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Abstract
Background  Falling is common in people with multiple sclerosis (MS) but tends to be under-ascertained and under-treated.
Objective  To evaluate fall risk in people with MS.
Methods  Ninety-four people with MS, able to walk > 2 min with or without an assistive device (Expanded Disability 
Status Scale (EDSS ≤ 6.5) were recruited. Clinic-based measures were recorded at baseline and 1 year. Patient-reported 
outcomes (PROs), including a fall survey and the MS Walking Scale (MSWS-12), were completed at baseline, 1.5, 3, 6, 9, 
and 12 months. Average daily step counts (STEPS) were recorded using a wrist-worn accelerometer.
Results  50/94 participants (53.2%) reported falling at least once. Only 56% of participants who reported a fall on research 
questionnaires had medical-record documented falls. Fallers had greater disability [median EDSS 5.5 (IQR 4.0–6.0) versus 
2.5 (IQR 1.5–4.0), p < 0.001], were more likely to have progressive MS (p = 0.003), and took fewer STEPS (mean difference 
− 1,979, p = 0.007) than Non-Fallers. Stepwise regression revealed MSWS-12 as a major predictor of future falls.
Conclusions  Falling is common in people with MS, under-reported, and under-ascertained by neurologists in clinic. Multi-
modal fall screening in clinic and remotely may help improve patient care by identifying those at greatest risk, allowing for 
timely intervention and referral to specialized physical rehabilitation.
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Introduction

Falls are frequent in people with multiple sclerosis (MS), 
occurring in 50–70% in published cohorts, and nearly half of 
these falls result in injury [1–3]. Falls also increase fear of 
falling, which can lead to a vicious cycle that reinforces or 
furthers a reduction in physical activity [4, 5]. Causes of fall-
ing in MS are often multifactorial, relating to combinations 
of weakness, spasticity, imbalance, incoordination, numbness, 
proprioceptive impairment, neurogenic bladder, neurogenic 
bowel, visual impairment, and cognitive impairment [6–11]. 
Current clinical assessments of fall risk in routine clinical 
practice may include a combination of history, patient ques-
tionnaires (e.g., Activities Balance Scale [12]), neurological 
examination, dynamic and static mobility (e.g., dynamic gait 
index, miniBEST test for balance) and dynamic posturography 
(e.g., Sensory Organization Test using Neurocom) [2, 13–15].

However, despite these various modalities to identify 
fall risk—falling is frequently under-ascertained and under-
reported by MS patients. For example, in a cross-sectional 
study in 455 people with MS, only 50% of patients reporting 
falls on a research survey reported falls to their health-care pro-
vider [16]. The authors of that study postulated that clinicians 
were “not consistently asking about falls” and that patients 
with MS may believe there is nothing to be done about falls 
and, therefore, did not volunteer this information [16]. Falling 
is also commonly under-measured clinically in other neuro-
logical diseases, including ataxia and Parkinson’s Disease [17, 
18]. Fall screening in MS remains an important area for contin-
ued quality and systems improvement, and was highlighted as 
a target measure in the 2015 American Academy of Neurology 
Multiple Sclerosis Quality Measurement Set [19].

Targeted interventions (such as balance training and gait 
with lower limb training) by physical therapists can reduce fall-
ing and fear of falling in MS [20–22]. However, as evidenced 
by the SARS-CoV-2 pandemic, there is a rising demand for 
remote assessments to identify individuals who are falling or 
at greatest risk of falling, telemedicine and telerehabilitation 
[23, 24]. In relatively brief studies (7 days of accelerometer 
monitoring) in MS, lower physical activity was associated with 
increased fall risk [25].

In this analysis, we aimed to analyze fall risk in a longitudi-
nal cohort of people with MS with both in person and remote 
monitoring evaluations.

Methods

Participants

Adults with MS by 2010 International Panel criteria were 
prospectively recruited from the UCSF Multiple Sclerosis 

and Neuroinflammation Center between June 2015 and 
August 2016 [26]. Patients who were able to walk at least 
2  min with or without an assistive device were block-
recruited by disability level to obtain an equal distribution 
of disability for observation. Participants were excluded if 
they had experienced a clinical relapse within 30 days, had 
no access to Wi-Fi Internet, could not comprehend study 
instructions, or had major unresolved or uncontrolled mus-
culoskeletal or cardiovascular comorbidities that in the 
judgement of the study investigators could significantly 
affect ambulatory function. Baseline and 1-year analyses of 
this cohort were previously published [27, 28]. The UCSF 
Institutional Review Board approved the study protocol, 
and all participants provided written informed consent 
electronically.

Study procedures

Study procedures were previously described [27, 28]. 
Briefly, participants wore a Fitbit Flex device on their non-
dominant wrist for the study duration. Clinic-based measures 
of disability and physical performance were completed at 
baseline and at the 1-year timepoint by trained MS neurolo-
gists and physical therapists, including the Timed-25 Foot 
Walk Test (T25FW); Timed Up and Go (TUG), the 2-Min-
ute Walk test (2MWT), and the Expanded Disability Sta-
tus Scale (EDSS, neurologists only) [29]. Patient-reported 
outcomes (PROs) were administered at study entry, 1.5, 3, 
6, 9 months, and 1 year. These included measures to assess 
the impact of MS on walking (12-Item Multiple Sclerosis 
Walking Scale [MSWS-12]), mental health (5-Item Men-
tal Health Inventory [MHI-5]), fatigue (5-Item Modified 
Fatigue Impact Scale [MFIS-5]), pain (Pain Effects Scale 
[PES]), bladder and bowel Control Scale (respectively: 
BLCS, BWCS), and quality of life (World Health Organiza-
tion Disability Assessment Schedule [WHODAS]). Follow-
ing a protocol amendment, a study-specific survey to docu-
ment falls, near-falling, new relapses, and MRI changes was 
included at each timepoint starting at 6 weeks. The Hopkins 
falls grading scale was shown to participants to aid in defin-
ing a fall versus a near-fall [30]. Study researchers (VJB, 
AG) additionally reviewed clinical documentation in the 
electronic medical record (EMR) for reporting of falls over 
the course of the study (between baseline and 1-year clinic 
visit dates).

Statistical analysis

Definitions

Participants were categorized by Fall Status into two 
groups as Fallers (at least one fall since the last survey) or 
Non-Fallers (no falls since the last survey). Participants 
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were also grouped by Fall Frequency in ordinal groups of 
non-faller (0 falls), minimal faller (1–2 falls), and frequent 
faller (> 2 falls; with the goal to prioritize capturing as 
much fall risk as possible). This categorization stems from 
a methodological approach used by Matsuda et al. [16], for 
study of falling in MS, and Yang et al., for study of falling 
in older adults [31].

Baseline Fall Status and Fall Frequency were assessed 
from the first survey sent to participants (6 weeks after 
study entry) that ascertained falls sustained over the prior 
3 months. Baseline activity was calculated as the average 
daily step count (STEPS) over the first 6 weeks of the 
study, to coincide with the first fall survey.

To determine a fall risk threshold for people with MS, 
data were dichotomized by sex and disability (EDSS < 4.0 
and EDSS ≥ 4.0). A 20% change in the T25FW was con-
sidered clinically meaningful [32].

Missing data were imputed using a multiple linear 
regression model at an individual level (using Time as a 
covariate). A sensitivity analysis was performed compar-
ing the odds ratios for the MSWS-12 prediction of future 
falls before and after imputation.

Analyses

To characterize fall status, fall frequency and fall risk, we 
used descriptive statistics. Unpaired t test, χ2 or Wilcoxon 
signed rank test were used, as appropriate, to determine 
differences in demographic characteristics between Fall-
ers and Non-Fallers. Stepwise logistic regression analysis 
was performed with all covariates (including age, sex, dis-
ease duration, PROs, TUG, T25FW, 2MWT, EDSS and 
STEPS) to identify suitable predictors of falling. Univari-
ate logistic regression and multivariate logistic regression 
was performed using the predictors identified by stepwise 
regression. A random forest algorithm was used to cre-
ate variable importance plots to visualize each predictor’s 
contribution to fall risk. Binary logistic regression and 
odds proportion regression were used to evaluate predic-
tors of Fall Status and Fall Frequency. The MSWS-12 
score at the timepoint prior to the fall survey was used. 
LASSO was performed to assess if particular MSWS-12 
questions were responsible for observed associations. A 
generalized estimating equation (GEE) for repeated meas-
ures was used to determine the utility of STEPS (for the 
month prior to each fall survey) in predicting falls. ROC 
curve range 0.5: no discrimination. 0.7–0.8 is considered 
acceptable, 0.8–0.9 is considered excellent. > 0.9 is con-
sidered outstanding. The R environment for statistical 
computing was used for analyses [33]. A p value < 0.05 
was considered significant.

Results

Participant characteristics

The majority of participants were women (58/94, 62%), 
had moderate disability (median EDSS = 4.0. IQR 
2.5–6.0), were middle-aged (mean 50.0 years, SD: 13.6), 
were diagnosed with progressive MS (53%), and had a 
median disease duration of 11.4 years (IQR: 5.1–20.6), 
largely due to the EDSS blocked-group enrolment strategy 
[34].

Baseline fall status

At the first falls survey at 1.5 months, 30.9% (29/94) par-
ticipants in the cohort reported falls; 11 of these 29 Fallers 
(37.9%) were frequent Fallers. Overall, during the 1-year 
study, 50 (53%) participants reported a fall on the research 
survey at least once (Fig. 1); however, only 28 of these 50 
(56%) had a fall documented in their EMR clinical notes. 
Conversely, 5 additional participants had falls documented 
in the EMR not reported in the research survey.

Baseline fall status: associations with clinical 
and remote measures

At baseline, Fallers had significantly higher median EDSS 
(5.5 [IQR: 4.0–6.0] versus 2.5 [IQR: 1.5–4.0]; p < 0.001) 
and a longer median disease duration (14.2 [IQR:8.2–22.8] 
versus 7.7 [IQR: 3.1–15.9] years; p = 0.063) compared to 
Non-Fallers (Table 1). 62% of Fallers had an EDSS score 
of ≥ 6.0, and 88% had an EDSS ≥ 4.0. The proportion of 
Fallers with progressive MS was greater than relapsing 
MS (53% versus 42%, p = 0.003). Fallers had significantly 
slower walking speed compared to Non-Fallers (T25FW; 
mean difference: − 2.72 SD: 1.10, p = 0.032) (Fig. 2B), 
and poorer mobility and balance (TUG; mean difference: 
− 5.88, SD: 2.14, p = 0.022) (Fig. 2C). There was no dif-
ference in fall risk by age or sex. A sensitivity analysis 
found no difference in these results when Fall Status was 
determined based solely on the research survey alone ver-
sus when combined with the EMR.

Fallers took significantly fewer STEPS over the prior 
1.5-month study period than Non-Fallers (Fig. 2A, median 
difference: − 1,979, p = 0.007). Falling was associated 
with greater fatigue (MFIS-5 [mean difference: − 4.04, 
SD: 0.96, p < 0.001]), neurogenic bladder symptoms 
(BLCS [mean difference: − 3.26, SD: 1.19, p < 0.001]) 
and self-assessment of MS impact on walking (MSWS-12 
[mean difference: − 15.56, SD: 2.79, p < 0.001]) (Fig. 2D).
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Fig. 1   Number of participants reporting falls at each timepoint. The timepoints correspond to the completion of the other patient-reported out-
comes

Table 1   Demographics and 
clinical characteristics of fallers 
and non-fallers

EMR electronic medical record, Fallers a fall reported at least once over 1 year during the study, Non-fall-
ers no fall reported over 1 year during the study, Yr.  year, N number, SD standard deviation, IQR interquar-
tile range, EDSS expanded disability status scale, T25FW Timed 25 Foot Walk, TUG​ Timed Up and Go, 
MFIS-5 5 Item Modified Fatigue Scale, BLCS Bladder control Scale, BWCS bowel control Scale, MSWS-12 
12-time MS walking scale, STEPS average daily step count. Significance threshold p < 0.05 shown in bold

Fallers Non-fallers p value

Sample size 50 44 –
Female
N (%)

31 (62.0) 27 (61.4) 0.975

Baseline characteristics
 Age, Years (Mean, SD) 51.4 (12.5) 48.2 (15.0) 0.262
 Disease type [N (%) Progressive] 29 (52.7) 8 (20.5) 0.003
 Disease duration
Median, [IQR]

14.2 [8.2–22.8] 7.7 [3.1–15.9] 0.063

Baseline clinical characteristics
 EDSS (N = 94) Median, [range, IQR] 5.5 [0.0–6.5, 4.0–6.0] 2.5 [0.0–6.5, 1.5–4.5]  < 0.001
 T25FW mean (SD) 8.4 (6.5) 5.9 (3.8) 0.032
 TUG mean (SD) 14.2 (13.8) 8.9 (4.7) 0.022
 MFIS-5 mean (SD) 11.8 (3.9) 7.4 (5.2)  < 0.001
 BLCS mean (SD) 7.5 (6.1) 3.5 (5.0)  < 0.001
 BWCS mean (SD) 4.7 (5.3) 2.1 (3.5) 0.008
 MSWS-12 mean (SD) 43.4 (11.1) 26.6 (15.1)  < 0.001
 STEPS (1st 1.5 months) Median (IQR) 4119 (2598–5310) 6098 (3638–8458) 0.007

1-year characteristics
 Sample size 39 40 –
 EDSS Median, [range, IQR] 5.5 [1.0–7.0, 4.0–6.5] 2.0 [0.0–6.5, 2.0–5.0]  < 0.001
 STEPS Mean (SD) 4323 (2848) 6306 (3278) 0.002
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Fall status: remote predictors

Variable importance plots showed that the MSWS-12 was 
consistently in the top two most important remote fall-
ing risk features identified by the random forest plot that 
contains a major part of the predictive power; WHODAS, 
MFIS-5 (fatigue) and baseline STEPS were also included 
as main predictors (for the 3, 6 and 12-month assessments 
respectively, Fig. 3). Stepwise regression revealed that base-
line MSWS-12 was the major predictor of fall status at 1.5, 
3, 6 and 12 months. At 9 months, multiple remote variables 

(WHODAS, BLCS, PES and STEPS) were included in the 
fall prediction model, although MSWS-12 was not.

Table 2 shows the individual risk factor, odds ratio 
regression analysis for each variable (univariate) and 
adjusted for age and disease duration at baseline, and sex 
(multivariate). STEPS; participants with STEPS below the 
median had a nearly three times greater odds of falling 
(OR: 2.76, 95% CI 1.02–7.95, p = 0.048). Similarly, the 
MSWS-12 (OR 1.11, 95%CI 1.06–1.18, p < 0.001), when 
translated to a clinically relevant difference (10 point 
change, conservatively based on MS-literature [35, 36]), 
demonstrated a ~ 3 times (1.1110 = 2.84) greater odds of 

Fig. 2   a Average Daily Step Count (STEPS) is Lower in Fallers Ver-
sus Non-Fallers. Box plots showing average daily step count, over 
the first 30 days of the study for Fallers and Non-Fallers (p = 0.007). 
STEPS are less in Fallers. b Timed 25-Foot Walk Times are Greater 
in Fallers Versus Non-Fallers. Box plots showing Timed 25-Foot 
Walk (in seconds) for fallers and Non-Fallers. Greater times indi-
cate slower walking speed (p = 0.032). Walking speed was slower 
in fallers. c Timed Up and Go Times are Greater in Fallers Versus 

Non-Fallers. Box plots showing Timed Up and Go (in seconds) for 
fallers and Non-Fallers. Higher times indicate slower walking speed 
and decreased functional mobility, which is more common in fall-
ers (p = 0.022). d 12-Item Multiple Sclerosis Walking Scale Scores 
are Higher in Fallers versus Non-Fallers. Box plots showing 12-Item 
multiple sclerosis (MSWS-12) scores for fallers and Non-Fallers. 
Higher scores signify patient-reported greater impact of multiple 
sclerosis on walking (p < 0.001)



	 Journal of Neurology

1 3

falling with worse/higher scores. The other PROs, except 
BWCS and MHI-5, demonstrated higher odds of falling 
with worse scores (Table 2). Using only predictors from 
the Stepwise regression analysis in a multivariate model, 
MSWS-12 was consistently included (except the month-9 
value). Multivariate analysis for all timepoints can be 
found in Table S1.

The contribution of MSWS-12 and STEPS to fall 
risk was further evaluated. A higher/worse score on the 
MSWS-12 during the timepoint prior to the Fall survey 
questionnaire corresponded to a higher odds of reporting 
a fall (see Table S2). Specific thresholds for MSWS-12 
scores as predictors for higher risk of falls could not be 
identified (Figure S1). No particular question (or set of 
questions) within the MSWS-12 drove the association with 
fall risk (using LASSO subset selection for each timepoint, 
data not shown).

Fall status and in‑clinic measures of mobility, 
balance (TUG) and walking speed (T25FW)

Longer times to complete TUG and T25FW at baseline 
were correlated with falling at 1.5 months, (OR 1.1, 95% CI 
1.0–1.2, p = 0.041 and OR 1.2, 95% CI 1.1–1.3, p = 0.008, 
respectively), 6 months (OR 1.2, 95% CI 1.1–1.5, p = 0.005 
and OR 1.2, 95% CI 1.1–1.5, p = 0.021), and 1 year (OR 
1.3, 95% CI 1.1–1.5, p = 0.011 and OR 1.3 95% CI 1.0–1.6, 
p = 0.044), adjusting for age, sex and disease duration at 
baseline. The TUG moderately predicted falls in MS (AUC 
for TUG to distinguish falling versus no falling at 3 months 
0.61 and 6 months was 0.78).

Fig. 3   Variable importance plot—remote predictors of falling. 
Variable Importance Plot (VIP) from random forest algorithm. 
12-item MS Walking scale (MSWS-12) was consistently a remote 
major predictor of falls. WHODAS and Baseline average daily step 
count (STEPS) were also main predictors at 3  months and 1 year, 
respectively. STEP.1.5  M = STEPS over the first 1.5  months (base-
line), STEP.3  M = STEPS over the first 3  months. *BL = at base-

line, DD.BL = disease duration, TUG.BL = Timed up and Go, 
MS.Type = Type of MS [progressive or relapsing MS], BLCS/
BWCS = bladder/bowel control scale, MHI.5 = 5 item mental 
health inventory, MFIS.5 = 5 item modified fatigue index, MOS.
PES = pain effects scale. EDSS = expanded disability status scale, 
T25FW = Timed 25-foot walk, WHODAS = WHO disability assess-
ment schedule

Table 2   Baseline univariate regression analysis fall risk for each vari-
able and multivariate logistic regression based on stepwise regression 
variable selection

Yr.   year, N  number, SD standard deviation, IQR interquartile range, 
EDSS  expanded disability status scale, MS_duration duration since 
MS diagnosis, T25FW Timed 25 Foot Walk, TUG​ Timed Up and Go, 
MFIS-5  5 Item Modified Fatigue Scale, MHI-5 5 item Mental Health 
Inventory, MOS PES Modified Pain Effects Scale, WHODAS WHO 
disability assessment schedule, BLCS Bladder control Scale, BWCS 
Bowel control scale, MSWS-12 12-time MS walking scale, STEPS 
average daily step count

Odds ratio 95% CI P value

Remote assessments (univariate)
 Steps (median) 2.76 1.02–7.95 0.048
 MHI-5 0.89 0.73–1.08 0.252
 MFIS 1.22 1.09–1.39 0.002
 MOS PES 1.18 1.08–1.30  < 0.001
 WHODAS 1.16 1.08–1.25  < 0.001
 BLCS 1.12 1.04–1.22 0.005
 BWCS 1.13 1.03–1.25 0.013
 MSWS-12 1.11 1.06–1.18  < 0.001
 MS TYPE 2.81 0.97–8.90 0.064

In-clinic assessments (univariate)
 EDSS BL 1.12 0.85–1.50 0.431
 EDSS YR 1.16 0.90–1.52 0.261
 T25FW 1.17 1.05–1.32 0.008
 TUG​ 1.07 1.01–1.15 0.041

Multivariate (remote assessments at baseline)
 Predictors
  MSWS-12 1.11 1.06–1.18  < 0.001
  Age at baseline 0.95 0.90–0.99 0.016
  Sex 2.44 0.79–8.41 0.135



Journal of Neurology	

1 3

Contribution of STEPS to understanding fall status, 
frequency and risk

Fall status

There was no significant difference in STEPS (below 
the cohort median) at baseline, though there was a trend 
towards people who took fewer STEPS being classified as a 
Faller at baseline (OR 2.4 95% CI = 0.86–6.98, p = 0.099). 
Lower STEPS was associated with Fall Status at 6 months 
(OR 4.0 95% CI = 1.25–14.14, p = 0.023) and 1 year (OR 
3.9 95% CI = 1.12–15.26, p = 0.037). In participants with 
EDSS ≥ 4.0 (N = 68), individuals whose STEPS were below 
the cohort median trended to be more likely to be a faller 
at baseline (OR 3.3 95% CI = 0.96–13.11, p = 0.071), were 
6 times more likely to be a faller at 6 months (OR 6.3 95% 
CI = 1.53–32.05, p = 0.016), and trended (non-significantly) 
to have an increased likelihood for falls at 1 year (OR 2.1 
95% CI = 0.48–9.66, p = 0.320). Analyses were adjusted for 
age, sex, MS type and disease duration.

Using a more proximate, real-time measure of STEPS 
(i.e., the data from one month directly prior to the Fall ques-
tionnaire), the GEE model revealed that neither STEPS nor 
MSWS-12 explained the number of falls reported over the 
entire study nor Fall status (binary: fall/no fall) (Table S3).

Fall frequency

Lower STEPS was associated with greater fall frequency. In 
people with baseline STEPS below the cohort median, there 
was nearly 11 times greater odds of being a frequent faller 
(> 2 falls) at 6 months (OR: 10.95, 95% CI1.74–112.45, 
p = 0.02). A similar but non-significant trend was seen at 1 
year (OR 3.35, 95% CI 0.72–17.38, p = 0.128).

For the subset of participants with EDSS ≥ 4.0, there was 
a trend towards a nearly eight times greater odds of being 
a frequent faller (> 2 falls) at 6 months (OR 7.67, 95% CI 
0.92–109.77, p = 0.083), but not at 1 year (OR 1.32, 95% CI 
0.20–8.22, p = 0.763). The confidence intervals were wide, 
and this did not reach significance in either case.

Fall injury

Over the 1-year study, while most falls resulted in only 
minor injury, 12 falls from 9 participants required medical 
attention.

Discussion

Consistent with prior studies [14, 37], falls were prevalent 
(> 50%) in this prospectively gathered MS dataset. Fall risk 
was greatest in those with higher disability (EDSS > 4.0), 

progressive MS, slower walking speeds (T25FW), and lower 
functional mobility (TUG). In addition to these clinic-based 
assessments, the assessment of patient-reported ambula-
tory function in-between clinic visits (measured at home, 
remotely, by the MSWS-12) and fewer steps (measured 
remotely via step count monitoring in the ecological home 
setting) predicted falls. The use of traditional fall screening 
modalities combined with modern active and passive remote 
techniques highlights opportunities to improve fall screening 
and identify gaps in real-world practice and implementation 
as areas for quality improvement.

Nearly half of Fallers did not have falling recorded in the 
EMR, a finding consistent with previous literature [16–18, 
38, 39]. In a community survey of people with MS, only 
51% of those who fell reported speaking to a clinician 
about falling [16]. Similar under-reporting of falls was also 
noted in people with neurodegenerative conditions includ-
ing ataxia and Parkinson’s Disease [17, 18]. Many Fallers 
go unidentified without specific and frequent questioning 
about falls. Studies of falling in older adults demonstrate 
that fall injuries tend to be markedly under-reported, even 
when asked as frequently as every six months [18]. Among 
community-dwelling Medicare beneficiaries age 65 years 
and older, only < 50% of the more than 7 million people who 
fell in the previous year discussed falling with a health-care 
provider [39]. Twelve (24%) of the falls in our study partici-
pants required medical attention. These data highlight the 
need for frequent and dedicated fall screening in MS clinical 
care and increased patient education about the importance of 
fall risk and fall prevention, with the goal of identifying fall 
risk as early as possible and reducing risk of injury.

The MSWS-12 was the strongest remotely measured fall 
predictor. MSWS-12 is a MS-specific questionnaire, pro-
viding insight into how people with MS believe the disease 
has impacted their walking ability (and related functions) 
over the past 2 weeks. Nisagard et al. reported ormative 
mean MSWS-12 scores of 75/100 for Fallers and 58/100 for 
non-fallers (OR = 1.03, 95% CI 1.01–1.03) [40]. Previous 
literature found that higher (greater self-reported disability) 
scores on the MSWS-12 were associated with higher rates 
of falls [2, 13] and greater difficulty performing daily tasks 
independently [41]. Taken together, these findings suggest 
that implementing the MSWS-12 between clinic visits war-
rants further investigation to mitigate fall-related injury.

STEPS could be useful for identifying fall risk but appears 
to be unlikely to be sufficient in isolation. In our dataset, 
participants with walking-related disability (EDSS ≥ 4.0) 
and low STEPS (< 4690 steps) were at greatest fall risk. 
Such patients may benefit from additional fall screening and 
physical therapy (PT) referral. Simply asking a patient about 
previous falls in the last year may be as good at identify-
ing a faller as more complex assessments [13]. Our study 
suggests that combining this simple question with remotely 
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assessed, patient-reported measures (MSWS-12 and STEPS) 
could provide an efficient way to identify people with MS at 
increased fall risk in-between clinic visits.

The TUG is commonly used in PT and rehabilitation clin-
ics for assessing functional mobility and can help identify 
people at increased fall risk (e.g. older adults, people with 
unilateral amputations, people with Parkinson’s disease) [42, 
43]. However, while the TUG is associated with falling, in 
our dataset the TUG exhibited only moderate discriminative 
ability to predict Fallers from Non-Fallers in people with 
MS, an observation consistent with a prior report in MS 
[24]. The clinical utility of TUG may be disease process and 
context dependent.

Prior studies have generally cited higher EDSS as a fall 
risk factor for people with MS, [14, 44]; however, recent 
literature reveals risk of falls even in people recently diag-
nosed with MS and low disability levels [45]. While most 
falls in our dataset occurred in patients with moderate to 
severe MS-related disability (EDSS ≥ 4), 12% of Fallers had 
EDSS < 4 (indicating a milder degree of walking impair-
ment). This highlights the importance of screening for falls 
as a stand-alone clinical metric for all patients, rather than 
categorizing risk exclusively based on categorical metrics 
of ambulatory disability.

Our study has important limitations. Though specific and 
frequent questions were used to clearly define falls, partici-
pants may have under- or over-reported falls. Recall bias 
could have arisen as fall surveys at the 3-month intervals 
inquired about any falls sustained since the last survey [17]. 
The first fall survey was at 1.5 months, and peri-enrollment 
fall status was not recorded. In addition, the cause or activ-
ity provoking a fall was not collected. The MSWS-12 is also 
a subjective outcome, relying on memory and self-report. 
Our analysis includes multiple hypotheses and no repli-
cation data set. We accepted a p value of < 0.05, without 
adjusting for multiple hypotheses, as the study goal was 
hypothesis generation. Future studies will be helpful to test 
the hypotheses generated by the current analysis. Given 
utilization by patients of multiple health systems, it is pos-
sible that falls were ascertained by an outside clinician not 
captured in available medical or study records. The use of 
a binary outcome for falls (Faller or Non-Faller) does not 
necessarily capture the consequences of falling (i.e., injury 
or functional consequences of frequent falling such as self-
imposed limitations). Due to the periodicity of fall surveys, 
it was not possible to determine the exact date of the fall, 
and subsequently to analyze STEPS exactly at the time of 
falling. MSWS-12 is correlated with STEPS and confounds 
interpretation when both variables are modeled together. 
The overall proportion of fallers (56%) may also be differ-
ent from population-based samples given block recruitment 
by EDSS (disability status) in this dataset. Falls are unpre-
dictable and activity outcomes (step count) are stochastic in 

nature, as highlighted by consistently atypical results from 
month 9 and 3 in comparison to the other timepoints. Most 
studies use short (< 1.5 months) or medium (6 or 12 months) 
timelines; however, future investigations into continuous 
measures are needed. Our study utilized the TUG but did 
not test the TUG-cognitive, which may have different pre-
dictive value for falling in MS, although a prior study also 
found poor discriminative ability [24]. Finally, our study did 
not analyze injuries that may have resulted from falling, an 
important question for future research.

Conclusions

Falling is common in people with MS and frequently under-
reported. Multimodal fall screening, including specifically 
asking patients about falls, utilization of patient-reported 
outcomes such as the MSWS-12, and attention to other fall-
ing risk factors such as low STEPS, may help to identify 
patients at greatest risk of falling and allow for timely inter-
vention, including referral to specialized physical rehabilita-
tion services.
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