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BACKGROUND/OBJECTIVES: To test the hypothesis
that a long-term structured, moderate intensity physical
activity (PA) program is more effective than a health edu-
cation (HE) program in reducing the risk of s elf-reported
dependency and disability in basic activities of daily living
(BADLs), disability in instrumental ADLs (IADL), and
mobility disability.

DESIGN: The Lifestyle Interventions and Independence
for Elders (LIFE) study was a multicenter, single-blinded
randomized trial.

SETTING: University-based research clinic.

PARTICIPANTS: Thousand six hundred and thirty five
sedentary men and women aged 70–89 years, who had
functional limitations, defined as a score ≤9 on the Short
Physical Performance Battery.

INTERVENTION: Participants were randomized to a
structured, moderate intensity PA program (n = 818) that
included aerobic, resistance, and flexibility exercises or to
a HE program (n = 817).

MEASUREMENTS: All outcomes were derived by self-
report using periodic interviews that asked about the
degree of difficulty and receipt of help during the past
month. Dependency was defined as “receiving assistance”
or “unable” to do ≥1 activities. Disability was defined as
having “a lot of difficulty” or “unable” doing ≥1 activities.
Severe disability was defined as reporting difficulty or
being unable to perform ≥3 activities.

RESULTS: Over an average follow-up of 2.6 years, the
cumulative incidence of BADL dependency was 15.2%
among PA and 15.1% among HE participants (HR = 1.0,
95% CI = 0.78–0.1.3). Intervention groups had similar
rates of incident BADL disability, IADL disability and
reported mobility disability. Reporting severe mobility dis-
ability (HR = 0.78, 95% CI = 0.64–0.96) and ratings of
difficulty on mobility tasks were reduced in the PA group.

CONCLUSION: A structured physical activity interven-
tion reduces reported severe mobility disability and diffi-
culty on mobility tasks, but not BADL and IADL disability
in older adults with functional limitations. J Am Geriatr
Soc 65:980–988, 2017.

Key words: frailty; exercise; ambulation; rehabilitation

Twenty-three percent of the United States population,
65+ years of age report having difficulty walking or

climbing stairs and 3.6 million older adults report having
difficulty with basic activities like dressing and bathing.1

Reporting difficulty with, needing assistance, or being
unable to perform daily tasks lead to higher utilization of
health care services and loss of physical independence.2

Considerable resources are spent on managing disability
among older adults, but there is limited research that eval-
uates strategies to prevent disability in basic and instru-
mental activities of daily living. A promising prevention
strategy is enhancing physical activity levels, as there is
well-established epidemiological evidence that diminished
physical activity is associated with onset of physical dis-
ability in older adults.3–6

The Lifestyle Interventions and Independence for
Elders (LIFE) Study was a large randomized trial designed
to compare the effects of a long-term, moderate-intensity
physical activity (PA) program with a “successful aging”
health education (HE) program.7,8 The primary outcome
of the LIFE study was major mobility disability defined as
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the loss in the ability to walk 400 m in 15 minutes with-
out help. Here MMD was assessed objectively by observ-
ing the ability to walk 400 m. Self-reported measures of
mobility and disability inherently capture a participant’s
viewpoint of their ability within their own environment.
This is a different construct and evaluation of this domain
would provide additional insight about the effects of physi-
cal activity. The study enrolled inactive older adults
70–89 years of age who were at high risk of disability
based on a lower extremity performance test, yet were
community dwelling and able to walk 400 m (about a
quarter mile) at baseline. Therefore, the sample enrolled in
the LIFE study was well-suited to evaluate the hypothesis
that compared to a HE group, a long-term PA program
would prevent the incidence of dependency and disability
in basic ADLs (BADLs) as well as disability in instrumen-
tal ADLs (IADLs), and reported mobility disability (e.g.,
walking a quarter mile).

METHODS

Trial Design and Participants

Design, recruitment, baseline characteristics, and main
outcomes of the LIFE study are published and described
elsewhere.7–9 Briefly, the LIFE study was a multicenter,
single-blinded, parallel randomized trial conducted at 8
field centers across the United States between February
2010 and December 2013. The eligibility criteria consisted
of men and women aged 70–89 years who (a) were inac-
tive (reporting <20 min/wk in the past month performing
regular physical activity and <125 min/wk of moderate
physical activity); (b) were at high risk for mobility disabil-
ity based on lower extremity functional limitations mea-
sured by the Short Physical Performance Battery (SPPB)10

score ≤9 out of 12 (45% of participants were targeted to
have a score ≤7); (c) could walk 400 m in ≤15 minutes
without sitting, leaning, or the help of another person or
walker; (d) had no major cognitive impairment (Modified
Mini-Mental State Examination (3MSE)11 1.5 standard
deviations below education- and race-specific norms); and
(e) could safely participate in the intervention as deter-
mined by medical history, physical exam and resting ECG.

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.

Interventions

The physical activity intervention followed the U.S.
Department of Health and Human Services 2008 Physical
Activity Guidelines for Americans, with a goal of 150 min/
wk of walking, in addition to strength, flexibility, and bal-
ance training.12 Exercises from a publically available book
entitled, Exercise & Physical Activity: Your Everyday
Guide from the National Institute on Aging was used to
complement the guidelines.13 Commensurate with these
guidelines, the intervention was tailored to the ability and

fitness level of individual participants. For example, lower
extremity exercises that exacerbated joint pain were
replaced with different, but comparable exercise. Promo-
tion activities, described elsewhere,7,14 were used to
encourage participants to increase their amount of regular
physical activity over time. The intervention included
attendance at two center-based sessions per week in a
group setting. A certified interventionist supervised the
center-based sessions to ensure safety and exercise
duration/intensity was met according to a manual of oper-
ations. Participants were encouraged to perform home-
based exercise 3-4 times per week to reach guidelines.
Interventionists collected home exercise logs as an account-
ability tool for the duration of the study. A protocol was
in place to restart the intervention for the participants who
suspended the physical activity for medical reasons. The
physical activity sessions were individualized and pro-
gressed towards a goal of 30 minutes of walking daily at
moderate intensity, 10 minutes of primarily lower extrem-
ity strength training by means of body weight (e.g., chair
rises, toe stand) and ankle weights (e.g., standing leg curl,
side hip raise, standing bent leg hip flexion, seated leg
extension, standing leg circles) (2 sets of 10 repetitions)
and 10 minutes of balance training, and large muscle
group flexibility exercises. As recommended by the Physi-
cal Activity Guidelines for Americans, participants began
with lighter intensity and gradually increased intensity over
the first 2–3 weeks of the intervention. The Borg’s scale of
self-perceived exertion,15 with scores ranging from 6 to
20, was used to measure intensity of activity. Participants
were asked to walk at an intensity of 13 (activity percep-
tion of “somewhat hard”), and perform lower extremity
strengthening exercises at an intensity of 15–16 (activity
perception of “hard”). The balance training involved five
levels of complexity for meeting progressive intensity.
Beginning levels included activities like hip circles, toe
stands and side-stepping while holding with two hands
onto a firm object for stability (e.g., kitchen counter, bal-
ance bar). Progression to higher levels involved holding
with one hand and eventually no hand support. Advanced
levels incorporated tandem and crossover stepping that
also included head turning and lunging.

The health education (HE) group attended weekly
workshops during the first 26 weeks, and then monthly
sessions thereafter (bi-monthly attendance was optional).
Workshops included topics, other than physical activity,
relevant to older adults, such as how to effectively negoti-
ate the health care system, how to travel safely, preventive
services and screenings recommended at different ages,
where to go for reliable health information, nutrition, etc.
The program also included a 5- to 10-minute instructor-
led program of gentle upper extremity stretching or flexi-
bility exercises.

Outcome Assessment

Self-reported physical function was assessed with the Pep-
per Assessment Tool for Disability (PAT-D)16 at baseline
and 6, 12, 24, and 36 months post-randomization. The
PAT-D is a 23-item measure that assesses difficulty with
an array of discrete functional tasks in three domains:
basic activities of daily living (BADLs), instrumental
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activities of daily living (IADLs), and mobility. Questions
were added to the PAT-D to assess BADL dependency.
Certified staff members who were masked to the interven-
tion assignment administered the questionnaire. The par-
ticipant was asked, “During the past month, how much
difficulty have you had. . .” with each of the 23 items.
Responses were made on a five-point Likert scale with
options of: 1 (“No difficulty”), 2 (“A little difficulty”), 3
(“Some difficulty”), 4 (“A lot of difficulty”), 5 (“unable to
do the activity”) or “did not do for other reasons” or
“Don’t know/Refused.” For five items that asked about
BADLs (walk across a room, chair transfer, bed transfer,
use of a toilet, dressing, and bathing), an extra question
was asked of all participants about the dependency, “Do
you usually receive help from another person when . . . ”
performing the task, with possible responses of “Yes,”
“No,” or “Don’t know/Refused.” The purpose of this
question was to detect difficulty that might be masked by
the participant’s receipt of help. Additionally, items were
categorized into total and subscale PAT-D disability
domain scores that used all items, BADL disability score
(moving in and out of a chair, moving in and out of a
bed, using toilet, dressing, bathing, and walking across a
small room), IADL disability score (doing light housework,
managing money, using the telephone, taking care of a
family member, visiting with relative or friends, participat-
ing in community activities such as religious services,
social activities, or volunteer work) and mobility disability
score (walking one block, walking several blocks, walking
for a quarter of a mile, climbing one flight of stairs, climb-
ing several flights of stairs, getting in and out of a car, lift-
ing and carrying something as heavy as 10 pounds, lifting
heavy objects). Responses were summed according to the
hierarchical code and averaged across the number of ques-
tions in each domain. Higher scores equate to more dis-
ability with a score of 1 indicating no difficulty and a
score of 5 being unable to do the activity. Outcomes for
ADL dependency and ADL, IADL and mobility disability
are described in Table 1. The severity of disability was
also captured as having “a lot of difficulty” or “unable”

to perform three or more domain-related tasks. This out-
come was designed to capture participants with progres-
sive and/or catastrophic disability. It is important to note
that participants may be counted as an outcome for a dis-
ability and severe disability events and therefore the out-
comes are not mutually exclusive. We note that these
measures are conceptually different than the primary out-
come of the LIFE study where major mobility disability
was ascertained by direct observation or by a committee
of experts who judged the capability of the participant to
complete the 400 meter walk using available information
from a participants medical record.7,8

Additional Measurements

The main baseline measures included self-reported demo-
graphic characteristics including race and ethnicity
reported according to NIH requirements, medical and hos-
pitalization history, physical activity assessed with the
Community Healthy Activities Model Program for Seniors
(CHAMPS) questionnaire,17 and accelerometry over 7-days
(GT3X, Actigraph Inc., Pensacola, FL), cognitive function
assessed with the Modified Mini-Mental Status Exam,11

400 m walk test, the SPPB, body mass and height. These
measures are described in detail elsewhere.7–9 Adherence
measures were assessed by questions on the CHAMPS and
accelerometry. For CHAMPS, the time per week doing
walking activities (walking playing golf, jogging or run-
ning, walking/hiking uphill, walking briskly or leisurely for
exercise) and strength training activities were combined
and collected every 6 months. Accelerometry was mea-
sured at 6, 12, and 24 months.

Statistical Analysis

Baseline characteristics were summarized by intervention
group using mean (SD) or percentages. For BADL disabil-
ity and dependency, IADL, and reported mobility disability
outcomes, participants with a reported disability (or
dependency) at baseline were excluded from the analysis.

Table 1. Description of Self-Reported Dependency and Disability Outcomes

Outcomes Description

Incident BADL dependency First follow-up report of “receiving assistance” or “unable” to perform one or more of the following tasks:
moving in and out of a chair, moving in and out of a bed, using toilet, dressing, bathing, and walking
across a small room

Incident BADL disability First follow-up report of having “a lot of difficulty” or “unable” to perform any of the 6 ADLs
Incident severe BADL disability First follow-up report of having “a lot of difficulty” or “unable” to perform 3 or more of the ADLs.
Incident IADL disability First follow-up report of having “a lot of difficulty” or “unable” to perform the following tasks: doing

light housework, managing money, using the telephone, taking care of a family member, visiting with relative
or friends, participating in community activities such as religious services, social activities, or volunteer work.

Incident severe IADL disability First follow-up report of having “a lot of difficulty” or “unable” to perform 3 or more of the IADLs.
Incident reported mobility
disability

Reported mobility disability outcomes operationalized the same as ADL outcomes. First follow-up report of
having “a lot of difficulty” or “unable” on the following tasks: walking one block, walking several blocks, walking
for a quarter of a mile, climbing one flight of stairs, climbing several flights of stairs, getting in and out of a car,
lifting and carrying something as heavy as 10 pounds, lifting heavy objects.

Incident severe reported
mobility disability

First follow-up report of having “a lot of difficulty” or “unable” to perform 3 or more of the reported
mobility tasks

BADL, Basic activity of daily living; IADL, Instrumental activity of daily living. It is possible for participants to be counted as both a disability and severe

disability outcome.
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The effect of the intervention on the incident disability (or
dependency) outcomes was tested based on a two-tailed
significance of 0.05. The analysis was conducted according
to randomized grouping, which is consistent with the
intention to treat approach. To compare interventions, we
used a likelihood ratio test from a Cox regression model,
stratified by field center and sex. Failure time was mea-
sured from the time of randomization; follow-up was cen-
sored at the last questionnaire assessment. For participants
who did not have outcome assessments, we assigned one
hour of follow-up time, since we knew that they com-
pleted the functional assessment at baseline. Effect modifi-
cation was examined using interaction terms entered into
these Cox models. Here, effect modification was examined
across levels of baseline pre-specified subgroups (ethnicity/
race, sex, SPPB <8, age 80+, history cardiovascular disease,
diabetes, walking speed <0.80 m/s) and post-hoc sub-
groups of cognitive function (3MSE <90), depression
(CESD ≥16), pain due to arthritis and morbid obesity
(BMI ≥35). Cumulative hazard plots stratified by treatment
arm were obtained for self-reported BADL dependency,
IADL disability, reported mobility disability, and reported
severe mobility disability for each of the domains. Results
were expressed as hazard ratio (HR) with 95% confidence
intervals (CI).

Total and subscale PAT-D disability scores and PAT-
D domain (ADL, IADL and mobility) disability score were
analyzed using mixed effects models for repeatedly mea-
sured outcomes with an unstructured parameterization for
longitudinal covariance. Models contained the following
terms: field center and sex (both used to stratify random-
ization), baseline value of the relevant outcome, interven-
tion, clinic visit, and intervention-by-visit interaction.
Least squares means were obtained from these models and
contrasts were used to estimate the average effects (95%
CI) over follow-up. Statistical analyses were performed in
SAS 9.4.

RESULTS

The two intervention groups were similar at baseline with
respect to demographics, health conditions, cognition,
physical function and self-reported disability (Table 2).
The mean age was 78.9 years, 67.2% were women,
17.6% were African American, the average body mass
index was 30.2, and the average SPPB score was 7.4, indi-
cating that participants had substantial functional impair-
ments. Intervention adherence was described previously in
an earlier report.8 In brief, the PA intervention maintained
a 104-min/wk difference (95% CI, 92–116; P < .001) in
walking and strength training activities compared with the
HE group during the initial 2 years in which all partici-
pants were followed up. Objectively measured physical
activity with accelerometry demonstrated a 40-min/wk dif-
ference in moderate to vigorous intensity activity; 95% CI,
29–52; P < .01.

Table 3 provides the cumulative number of events and
associated hazard ratios between interventions groups
across all disability domains assessed. The number of par-
ticipants who reported the event at baseline is listed in
Table 3 and the proportion excluded was similar between
intervention groups. For BADL dependency, there were

120 events in each intervention group with an approxi-
mately equal probability of 15%. Figure 1A shows the
cumulative hazards for ADL dependency were similar
between PA and HE intervention groups. Incident IADL
disability occurred in 141 (17.8%) and 140 (17.8%) par-
ticipants in the PA and HE intervention groups, respec-
tively (Figure 1B). Lastly, the number of participants
reporting mobility disability was similar over the follow-
up in the PA and HE groups (270 [46%] and 287 [49%],
respectively; Figure 1C). Likelihood ratio tests from Cox
regression models showed no statistical differences
between intervention groups for BADL dependency, BADL

Table 2. Baseline Characteristics of the Participants

Characteristic

Physical

Activity

N = 818

Health

Education

N = 817

Age (years) 78.7 � 5.2 79.1 � 5.2
Women 547 (66.9) 551 (67.4)
Ethnicity/race
Hispanic 31 (3.8) 30 (3.7)
Caucasian 604 (73.8) 635 (77.7)
African American 163 (19.9) 125 (15.3)

SPPB score 7.4 � 1.6 7.3 � 1.6
SPPB score <8 353 (43.2) 378 (46.3)
400 m walking speed (m/s) 0.83 � 0.17 0.82 � 0.17
Body mass index (kg/m2) 30.1 � 5.7 30.3 � 6.2
Self-reported minutes per
week in walking activities

135.1 � 184.6 120.4 � 165.2

Self-reported minutes per week in
strength training activities

5.3 � 18.8 4.7 � 17.5

Accelerometry minutes per week
of moderate physical activity*

27.7 � 25.6 27.4 � 22.7

3MSE score (0–100 scale) 91.5 � 5.5 91.6 � 5.3
Health conditions†

Hypertension 568 (69.7) 583 (72.3)
Diabetes 210 (25.7) 208 (25.6)
Heart attack or myocardial
infarction

65 (8.0) 64 (7.9)

Stroke 53 (6.5) 56 (6.9)
Cancer 181 (22.2) 189 (23.2)
Chronic pulmonary disease‡ 133 (16.3) 120 (14.7)
Severe arthritis 152 (18.6) 160 (19.6)
Depressive symptoms 111 (14.3) 142 (18.3)
Morbid obesity (BMI ≥ 35) 152 (18.6) 166 (20.3)

Disability scores§

Basic ADL subscale score 1.3 � 0.4 1.3 � 0.4
Instrumental ADL subscale score 1.1 � 0.3 1.1 � 0.3
Reported Mobility subscale score 1.8 � 0.7 1.8 � 0.7
Total disability score 1.4 � 0.4 1.4 � 0.4

Data are means and standard deviations or n (%); SPPB, short physical

performance battery. Some values may slightly differ from those previ-

ously published due to data updates. BMI, body mass index calculated as

weight in kilograms divided by height in meters squared; 3MSE, Modified

Mini-Mental State Exam; SD, standard deviation.

*Defined as “moderate physical activity” for accelerometry based on the

760 counts/minute cut-point.45 Values are in a subset of individuals (590

in PA and 581 in HE) with valid accelerometry data.
†Self-reported, physician diagnosed.
‡Asthma, chronic bronchitis, emphysema, or COPD.
§Scores are calculated by first assigning sequential values for each response

(e.g. 1 = “no difficulty” through 5 = “unable to do”) and averaging all

the disability responses. Responses of “Did not do for other reasons” are

not included in scoring.
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disability, IADL disability and mobility disability. Non-sig-
nificant effects ranged from a 7% decrease to a 20%
increase across the outcomes.

Fifty-five out of 276, 42 out of 281, and 184 out of
314 BADL, IADL and mobility disability events, respec-
tively, developed severe disability by reporting “a lot of

Table 3. Overall Number and Percentage of Events and Hazard Ratios for Disability Outcomes Between Physical
Activity and Health Education Groups

Physical Activity Health Education

HR 95% CI P-ValueN Events % N Events %

Basic activities of daily living (BADL)
Incident BADL dependency 793 120 15.1 787 120 15.2 1.00 0.78–1.29 .97
Incident BADL disability 782 133 17.0 784 143 18.2 0.93 0.74–1.19 .57
Incident severe BADL disabilty 816 42 5.1 817 40 4.9 1.10 0.71–1.70 .66

Instrumental ADL (IADL)
Incident IADL disability 790 141 17.8 787 140 17.8 1.00 0.79–1.27 .97
Incident severe IADL disability 818 25 3.1 817 21 2.6 1.21 0.68–2.17 .51

Reported mobility disability
Incident reported mobility disability 579 270 46.6 577 287 49.7 0.96 0.82–1.14 .70
Incident severe reported mobility disability 773 159 20.6 775 203 26.2 0.78 0.64–0.96 .02

For BADL outcomes, 55, 69 and 2 participants had reported the outcome of dependency, disability and severe disability, respectively, at baseline. For

IADL disability, 58 participants reported having difficulty or inability to perform at least one task at baseline making an analytic sample of 1,577 partici-

pants. For mobility disability, 479 (29% of the cohort) participants reporting having “a lot of difficulty” or “unable” to perform one of the eight mobility

tasks on the PAT-D.

Figure 1. Cumulative hazard plots of intervention groups for the first occurrence of self-reported (A) basic activity of daily living
(BADL) dependency, (B) instrumental activity of daily living (IADL) disability, (C) reported mobility disability, and (D) reported
severe mobility disability. Number of events represents cumulative events, and adjusted hazard ratios and P-values are from pro-
portional hazards regression models defined in the methods. [Color figure can be viewed at wileyonlinelibrary.com]
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difficulty” or “unable” to perform 3 or more domain-
related tasks. The remaining severe disability events were
unique and did not follow an initial disability event
(27 BADL, 4 IADL, and 178 mobility disability events that
were severe). The interventions showed similar severe
BADL and IADL disability incident rates (Table 3). Inci-
dent severe mobility disability was lower in the PA
(20.6%) compared to the HE (26.2%) intervention group
(HR, 0.78 [95% CI, 0.64–0.96], Figure 1D).

Table 4 provides results from pre-specified subgroup
analyses that were performed on the primary outcome of
BADL dependency. Results did not significantly differ
between subgroups of ethnicity/race, sex, baseline low phys-
ical performance according to having SPPB score <8, history
of cardiovascular disease, and baseline 400 m walking
speed. There appeared to be slightly more benefit of PA on
ADL dependency among those treated for diabetes
(HR = 0.64 for PA to HE comparison), but this intervention
effect was not statistically different when compared to the
other two baseline history of diabetes subgroups (P = .08).

In post-hoc analyses, the effect of PA on BADL dependency
was similar in participants with a 3MSE score of less than
90 and in those with a score of 90 or higher, those with and
without severe arthritis, and those with and without morbid
obesity. Those with depressive symptoms (CES-D ≥ 16)
showed a reduced effect of PA (interaction P-value = .02).
Here, 23.3% of the PA group who had depressive symptoms
had an ADL dependency event whereas this occurred in
12.7% of the HE group with depressive symptoms.

Average self-reported PAT-D disability scores steadily
increased (worsened) in each domain (Figure 2A–D) over
the 3 years of follow-up. There was no effect of physical
activity on scores from the PAT-D total disability score
(Figure 2A), PAT-D ADL disability score (Figure 2B) and
PAT-D IADL disability score (Figure 2C). The PA inter-
vention resulted in a significant attenuation in PAT-D
mobility disability score compared to the HE intervention
(overall intervention effect, P = .04, Figure 2D). However,
the overall intervention effect was considered relatively
small–Cohen’s d = 0.09.

Table 4. Hazard Ratios of Basic Activity of Daily Living Dependency for Physical Activity versus Health Education
According to Baseline Subgroups

Subgroup

HE (Events/N) PA (Events/N)

Hazard Ratio

(95% CI)

Interaction

P-ValueN Events N Events

Ethnicity/race
Non-Hispanic
white

609 90 591 91 1.07 (0.80–1.44) .45

Other 176 29 199 29 0.85 (0.51–1.43)
Sex
Male 259 43 264 40 0.93 (0.61–1.44) .73
Female 528 77 529 80 1.03 (0.75–1.41)

SPPB score
8 or 9 426 49 454 55 1.08 (0.73–1.59) .68
<8 361 71 339 65 0.97 (0.69–1.36)

Age
Age<80 438 54 459 65 1.20 (0.84–1.73) .18
Age 80+ 349 66 334 55 0.84 (0.59–1.21)

History of CVD
No CVD 539 75 556 82 1.08 (0.79–1.48) .45
CVD 238 45 219 38 0.88 (0.57–1.37)

History of diabetes
None 395 52 393 61 1.24 (0.85–1.80) .08
Impaired FG 161 22 182 28 1.21 (0.68–2.13)
Diabetes 221 31 200 28 0.64 (0.40–1.02)

400 m walk speed
<0.80 m/s 486 83 462 87 1.12 (0.83–1.52) .29
0.80+ m/s 301 37 331 33 0.83 (0.52–1.33)

3MSE
<90 244 78 244 77 0.96 (0.70–1.32) .58
90+ 533 42 531 43 1.11 (0.72–1.71)

Depression Symptoms
CES-D < 16 615 95 614 90 0.90 (0.67–1.20) .02
CES-D ≥ 16 133 17 107 25 2.03 (1.09–3.78)

Severe Arthritis
Absent 638 98 351 96 0.97 (0.73–1.29) .58
Present 149 22 142 24 1.17 (0.65–2.11)

Morbid Obesity
BMI < 35 627 96 645 95 1.00 (0.75–1.33) .95
BMI ≥ 35 160 24 148 25 1.02 (0.58–1.80)

SPPB, Short Physical Performance Battery; CVD, cardiovascular disease; 3MSE, Modified Mini-Mental State Exam; Impaired FG, Impaired fasting glucose

measured at baseline.
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DISCUSSION

Participants randomized to a structured, long-term moder-
ate intensity physical activity program showed no benefit
on ADL dependency, ADL disability and IADL disability
outcomes compared with a HE intervention. However,
consistent with the main findings of the LIFE study,8

which demonstrated that PA reduced major mobility dis-
ability assessed using an objective test, i.e., the ability to
walk 400-m in ≤15 minutes, over 2.6 years compared to
HE, PA had a modest effect on the incidence of self-
reported severe mobility disability defined as reporting “a
lot of difficulty” or “unable” to perform three or more of
mobility tasks and self-reported PAT-D mobility disability
scores. The results suggest that a physical activity program
designed to preserve mobility is effective, but carry over
benefits on ADL dependency, ADL disability and IADL
disability are not achieved.

Incident ADL dependency was experienced by approx-
imately 15% of the randomized participants over the fol-
low-up, which is similar to what would be expected from
this age group over 3 years.18 Contrary to expectations,
the incidence of IADL disability was similar to BADL dis-
ability and dependency. Because LIFE participants were
screened for normal cognition yet had low physical perfor-
mance, their IADL disability may have been lower relative
to the amount of physical impairments contributing to
BADL disability and dependency. The lack of effect on
incident disability domains is contrary to the epidemiologi-
cal literature suggesting that individuals who engage in no
or low volumes of physical activity are at elevated risk for
physical disability.3–6 Additionally, this lack of benefit on
ADL dependency was similar across pre-specified

subgroups as indicated by non- significant interaction
terms. However, when compared to HE, the PA group had
an estimated 36% non-significant reduction in ADL depen-
dency among those treated for diabetes. Interestingly, the
elevated physical activity benefit on the primary outcome
of major mobility disability—inability to walk 400 m—
that was seen in lower functioning participants (SPPB <8)
was not seen for ADL dependency. In that regard, reported
measures in the current study have psychometric qualities
that often do not provide equivalent information to physi-
cal tests. This could explain discrepancies with the
observed inability to walk 400 m reported in the primary
paper.8,19 One example is that reported measures ascertain
function in the context of an individual’s own environment
where compensatory strategies are often used to complete
tasks and objective measures are performed in a standard-
ized environment where compensation is limited.20,21 As
such, these domains are likely capturing different dimen-
sions of the disablement process.22 However, the effect of
physical activity was pronounced when reported mobility
disability scores and incident severe reported mobility dis-
ability. In the long-term, this effect could have positive
implications for ADL/IADL disability because loss of
mobility is considered a gateway stage to more advanced
disability and dependency.23

There is a substantial literature examining the effect
of physical activity on physical function, physical perfor-
mance, and disability in functionally impaired older
adults.24,25 Meta-analyses conducted on the topic in 2008
and 2014 found consistent positive effects of physical
activity on muscle strength, mobility, physical fitness and
balance, but only a few studies demonstrated positive
effects that carried over to self-care disability

Figure 2. Average PAT-D disability scores for (A) total disability, (B) basic activities of daily living, (C) instrumental activities of
daily living, and (D) mobility domains. Each figure is shows adjusted means and standard errors for intervention groups across
data collection visits. Plotted values represent least squares means (95% CI) from a mixed effects model adjusting for clinical site
and sex (both used to stratify randomization) and the baseline self-reported disability score. In addition to the above-mentioned
variables, the model contained a term for intervention group, follow-up clinic visit (i.e., 6, 12, 34, and 36 months) and the inter-
vention by visit interaction.
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outcomes.24,25 There are several explanations for the lack
of benefit with physical activity on self-reported disability
that was observed in this study. First, there is discordance
between the PA intervention program that was focused on
lower extremity exercise and outcomes that assessed diffi-
culty in upper body tasks (e.g., gripping, washing dishes).
Second, the intensity of the exercise program was based on
public health guidelines that used self-perceived exertion
and may not have been of sufficient intensity to elicit a
physiological adaptation. As seen in other studies, a pro-
gram that incorporates higher intensity exercise may pro-
vide a greater adaptation stimulus to impact disability
outcomes.26–28 Additionally, more successful programs
were tailored to individuals after a comprehensive assess-
ment of physical impairments that formed an intervention
comprised of ADL exercise29 that targeted the mechanics
of specific ADL and IADL tasks to enhance the transition
to improvements in ADL/IADL function.30–32 As such,
functional training or task-specific exercise programs might
be needed and/or used as adjuncts to a physical activity
program to reduce incidence of ADL/IADL disability.

The beneficial activities performed in the health educa-
tion group could have masked the benefit of physical activ-
ity making it more difficult to detect intervention group
differences. For example, convening as a group likely pro-
duced social relationships and connections that act as an
informal support system has a positive impact on risk of
and recovery from ADL disability.33–35 In fact, these social
connections could create an informal support system that
buffered the disability-depression relationship causing the
HE group to have a lower rate of ADL dependency than
the PA group.36,37 These social relationships are also a
hallmark component of Rowe and Kahn’s38,39 successful
aging paradigm that is an important factor in averting dis-
ability. Therefore, the HE group could impact reports of
disability by giving individuals a more satisfying view of
their functional disposition, particularly in those with
depressive symptoms.40,41 Health promotion activities that
took place during the HE sessions could have improved
competency to self-manage their comorbidities or ailments
and seek out additional care, thereby reducing risk of
ADL/IADL disability.42 This has been demonstrated in a
randomized trial where chronic illness self-management
was found to be effective in reducing major disability and
hospitalizations in chronically ill older adults.43 Lastly,
new social relationships created through HE sessions along
with a focus on health enhancing activities could work in
combination to imprint new behaviors that are associated
with lower rates of disability (e.g., additional physician
visits).44

The LIFE study is one of the largest prevention trials
of a long-term physical activity intervention in vulnerable
older adults, which makes this a particular strong study in
comparison with others in the literature. However, the
results are balanced with some notable weaknesses that
include not being able to examine the many psychosocial,
environmental and proxy-related factors that are related to
disability occurrence. Additionally, no information was
collected about frequency of care or other outside health
promoting activities to explain factors related to disability
occurrence. The potential benefits of HE were not well
captured and there was not a third arm of the study in

which participants received no intervention at all, both of
which limited the interpretation of the results. Lastly, we
chose to assess several disability constructs causing a large
number of hypothesis tests, which may result in a false
positive finding.

In conclusion, as compared with a HE program, a
structured moderate intensity physical activity program
incorporating walking, strength, flexibility and balance
reduced the risk of severe mobility disability—reporting “a
lot of difficulty” or “unable” to perform three or more
common mobility tasks and reports of difficulty on mobil-
ity tasks. However, these positive effects on self-reported
mobility did not translate to lower risk of self-reported
dependency or disability in basic activities of daily living
or disability in instrumental activities of daily living in
older adults with functional limitations.
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