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INTRODUCTION

Abstract—The purpose of this study was to estimate the relative risk of an injurious fall requiring medical attention in veterans with multiple sclerosis (MS) compared with veterans
without MS after controlling for sex, age, and healthcare use.
The sample included 195,417 veterans treated at Veterans Health
Administration (VHA) facilities in the Northwest United States
in fiscal year 2008. We obtained information regarding MS diagnosis, injurious falls (operationalized as International Classification of Diseases-9th Revision-Clinical Modification codes
E880–E888), and demographic and healthcare use data from the
VHA Consumer Health Information Performance Set database.
Using logistic regression, we determined the adjusted odds ratio
(OR) of an injurious fall to be three times higher in female veterans with MS than in female veterans without MS (OR = 3.0,
95% confidence interval [CI] = 1.6–5.5). The adjusted OR of an
injurious fall for men with MS was also higher than for men
without MS, but this difference was not statistically significant
(OR = 1.2, 95% CI = 0.8–2.1). We recommend further studies
evaluating the medical, social, and economic consequences
of injurious falls, as well as interventions to prevent injurious
falls, to improve the independence and quality of life of veterans
and others living with MS.

Multiple sclerosis (MS) is a chronic progressive disease and the most common neurologic disease of young
adults. By conservative estimates, 400,000 people live
with MS in the United States today [1] and over 2.5 million people live with MS worldwide [2]. Each year,
approximately 16,000 veterans with MS receive healthcare
services from the Veterans Health Administration (VHA).
About 6,000 of these veterans are considered to have a
service-connected disability for MS because they acquired
it or showed related symptoms during their military service.

Abbreviations: CHIPS = Consumer Health Information Performance Set, CI = confidence interval, FY = fiscal year, ICD-9CM = International Classification of Diseases-9th RevisionClinical Modification, MS = multiple sclerosis, OR = odds
ratio, VA = Department of Veterans Affairs, VHA = Veterans
Health Administration, VISN 20 = Veterans Integrated Service
Network 20.
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Based on data from the early 1990s, the VHA spends
approximately $274 million each year treating veterans
with MS at an average cost of $20,000 per patient per
year [3].
Existing research indicates that people with MS fall
frequently [4–6], likely more than the general population
[7–9], and more than the elderly, a group in which fall risk
[10–11] and its effects are well studied and characterized
[12–18]. A few studies have attempted to ascertain how
often people with MS fall, but no comparisons with other
groups have been reported. A cross-sectional study in Italy
found that 54 percent (27/50) of their small sample of subjects reported falling at least once and 32 percent (16/50)
reported falling twice or more within the previous 2 months
[4]. Similarly, another larger cross-sectional study of falls
among people with MS aged 45 to 90 years in the United
States (n = 1,089) found that 52 percent of subjects reported
falling at least once in the previous 6 months [5]. Most
recently, the first prospective study of falls among people
with MS found that 63 percent of the subjects (48/76)
recorded at least one fall and 58 percent (44/76) recorded
two or more falls over a 3 month period [6]. Research on
the frequency of falls in people with MS has drawn attention to this important issue but has been limited by crosssectional design, selection and recall bias, and small sample
size, as well as a lack of comparison groups.
Only one published cross-sectional study has examined the incidence of injurious falls in people with MS.
Peterson et al. found that, of 354 people with MS aged 55
to 94 years in the United States, more than 50 percent
reported receiving medical care for a fall-related injury at
least once and 12 percent reported receiving medical care
for a fall-related injury in the 6 months before the interview [19]. This potential for fall-related injuries likely
contributes to loss of independence (mobility and activities of daily living) as well as reduced length [20] and
quality of life [5] for people with MS.
Despite falls having been long recognized as common in people with MS [4–6] and the significant potential effect of falls for people with MS [19,21], the risk
factors are not well understood. Falls in people with MS
have been found to be associated with being male [5–6],
impaired balance [4–6], reduced ability to walk [4–6,22],
and use of a cane [4] or other walking aid [6]. In addition,
studies have identified disturbed proprioception [6,22],
spasticity [5,22], and more severe MS (higher Expanded
Disability Status Scale scores) [6] as risk factors for falls.
People with MS also report that divided attention,
reduced muscular endurance, fatigue, and heat sensitivity

can cause them to fall [22]. Establishing whether individuals with MS have more injurious falls than other groups
and identifying high-risk groups with MS is essential to
developing effective and meaningful interventions.
Although previously published studies indicate that
falls and injurious falls are common in people with MS,
none has evaluated falls or injurious falls specifically in
veterans with MS. Veterans with MS are an important
group in VHA. MS most commonly first presents in early
adulthood and is often diagnosed during military service or
soon after. Veterans with MS are frequently considered to
have MS as a service-connected disability and are often
followed by the VHA from the time of diagnosis through
end of life. The VHA has a long-standing commitment to
providing medical, surgical, and rehabilitation interventions to optimize the health status, activities, and social participation of veterans with MS. In 2003, the Department of
Veterans Affairs (VA) funded two MS Centers of Excellence to promote clinical services, education, information,
and research involving veterans with MS. Evidence about
falls and injurious falls in veterans with MS is lacking and
more data is necessary to consider whether targeted interventions and educational programs are warranted.
VHA health services databases are well suited to
studying injurious falls in veterans with MS. These databases have been used to study fall frequency and fall risk
factors in older veterans [23–24]. Analyzing existing data
on a cohort of veterans with and without MS is a logical
strategy for developing an evidence base for injurious falls
that require medical attention among veterans who use
VHA. This strategy can also contribute to the overall literature on falls in people with MS by including a comparison
group. An existing database allows efficient assembly of a
retrospective cohort to determine the cumulative incidence
of injurious falls in the groups with and without MS.
Including records from all veterans who received care in a
studied geographic region also minimizes selection bias
and including only recorded injurious falls that require
medical attention may minimize recall bias.
The purpose of this study was to estimate the relative
risk of an injurious fall requiring medical attention in veterans with MS compared with veterans without MS after
adjusting for sex, age, and healthcare use. Our hypothesis
was that, in 2008, after adjusting for sex, age, and number of clinic visits, more veterans with MS than veterans
without MS had an injurious fall that required medical
attention at the VHA.
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METHODS
We obtained all data from the VHA Consumer Health
Information and Performance Set (CHIPS). This database
includes demographic, diagnostic, and healthcare use
information derived from electronic medical records of all
veterans who receive medical care at Veterans Integrated
Service Network 20 (VISN 20) facilities [25]. To be
included in this study, the veteran had to be receiving
healthcare at a VISN 20 facility. This was operationalized
as having at least two outpatient visits at a VISN 20 healthcare facility in fiscal year (FY) 2008 (October 1, 2007–
September 31, 2008) recorded in CHIPS. CHIPS is particularly suited to studying veterans with MS because the
entire catchment area of VISN 20 is above the 40° latitude
and, although MS occurs throughout the world, it is most
prevalent above the 40° latitude [26–28]. CHIPS is also
well suited to a study of injurious falls requiring medical
attention in VHA users with MS because it is a relational
database and includes diagnostic codes for both MS and
injurious falls.
We defined the exposure of interest (independent
variable) as having an International Classification of
Diseases-9th Revision-Clinical Modification (ICD-9-CM)
[29] diagnosis code for MS (code 340) recorded in the
CHIPS database in FY2007. To reduce inaccurate ascertainment of MS due to coding errors, we only included
individuals in the final target population if they also met at
least one of the following criteria at any time: (1) experienced inpatient hospitalization for MS (hospitalization
coded with ICD-9-CM diagnosis code 340), (2) received a
disease-modifying agent (interferon 1a, interferon 1b, or
glatiramer acetate) used only to treat MS, (3) had a serviceconnected disability for MS (diagnosis confirmed through
medical review for VA disability pension), or (4) had at
least two outpatient encounters where the primary ICD-9CM diagnosis code was 340 and at least one encounter
where the primary ICD-9-CM diagnosis code was 340 during each year in which they received some VA medical service from FY2000 to FY2008. This algorithm for
identifying an MS target population has been validated in
previous work and has been shown to identify and eliminate individuals with or without MS with a high degree of
sensitivity and specificity [30].
We defined the outcome of interest (dependent variable) as having an ICD-9-CM diagnosis code for an injurious fall (codes E880–E888) recorded in the CHIPS
database in FY2008. The ICD-9-CM uses E-codes to sig-

nify external causes of injury and uses codes E880–E888
to specifically signify accidental falls. We operationalized “injurious fall” in a record as having a code E880–
E888 documented in CHIPS at any time in FY2008.
We used a priori knowledge to model the potential confounders of sex, age, and number of clinic visits based on
known relationships between people with MS and injurious
falls (Figure). Sex and age are both associated with MS
and falls, but neither is on the causal pathway between MS
and falls. It is known that more women than men have
MS [26,31] and that men with MS report more falls than do
women with MS [5–6]. Veterans with MS are also younger
than the general VHA population [30,32], and younger
people generally fall less than older people [12,14]. We
included the number of clinic visits in the model on the
causal pathway between MS and falls because veterans
with MS may have more clinic visits than veterans without
MS, which could result in more record of injurious falls in
their medical records, regardless of actual number. Adjusting for number of clinic visits allowed us to ascertain the
effect of MS on number of injurious falls above and beyond
the effect of number of clinic visits.
We assessed the statistical significance of the relationships between the confounders and injurious falls with MS
using the Pearson chi-square test (categorical variables) or
an unpaired t-test (continuous variables). We modeled age
and number of clinic visits as categorical variables using
splines. Splines allow for representation of relationships
between variables while controlling for residual confounding [33]. We tested for the effect of interactions of age with
MS and sex with MS on injurious falls using the Wald test
and included the interaction term in the model if p < 0.05.

Figure.
A priori model of relationship between exposure (multiple sclerosis)
and outcome (injurious falls).
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Table 1.
Characteristics of cohort (FY2008).*
Characteristic

Total
(n = 195,417)

With MS
(n = 721)

Without MS
(n = 194,696)

178,742 (91.5)

583 (80.9)

178,159 (91.5)

16,674 (8.5)

138 (19.1)

16,536 (8.5)

Sex, n (%)
Male
Female
Data missing

<0.001

1 (0.0)

0 (0.0)

1 (0.0)

Age†
Mean ± SD (yr)

<0.001
60.3 ± 15.3

57.0 ± 10.8

60.3 ± 15.2

Median (yr)

61

58

61

Range (yr)

18–107

25–94

18–107

79

0

79

13.3 ± 17.8

19.2 ± 18.6

13.3 ± 7.7

Data missing (n)
Outpatient Visits (n)‡
Mean ± SD

p-Value

<0.001

Median

8

Range

2–361

14
2–152

8
2–361

Fall, n (%)

0.003

Yes

2,866 (1.5)

20 (2.8)

2,846 (1.5)

No

192,551 (98.5)

701 (97.2)

191,850 (98.5)

Note: Statistical significance assessed using Pearson chi-square for categorical
variables and unpaired t-test for continuous variables.
*October 1, 2007–September 31, 2008.
†
Age as of October 1, 2007.
‡Inclusion criteria included two clinic visits in FY2008.
FY = fiscal year, MS = multiple sclerosis, SD = standard deviation.

We used logistic regression with robust standard errors to
assess the relationship between MS and injurious falls,
adjusting for age, sex, number of clinic visits, and significant interactions. We obtained odds ratios (ORs) from the
logistic regression. We assessed the fit of the model using
the Hosmer-Lemeshow Goodness-of-Fit test. We performed statistical analysis using STATA version 9.2 (StataCorp; College Station, Texas).

RESULTS
The veteran cohort consisted of 195,417 people.
Most of the cohort was male (91.5%). Of the cohort, 721
met the criteria for a diagnosis of MS (583 men and
138 women). MS was 2.5 times more common in the
women than the men (95% confidence interval [CI] =
2.1–3.1, p < 0.001). The age of the cohort was 60.3 ±
15.3 years (mean ± standard deviation unless otherwise
specified). Those with MS were younger (57.0 ± 10.8 vs
60.3 ± 15.2 years, p < 0.001) and had more outpatient
visits (19.2 ± 18.6 vs 13.3 ± 17.7, p < 0.001) than those
without MS. Of the 721 veterans with MS and 194,696
veterans without MS, only 20 (2.8%) and 2,846 (1.5%),

respectively, met the criteria for having an injurious fall
(Table 1).
A crude association between MS and injurious falls
existed before adjustment and inclusion of interaction
terms. The unadjusted data suggest that veterans with MS
are 1.9 times more likely to sustain an injurious fall than
veterans without MS. We found a statistically significant
interaction between sex and MS on injurious falls, indicating that the relationship between MS and injurious falls is
different for males than for females. Therefore, we determined the OR for injurious falls for both male and female
veterans and reported them separately. The interaction
between age and MS was not statistically significant.
The final model included adjustments for sex, age,
number of clinic visits, and the interaction between sex and
MS. The OR for an injurious fall for women with MS compared with women without MS, controlling for age and
number of clinic visits, was statistically significant (OR =
3.0, 95% CI = 1.6–5.5 [Table 2]). The odds for an injurious
fall for men with MS was also higher than for men without
MS, but this difference was not statistically significant
(OR = 1.2, 95% CI = 0.8–2.1 [Table 2]). Because falling
was a rare event in this cohort study, the OR obtained from
the logistic model approximates the relative risk [34–35].
The resulting outcomes are therefore discussed as the more
intuitive outcome (relative risk). The Hosmer-Lemeshow
Goodness-of-Fit test (2 (df = 8) = 9.65, p = 0.30) indicated
that this model should not be rejected.

DISCUSSION
This is the first population-based study to compare
the risk of injurious falls in veterans with MS with the
risk of injurious falls in veterans without MS. The effect
of MS on injurious fall risk was different for male veterans versus female veterans. The risk of an injurious fall
was three times higher for female veterans with MS than
for female veterans without MS after controlling for age
and number of clinic visits. This relationship was statistically significant. Although the direction of the relationship was the same for male veterans with MS compared
with male veterans without MS (OR = 1.2), this relationship was not statistically significant.
The increased risk of injurious falls in female veterans with MS compared with female veterans without MS
found in this study is consistent with the high incidence
of falls [4–6] and injurious falls [19] previously reported
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Table 2.
Risk of recorded falls for veterans with multiple sclerosis (MS) compared with veterans without MS.

Characteristic
Unadjusted: Total
Adjusted: Female†
Adjusted: Male†

OR
1.9
3.0
1.2

95% CI
1.2–3.0
1.6–5.5
0.8–2.1

n*
195,417
16,669
178,669

B
0.64
1.10
0.18

*Of veterans, 79 were excluded from final model because their ages were not available.
†Adjusted for age (linear splines at 18–29 years, 30–39 years, 40–49 years, 50–59 years,

SE
0.23
0.32
0.21

p-Value
<0.05
<0.05
0.12

2 (df = 1)
37.2
41.8
27.3

60–69 years, and 70 years) and number of outpatient visits (linear splines

at 2, 3–7, 8–15, and 16).
CI = confidence interval, OR = odds ratio, SE = standard error.

in people with MS. However, the statistically significant
increased relative risk of injurious falls for female, but
not male, veterans with MS compared with female and
male veterans without MS may appear to contradict the
previous findings of male sex being a risk factor for falls
[5–6] but sex not affecting the risk for injurious falls [19]
in people with MS. This apparent contradiction is likely
because our study, which compares injurious fall risk in a
group with MS with injurious fall risk in a group without
MS, is different from the previous studies that evaluated
fall risk and risk factors only in people with MS rather
than comparing them with people without MS. Our study
does not compare women with MS and men with MS
with each other, but rather compares women and men
with MS with women and men without MS.
There are a number of possible explanations for the
sex difference observed in our study. Female veterans with
MS may be less disabled and therefore more mobile and at
greater risk for falls than male veterans with MS. Unfortunately, the CHIPS database used in this study did not allow
us to evaluate the potentially highly influential effects of
level of disability and mobility. It is known that men with
MS are typically more disabled than women with MS [36],
that the VHA cares for people with MS with higher average disability than in the general community [32], that high
levels of disability often reduce mobility, and that people
with very limited mobility fall less frequently [37]. Thus,
many male veterans with MS who receive their medical
care from the VHA may have such limited mobility that on
average they do not, as a group, fall significantly more than
male veterans without MS, whereas the female veterans
with MS may be more mobile and thus fall more than
female veterans without MS.
It is also possible that the sex difference we found in
the relative risk for injurious falls by veterans with MS
compared with veterans without MS does not reflect a
true difference in relative risk but rather a difference in

ascertainment. It is likely that providers do not ask about
falls in a consistent manner since there is no clinical
reminder to ask about them. It is possible that female veterans with MS report their falls or are asked about falls by
their providers more than female veterans without MS,
whereas male veterans with MS do not report falls or are
not asked about falls as often as male veterans without
MS. This could result in different proportions of the true
number of injurious falls being coded in the medical
record for men and women. Our method did not allow us
to determine how many falls occurred but were not
recorded in any of the groups of subjects, but we do know
that the number of people with MS sustaining injurious
falls captured in our study (2.8% percent of the study population [Table 1]), was much lower than a previously published estimate of injurious falls among adults with MS
where 50 percent of the sample reported having received
medical care for a fall-related injury at some time and
12 percent of the sample reported receiving medical care
for a fall-related injury in the previous 6 months [19]. Our
likely underestimation of number of injurious falls was
probably in part because many injurious falls do not come
to medical attention and also in part because many of the
falls that do come to medical attention are not captured
with an E880–E888 ICD-9-CM code in the medical
record [38–40]. We do not know whether there are differences between men and women, or between those with
and without MS, in ascertainment of falls by this method.
However, previous research using VHA outpatient fallrelated E-codes to estimate fall frequency did find that
when E-codes were assigned, there was a fall noted in the
medical record supporting the specificity of this measure
[23,41]. It is also possible that the low number of falls we
captured using the administrative data of the CHIPS database is accurate and that veterans who receive medical
care through the VHA, including those with MS, sustain
fewer injurious falls than other people because they have

18
JRRD, Volume 48, Number 1, 2011

more ready access to fall-prevention interventions including healthcare use and necessary durable medical equipment, such as assistive devices for gait and home safety.
This study has a number of strengths. We minimized
selection bias because the subjects were not limited to
people volunteering for a study on falls or participating in
a specialized MS clinic. We also minimized recall bias by
using medical records rather than self-report. The complete enumeration of participants yielded an accurate
cumulative incidence of recorded injurious falls in the
studied population. We also used an a priori model, based
on the literature and the known relationships between
variables, to statistically evaluate the relative risk of falls
associated with MS.
This study also has certain limitations. It may have
limited generalizability to veterans who use VHA services in other regions, to veterans who seek healthcare in
the private sector, and to the general population. It is
known that more veterans in the Northwest (VISN 20)
are female and more are younger (<65 years) than is typical for veterans in the rest of the United States [42].
Nationally, on average, veterans are also older (mean age
57.4 vs 35.3 years) and more likely to be male (92% vs
49.1%) than the general U.S. population [43] and than
the typical population of people with MS. However, we
controlled for both age and sex in this study. In addition,
in FY2008, approximately 22 percent of veterans
received healthcare from the VHA [44] and in the VISN
20 catchment area approximately 19 percent received
healthcare from the VHA [45]. Veterans not only have
different access to healthcare than the general population
but may also have other unique characteristics that we
did not control for and that could limit the generalizability
of this study to the general population. Furthermore, we
did not assess the effects of other known and unknown
confounders, including comorbidity, severity of MS, MS
subtype, severity of injurious falls, level of activity and
participation, home location, level of social support, and
availability and use of assistive technology. Given these
limitations, the results of this study should be extrapolated with caution.
Despite these limitations, this study does suggest that
female veterans with MS sustain more injurious falls than
female veterans without MS. This contributes to the
existing evidence on falls in people with MS and further
supports the need for studies directed at reducing the frequency of injurious falls in this population.

CONCLUSIONS
This study indicates that female veterans with MS
have a statistically significant threefold higher risk for an
injurious fall than female veterans without MS. It supports screening for fall risk in all veterans with MS, especially female veterans. This study also raises questions
about the risk factors, causes, and outcomes of falls in
veterans with MS and supports the need for further
research on falls in people with MS.
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