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P eople with multiple sclerosis (MS) fall fre-
quently.1 Between 52% and 63% of people 
with MS fall at least once in a 2- to 6-month 

period,2-4 and recurrent falls are also common in this 
population.5 Approximately 50% of people with MS 
who fall once during a study period also experience 

recurrent (two or more) falls.2,3 Studies in older adults6 
and people with Parkinson’s disease7 have demonstrated 
that recurrent falls (two or more falls in a year) are more 
clinically relevant than a single fall because recurrent falls 
are likely to indicate worse health. Given the high preva-
lence of recurrent falls in people with MS, the factors 
associated with recurrent falls in this population warrant 
further investigation.

Risk factors associated with falls may be physiologic 
or psychological. To date, most studies have focused on 
assessing the association between physiologic factors and 
falls,2,8-10 and there is a paucity of research on the asso-
ciation between psychological factors and falls in MS.11 
Psychological factors related to fatigue12 and balance 
confidence13 have been previously evaluated and have 
been found to be associated with falls in people with 
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experimental protocol, a detailed informed consent 
document, and an opportunity to ask questions. All the 
participants gave written informed consent to participate 
in this study.

Participants
Fifty-eight individuals with MS were recruited for a 

study of mechanisms of imbalance and falls in MS at an 
academic medical center and its affiliated Department 
of Veterans Affairs medical center in the northwestern 
United States. Potential participants were recruited using 
flyers posted at the clinics of these institutions and via 
flyers and announcements at patient education programs 
and MS support groups. Of the 58 participants, 54 
completed all aspects of data collection and were includ-
ed in this analysis (Figure 1).

Inclusion and Exclusion Criteria
The participants in this study met the following 

inclusion criteria: confirmed diagnosis of MS by the 
McDonald criteria23; any subtype of MS, including 
relapsing-remitting, primary progressive, or secondary 
progressive24; aged 18 to 50 years; mild-to-moderate MS 
disability as defined by an Expanded Disability Status 
Scale (EDSS) score of 6.0 or less25; willing and intellec-
tually able to understand and sign an informed consent 
form and to adhere to protocol requirements; sufficient 
motor function to complete a written daily record of 
falls for 6 months; and community dwelling.

MS. Fear of falling, measured in a variety of ways, has 
also been identified as a psychological risk factor for falls 
in MS,3,14,15 and there is a high prevalence of fear of fall-
ing in this population.14

Fear of falling and falls are interrelated. Older adults 
with increased fear of falling are at higher risk for falls, 
and individuals who fall are at a higher risk for develop-
ing fear of falling.16 This results in a vicious cycle of falls, 
fear of falling, functional decline, and more falls. Given 
the variability in the measurement of fear of falling in 
previous studies,8,14,15 and the interdependence between 
falls and fear of falling, it remains uncertain whether fear 
of falling independently predicts recurrent falls in people 
with MS.

The Falls Efficacy Scale–International (FES-I) is 
a valid and reliable measure of fear of falling in older 
adults,17-19 and recently the psychometric properties of 
this tool were assessed in people with MS using item 
response theory.20 The authors found that the FES-I 
provided valid assessments of fear of falling and that the 
shortened 7-item version of the original 16-item FES-I 
had better psychometric properties in people with MS.20 
In practice, use of the total score of a rating scale to 
represent a single underlying construct assumes unidi-
mensionality of the scale.21 Because a lack of unidimen-
sionality can lead to ambiguity and misinterpretation of 
the score,22 we evaluated this psychometric property by 
applying the 7-item FES-I in a sample of people with 
MS using confirmatory factor analysis. We hypothesized 
that the 7-item FES-I would be unidimensional, indi-
cated by a single-factor solution. We then evaluated the 
association between the construct of “fear of falling” as 
measured by the FES-I and future falls in the prospec-
tive cohort design. We hypothesized that the total score 
on the 7-item version of the FES-I would predict the 
risk of recurrent falls (two or more falls) in people with 
MS independent of past recurrent falls. In addition, we 
evaluated the association between the total score on the 
7-item version of the FES-I and falls and injurious falls 
in the following 6 months.

Methods

Human Subjects Protections
The institutional review boards of the Department 

of Veterans Affairs medical center and the academic 
medical center where this prospective cohort study was 
conducted approved the study protocol. All potential 
participants were given a verbal explanation of the 

1400 People with MS at the 
clinics where participants 

were recruited

112 Potential participants 
screened

58 Individuals included in the 
study at baseline

2 Individuals with 
incomplete fall calendars 

and 2 missing some baseline 
assessments were excluded 

54 Individuals not eligible as 
per inclusion and exclusion 

criteria 

54 Individuals completed
all assessments at

6 mo

Figure 1. Participant recruitment and 
retention 
MS, multiple sclerosis.



International Journal of MS Care
166

Mazumder et al.

defined as any unanticipated event that results in a par-
ticipant coming to rest on the ground, floor, or lower 
surface.26,27 At the end of each month, participants 
mailed back the single page providing the month’s fall 
record. If the page was not received within 1 week after 
the end of the month, a research assistant telephoned the 
participant to ask for the page to be sent in. For analysis, 
total fall and injurious fall counts for the 6 months after 
the baseline visit were determined. The fall variable was 
dichotomized as “fallers” (at least one fall) or “nonfall-
ers” (no falls); “recurrent fallers” (two or more falls) or 
“nonrecurrent fallers” (one or no falls); and “injurious 
fallers” (at least one injurious fall) or “noninjurious fall-
ers” (no injurious falls).

Statistical Analysis
All the analyses were performed using Stata version 

12.1 software (StataCorp, College Station, TX), and 
a significance level of P < .05 was set for all hypoth-
esis testing. Descriptive statistics were used to assess 
the central tendency and variability of all the measured 
variables. To compare means of continuous variables, 
Mann-Whitney U tests and t tests were performed for 
nonparametric and parametric data, respectively. Ordi-
nal variables were compared using χ2 tests.

The distribution of the total scores from the 7-item 
FES-I was first assessed as a continuous variable. Then 
the reliability and construct validity of the 7-item FES-I 
was assessed. To evaluate reliability, the Cronbach α 
was calculated. Confirmatory factor analysis was used 
to assess the construct validity, and commonly accepted 
confirmatory factor analysis fit indices (χ2, Tucker-Lewis 
index [TLI], comparative fit index [CFI], and root mean 
square error of approximation [RMSEA]) were used to 
assess the goodness of fit. The a priori hypothesis was 
that the 7-item version of the FES-I represents a single 
underlying construct.

Logistic regression was used to assess the relationship 
between the total score on the 7-item FES-I and being a 
recurrent faller in the following 3 or 6 months. Relation-
ships were tested after adjustment for recurrent falls in 
the past year, EDSS score, age, and sex.

Results

Demographic and Baseline Characteristics
Fifty-four participants (93.1%) completed all the 

baseline assessments and the 6-month prospective fall 
counts and were included in the analysis (Table 1). The 
mean age of the participants was 39.6 years, and the 

MS severity was assessed at baseline using the 
EDSS,25 which is based on a clinical neurologic exami-
nation. Each participant was assigned an EDSS step 
from 0 to 10. Step 0 indicates normal neurologic func-
tion and step 10 indicates death due to MS. Step 6, the 
highest score among participants in this cohort, indicates 
intermittent or unilateral constant assistance (cane, 
crutch, or brace) required to walk approximately 100 m 
with or without resting.

The following exclusion criteria were applied: a self-
reported musculoskeletal or neurologic condition other 
than MS known to affect balance or gait and to be asso-
ciated with falls, such as a lower-extremity joint replace-
ment, peripheral neuropathy, a vestibular disorder, 
alcoholism, stroke, or seizure; unable to follow directions 
in English; unhealed bone fractures or other conditions 
that put individuals at risk for injury during balance test-
ing; and blindness (corrected visual acuity worse than 
20/200).

Study Instruments
The FES-I was completed by all the participants. This 

scale assesses concern for falling while performing activi-
ties that range from basic (eg, getting dressed, getting in 
and out of a chair, and reaching up and bending down) 
to more physically demanding (eg, walking on a slope 
and going out to social events). Participants indicated 
their level of concern about falling while performing 
each activity on a 4-point scale, where 1 is “not con-
cerned at all” and 4 is “very concerned.”17 The 16-item 
FES-I was administered to all the study participants, and 
the responses to the subset of items that composed the 
7-item FES-I were used to calculate the 7-item FES-I 
score. In the case of missing responses, total scores were 
calculated using scoring criteria reported in earlier vali-
dation studies.17,18 The different versions of the FES-I 
are available at the Prevention of Falls Network Europe 
website (http://www.profane.eu.org/fesi.html).

In addition to the FES-I, participants completed a 
demographic data and retrospective fall questionnaire 
at baseline. The questionnaire asked how many times 
the participant recalled having fallen in the previous 12 
months and how many of these falls resulted in injuries 
such as a bruise, cut, graze, pain, or other trauma.

Future fall events were measured prospectively using 
paper fall calendars. At the baseline visit, all the par-
ticipants were provided with monthly fall calendars to 
record their falls and fall-related injuries (ie, a bruise, 
cut, graze, pain, or other trauma) each day. A fall was 
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in the average age or the distribution of men and women 
between recurrent and nonrecurrent fallers at baseline.

Unidimensionality of the 7-Item FES-I
For the 54 participants who completed all phases of 

data collection, the baseline mean (SD) score on the 
7-item FES-I was 11.1 (4.4), and the range of the total 
score was 7 to 23. Scores on the 7-item FES-I were not 
normally distributed (kurtosis: 3.27) and were skewed to 
the right (skewness: 1.07). The Cronbach α was 0.91 for 
the 7-item FES-I scale, indicating high internal reliability.

The unidimensionality of the 7-item FES-I was 
assessed using confirmatory factor analysis with data 
from 52 individuals. Two participants did not answer 
one question each and were, therefore, excluded from 
this analysis. The goodness-of-fit indices for a one-factor 
solution are presented in Table 3. The discrepancy χ2 
statistic, TLI, CFI, and RMSEA all supported a unidi-
mensional measurement construct for the 7-item FES-I 
as applied to this sample of people with MS.

Fear of Falling as Measured by the 7-Item 
FES-I as a Predictor of Recurrent Falls

The crude and adjusted odds ratios (ORs) describ-
ing the relationship between fear of falling (as measured 
by the 7-item FES-I) and recurrent falls are shown in 
Table 4. In the bivariate analysis, we found that fear of 
falling was strongly associated with recurrent falls in the 
following 3 and 6 months. For each point increase in 
the 7-item FES-I total score, the odds of recurrent falls 
in the following 3 and 6 months increased by 25% and 
19%, respectively.

In multivariate analysis, we explored the effects of 
age, sex, and EDSS score (measured at baseline) on the 
relationship between the fear of falling (as measured at 
baseline) and falls in the following 6 months by adding 
each of these covariates one at a time into the model to 
identify whether any of these variables were confounders, 
that is, whether the point estimate of the OR changed by 
more than 10%. We found that the estimate of associa-

female-to-male ratio was 2.2 to 1. A total of 94.4% of 
the participants had relapsing-remitting MS, and 5.6% 
had the secondary progressive type. The mean EDSS 
score at baseline was 2.7 (range, 0–6). At baseline, 41 
participants (75.9%) reported at least one fall in the past 
year, and 34 (63.0%) reported two or more falls in the 
past year. In addition, 24 participants (44.4%) reported 
at least one injurious fall in the past year.

There were some significant differences in baseline 
EDSS and FES-I scores between recurrent and nonre-
current fallers over the previous year (Table 2). People 
with MS who fell recurrently in the previous year had a 
higher 7-item FES-I mean score (12.1 vs. 9.4, P = .01). 
The mean EDSS score was also higher for past recurrent 
fallers than for nonrecurrent fallers (3.1 vs. 2.1, P = .01); 
however, there were no statistically significant differences 

Table 1. Demographic and fall characteristics 
of the 54 study participants
Characteristic Value

Age, mean (SD), y 39.6 (8.3)
Sex, female:male, No. (ratio) 37:17 (2.2 to 1)
MS type, No. (%)
   Relapsing-remitting
   Secondary progressive
   Primary progressive

51 (94.4)
3 (5.6)

0
EDSS score, mean (range) 2.7 (0–6)
7-Item FES-I score, mean (SD), range 11.1 (4.4), 7–23
Falls in past year, No. (%)
   ≥1 fall
   No falls

41 (75.9)
13 (24.1)

Recurrent fall in past year, No. (%)
   Fallers (≥2 falls)
   Nonrecurrent fallers (≤1 fall)

34 (63.0)
20 (37.0)

≥1 injurious fall in the past year, No. (%) 24 (44.4)

Abbreviations: EDSS, Expanded Disability Status Scale; FES-I, Falls 
Efficacy Scale–International; MS, multiple sclerosis.

Table 2. Characteristics of recurrent and 
nonrecurrent fallers at baseline

Characteristic

Nonrecurrent 
fallers 

(n = 20)

Recurrent 
fallers 

(n = 34) P value

Age, mean (SD), y 38.25 (9.1) 40.4 (7.7) .429
Sex, female:male, No. 12:8 25:9 .301
EDSS score, mean (SD) 2.1 (1.5) 3.1 (1.4) .01
7-Item FES-I score, mean 
(SD)

9.4 (3.8) 12.1 (4.4) .01

Abbreviations: EDSS, Expanded Disability Status Scale; FES-I, Falls 
Efficacy Scale–International.
Note: Recurrent fallers were defined as having at least two falls in 
the past year.

Table 3. Model fit statistics for confirmatory 
factor analysis of the 7-item FES-I (n = 52)
Measure of fit Value

Discrepancy χ2
14, P value 21.041, .101

Tucker-Lewis index 0.953
Comparative fit index 0.969
RMSEA (95% CI) 0.098 (0.0001-0.180)

Abbreviations: CI, confidence interval; FES-I, Falls Efficacy Scale–
International; RMSEA, root mean square error of approximation.
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the past year. At the 6-month time point, the association 
does not reach statistical significance.

Confirmation of a single-factor solution supports the 
findings of a previous study that the 7-item FES-I has 
good construct validity in people with MS.20 The uni-
dimensionality of the 7-item version of the scale justifies 
using the total score on the 7-item FES-I to represent 
the construct of fear of falling in people with MS. The 
fit indices evaluated in this study, including the χ2 test of 
model fit, the CFI, and the TLI, support this unidimen-
sionality.28 The RMSEA also supported a single-factor 
model; although the point estimate was greater than 
0.05, the lower limit of the 90% confidence interval for 
the RMSEA is considerably smaller than 0.05, which 
indicates acceptable model fit.29

The present study addresses an important gap in 
understanding the relationship between fear of falling 
and falls in people with MS. Previous cross-sectional 
studies have shown an association between fear of falling 
and an increased risk of falls in people with MS.3,14 The 
present study is the only study to assess the effect of past 
falls on this relationship. We assessed whether previous 
falls modify the relationship between fear of falling and 
future falls, as past falls are a strong predictor of future 
falls in people with MS.30 We found that fear of fall-
ing, as measured by the 7-item FES-I, is associated with 
recurrent falls in the following 3 months independent 
of past recurrent falls. The association between fear of 
falling and falls in the following 6 months was not statis-
tically significant after adjusting for past recurrent falls. 
Although the association between fear of falling and falls 
in the following 6 months is attenuated with adjust-
ment for past recurrent falls, the point estimate of the 
OR differs by less than 10% (14% compared with 19% 
increase in odds per point increase in the 7-item FES-I 
score), suggesting that the past recurrent falls are not 
likely confounding this association.

Although we found that fear of falling as measured 
by the total score on the 7-item FES-I was significantly 

tion between fear of falling and future recurrent falls did 
not change after adjusting for age, sex, and EDSS score, 
confirming that these variables did not appreciably con-
found the relationship between fear of falling and falls in 
people with MS. Thus, age, sex, and EDSS score were 
not retained in the final multivariate model to avoid 
unnecessary complex high dimensionality.

To test the principal hypothesis, that is, whether the 
total score on the 7-item version of the FES-I could 
predict the risk of recurrent falls (two or more falls) in 
people with MS, independent of past recurrent falls, we 
adjusted for past recurrent falls in the final model. We 
found that the total score on the 7-item FES-I was pre-
dictive of future recurrent falls: for each point increase 
in the 7-item FES-I total score, the odds of recurrent 
falls in the following 3 and 6 months increased by 22% 
and 14%, respectively. After adjusting for past recurrent 
falls, the 7-item FES-I total score was also found to be 
significantly associated with recurrent falls in the fol-
lowing 3 months (OR = 1.22; 95% confidence interval, 
1.04-1.43; P = .016), and there was a trend toward sig-
nificance for an association with recurrent falls in the fol-
lowing 6 months (OR = 1.14; 95% confidence interval, 
0.98-1.32; P = .092).

The relationships between fear of falling (as measured 
by the total score on the 7-item FES-I) and falls and 
injurious falls in the following 6 months are summarized 
by the ORs presented in Table 5. We found that fear of 
falling was not significantly associated with either falls or 
injurious falls in the following 6 months.

Discussion
This analysis demonstrates that in people with MS, 

the 7-item FES-I is unidimensional and that fear of fall-
ing, as measured by the 7-item FES-I, predicts recurrent 
falls in the following 3 months, independent of falls in 

Table 4. Unadjusted and adjusted associations 
between scores on the 7-item FES-I and the 
risk of future recurrent falls

Time point
Unadjusted OR 

(95% CI, P value)

OR adjusted for recurrent 
falls in the past year  

(95% CI, P value)

Recurrent falls in 
the following 3 mo

1.25
(1.07-1.46, .004)

1.22
(1.04-1.43, .016)

Recurrent falls in 
the following 6 mo

1.19
(1.02-1.38, .02)

1.14
(0.98-1.32, .092)

Abbreviations: CI, confidence interval; FES-I, Falls Efficacy Scale–
International; OR, odds ratio.

Table 5. Unadjusted and adjusted associations 
between scores on the 7-item FES-I and the 
risk of future falls and future injurious falls in 
the following 6 months
Risk Crude OR (95% CI) P value

Future falls 1.17 (0.97-1.41) .084
Future injurious falls 1.05 (0.93-1.19) .419

Abbreviations: CI, confidence interval; FES-I, Falls Efficacy Scale–
International; OR, odds ratio.
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falls may reflect shared physiologic risk factors, such as 
increased postural instability.34,35 Fear of falling may also 
result in curtailment of activity and subsequent decon-
ditioning that then increases the risk of falls.15,36 Addi-
tional studies are needed to more fully understand this 
complex relationship.

A strength of the present study was the prospec-
tive ascertainment of falls using daily calendars, thus 
minimizing information bias. Furthermore, minimal 
loss to follow-up reduced the possibility of a differential 
bias (93.1% of the participants completed the study at 
6-month follow-up). In addition, we studied fear of fall-
ing in a younger cohort of people with MS, in whom 
the phenomenon has rarely been assessed.

There are several limitations to this study that restrict 
the generalizability and interpretation of the results. The 
small sample size decreases the power of the study. The 
absence of participants with primary progressive MS, the 
EDSS score upper limit of 6.0, and the upper age limit 
of 50 years limit the generalizability of these results. In 
addition, the participants in this study were recruited 
for a study of balance and falls, which may explain why 
they reported a higher rate of falls than in previous stud-
ies (72% vs. 50%–63% during the 6-month follow-up). 
This raises the possibility of differentially biasing the 
relationship between fear of falling and the outcome 
away from the null.

In conclusion, these findings support use of the 
7-item version of the FES-I as a valid measure of fear 
of falling in people with MS and indicate that a higher 
score on the 7-item FES-I may be predictive of a higher 
risk of future recurrent falls, whether the individual has 
or has not fallen recurrently in the past. o
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HERNDON AWARD FOR OUTSTANDING IJMSC ARTICLE
The Consortium of Multiple Sclerosis Centers (CMSC) presents an annual 
award, the Herndon Award for Outstanding IJMSC Article, for the best article 
published in the International Journal of MS Care during a given calendar year. 
The winners of the 2014 award are Alison K. Reynard, Amy Burleson Sullivan, 
and Alexander Rae-Grant (Cleveland Clinic, Cleveland, OH), for their article 
“A Systematic Review of Stress-Management Interventions for Multiple Scle-
rosis Patients,” published in the Fall 2014 issue of IJMSC. The award carries a 
$1000 stipend. Robert M. Herndon was the founding editor of IJMSC. 

IJMSC TO INCREASE PUBLICATION FREQUENCY 
Beginning in 2015, the International Journal of MS Care (IJMSC) will be published 6 times annually, rather 
than quarterly. The fi rst issue published on the new bimonthly schedule will be the January/February 2015 
issue. This change has been driven by a rising number of submissions to the journal in recent years and will 
result in a 50% increase in annual content of both the print and online editions. Visit the journal online at 
http://ijmsc.org.




