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Abstract

Background. The assessment of mobility is essential to both aging research and clinical geriatric
practice. A newly developed self-report measure of mobility, the mobility assessment tool-short
form (MAT-sf), uses video animations as an innovative method to improve measurement accuracy/
precision.The primary aim of the current study was to evaluate whether MAT-sf scores can be used
to identify risk for major mobility disability (MMD).

Methods. This article is based on data collected from the Lifestyle Interventions and Independence
for Elders study and involved 1,574 older adults between the ages of 70-89. The MAT-sf was
administered at baseline; MMD, operationalized as failure to complete the 400-m walk < 15
minutes, was evaluated at 6-month intervals across a period of 42 months.The outcome of interest
was the first occurrence of MMD or incident MMD.

Results. After controlling for age, sex, clinic site, and treatment arm, baseline MAT-sf scores were
found to be effective in identifying risk for MMD (p <.0001). Partitioning the MAT-sf into four groups
revealed that persons with scores <40, 40-49, 50-59, and 60+ had failure rates across 42 months of
follow-up of 66%, 52%, 35%, and 22%, respectively.

Conclusions. The MAT-sf is a quick and efficient way of identifying older adults at risk for MMID. It could
be used to clinically identify older adults that are in need of intervention for MMD and provides a simple
means for monitoring the status of patients’ mobility, an important dimension of functional health.
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Mobility is central to sustaining independence in aging (1-4) as the
loss of mobility threatens quality of life (5) and confers an increased
risk for morbidity, institutionalization, and death (6-9). The clinical
importance of mobility takes on added significance when consid-
ering the rapidly growing population of older adults in the United
States (10). An appropriate means of identifying those at risk for
mobility disability is central to addressing this looming public health
threat (3,11,12). The current study took advantage of data collected
as part of a large multicenter clinical trial of older adults to examine
the ability of a novel, video-animated self-report measure of mobil-
ity, the mobility assessment tool-short form (MAT-sf) (4), to prospec-
tively identify risk for objectively defined incident major mobility
disability (MMD).

Recently, the Lifestyle Interventions and Independence for
Elders (LIFE) study (13) examined the effect of a long-term struc-
tured physical activity program (PA), as compared with a success-
ful aging education control program (SA), on preventing the loss
of the ability to walk 400 m. Preserving the ability to walk 400 m
is an excellent proxy for being ambulatory in the community and
the loss of this capacity constitutes MMD (14). In the LIFE study,
incident MMD was experienced by 30.2% of participants in the
PA group and by 35.5% in the SA group, hazard ratio (HR) =
0.82; 95% CI[0.69,0.98], p = .03. The current secondary analysis
of the LIFE data examined the ability of a novel, brief, video-ani-
mated self-report measure of mobility—the MAT-sf—to identify
risk for MMD across 42 months of follow-up. The primary aim of
this analysis was to test the hypothesis that scores on the MAT-sf
would vyield a graded, increasing risk for incident MMD, allow-
ing for the possibility of an interaction between baseline MAT-sf
scores and intervention assignment. A secondary aim was to evalu-
ate whether the effect of the MAT-sf on MMD would remain after
adjustment for scores on a well-known performance-based meas-
ure of physical function, the short physical performance battery
(SPPB) (15).

Methods

Participants

From February 2010 to December 2011, 14,831 participants were
screened for the LIFE study at eight different field centers (see
Supplementary Material for information on clinic sites); 1,635 of
these potential participants were eligible and randomized to inter-
vention, 818 to PA and 817 to SA. Details regarding screening,
recruitment yields, and baseline characteristics have been published
(16) as has the CONSORT diagram (13). For the purposes of this
secondary analysis, data were available on 1,574 participants, with
the small loss to follow-up of 3.7% due to early technical problems
with computers used to deliver the MAT-sf.

The LIFE study eligibility criteria were designed to target older
persons (age 70-89 years) who were: (a) sedentary (spending <20
minutes per week in the past month getting regular physical activity
and reporting <125 min/wk of moderate physical activity); (b) at risk
for mobility disability (SPPB score of <9); (c) able to walk 400 m in
<15 minutes without sitting, using a walker, or needing the help of
another person; and (d) able to safely participate in the intervention.
Persons with a SPPB score <7 were preferentially enrolled to enrich
the sample with individuals at higher risk for MMD.

The study protocol was approved by the institutional review
boards at all participating sites. Written informed consent was
obtained from all study participants. The trial was monitored by
a data and safety monitoring board appointed by the National

Institute on Aging. The trial is registered at ClinicalsTrials.gov with
the identifier NCT01072500.

Measures

The 400-m walk was assessed every 6 months at clinic visits. Home,
telephone, and proxy assessments were attempted if the participants
could not come to the clinic. Due to concerns with participant bur-
den from the extensive testing in the LIFE study, the MAT-sf was
only administered at baseline, 18 months, and 30 months. In the
current analyses, we only use the baseline MAT-sf scores. The assess-
ment staff were blinded to the intervention and remained separate
from the intervention team. Participants were asked not to disclose
their assigned group and not to talk about their interventions during
the assessment.

Major mobility disability

The 400-m walk test served as our criterion indicator of MMD. This
test is a modified version of a walking test originally developed by
Newman and colleagues (9). Participants were instructed to walk
at their usual pace for 400 m (10 laps of a 20-m course defined by
two cones) (14). The maximum time allowed for the test was 15
minutes without sitting and without the help of another person; in
successfully completing the test, participants were allowed to stop
and stand to rest for up to 1 minute and could use a cane, but they
were not allowed to lean against any object to support their weight.
They were not allowed to use a walker or to seek help from another
person. Time to complete the 400-m walk was recorded in minutes
and seconds and then converted to seconds.

When MMD could not be objectively measured because of the
inability of the participant to come to the clinic and absence of a
suitable walking course at the participant’s home, institution, or hos-
pital, the outcome was adjudicated based on objective inability to
walk 4 m in <10 seconds or self-, proxy-, or medical record-reported
inability to walk across a room. It would not be feasible for a partici-
pant who met any of these latter criteria to complete the 400-m walk
within 15 minutes. A total of 17% of the MMD outcomes in PA and
11% in SA were determined via adjudication.

The mobility assessment tool short form

The MAT-sf is a 10-item computer-based, self-administered assess-
ment of mobility that uses animated video clips of each task to illus-
trate various mobility-related challenges. Participants provide an
assessment of their ability to perform each task on the computer by
clicking the appropriate response (4,17). The 10 items in the MAT-sf
cover a broad range of functioning. The items include walking on
level ground, a slow jog, walking uphill outdoors on uneven ter-
rain, walking up a ramp with and without using a handrail, step-
ping over hurdles, ascending and descending stairs with and without
the use of a handrail, and climbing stairs while carrying one or two
bags. The items were selected based on individual response and
information curves derived from item response theory (4,17). Each
item was accompanied by an animated video clip together with the
responses for that question (number of minutes, number of times,
yes/no). The possible range of scores is from 30 to 80. The MAT-sf
has been found to have excellent test—retest reliability (intraclass cor-
relation coefficient = .93) and validity (4,17). Also, the test items
have improved accuracy/precision compared with items found on
traditional self-reported disability measures because the actual task
is presented visually and contextual features can be manipulated.
For example, by comparing responses on MAT-sf items that pertain
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to the same task but within different contexts, Marsh and colleagues
(17) demonstrated that differences in gait speed, terrain, as well as
the presence or absence of a handrail and varying the number of
steps on a flight of stairs, led to statistically significant and clinically
meaningful differences in a participants’ responses to test items.

The test can be completed on any laptop computer and scores
are saved to an exportable file. Also, for ease of administration, the
software was designed for use on touch-screen computers and the
iPad. The time required to complete the test with instructions from
the examiner is ~5 minutes. Reading comprehension was designed
at an 8-grade reading level and versions are available in English,
Spanish, French, and Portuguese.

The short physical performance battery

The SPPB is a summary performance measure consisting of three
increasingly difficult standing balance tests, usual pace walking speed
over a 4-m distance, and time for five repeated chair stands per-
formed as quickly as possible. Each performance measure is assigned
a categorical score ranging from 0 (inability to complete the test)
to 4 (best performance). A summary score ranging from 0 (worst
performers) to 12 (best performers) was calculated by summing the
three component scores. Support for the measurement properties of
the SPPB has been provided by Guralnik and colleagues (15).

Intervention Groups

Because our interest in the current investigation was to evaluate
whether the baseline MAT-sf score was able to assess risk for inci-
dent MMD independent of any intervention effect, we have not
included a description of the two intervention groups in this article.
The interested reader is referred to a prior publication on the study
design for details of the LIFE study interventions (18).

Statistical Analyses

Descriptive statistics (means, standard deviations, and proportions)
were used to characterize the LIFE sample. Proportional hazards
models were used to examine the association between baseline
MAT-sf scores and time to the initial MMD event. A continuous ver-
sion of the MAT-sf was used in model fitting, but for ease of interpre-
tation and plotting, MAT-sf scores were grouped into four categories:
category 1, scores <40; category 2, scores ranging between 40 and
49; category 3, scores ranging between 50 and 59; and category 4,
scores 60+. These four 10-unit categories were used because the
MAT-sf is based on a T-scale with a mean of 50 and a SD of 10. The
initial model in our survival analysis was adjusted for age, sex, clini-
cal site, and intervention arm with the SPPB added as a covariate in a
second model to evaluate whether inclusion of this performance test
mitigated the impact of the MAT-sf on evaluation of risk for incident
MMD. In addition, in a preliminary analysis, an intervention arm by
MAT-sf interaction term was examined to insure that this effect was
not important to interpretation of the study results. Comparisons
were considered significant if p < .05. All analyses were conducted
using SAS 9.4 (SAS Institute, Cary, NC).

Results

As shown in Table 1, there was a broad range of educational back-
grounds within the cohort; 67% were women and 76.7% were non-
Hispanic white. The most common comorbidity was hypertension
at 70.7%, followed by diabetes at 25.4%, and cancer at 22.4%.
Participants varied considerably in body mass index; however, only

a small percentage were either underweight (<18.5kg/m? 0.4%)
or morbidly obese (40+ kg/m?; 7.1%). The MAT-sf had a mean of
53.6 with a range of 33-76. The distribution of participants across
MAT-sf categories that were used to facilitate interpretation of the
data included 3.6% from 30 to 39, 33.7% from 40 to 49, 38.4%
from 50 to 59, and 24.3% at 60+.

Table 2 provides the results of the survival analyses using base-
line MAT-sf scores to evaluate risk for incident MMD. In a prelimi-
nary model, we examined for the possibility of a baseline MAT-sf by
treatment interaction term. Because this term was not statistically
significant (p = .78), it was eliminated from further consideration.
Across 42 months of follow-up, there were a total of 522 persons
determined to have MMD. Panel A of Table 2 presents the results
without SPPB scores in the model and illustrates that the MAT-sf
score was strongly related to the risk of MMD (p < .0001). As shown
in Figure 1, at 24 months of follow-up, the graded rates of failure
for categories 1-4 were 51%, 32%, 17%, and 10%, respectively;
at 36 months, the rates were 66%, 52%, 35%, and 22%, respec-
tively. Following this analysis, HRs were computed comparing the
first three categories of the MAT-sf with category 4 (scores of 60+).
These analyses illustrated that there was a graded risk moving from
category 1 to category 4 (all p values < .001): HR (1 vs 4) = 4.51,
95% CI [2.94, 6.91]; HR (2 vs 4) = 2.73, 95% CI [2.12, 3.68]; and
HR (3 vs 4) = 1.73, 95% CI [1.31, 2.29].

Panel B of Table 2 provides the results of the model when SPPB
was included as a covariate. In this model, there was a slight attenu-
ation in the HRs for the 3 individual comparisons (all p values <
.001): HR (1 vs 4) = 3.57, 95% CI [2.31, 5.52]; HR (2 vs 4) = 2.40,
95% CI [1.81, 3.19]; and HR (3 vs 4) = 1.59, 95% CI [1.20, 2.11],
though all remained statistically significant. The MAT-sf and SPPB
were related to one another in the expected direction, although
the strength of this relationship was modest, 7 = .35, p < .0001. As
shown in Table 2, the SPPB had an independent relationship with
MMD (p < .0001).

Discussion

This secondary analysis of the LIFE study data examined whether
baseline MAT-sf scores were useful in evaluating risk for incident
MMD. The MAT-sf is a brief, novel, video-animated method for
assessing mobility that has substantial advantages over existing self-
report measures (4,17). Most important is the fact that respondents
are able to visualize the tasks rather than having to make judgments
about what is implied in tasks such as walking a block or climb
stairs. In addition, the MAT-sf provides animated videos of com-
plex, real-world tasks such as stepping over objects and walking on
uneven paths outdoors. As shown in Figure 1, across a period of 42
months, there was a progressive increase in the risk of developing
incident MMD with each 10-unit decrease in MAT-sf scores. For
example, the risk of MMD after 3 years of follow-up was 22% for
those with scores 60+, 35% for those with scores 50-59, 52% for
those with scores 40-49, and 66 % for those with scores <40.

There has been a recurring clinical research interest in whether
the assessment of physical function in older adults could be used to
identify risk for subsequent physical disability, but with one excep-
tion, virtually all of the evidence to date is based on self-report as
opposed to objectively measured performance-based outcomes.
Whereas two early studies found that decline in self-reported mobil-
ity was associated with downstream difficulty reported in both basic
and instrumental activities of daily living (1,2), more recent epide-
miological evidence has targeted healthy older adults and evaluated
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Table 1. Participant Characteristics (N = 1,574)

Characteristic Mean (£SD) or N (%)
Age (y) 78.9 (5.2)
Gender
Male 519 (33.0%)
Female 1,055 (67.0%)
Race
White 1,207 (76.7%)
Black 293 (18.6%)
Hispanic 7 (2.4%)
Other 7 (2.4%)
Education
Less than high school 27 (1.8%)
High school (any) 472 (31.2%)

Any postsecondary education
(excluding graduate education)

622 (41.1%)

Graduate education (any) 392 (25.9%)
BMI*
<18.5 7 (0.4%)
18.5-24.9 282 (17.9%)
25-29.9 558 (35.4%)
30-34.9 419 (26.6%)
35-39.9 196 (12.4%)
40+ 112 (7.1%)
Self-reported comorbidities
Myocardial infarction 123 (7.8%)
Hypertension 1, 103 (70.7%)
Congestive heart failure 8 (4.4%)
Arthritis 302 (19.3%)
Diabetes 398 (25.4%)
Cancer 352 (22.4%)
Physical health status
MAT-sf score 53.6 (8.0)
400-m walk (s) 488.8 (151.7)
SPPB score 7.4 (1.6)

Notes: BMI = body mass index; MAT-sf = mobility assessment tool-short
form; SPPB = short physical performance battery.
*BMI was computed as weight in kg divided by height in meters squared.

Table 2. Survival Analyses for MAT-sf and Covariates: Free of
Major Mobility Disability

Variable df Panel A Panel B
Chi-Square; p Value Chi-Square; p Value
Without SPPB in Model ~ With SPPB in Model
MAT-sf 3 75.87;p <.0001 51.64; p < .0001
Clinic site 10 7.92;p = .6365 9.28; p =.5053
Age 1 14.92;p = .0001 9.32; p = .0023
Sex 1 0.16; p = .6876 0.07; p =.7890
Intervention 1 3.67;p =.0553 3.62;p =.0568
SPPB 1 — 24.20; p <.0001

Notes: df = degrees of freedom; MAT-sf = mobility assessment tool-short
form; SPPB = short physical performance battery.

the prognostic value of objective performance-based measures of
function in evaluating risk for self-reported disability. For example,
a study of 1,122 older adults (mean age = 77.1 years) who had no
evidence of disability completed the SPPB and then were followed
for 4 years. There was an incremental, elevated risk for disability
at the 4-year assessment visit associated with the SPPB; individuals

having lower scores had higher risk. Furthermore, the association
existed whether disability was defined as either self-reported limita-
tions with mobility—the inability to walk %2 mile or needing help
when climbing stairs—or the need for help from another person to
perform one or more basic activities of daily living (12). Similarly,
studying 3,075 community dwelling, well-functioning older adults
aged 70-79 years across a mean follow-up of 4.9 years, investiga-
tors in the Health ABC study reported that poorer performance on
the 400-m walk was associated with higher risk of both moderate
and severe difficulty with self-reported mobility, again based on
both walking %4 mile and climbing stairs (9). Finally, in functionally
healthy older woman aged 70-79 years (N = 436), Fried and col-
leagues (3) examined whether the self-reported need to modify the
method or frequency to perform tasks in daily life as a result of a
health condition, or the time to climb a set of 14 steps, was related
to the risk for perceived difficulty in walking %2 mile or climbing 10
steps at an 18-month follow-up visit. Both self-reported modification
in the performance of daily tasks and slower stair climb time at the
initial assessment visit were independently related to the risk for self-
reported limitations with mobility.

The current findings build on this existing research in several
important ways. First, the outcome of interest was a performance-
based measure of incident MMD, the loss in the ability to walk 400
m (18). Preserving the ability to walk 400 m is central to maintain-
ing a high quality of life and required for many activities to be fully
independent, such as shopping and community engagement (13). To
date, the only large-scale study to evaluate risk for MMD using fail-
ure to complete the 400 m as the criterion has been an observational
study conducted in Italy (19). They reported that lower scores on
the SPPB were associated with an increased risk for MMD 3 years
later. Second, we employed a brief and psychometrically sound com-
puterized measure of self-reported mobility to estimate the risk for
developing MMD—the MAT-sf (4,17,20). Among the advantages
of this measure are its brevity and increased measurement precision
(17). In addition to reducing human error, the computerized format
eliminates the need for extensive assessor training. In contrast to
objective tests such as the SPPB, there is no need for dedicated space
and concerns surrounding patient safety are eliminated. The MAT-sf
can be easily used in clinic settings to assess risk and it can even
be administered remotely to patients with data being electronically
delivered to a central data management site. And third, the LIFE
study was restricted to older adults who had evidence of some func-
tional limitation at the time of baseline testing; that is, participants
had to have an SPPB score <9 to be included in the study. Thus, the
MAT-sf was found to be valuable in identifying older adults at risk
for incident MMD despite a truncated distribution.

A secondary aim of this study was to evaluate whether the ability
of the MAT-sf to identify risk for incident MMD would be dimin-
ished if a performance-based measure of physical function, the SPPB,
was included as a covariate. Although the HRs for the individual
MAT-sf comparisons declined after the inclusion of the SPPB, far
more striking was the low covariation between the two measures
and the independent information that the SPPB contributed to the
risk for MMD. This is the first investigation to illustrate the inde-
pendent effect that self-report and performance-based measures of
function have on the identification of risk for MMD. This finding is
critically important because it suggests that interventions designed
to counter MMD should target patients’ perceptions of their capaci-
ties (20-23). In one longitudinal study of older adults with knee
pain, we found that patients who had poor quadriceps strength
combined with low confidence in their capacity to climb stairs had
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Figure 1. Mobility assessment tool-short form (MAT-sf) categories and survival without major mobility disability (MMD) by time from randomization.

dramatically greater decreases in stair climbing performance across
a period of 30 months than those who had equally poor strength yet
remained confident in their ability to climb stairs (24). Furthermore,
in a recent community-based trial involving weight loss and physical
activity, we found that confidence in one’s capacity to walk was a
partial mediator for the effect that the intervention had on 400-m
walk time (23). It would seem that what older adults think they can
do is an important determinant of maintaining independence in the
community. Parenthetically, we also recognize that a host of other
factors including activity history, cultural norms, lack of motivation,
and negative emotions contribute to sedentary behavior in aging and
to functional decline.

This study is not without limitations. First, it would have
been clinically valuable to have had sequential assessments of
the MAT-sf at each 6-month interval to evaluate whether short-
term decline was an additional diagnostic for risk of MMD.
Unfortunately, due to concerns for excessive subject burden in the
LIFE trial associated with numerous planned outcome measure-
ments, we were unable to conduct such high frequency assess-
ments. Second, patients can and do recover from failure on the
400-m walk, thus MMD is not necessarily a persistent condition.
However, MMD is similar to other medical events such as a heart
attack in that failure marks a serious change in health status and
places these individuals at increased risk for further decline, hos-
pitalization, and mortality (6,8,9).

In summary, data from this investigation provide evidence that
the MAT-sf is a valuable and potential cost-efficient clinical tool
for use in evaluating the risk for incident MMD. The information
provided by the MAT-sf relative to risk for MMD is reasonably
independent of information provided by the SPPB, a well-known
performance-based measure of physical function. Future research
should consider using the MAT-sf as a means of triaging older
persons for intervention to reduce the incidence of MMD and as
a tool for monitoring the functional health of older adults within
health care and in community settings such as, retirement commu-
nities, assisted living facilities, area agencies on aging, and Young
Men’s Christian Association.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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