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Abstract

Background: Losing the ability to walk safely and independently is a major concern for many older adults. The Lifestyle Interventions and
Independence for Elders study recently demonstrated that a physical activity (PA) intervention can delay the onset of major mobility disability.
Our objective is to examine the resources required to deliver the PA intervention and calculate the incremental cost-effectiveness compared
with a health education intervention.

Methods: The Lifestyle Interventions and Independence for Elders study enrolled 1,635 older adults at risk for mobility disability. They
were recruited at eight field centers and randomly assigned to either PA or health education. The PA program consisted of 50-minute center-
based exercise 2x weekly, augmented with home-based activity to achieve a goal of 150 min/wk of PA. Health education consisted of weekly
workshops for 26 weeks, and monthly sessions thereafter. Analyses were conducted from a health system perspective, with a 2.6-year time
horizon.

Results: The average cost per participant over 2.6 years was US$3,302 and US$1,001 for the PA and health education interventions,
respectively. PA participants accrued 0.047 per person more Quality-Adjusted Life-Years (QALYs) than health education participants.
PA interventions costs were slightly higher than other recent PA interventions. The incremental cost-effectiveness ratios were US$42,376/
major mobility disability prevented and US$49,167/QALY. Sensitivity analyses indicated that results were relatively robust to varied
assumptions.

Conclusions: The PA intervention costs and QALYs gained are comparable to those found in other studies. The ICERS are less than many
commonly recommended medical treatments. Implementing the intervention in non-research settings may reduce costs further.
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As the global population of older adults continues to increase,
the quality of life and functional independence of older adults are
increasingly important. One aspect of functional independence,
the ability to walk safely and independently (1), is often lost dur-
ing aging (2). Impaired mobility is associated with broader disabil-
ity including reductions in activities of daily living that are essential
for independent living (3,4). Many older adults who are at risk for
experiencing disability are sedentary and may benefit from increased
physical activity (PA) (2,5).

The goal of the Lifestyle Interventions and Independence for
Elders Study (LIFE) was to test whether a comprehensive PA inter-
vention could prevent sedentary older adults from experiencing
major mobility disability (MMD), defined as the inability to com-
plete a 400-m walk (6). The PA intervention was compared with
a “successful aging” health education (HE) intervention in a large-
scale, randomized controlled trial (7). After an average follow-up of
2.6 years, HE participants were more likely to reach the endpoint of
MMD than PA participants (8).

PA interventions often vary in their intensity, methodology, and
resource requirements (9—11). A description of the intervention costs
allows organizations to evaluate, plan, and choose an intervention
for implementation. Further, when an intervention has been shown
to produce health benefits, it is important to quantify the resources
required to produce those benefits, thus informing health policy
decisions (12). Our objective was to describe the resources required
to deliver the two LIFE interventions and examine the incremental
cost-effectiveness of the PA intervention relative to its comparator.

Methods

Detailed descriptions of the study design and methods (7), recruit-
ment and baseline characteristics (13), and the main results (8) of
LIFE have been published.

Study Design

LIFE was a large, multisite, randomized controlled trial in which
older U.S. adults at risk for developing mobility disability were
assigned to either an HE intervention or a PA intervention for the
duration of the study. The study was conducted from February 2010
to December 2013 at eight geographically diverse field centers across
the United States.

Interventions

PA Intervention

The PA intervention focused primarily on walking, with additional
secondary components of strength, flexibility, and balance training.
Participants were asked to attend two center-based intervention ses-
sions each week and given home-based activity plans to perform 3—4
times a week. The intervention was designed to be consistent with
the U.S. Physical Activity Guidelines that recommend moderate PA
be performed at least 150 min/wk (14).

PA sessions were led by interventionists, who typically held a
Bachelor’s or Master’s degree in exercise science. Interventionists
were assisted by one or more exercise facilitators/assistants. All
intervention staff received centralized training. Telephone reminders
from administrative personnel were used to encourage participation.

Exercise equipment such as ankle weights and pedometers were
purchased for participants. Other intervention materials included
exercise videotapes, water bottles, and behavioral monitoring fold-
ers. Intervention safety supplies included first-aid kits, defibrillators,

and glucometer supplies. Refreshments provided at intervention ses-
sions included water, sports drinks, and small snacks. Participant
incentives, which differed by site, included t-shirts, pens, gift cards,
etc. Intervention-related office supplies included materials for post-
ers, newsletters, and retention efforts.

HE Intervention

The HE program consisted of weekly workshops for the first 26
weeks, followed by monthly workshops until the end of the trial.
Health educators provided instructional lectures on successful aging
topics such as nutrition, medication use, and preventive medicine.
Each HE class included a short, upper extremity stretching program
led by the instructor. Contact by phone or mailed reminders was
maintained to encourage participation and follow-up after missed
sessions. Intervention equipment included media projectors and
portable microphones. Intervention materials included educational
posters, binders, handouts, and field trips. First-aid kits were pur-
chased at some sites. Refreshments provided at HE sessions included
water and small snacks. Incentives such as gift cards or gas cards
were raffled off to encourage attendance. Office supplies were pur-
chased for communication and retention efforts.

Participants

Participants included 1,635 sedentary older adults who were
recruited over 21 months, primarily via targeted mass mailings and
word of mouth. Inclusion criteria were (a) age 70-89 years; (b) sed-
entary lifestyle (<20min/wk of formal exercise in the past month
and <125 min/wk of moderate PA); (c) at risk for mobility disabil-
ity (Short Physical Performance Battery [SPPB] score of <10); (d)
ability to complete a 400-m walk within 15 minutes; (e) no major
cognitive impairment; and (f) approved to participate by a physician
who applied medical exclusion criteria. More detailed inclusion and
exclusion criteria (13), a CONSORT diagram (8), and details of the
trial design (7) are provided elsewhere.

Measures

The primary measure of intervention effectiveness was time to initial
occurrence of MMD, measured at 6-month intervals. The Quality
of Well-being Scale Self-Administered (QWB-SA) was a secondary
measure of effectiveness for cost-effectiveness analyses. With stag-
gered enrollment, follow-up varied from 24 to 36 months and loss
to follow-up for the primary outcome occurred at 4% per year. The
mean length of follow-up was 2.6 years.

Major Mobility Disability

A timed 400-m walk was used to measure mobility. Trained asses-
sors, blinded to group assignment, used a stopwatch to time the
400-m walk. Participants were allowed to use a cane, but not a
walker during the test, and were instructed that successful comple-
tion required that they not sit, lean, or be assisted by another per-
son (15). MMD was considered present when participants could not
complete the 400-m walk within 15 minutes.

Quality of Well-being Scale Self-Administered

The QWB-SA measures preference-based health-related quality of
life and produces a single, summary score that facilitates cost-effec-
tiveness comparisons across disease states (16). Changes in Quality-
Adjusted Life-Years (QALYs) for each group were calculated by
multiplying 6-month time intervals by QWB-SA scores. A score of 0
was inserted for deceased participants (12).
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Health care utilization

Health care utilization was estimated using self-report via the
UCSD Healthcare Utilization Questionnaire (17). The Healthcare
Utilization Questionnaire consists of 12 questions that ask partici-
pants to list the number of times each type of utilization occurred in
the last 6 months. Questions address inpatient hospital days, surger-
ies, days in nursing home, emergency room visits, ambulance use,
physician visits, home-care visits, telephone calls to health care pro-
viders, and both prescription and over-the-counter medications used.
Self-reported health care utilization has been shown to be both reli-
able and valid in community-dwelling seniors (18). The mean cost of
nursing home days was obtained from the 2012 Genworth Cost of
Care survey (19). The cost for other contacts was based on national
means from the 2012 Medical Expenditure Panel Survey (20).

Statistical Methods

We compared changes in QWB-SA scores and health care costs
between groups using repeated-measures analysis of variance, adjust-
ing for clinic, age, gender, and baseline scores; a compound symmetry
structure was used to model the within-person variability (conver-
gence problems occurred with the unstructured covariance matrix).

Cost Analysis

The cost analysis was conducted from the “organization” per-
spective, which allows health care organizations, employers,
or community organizations to gauge the approximate cost of
offering this program. The analytic time horizon was 2.6 years.
Intervention costs were calculated using the actual cost of mate-
rials used in the trial and the mean personnel time required to
deliver the intervention in year 2013 U.S. dollars. Overhead costs
were estimated at 69% of personnel costs, accounting for facili-
ties costs, indirect support personnel, and other typical indirect
costs associated with running an outpatient health care program
(see Supplementary material) (21). All research-related study costs
were excluded.

Cost-effectiveness

To calculate the incremental cost-effectiveness ratio (ICER), we
calculated the difference in costs and effectiveness between the PA
intervention and the HE intervention. Next, the incremental cost per
participant was divided by the incremental effectiveness to get the
ICER. Analyses begin with a base-case analysis that includes direct
intervention costs and overhead. Because some health care costs may
be intervention related, the impact of general health care costs is also
evaluated.

Sensitivity Analyses

Because cost-effectiveness analyses usually require the use of cost
estimates based on national data or means across study sites, sensi-
tivity analyses were used to examine how the results changed when
input data were varied. Personnel wages, fringe benefit rates, and
overhead expenses for facilities were estimated based on national
or clinical site means or medians, and thus, were varied by 20% in
either direction before recalculating the ICERs.

Results

The 1,635 participants were 78.9 years of age on average, 67%
women, and 76% White. Detailed characteristics of study partici-
pants are shown in Table 1.

Table 1. Participant Characteristics

Variable Physical Health
Activity Education
Number 818 817
Age 78.7+5.2 79.1+5.2
Gender
Female 547 (66.9%) 551 (67.4%)
Ethnicity/race
Caucasian/White 604 (73.8%) 635 (77.7%)
African-American/Black 163 (19.9%) 125 (15.3%)
Latino, Hispanic or Spanish 31 (3.7%) 30 (3.8%)
Other or mixed 17 (2.1%) 25 (3.1%)
Refused/missing 3(0.4%) 2 (0.2%)
Education
Elementary school or less 22 (2.7%) 23 (2.8%)
High School/equivalent 248 (30.3%) 236 (28.9%)
College 321 (39.2%) 320 (39.2%)
Post graduate 194 (23.7%) 208 (25.5%)
Other 32 (3.9%) 26 (3.2%)
Missing 1(0.1%) 4(0.5%)
Body mass index, mean (SD) 30.3+6.2 30.1+5.9
Short Physical Performance Battery score
Mean (SD) 7.4+1.6 7.3+1.6
<8 353 (43.3) 378 (46.2)

Effectiveness

As reported in the main results manuscript, 290/817 or 35.5% of
the participants in the HE intervention progressed to MMD com-
pared with 246/818 or 30.1% of participants in the PA intervention
(8), yielding an absolute reduction of 5.43% (HR, 0.82 [95% ClI,
0.69-0.98]; p = .03).

QWB-SA scores for the two groups over time are shown in
Supplementary Table 1, along with calculations of the changes in
QALYs over time, and group differences. Controlling for baseline
values, QWB scores were significantly higher across follow-up
assessments through 36 months for the PA participants relative to
HE participants (p = 0.03). The difference in QALYs was 0.0468
over the course of 2.6 years.

Intervention Costs
Direct costs for the HE and the PA interventions are shown in
Table 2.

Across the 8 clinical research sites, a total of 14,950 center-
based PA sessions were held. When divided by the total number
of participants randomized to the PA intervention (7 = 818), 18.3
sessions were held per participant. The total costs for the PA
intervention were estimated to be US$3,302 per participant over
2.6 years, or US$1,270 per year. For the HE intervention, 4,779
intervention sessions were held across the 8 sites, resulting in 5.9
sessions per participant. The total costs for the HE intervention
were estimated to be US$1,001 per participant over 2.6 years, or
US$385 per year.

As indicated in Table 2, personnel costs accounted for the major-
ity of PA intervention costs (56 %), followed by facilities and admin-
istrative overhead costs (39%), and other intervention costs (5%).
Within PA intervention materials, exercise equipment, intervention
materials, and safety supplies accounted for a small portion of these
costs. The equipment, materials, and safety costs were such a small
proportion of intervention costs because these items were purchased
in bulk at the beginning of the study and did not need to be replaced,
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whereas other intervention costs occurred repeatedly on a twice
weekly basis for the duration of the study.

Subtracting US$1,001 from US$3,302, we find the incremental cost
per participant was US$2,301/participant. As shown in Table 3, divid-
ing US$2,301 by 0.0543 (5.43%) provides an ICER of US$42,376/
MMD prevented. Table 4 shows results of the analysis using QALY as
the measure of effectiveness, producing an ICER of US$49,167/QALY.

As reported previously, the intervention effect was the strongest
among participants with an SPPB < 8 (8). After a mean of 2.6 years,
MMD had occurred in 38.2% of the PA group and 46.8% of the
HE group. Assuming the SPPB < 8 subgroup did not consume more
resources than other participants, the ICER drops to US$26,756/
MMD avoided in this more vulnerable subgroup.

Total health care costs for both groups rose steadily over time
but were US$1,583 greater for the PA group than that for the HE
group (see Figure 1 and Supplementary Table 2). After adjustment
for baseline costs, age, gender, and research site, the difference in
total health care costs across these time periods was not statisti-
cally significant (p = .573). When health care costs were included in
the ICER analysis, the ICER was US$71,529/MMD prevented and
US$82,991/QALY.

Sensitivity Analyses
Some LIFE field centers spent varying amounts on transportation

for participants to the interventions with median transportation
costs of US$1345/person and US$330/person for the PA and HE

Table 2. Direct Costs of the Physical Activity and Health Education Interventions

Item Provider Units Time (h) Cost/h Total US$
Cost/Participant
Physical activity
Physical activity sessions Exercise Interventionist 18.28 1.5 US$29.09 798
Intervention assistant 18.28 1.5 US$16.49 452
Intervention assistant 18.28 1.5 US$16.49 452
Phone call reminders Intervention assistant 18.28 0.5 US$16.49 151
Personnel subtotal 1,853
Exercise equipment 8
Intervention materials 15
Safety supplies 5
Refreshments 36
Incentives 68
Office supplies 38
Overhead (69% of personnel costs) 1,279
Total cost/participant 3,302
Health education
Intervention sessions Health Educator 5.85 1.5 Us$31.11 273
Intervention assistant 5.85 1.5 US$16.49 145
Phone call reminders Intervention assistant 5.85 0.5 US$16.49 48
Personnel subtotal 466
Intervention equipment 7
Intervention materials 24
Safety supplies 1
Refreshments 71
Incentives 56
Office supplies 54
Overhead (69% of personnel costs) 322
Total cost/participant 1,001
Table 3. Incremental Cost per Disability Prevented
Total Costs US$/ Proportion Incremental Incremental Reduced Incremental

Participant Becoming Disabled Cost Disability Cost-effectiveness
Health education 1,001 290/817 (35.5%) — —
Physical activity 3,302 246/818 (30.1%) 2,301 5.43% US$42,376/
disability prevented

Table 4. Incremental Cost per Quality-Adjusted Life-Year (QALY)

Total Costs US$/ QALYs Incremental Incremental Incremental

Participant Cost QALYs Cost-effectiveness
Health education 1,001 -0.1302 — —
Physical activity 3,302 -0.0834 2,301 0.0468 US$49,167/QALY



http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glw001/-/DC1

660

Journals of Gerontology: MEDICAL SCIENCES, 2016, Vol. 71, No. 5

interventions, respectively. When transportation costs were included,

the ICERs were US$61,068/MMD avoided and US$70,855/QALY.
Figures 2 and 3 depict the range of ICERs obtained when over-

head and other estimated values were varied 20% in each direction,

Cost($)
8000 =

7000 =

6000 =

5000 =

4000 =

3000 =

6 12 18 24 %0 36

Follow-Up (months)
*=+ Health Education === Physical Activity

Figure 1. Mean 6-month health care costs ($), adjusted for site, gender,
age, and baseline costs. Graphed values are least squares means with 95%
confidence intervals.

overhead rate 37,293 | |||||||H 547,477
hourh wage s3358 I 2022
fringe rate $40,295 | $44,438
oot IR =
$0 $10000 $20000  $30,000 $40,000 $50000 §60,000  $70000  $80,000

Figure 2. Sensitivity analyses for costs ($)/major mobility disability prevented.
Solid and striped shading indicate decreased and increased cost/major
mobility disability as a result of varying assumptions indicated on the left.

overhead rate $43,269 | "Il"” $55,085
hour wage 3945 ===
fringe rate $46,752 | "I| $52,56
2-way wage xfringe 37,222 | "Ill""“"" "” $62,094|
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Figure 3. Sensitivity analyses for costs ($)/QALY. Solid and striped shading
indicate decreased and increased cost/major mobility disability as a result
of varying assumptions indicated on the left. QALY = Quality-Adjusted Life-
Years.

including a two-way analysis in which wages and fringe benefits
were varied together. The figure indicates that organizations that
have lower rates of overhead costs, fringe benefits, and/or pay lower
hourly wages than the estimates used for analysis can expect a lower
cost per MMD or QALY. Higher costs in these areas relative to the
estimates can expect slightly higher cost-effectiveness ratios. Paying
lower or higher hourly wages had the largest impact on the ration,
whereas variation in fringe benefit rates had very little impact on
the ICERs.

Discussion

Using previously published effectiveness data (8), and additional
effectiveness data for QALY, cost-effectiveness analyses produced an
ICER of US$42,376 per MMD prevented and US$49,167 per QALY.
The QALY data help confirm that the PA intervention provided sig-
nificant health benefit to older adults and helps validate MMD as a
significant source of reduced quality of life.

The total estimated cost of delivering the PA intervention for
2.6 years was US$3,302/person or US$1,270/person annually.
These PA intervention costs are quite similar to those found in
the LIFE-P study (22) where annual PA intervention costs came to
US$1130/person. Beyond the LIFE-P study, few good comparisons
exist for gauging whether the estimated intervention costs for the
current study are reasonable. Although the interventions and pop-
ulations studied are different, the Diabetes Prevention Program
lifestyle intervention is one of the few behavioral, preventive inter-
ventions for which long-term cost data are available. When adjust-
ing for inflation of 35% between 2000 and 2013, the Diabetes
Prevention Program lifestyle intervention cost of US$2,780/person
over 3 years (9) become very similar to the LIFE PA intervention
costs (23).

When considering both cost and health effects, the PA interven-
tion was more costly but produced significant health benefit. PA par-
ticipants had both an 18% reduction in the incidence of MMD and
gained 0.0468 more QALY per person than HE participants, dem-
onstrating solid quality of life benefits. The 0.0468 QALY benefit is
considered clinically important (24) and is comparable to the benefits
found in the Diabetes Prevention Program study (25). The HE group
showed a consistent decline as might be expected in older adults
(26), whereas the PA group remained stable for the first 6-12 months
of the study. This finding provides further evidence that prevention
of MMD is an important outcome as it converges with a validated
measure of preference-based quality of life.

The impact of the ICER of US$42,376 per disability avoided is
not easily interpreted because few other studies have measured MMD
in the same way. The LIFE-P study with a duration of 12 months
(precursor to LIFE) used the same measure of effectiveness and found
an ICER of about US$28,000/MMD avoided when unadjusted for
inflation. This finding coincides with QWB data showing that a siz-
able portion of the health benefit from the PA intervention occurs in
the first 12 months but keeps accruing over time. Further analyses
of intervention adherence over time may assist in identifying ways
to create more efficiency and conserve resources by achieving higher
attendance per PA session offered through rolling enrollment in an
ongoing program.

Although condition-specific measures of effectiveness can limit
comparisons, using common units across studies such as QALYs
allows for direct comparisons regardless of health condition or
primary outcome measures (12). The ICER of US$49,167/QALY
is very similar to the inflation adjusted (35%) figure of US$42,541/
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QALY found in the Diabetes Prevention Program study (25).
Beyond Sabor, a recent study of a PA-based weight loss intervention
with a low socioeconomic status population estimated ICERs rang-
ing from US$57,000 to US$62,000 per QALY depending on the
weight loss goal (27). Thus, the LIFE results are impressive given
the fact that both Diabetes Prevention Program and Beyond Sabor
involved younger, healthier populations and used placebo or usual
care interventions as their comparators.

Inflation should also be considered when comparing current
results with previous guidelines for evaluating ICERs (28). The ICER
of US$49,167/QALY is in the “reasonable” range of US$20,000~
US$100,000 per QALY recommended over 20 years ago (29). The
more commonly referenced cutoff of US$50,000/QALY (societal
perspective) was proposed in 1982 (30) and becomes US$120,000/
QALY when adjusted for inflation. Thus, the LIFE ICER is lower
than or similar to the ratios of many commonly recommended medi-
cal treatments and procedures (31).

When health care costs were included in the analysis, the ICERs
increase to US$69,926/MMD prevented and US$81,132/QALY.
However, total health care costs are typically only considered when
taking the societal perspective and may be considered revenue, costs,
or irrelevant depending on the structure of the health care system
when viewed from the organizational perspective.

Additionally, a significant amount of resources were spent on
transportation costs at some field centers. Although these costs are
important to consider because they could directly facilitate interven-
tion attendance, and in turn, improve health, these costs could be
substantially reduced in a variety of ways depending on the inter-
vention location or existing transportation resources at a health care
organization.

Sensitivity analyses, used to vary analysis inputs across a range
of values, provide a picture of what may occur in different con-
texts in which the intervention may be implemented (12). Figure 2
indicates that the LIFE ICERs are only mildly sensitive to typical
variation in the cost input values if the intervention were held at
various sites across the United States. Costs are expected to vary
depending on geographical location and other logistics or cost of
living factors. For example, large cities that typically pay higher
wages or may have higher overhead are expected to have higher
costs. Variation in hourly wage costs had the largest impact on
the ICERs.

Our analysis was limited to self-reported health care utilization
at 6-month intervals. Although self-report has been used in prior
studies (17,18,22), national Medicare data are more objective.
Significant differences were not found in health care costs, yet the
slightly higher health care costs among PA participants are consistent
with the study main results (8). The study was also limited to a mean
follow-up of 2.6 years. Although this follow-up period is longer than
most behavioral randomized controlled trials, it is unknown whether
the benefits of PA would continue to accrue or whether health care
costs would eventually be offset.

In conclusion, the LIFE PA intervention reduced mobility dis-
ability and increased health-related quality of life over time. The
intervention costs are comparable to those of other similar PA inter-
ventions after adjusting for inflation, despite having older, more
impaired participants and using an active intervention for com-
parison. The ICERs for the LIFE intervention are in a range that
warrants implementation on a larger scale. Other behavioral inter-
ventions with very similar cost/ QALY ratios have been implemented
on a wide scale (see Supplementary Table 3).

Supplementary Material

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