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Introduction
Interest in falls in people with multiple sclerosis 
(PwMS) has increased significantly in the last dec-
ade. Studies have reported that at least 50% of 
PwMS suffer falls within periods of three to six 
months, with falls in this group being associated 
with injury,1–3 fear of falling4–6 and reduced activity 
and social participation.5

Several studies have identified a diverse range of 
factors associated with falls among PwMS,3,7–16 and 
a recent systematic review identified four factors 
with major association with falls in PwMS: the use 
of a mobility aid, imbalance, cognitive dysfunction, 
and progressive MS subtype.17 However, past stud-
ies have differed significantly with respect to their 

designs, limiting their generalizability and interpre-
tation of their findings. For example, while most 
studies of falls in PwMS have included adults over 
age 18, some have focused on older samples aged at 
least 4510 or 55 years of age.18,19 Among older adults 
with MS, impairments related to MS and age may 
contribute to the risk of falling.

Disease severity and gender mix also vary among the 
published studies. While some investigators have 
included people with an Expanded Disability Status 
Scale (EDSS) score of zero,20–22 others have set a 
higher EDSS minimum for inclusion.11,13 Although 
most studies are representative of the gender distribu-
tion of MS, one sample included only women21 and 
one mostly men.2 In addition, most have collected 
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falls data retrospectively, asking participants how 
many times they have fallen in a specified period of 
the recent past. However, retrospective data collec-
tion likely underestimates fall frequency13 and hence 
prospective fall recording, although more time con-
suming and labor intensive, is recommended.23 Thus, 
more recent studies of factors associated with falls in 
PwMS have collected data prospectively.11,13,20–22,24

In order to more accurately assess the relative impor-
tance of commonly measured predisposing factors for 
falls in PwMS, this study combined individual data 
from studies recently conducted in Australia (AUS), 
Sweden (SE), the United Kingdom (UK) and the 
United States (US) to provide the largest sample of 
PwMS to date with prospectively recorded falls data. 
This individual level meta-analysis tested the hypoth-
esis that, in PwMS, sustaining a fall or multiple falls 
is associated with age, gender, mobility aid use, dis-
ease severity (EDSS), and disease subtype; we also 
undertook descriptive analyses to document the fre-
quency of falls by location (indoors vs outdoors) and 
time of day.

Methods

Standard protocol approvals, registrations and 
patient consents
Data collected by four centers from 2005 to 2012 
were merged. Some of these data have previously 
been published.11–13 In addition, unpublished data 
from Sweden and the US were used. All data were 
collected in accordance with the International 
Declaration of Helsinki; institutional review boards or 
ethics committees at the institutions in each country 
approved the separate protocols (AUS HC09253; SE 
2005:119 and 2012:077; UK 10/H0203/66 and US 
E7244W). Written informed consent was obtained 
from all participants.

Participants
Data from 537 PwMS were included in this analy-
sis. The sample included 210 participants from 
AUS, 125 from SE, 148 from the UK and 54 from 
the US. All samples used standardized criteria for 
MS diagnosis.25,26 Participants were aged 18 years 
and older. There were no restrictions for MS sub-
types. Disease severity was measured by the EDSS27 
in all samples except in AUS, where the Disease 
Steps scale28 was used and converted to EDSS by 
mobility criteria. Common exclusion criteria were 
inability to understand and sign an informed con-
sent or record falls for linguistic, cognitive or other 

reasons, and self-reported health conditions that 
would interfere with testing procedures. Differences 
among samples are described below.

Additional inclusion criteria for the Australian sample 
were ability to stand unsupported for 30 seconds and 
ability to walk 10 meters with or without aid. 
Participants in the Swedish sample were restricted to 
an EDSS score between 1.5 and 7.0, an upper age 
limit of 75 years, and being relapse free for at least 30 
days prior to baseline examination. The UK partici-
pants were restricted to an EDSS score between 3.5 
and 6.5, and full recovery from the most recent relapse 
was required for inclusion. EDSS was assessed by 
self-report using a telephone interview.29 Additional 
inclusion criteria for the US sample included an EDSS 
score of 6.0 or less, an upper age limit of 50 years, 
being relapse free for 30 days prior to baseline exami-
nation, and ability to walk at least 100 meters.

Recruitment strategies
The Australian sample was recruited by a physio-
therapist from the outpatient physiotherapy clinic at 
the MS Australia (MSA) Center in Lidcombe, 
Sydney. The Swedish sample was recruited by a 
physiotherapist inviting PwMS living within the 
recruitment area of Örebro University Hospital; the 
Mälarhospital in Eskilstuna; the Primary Health 
Care of Western and Eastern Östergötland County in 
Motala and Norrköping, and the Sahlgrenska 
Hospital in Gothenburg. The US sample was 
recruited from patients receiving medical care at 
specialty MS center outpatient clinics at a Department 
of Veterans Affairs medical center and a university 
medical center, and from the surrounding area, in the 
Northwest of the United States. The UK sample was 
recruited from the South-West Impact of MS data-
base, a patient-centered longitudinal study of disease 
course in PwMS living in the Southwest of England.

Outcome variables
Prospectively collected falls data were obtained using 
fall diaries. The participants recorded falls daily for 
three months following their baseline assessment. 
The fall diaries were returned using reply-paid return 
envelopes every two or four weeks with reminders 
(telephone, letter or email) if the diaries were not 
received in a timely fashion. All studies used specific 
definitions of falls based on those recommended in 
consensus guidelines.23 Circumstances of the falls, 
including fall time and location, were either collected 
for all falls (UK n = 148, SE n = 76) or for the first 
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two (US n = 54, AUS n = 210) or four (SE n = 49) 
falls each month.

Factors with potential association with falls
Data on walking aid use, demographics and MS sub-
type were collected at baseline on self-report ques-
tionnaires at all study centers.

Data analysis
Following analysis of normality of distribution, the 
data sets from each country were compared for het-
erogeneity using a Kruskal-Wallis test, with post hoc 
analysis using Bonferroni-corrected Mann-Whitney 
tests for between-group comparisons. Although the 
data sets were demonstrated to be heterogeneous, sen-
sitivity analysis of the main logistic regression by 
sequential removal of each country’s data set did not 
significantly affect the outcomes, therefore all data 
sets were retained in the final analysis. Frequencies 
were calculated for circumstances of falls with within-
variable differences assessed using the one sample 
test of proportions. Associations between the demo-
graphic and MS disease status variables were ana-
lyzed using multi-variable logistic regression analysis, 
including EDSS as a categorical variable. To control 
for family-wise error rates, adjusted confidence inter-
val (CI) and p values were also calculated using a 
Bonferroni correction.30 In these analyses, partici-
pants reporting no falls during three months or “non-
fallers” were compared with participants reporting 
one or more falls or “fallers.” Additional logistic 
regression analyses compared factors with potential 
association with falls between fallers (0 or 1 falls) and 
frequent (≥2) fallers. Fall rates in men and women 
were compared with an incident rate ratio computed 
with negative binomial regression.

Results
Demographic and MS disease characteristics for 
each cohort and for the total sample are presented in 
Table 1.

Prevalence and rate of falls
Of the total sample, 300 participants (56%) reported 
falling at least once (defined as fallers) and 197 (37%) 
participants reported falling at least twice (defined as 
frequent fallers) in the three-month follow-up peri-
ods. Participants reported a total of 1721 falls and the 
average rate of falls was 1.1 falls/person/month. 
Within the fallers, the fall rate was 1.9 falls/month. 
The UK cohort had the highest fall frequency (falls/

month), and the US had the lowest. The Australian 
cohort had the lowest proportion of frequent fallers, 
but the highest rate of falls within the faller subgroup. 
The number of falls, fallers and fall rates are summa-
rized in Table 1.

Fall location and time of day
Fall location data were available for 1024 falls and 
fall time data were available for 1018 falls (Table 2). 
In all cohorts participants fell more frequently indoors 
than outdoors (total sample, z = 20.13, p <0.0001—
one sample test of proportions), and falls occurred 
more frequently in the morning and afternoon (total 
sample = 75%) than in the evening or night.

Factors associated with falls
Logistic regression revealed that being a faller was 
statistically significantly associated with being clas-
sified as having primary progressive MS (unadjusted 
odds ratio (OR) 2.02; 1.08–3.78) and there was also 
a trend for association between being a faller and 
younger age (OR 0.98; 0.97–1.00 for each year ). 
There was a non-linear relationship between being a 
faller and EDSS classification, with the OR peaking 
at EDSS levels 4.0 and 6.0 (Figure 1). These peaks 
were statistically significant both in the unadjusted 
and adjusted analyses, although the CI were wide in 
both analyses. The differences found between the 
fallers and non-fallers were also found when com-
paring the fallers and frequent fallers, with one 
exception as the association between being a fre-
quent faller and younger age was statistically signifi-
cant in this analysis (unadjusted OR 0.97; 0.95–0.99). 
There were no statistically significant associations 
between fall status and gender or use of a walking 
aid (Table 3).

Fall rate (falls/person/month). Interestingly, whereas 
no significant differences were evident in the propor-
tion of men and women fallers, fall rate was lower in 
the women than the men (RR = 0.80; CI 0.67–0.94). 
Similar to the analyses of the odds of being a faller, 
the rate of falls decreased by 3% with each year of age 
(Table 4).

Discussion
This is the first meta-analysis of risk factors for falls 
in PwMS using only prospectively collected fall data. 
In this large pooled international sample of ambula-
tory individuals, the average fall rate was approxi-
mately one fall/month. Higher odds of being classified 
as a faller were associated with a primary progressive 
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MS subtype and higher EDSS scores, consistent with 
previous studies.10,28,31 In contrast with previously 
reported results, use of a walking aid was not signifi-
cantly associated with higher fall risk.

This meta-analysis provides further detail on the rela-
tionship between fall risk in MS and disease severity 
as measured by the EDSS. It suggests that fall risk 
peaks at an EDSS score of 4.0 (when quantifiable 

Table 1. Demographic and prospective three-month falls data for each cohort and for the total sample.

Australia  
(n = 210)

Sweden  
(n = 125)

United Kingdom  
(n = 148)

United States  
(n = 54)

Total sample  
(n = 537)

Number of falls 
reported

630 333 672 86 1721

Fallers (≥1 fall): 
frequency (%) 

96 70 104 30 300

(46%) (56%) (70%) (56%) (56%)

Frequent fallers (≥2 
falls): frequency (%)

56 47 78 16 197

(27%) (38%) (53%) (30%) (37%)

Falls/person/month 
(all): mean (SD)

1.0 0.9 1.5 0.5 1.1

(3.5) (1.6) (2.9) (0.8) (2.8)

Falls/ person/month 
(fallers): mean (SD) 

2.2 1.6 2.2 1.0 1.9

(4.9) (1.9) (3.2) (0.9) (3.5)

Age (years):  

Mean (SD) 50.3 (11.1) 50.4 (10.7) 57.9 (10) 39.6 (8.25) 51.8 (11.6)

Median 51 53 60 41 53

(Range) (21–73) (22–75) (33–84) (22–50) (21–84)

EDSS: 3.83 (2.8)  

Mean (SD) 5.0 4.70 (2.2) 5.0 (2.1) 2.73 (1.8) 4.29 (2.61)

Median 1.0–6.5 4.0 6.0 1.0 5.0

(Range) 1.5–7.0 3.5–6.5 0–6.0 0–6.5

Subtype  

RRMS 160 (76.2%) 61 (48.8%) 42 (28.4%) 51 (94.4%) 314 (58.5%)

SPMS 30 (14.3%) 53 (42.4%) 66 (44.6%) 3 (5.6%) 152 (28.3%)

PPMS 19 (9.0%) 11 (8.8%) 37 (25%) 0 67 (12.5%)

Unknown 1 (0.5%) 0 3 (2.1%) 0 4 (0.7%)

Gender (F:M) 150:60 (71%:29%) 95:30 (76%:24%) 114:34 (77%:23%) 37:17 (68%:32%) 396:141 (74%:26%)

Walk aid (yes) 95 97 110 9 311
 (45.2%) (77.6%) (74.3%) (16.8%) (57.9%)

EDSS: Expanded Disability Status Scale; RRMS: relapsing–remitting multiple sclerosis; SPMS: secondary progressive multiple sclerosis; PPMS: primary 
progressive multiple sclerosis; F: female; M: male.

Table 2. Fall location and time of day.

Location

 Australia Sweden United Kingdom United States Total

Number of falls 121 293 541 69 1024

Indoors  89 (73%) 193 (66%) 345 (64%) 42 (61%)  669 (65%)

Outdoors  32 (27%) 100 (34%) 196 (36%) 27 (39%)  355 (35%)

Time of day

Number of falls 126 282 542 68 1018

Morning (6 a.m.–noon)  53 (42%)  85 (30%) 207 (38%) 25 (37%)  370 (36%)

Afternoon (noon–6 p.m.)  43 (34%) 128 (45%) 197 (36%) 27 (40%)  395 (39%)

Evening (6 p.m.–midnight)  26 (20%)  61 (22%) 111 (20%) 12 (18%)  210 (21%)
Night (midnight–6 a.m.)   4 (3%)   8 (3%)  27 (5%)  4 (6%)   43 (4%)
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mobility limitations are first acknowledged) and 6.0 
(when a walking aid is required). While this could be 
an artifact of the nonlinear nature of the EDSS scale,32 
it may also be that this increase in risk is associated 
with these important transitions in mobility status. 
EDSS is primarily a measure of MS-associated 
impairments, although walking distance and need of 
walking aids are also included in the scale.31 In this 
study we also found an association between falls and 
primary progressive MS subtype. Since this associa-
tion was independent of EDSS it does not reflect the 
higher level of disability in primary progressive MS 
but may reflect the difficulty of adapting to a con-
stantly, and sometimes fairly rapidly, progressing 
level of disability.

Interestingly, there were statistically significant asso-
ciations between more falls and younger age. 
Sustaining multiple falls was associated with younger 
age and the relative rate of falls was higher for 
younger participants. These results are surprising 
given that previous studies in older adults suggest that 
older age is a risk factor for more falls.33 It is possible 
that in a relatively young sample (mean age 52 years; 
range 21–84 years), the higher fall rates in the younger 
participants may reflect differences in activity levels 
with age, with younger people undertaking more 
activities that put them at risk for falls. Unfortunately, 
we did not collect data on exposure, including activi-
ties involving standing, walking, and more physically 
challenging activities, and so are not able to confirm 
this hypothesis. It is also possible that falls decrease 

as people with MS become older because they become 
more aware of their risk for falls and become more 
cautious and possibly less active.34

In our sample the men had a significantly higher fall 
rate than the women, suggesting that men with MS 
who fall are at risk for frequent falls. This finding is 
in line with previous studies.10,17 We also docu-
mented that most falls occurred indoors and during 
the daytime, guiding fall prevention interventions. 
Among older adults, risk factors for indoor and out-
door falls differ. Outdoor falls are associated with 
younger age, being male, and greater physical activ-
ity whereas indoor falls are associated with older 
age, being female, poor health and greater physical 
disability.33 Providing information on when and 
where falls occur may help promote awareness of 
specific risks in PwMS and caregivers. Personal 
level interventions, such as use of fall-risk reduc-
tion strategies or regular exercise, and environmen-
tal level interventions such as reducing hazards and 
installing safety devices in the home or workplace, 
could be guided by this information. Strategies on 
when to use walking aids or scheduling activities 
and rests could be outlined if a pattern of fall risk is 
detected.

Strengths of this study
This analysis pooled data from a number of similar 
studies. This provided a large sample with partici-
pants from four different countries covering a major 

Figure 1. Association between EDSS and risk of being classified as a faller (≥1 fall, unadjusted OR).
EDSS: Expanded Disability Status Scale; OR: odds ratio.
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part of the world where MS is prevalent. The sample 
size allowed subgroup analyses and the impact of out-
liers in the separate samples was reduced by merging 
the data sets. The sample was not restricted by MS 
subtype, and the participants represent PwMS living 
both in urban and rural areas. In addition, data were 
collected during different times of the year and cap-
tured different climate conditions. Differences in 
inclusion criteria across the cohorts also provided a 
broad spectrum of demographic and diagnostic char-
acteristics for the total sample.

The prospective recording of falls minimized recall 
bias, enhancing the validity of the results. Using fall 
diaries returned every two or four weeks combined 
with reminders resulted in a high return rate. Similar 
reminder systems are recommended for future stud-
ies. Now that many people have cell phones and com-
puters, other approaches to fall counting, such as 
using telephone text messages, purpose-designed 
applications, or emailed electronic surveys to capture 
falls would also be interesting to evaluate.

Limitations of this study
This study has a number of limitations. As this was 
not a planned multi-site study, data were collected and 
reported differently at the different sites and partici-
pant inclusion and exclusion criteria also differed. 
The analyses were also limited to data elements col-
lected consistently among the sites, limiting analysis 
of potentially important variables identified in other 
studies such as muscle weakness, impaired balance 
and continence. We were also unable to assess the 
consequences of falls such as associated injuries, 
which may have significant personal and financial 
implications.

The results of this study may also be affected by the 
limited three-month time period of recording falls. 
Longer periods may identify additional fallers but 
have the potential disadvantage of lower reporting 
compliance. Reporting falls on a regular basis can 
also increase the awareness of falls risk and thus pos-
sibly reduce fall frequency. Moreover, the willingness 
to participate in a falls study may be higher in those 
having experienced falls. The risk of over- or underes-
timating the overall fall prevalence in the present 
study is albeit considered to be small.

Suggestions for future research
While the evidence base for the factors contributing 
to falls risk in MS has developed significantly in 
recent years, the high incidence of falls in PwMS 
found in this study indicates that there is still a press-
ing need for research to identify approaches to help 
PwMS manage falls and reduce fall risk. The 
International Classification of Functioning, Disability 
and Health has been suggested as a framework for 
developing and evaluating multi-disciplinary fall risk 
consultations to identify individuals at high risk for 
falls, map their risk factors, and provide accordingly 
targeted interventions.35

This study provides further support to previous evi-
dence indicating that PwMS around the world are at 
high risk for falls. Those with primary progressive 
MS are at increased fall risk and fall risk peaks at an 
EDSS score of 4.0 and 6.0, likely representing transi-
tions in walking ability. Younger patients and men 
have higher rates of falls. These falls occur most often 
indoors during the day. As PwMS rarely talk to health 
care professionals about fall prevention,20 to help pre-
vent falls, care providers should conduct simple fall 

Table 4. Relative falls rate.

RR for fall rate p value

 (95% CI)  

MS subtype Primary progressive 1.42 (0.85; 2.38) 0.18

(n = 67)  

Secondary progressive (n = 152) 1.36 (0.90; 2.05) 0.15

Relapsing–remitting (n = 314) reference 1.00 –

Sex Female 0.80 (0.67; 0.94) 0.01

(n = 396)  

Male (n = 141) 1.00 –

Reference  
Age 0.97 (0.95; 0.98) <0.01

RR: relative risk; MS: multiple sclerosis; CL: confidence limits. 
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risk screening and recommend appropriate interven-
tions to reduce the occurrence of falls in this high-risk 
group.
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