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Abstract

OBJECTIVES—AIthough several studies suggest that slow gait speed is a predictor of falls, it
may also be a protective mechanism to prevent falls. Further, fast walking may precipitate falls.
Therefore, we examined the relationship between gait speed and falls risk.

DESIGN—Longitudinal analysis of the association between gait speed and subsequent falls and
analysis of gait speed decline as a predictor of future falls

SETTING—Population-based cohort study

PARTICIPANTS—763 community-dwelling elders underwent baseline assessments and were
followed for falls. Of these, 600 completed an 18-month follow-up assessment to determine
change in gait speed and were followed for subsequent falls.

MEASUREMENTS—Gait speed was measured during a 4-meter walk, falls data were collected
from monthly post-card calendars, and covariates were collected from in-home and clinic visits.

RESULTS—There was a U-shaped relation between gait speed and falls with faster (=1.3 m/s,
incident rate ratio (IRR) = 2.12, 95% CI = 1.48 — 3.04) and slower speeds (<0.6 m/sec, IRR =
1.60, Cl = 1.06 — 2.42) at highest risk compared to normal gait speeds (=1.0 and < 1.3 m/sec). In
adjusted analyses, slower gait speeds were associated with an increased risk ratio for indoor falls
(for <0.6 m/sec, IRR =2.17, Cl = 1.33 — 3.55 and for 20.6 and <1.0 m/sec, IRR = 1.45, Cl = 1.08
—1.94). Faster gait speed was associated with an increased risk ratio for outdoor falls (IRR = 2.11,
Cl =1.40 - 3.16). A gait speed decline of >0.15 m/sec/year predicted an increased risk for all falls
(IRR=1.86,Cl=1.15-3.01).

CONCLUSION—There is a non-linear relation between gait speed and falls with a greater risk of
outdoor falls in faster walkers and greater risk of indoor falls in slow walkers.

BACKGROUND

As falls in older adults are associated with fractures, limited mobility, institutionalization,
reduced quality of life, and excess mortality, there is a need for clinical predictors of falls
that can be easily measured in clinical practicel2. Several studies have reported that slow
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gait speed is an independent risk factor for falls3-78-12, Previous studies of falls that include
gait speed as a predictor variable generally assume that it is linearly associated with falls, or
stratify it into fast and slow categories using a variety of cut-points. Slow gait speed may be
a marker of underlying co-morbidity that is responsible for falls, rather than an etiologic
factor itself13. However, some investigators have suggested that slowing of gait is an
adaptive mechanism to prevent slips, trips, and falls, thereby making it possible that a slow
gait speed is actually associated with a reduced risk of falls14-15, Therefore, the relationship
between gait speed and falls merits further study.

Using longitudinal data from the population-based MOBILIZE Boston Study, we examined
the relationship between continuous and categorical measures of gait speed and the
occurrence of falls. We hypothesized that there is a non-linear relationship between gait
speed and falls, such that the highest rates of falls occur in 1) more physically active
individuals with faster speeds who are more often exposed to environmental hazards outside
their homes, and 2) less physically active individuals with slower gait speeds who may
spend little time outdoors and are more likely to fall inside. In order to distinguish the role of
gait speed in these two types of fallers, we examined indoor and outdoor falls in separate
analyses. In a second analysis, we examined the hypothesis that a decline in gait speed over
18 months is associated with an increased risk of falls.

Data were obtained from the MOBILIZE Boston Study (MBS), a population-based cohort
study investigating novel risk factors for falls. Subjects (N = 763, age = 78 + 5 years, 64%
female, BMI = 27.3 + 5.1 kg/m?) were assessed at baseline and 18-month follow-up visits
for demographic, clinical, functional, and cognitive characteristics and were followed
monthly for falls. A complete description of the MBS design and methods has been reported
previously6-17. The analysis examining change in gait speed was limited to those
participants who had data from the follow-up visit (N = 600). The study was approved by
the Institutional Review Board of Hebrew SeniorL.ife, and all subjects provided written
informed consent.

Gait speed was measured twice during a 4-meter walk by a research nurse at baseline and
follow-up visits. Subjects started the walk from a standing position at the beginning of the 4-
meter path and were instructed to walk at their usual speed. The faster of the two speeds was
selected from each visit for subsequent analyses as this value was assumed to better
represent their usual speed after becoming accustomed to the experimental setting. The
results were similar when the average of two gait speeds was used. To examine the
relationship between baseline gait speed and falls, gait speed was used as a continuous
variable or split into four groups based on the distribution of gait speeds in our cohort and
data from the Task Force of the International Academy on Nutrition and Aging313: 1) slow:
<0.6 m/sec, 2) mildly abnormal: =0.6 m/sec and <1.0 m/sec, 3) normal: >1.0 m/sec and <1.3
m/sec, and 4) fast: >1.3 m/sec.

The change in gait speed over 18 months was calculated by subtracting the follow-up visit
gait speed from the baseline visit gait speed. To assess whether declines in gait speed predict
falls, four levels of gait speed decline were examined: >0 to <0.05, >0.05t0 < 0.1, 0.1 to
<0.15, and >0.15 m/sec/year. These cut-points were based on the distribution and anchor-
based analyses by Perera et. al.X8, which concluded that a small meaningful change for gait
speed was 0.05 m/sec. To determine a clinically meaningful decline that clinicians could use
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to predict falls, we used multiples of the 0.05 m/sec change that encompassed the
distribution of gait speed declines in the MBS cohort. Gait speed decline was also examined
as a continuous variable in our statistical analyses.

Falls Assessment

Covariates

Analysis

RESULTS

Falls were tracked using monthly post-card calendars, in which participants recorded
whether or not they experienced a fall on each day16:19, Participants were instructed to mail
their calendars to the study center each month. If a calendar was not received, a participant
was called to collect the falls calendar information by telephone. If a fall was reported on the
calendar, a falls follow-up interview was conducted to determine whether the fall occurred
outdoors or indoors. A fall was defined as unintentionally coming to rest on the ground or
other lower level, not as a result of a major intrinsic event or an overwhelming external
hazard. Any fall episodes not classified using this definition were reviewed by an
adjudication panel.

As the causes of falls are multi-factorial, we considered the following covariates that could
have contributed to fall risk or confounded its relationship to gait speed!! 20: gender, height,
race, age, education level, co-morbidity, vision, arthritis of the knee or hip, executive
function, depression, number of medications, use of psychotropic medications, and physical
activity as measured by the Physical Activity Score for the Elderly (PASE) [23].

Height was used as a covariate as it can influence gait speed. Age was categorized into 5-
year age groups. Race was categorized as white or non-white. Education was dichotomized
as less than or equal to a high school education and greater than a high school education. A
Snellen eye chart was used to measure visual acuity in both eyes with corrective lenses.
Good vision was defined as a score of greater than 40/100. The co-morbidity index was
determined by the Self-Administered Comorbidity Questionnaire?l. Number of medications
and PASE scores?2 were all examined as continuous variables. Executive function was
assessed by the generation of word lists for animals and words beginning with the letters
F,A and S, Depression was assessed using a modification of the 20-item Centers for
Epidemiologic Studies Depression (CES-DR) scale?3. Presence of osteoarthritis was
assessed by trained nurses using the American College of Rheumatology (ACR) clinical
criteria.24 All variables that were significantly associated with falls in a bivariate model and
were significantly different among the three baseline gait speed groups (Table 1) were
included in multivariate analyses to account for potential confounders.

Associations between categories of gait speed or gait speed declines and rates of falls were
estimated using negative binomial regression models adjusted for the covariates listed
above. Incidence rate ratios (IRR) and 95% confidence intervals (CI) were derived from the
models. We also performed the same modeling using gait speed and gait speed decline as
continuous variables. For indoor and outdoor falls, linearity assumptions were tested and the
assumptions were met. Statistical significance was set at an alpha level of 0.05.

Sample Characteristics

763 participants were included in the analysis examining baseline gait speed and subsequent
falls; 600 participants were included in the analysis of gait speed decline over 18 months and
subsequent falls. Subject characteristics are shown in Table 1. The mean age of all
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participants at baseline was 78 + 5 years, and the mean body mass index was 27.3 + 5.1 kg/
m?2; 78% of participants were Caucasian, and 64% were female.

Non-linear Relationship between Gait Speed and Falls

Figure 1 illustrates the rate of falls per person per year as a function of gait speed category
and location of falls, adjusted for potential confounders. For all falls, a non-linear U-shaped
relationship is apparent; both extremes of walking speed show higher rates of falls compared
to those in the middle categories. When stratified by indoor/outdoor location of falls, slower
gait is related to an increased rate of indoor falls, whereas faster gait is related to an
increased rate of outdoor falls (Table 2). The opposite slope of the relation between gait
speed and fall rates for these two locations of falls accounts for the U-shaped relationship
between gait speed and all falls.

Characteristics of Subjects with Different Gait Speeds

Group characteristics for the four categories of gait speed are described in Table 1.
Compared to the other groups, slower walkers were more likely to be female, non-white, and
less well educated, with poorer vision, lower physical activity, more co-morbidities, and
greater number of medications. Slow walkers were also more likely to be depressed and
have poor executive function as assessed by the adjusted trails B test and word or animal list
generation. Faster walkers were more likely to be white and male. They were taller and had
more education and physical activity than the other groups. Faster walkers also were more
likely to have declines in gait speed over 18 months follow-up.

Predictive Models for Indoor, Outdoor, and All Falls

Table 2 describes the relationship between gait speed groups and 1) all falls, 2) indoor falls,
and 3) outdoor falls. With regard to all falls, both the slow and fast gait speeds are associated
with an increased risk of falls, with incidence rate ratios (IRRs) of 1.60 (95% CI = 1.06 —
2.42) and 2.12 (95% CI = 1.48 — 3.04), respectively in the multivariate model. When falls
are separated into those that occur indoor vs. outdoor, slow gait speed is independently
associated with indoor falls (IRR = 2.17, 95% CI = 1.33 — 3.55) in the multivariate model,
whereas fast gait speed is independently associated with outdoor falls (IRR =2.11, 95% ClI
=1.40 - 3.16) in the multivariate model.

When gait speed was included as a continuous variable in both unadjusted and adjusted
regression models with indoor or outdoor fall rates as the outcome, similar results were
obtained. In the adjusted model, continuous gait speed was positively associated with
outdoor fall rates (IRR=2.55, 95% CI = 1.45 — 4.49), and negatively associated with indoor
fall rates (IRR = 0.49, 95% CI = 0.27 — 0.87).

Decline in Gait Speed Predicts Falls

To examine whether a decline in gait speed over 18 months can predict falls, we used falls
after the 18-month follow-up visit as the outcome. This analysis adjusted for falls between
the baseline and 18-month follow-up visit and the same covariates used in the previous
analysis.

As shown in Table 3, only a gait speed decline of more than 0.15 m/sec/year was predictive
of falls (IRR = 1.86, 95%, ClI = 1.15 — 3.01 in the fully adjusted model). Stratifying the
analyses by indoor versus outdoor falls location revealed a similar relationship only for
indoor falls. When the average of two gait speed trials was analyzed instead of the faster of
the two trials, the results were also similar (IRR =1.97, Cl = 1.23 - 3.17 for a gait speed
decline >0.15 m/sec/year).
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DISCUSSION

This longitudinal population-based study has three important findings: First, there was a
non-linear, U-shaped relationship between gait speed and falls in community-dwelling older
adults such that those with the faster and slower gait speeds were at highest risk of falls.
Second, this relationship may be explained by the fact that slower walkers are less active,
generally sicker, and more likely to fall inside, while faster walkers are more active and
more likely to fall outside, presumably where they are exposed to environmental hazards.
Finally, a decline in gait speed was an important predictor of future falls.

Our results are consistent with a previous study by Speechley and Tinetti?®, which
demonstrated that high and low functioning elderly people fall, but under different
circumstances. Since we were unable to determine the precise cause of falls, and the cause is
often multi-factorial, we can only speculate about the reasons for the different location of
falls in fast and slow walkers. Unfortunately, we were unable to accurately determine the
time spent indoors versus outdoors for study participants. As those with faster gait were
more active than the other groups, they may have been taking greater risks in the outdoor
environment. For the age range of the MOBILIZE Boston study (64-97), the faster walkers
may have physical expectations that exceed their ability. Seen in their lower PASE Scores,
slower-walkers are limited in their physical activity and in turn may reduce their outdoor
exposure time. As a result, they may not have the same opportunity to fall outdoors as the
fast-walkers. Individuals with normal walking speed may have achieved a safe balance
between their expectations when outdoors and their ability to maneuver indoors, putting
them at the lowest risk for falls.

Slow gait is well accepted to be associated with falls risk® 7-8. 10,12, 26-28 yiet with few
exceptions®2° the medical literature has not emphasized the falls risk associated with fast
gait. In older age, a fast gait may be a liability for an individual who does not exercise
caution when navigating new terrain.

This study has also identified a relationship between a decline in gait speed and falls. The
reduction in gait speed may signal a loss of physical functioning, the onset of disease, or the
deterioration of motor control centers in the frontal lobe2°. Although a previous statistical
analysis by Perera et al'8 suggested that a decline of 0.05 m/sec was a “meaningful change”
when compared to self-reported ratings by community-dwelling older adults, this decline did
not include a time frame and was not prospectively validated against clinical outcomes such
as fall rates. Our study identified a clinically meaningful decline of 0.15 m/sec/year that can
be used by clinicians to identify elderly people at risk of future falls.

This study has several limitations. The gait speed at which people were walking when they
actually fell is not known. As a result, we cannot claim that a slow or fast gait speed was the
direct cause of the event. Although subjects received an in-depth baseline assessment that
detailed their activity levels, we were unable to construct accurate measures for the time an
individual spent outdoors. Such a variable would be useful in determining whether outdoor
exposure time was related to the risk of outdoor falls.

As gait speed is an easily tested measure, our study suggests that it may be a useful marker
for assessing falls risk in both slower and faster walking individuals. Tracking gait speed
over time may also be helpful as declines may identify people at greater risk of falls and
associated injury. This study also demonstrates that the indoor or outdoor location of a fall is
an important distinction that should be considered in future studies, particularly those that
include gait speed as a predictor.
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Figure 1.

Relationship between gait speed groups and falls rates, stratified by location of falls.

Data are adjusted for age, race, height, education, vision, PASE score, co-morbidity, number
of medications, depression, Knee Osteoarthritis, and executive function
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