.
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analysis of backward model are shown in Table 6. The 2 models 
showed one different variable, which was not significantly asso-
ciated with SUI (number of pregnancies for forward model and 
episiotomy for backward model). Fig. 1 showed receiver operat-
ing characteristic curves of the 2 models. Backward model had 
a better sensitivity and lower specificity than the forward model.

DISCUSSION

LUTS are very common in MS and over 90% of patients pres-
ent with these symptoms, 10 years from disease onset [2]. The 
prevalence of SUI in our study was 31.4%. The mean age and 
mean disease duration are the same in other series of urological 
disorders with MS [4,14]. Our department is a large and spe-
cialized center for follow-up of MS patients in the North of 
France. In the MS population, urodynamic investigations are 
necessary to better understand LUTS and choose the best treat-
ment. Rehabilitation physicians at our center, had urodynamic 
experience with MS patients. To our knowledge, this is the first 
study reporting on the prevalence rate of SUI in a large dedicat-
ed MS rehabilitation center. 
  Three studies determined the prevalence of SUI in female 
patients with MS, which ranged from 16% to 55.9% [7-9]. 
These 3 studies reported the prevalence of SUI in MS in a uro-
logic care center, but only 43% of MS patients were under the 
care of a urologist. Moreover, MS populations in those studies 
were older than in our analysis. Furthermore, SUI was diag-
nosed with a questionnaire, but sometimes, patients with MS 
cannot write due to motor or sensory deficiencies. Only one 
study recorded the EDSS score and another MS subtype [7,8]. 
These limitations may have contributed to a selection bias. 
  SUI is the most common subtype of incontinence in the gen-
eral female population and the prevalence rate is between 17%–
41% [6]. SUI increases with age in the general population, but 
in our study, SUI affects young women too. Some risk factors of 
SUI in MS are common in the general population like a birth 
weight >4 kg, a POP, and the number of pregnancies [15-17]’s. 
The risk of SUI was increased 8 fold by a birth weight >4 kg 
and by a POP. For POP, Dillon et al. [7]’s did not report a signif-
icant difference between MS patients with or without SUI. The 
prevalence of POP in our study was smaller than in the general 
population, and Dillon et al.’s population. The type of care cen-
ters, and the older population in Dillon et al. [7]’s study may ex-
plain these differences. In the general population, like in our 
study, anterior prolapses seem to be more common [17]. The 

number of pregnancies was only associated with SUI in a uni-
variate analysis. Dillon et al. [7] did not report the effect of 
pregnancy on SUI in the MS population. Futhermore, Durufle 
et al. [18]. showed in his retrospective study that delivery mo-
dalities had no influence on the frequency of urinary disorders, 
or the type of problems in MS. 
  We reported specific risk factors of SUI due to MS. It was the 
first study reporting prevalence of SUI in MS with EDSS score, 
clinical form of MS, treatments, and disease duration. A smaller 
EDSS score, RRMS, urge incontinence, a bigger volume of 
strong desire to void, and women who had taken anticholiner-
gic treatment were significantly associated with SUI. 
  In Dillon et al. [7]’s study, RR form of MS was associated 
with SUI. Patients in our population, with RRMS were younger 
and had a lower EDSS score. Women with a RRMS would tend 
to be more active than other women with a progressive form of 
MS. Furthermore, progressive forms tend to decrease the neu-
rological function more rapidly. Ukkonen et al. [19] showed 
that detrusor sphincter dyssynergia is possibly more frequent in 
the progressive form, making patients less likely to have SUI 
clinically. 
  Urge incontinence was significantly associated with SUI in 
our study. This symptom is frequent in MS and Guinet-Lacoste 
et al. [8] have showed an association between SUI and detrusor 
hyperactivity with the Urinary Symptom Profile questionnaire. 
Patients with SUI take anticholinergics frequently. The frequent 
association between urge incontinence and SUI may explain 
the result. Furthermore, anticholinergic medication is frequent-
ly prescribed for hyperactivity symptoms like urgency or urge 
incontinence. The administration of empirical anticholinergic 
treatment could lead to a SUI because it increases maximal ves-
ical capacity and decreases frequency of voiding. 
  It is the first time that a containing effort was studied in the 
MS population. A weak containing effort was associated with 
SUI. Dompeyre et al. [20] showed that women with SUI in the 
general population did not have a more efficient increase of 
urethral closure pressure in a containing effort, than women 
without SUI. Furthermore, fatigue is a common symptom of 
MS and may interfere with the function of the pelvic floor mus-
cles [21].
  The prevalence of intrinsic urethral sphincter deficiency was 
1.4% in our population, and it was not associated with SUI. 
This finding suggests that urethral sphincter is intact in these 
patients, but SUI may be due to a hypermobility of the bladder 
neck. Muscular contractions of pelvic floor muscles may be less 
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efficient and fatigue may decrease the strength and time of con-
tractions, and sensory deficiencies could affect realization of 
contractions.
  SUI had a significant impact on the lives of patients with MS. 
Women with SUI indicated that this symptom had a moderate 
or great impact on their physical activity. Specifically looking 
out for SUI in the medical examination could improve the 
treatment in this population. Pelvic floor muscle training seems 
to be effective for urinary disorders in MS [22] and especially 
for decreasing urinary incontinence. Surgical treatment of MS 
patients with SUI has never been evaluated. Voiding dysfunc-
tion is a postsurgical risk in the general population. The Euro-
pean Association of Urology guidelines recommend that pa-
tients, who have a neurogenic SUI should be able to perform 
self-catheterization before surgery [23].
  There are several limitations of this study. We confirmed SUI 
only by medical history and not by urodynamic testing.
  Furthermore, there was no measure of physical activity and 
no assessment of ethnicity in our study, which are common risk 
factors in the general population. Few variables like childhood 
enuresis, arterial hypertension, and obesity could not be tested 
because the number of patients was insufficient. Finally, the 
study design was subject to a degree of selection bias, since we 
only included women coming to our center.
  Prevalence rate of SUI in female patients with MS was 31.4%. 
A targeted screening seems to be essential to diagnose SUI in 
these patients. Younger, active, mothers with RRMS have a 
greater risk of suffering from SUI. Intrinsic sphincter deficiency 
does not seem to be the cause of SUI in MS. Pelvic floor muscle 
training is probably an effective treatment for this symptom.
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