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Abstract
Background: Older adults are the least active population in the U.S. Low-income communities have fewer physical
activity (PA) resources, contributing to less PA and increased chronic disease risk. This study assessed the effect of the
multilevel, peer-led, Peer Empowerment Program 4 Physical Activity (PEP4PA) on moderate-to-vigorous PA (MVPA)
and health outcomes, over 2 years of follow up.
Methods: In a cluster-randomized controlled trial, 12 senior or community centers serving low-income older adults
were assigned to a PA intervention (n = 6) or usual programming (n = 6) condition. PEP4PA included self-monitoring,
health coaching, group walks, social support, and community advocacy to improve walking conditions. The primary
outcome was daily minutes of MVPA (7-day accelerometer). Secondary outcomes included Perceived Quality of
Life (PQoL), 6-Minute Walk Test (6-MWT), blood pressure (BP), and depressive symptoms at baseline, 6, 12, 18 and
24 months. Mixed effects regression models estimated the effects on outcomes between groups over time and
included random effects for repeated measures and center clustering. Effect modification by sex and income status
was assessed. We calculated the incremental cost per daily minute of MVPA gained in the intervention group relative
to the control group to assess cost effectiveness.
Results: We enrolled 476 older adults (50 + years). Participants were on average 71 years old, 76% female, 60% low
income, and 38% identified as racial or ethnic minorities. Compared to the control group, intervention participants
sustained roughly a 10 min/day increase in MVPA from baseline at all time points and increased mean PQoL scores
from unsatisfied at baseline to satisfied at 12, 18 and 24 months. Males and higher-income groups had greater
improvements in MVPA. No significant effects were observed for 6-MWT or depressive symptoms, and BP results were
mixed. The incremental cost per minute MVPA gained per person was $0.25, $0.09, $0.06, and $0.05 at 6, 12, 18 and
24 months, respectively.
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Conclusions: PEP4PA achieved increases in MVPA and PQoL in low-income older adults, over 2 years of follow up.
The peer-led, community-based intervention provides a sustainable and cost-effective model to improve health
behaviors in underserved, aging populations.
Trial registration: ClinicalTrials.gov (NCT02405325) March 20, 2015.
Keywords: Intervention, Physical activity, Accelerometer, Older adults, Quality of life, Walking, Sensors, Community,
Health coaching

Background
Physical activity (PA) levels of U.S. adults over the age of
50 are lower than all other segments of the population [1,
2], and fewer than half meet PA recommendations when
measured with accelerometer devices [3]. Physically inactive older adults are more likely to suffer from falls and
cardiovascular diseases, cancer, obesity, functional limitations, diabetes, depression, and cognitive disorders,
including Alzheimer’s disease [4–8]. Within the older
adult population, PA levels are even lower among racial
and ethnic minority groups and those with lower income
[9, 10], which contributes to health inequities in chronic
disease risk [11–14]. Low-income and high minority
neighborhoods are known to have less supportive environments, such as fewer and lower quality parks and recreation centers, contributing to PA disparities [15–19].
Walk programming is often absent from senior centers
despite being the preferred and perhaps simplest activity to adopt among older adults [20–23]. As in other age
groups, female older adults have lower PA levels relative
to males and also perceive environments as less conducive to PA [1, 3, 24]. Given that older adults will comprise
22% of the world’s population by 2050 [25], increasing
older adults’ access to programs addressing known PA
disparities should be a high priority [26].
The Social Ecological Model provides a multilevel
framework for addressing behavior change at different
levels of influence, from the individual to policy [27].
Very few PA programs address each level, which limits
their ability to effect meaningful and sustainable change
in the community. Empowerment theories create a
mechanism for community participation and capacity
building [28, 29]. In older adults especially, empowerment strategies can lead to increased agency for engaging
in PA and, both directly and indirectly, to improvements
in quality-of-life and depressive symptoms [8, 30–32]. Yet
very few PA programs employ older adults to help deliver
programs in community settings despite evidence that
peer-led programs have been as successful as those led by
professionals and could improve long-term sustainability
and maintenance [33–36].
Peer-led, multilevel programs could also provide a
more cost-effective intervention in low-income communities. It is estimated that physical inactivity is associated

with roughly 11% of total healthcare spending [37]. Older
adults are expected to comprise nearly a quarter of the
U.S. population by 2060 and currently account for more
than 1/3rdof all healthcare expenditures [38, 39], yet studies assessing cost-effectiveness of older adult PA interventions are scarce [40].
The purpose of this study was to examine the efficacy
of the PEP4PA (Peer Empowerment Program 4 Physical
Activity) intervention to improve moderate-to-vigorous
PA (MVPA) and secondary health outcomes at 6, 12, 18,
and 24 months in low-income community centers serving older adults. For our primary aim, we hypothesized
participants in centers randomized to the PEP4PA intervention would significantly increase daily MVPA minutes (measured by accelerometry) to a greater extent
than older adults in centers randomized to usual care.
We hypothesized intervention participants would significantly improve secondary outcomes, including perceived
quality-of-life scores (PQoL) and physical functioning (measured objectively by the 6-Minute Walk Test
(6-MWT)), while decreasing their systolic and diastolic blood pressure (BP) and depressive symptoms to a
greater extent than older adults in control centers. We
further explored whether the program had differential
effects on PA across income and sex strata. Lastly, we
assessed the cost-effectiveness of PEP4PA in terms of
incremental costs per MVPA minute gained, compared
to usual programming in the control centers, at 6, 12, 18,
and 24 months.

Methods
Study design and participants

The PEP4PA study was a 2-year, cluster randomized controlled trial in senior or community centers in San Diego
County, California, USA that built upon a successful multilevel intervention previously delivered in retirement
communities [41]. We used an effectiveness-implementation hybrid type II trial design to assess PA and health
outcomes (the focus of this paper) as well as intervention
implementation (future analyses). The PEP4PA study
rationale, sample size calculation and protocol have been
previously described in full [42]. The CONSORT and
Template for Intervention Description and Replication
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(TIDieR) checklists are used in the reporting of this study
and are provided in Additional files 1 and 2, respectively.
Twelve centers were randomized to the intervention
(n = 6), or control (n = 6) condition and study measures were collected at baseline, 6, 12, 18 and 24 months.
Potential centers agreed to either study condition and
signed a Memorandum of Understanding (MOU) prior
to randomization. Eligible senior and community centers
were those primarily serving low-income populations in
San Diego County, identified by having a median household income of the surrounding census tracts below 80%
of the Area Median Income (AMI) in 2015, or $64,800
USD. To be eligible, all centers had to offer at least 1
physical activity (PA) class, agree to recruit participants
and peer health coaches (PHCs), provide staff support
for the program, have a space to accommodate group
meetings and agree to the 2-year study period. Senior or
community centers randomized to the usual care control condition did not receive an intervention; however,
to aid in participant retention, five wellness presentations
unrelated to PA were provided in conjunction with the 5
study assessments. A permuted block design was used to
allocate an equal number of centers to the intervention
and control conditions using a random number generator to populate the blocks. We enrolled one intervention
and one control site together during each wave of recruitment to account for seasonal variation. The study statistician who oversaw randomization remained blinded to
the study group assignments.
Participant recruitment, screening and informed
consent occurred after centers were randomized. Participants were recruited via community mailers, presentations from study staff, flyers, information tables,
community outreach, and word of mouth. Eligible participants were 50 years and over and able to walk without
human assistance. Full eligibility criteria were described
previously [42]. The study was approved by UC San Diego’s Institutional Review Board (Protocol # 150336) and
was prospectively registered with ClinicalTrials.gov (ID
# NCT02405325) prior to center enrollment. Data were
collected between 2015 and 2020.
Intervention

The PEP4PA intervention combined components of
Empowerment Theory [43] and behavior change strategies from the Social Cognitive Theory [44]. Utilizing the
Social Ecological Model [27] as a framework, the multilevel PEP4PA intervention employed behavior change
strategies at the environmental, organizational, interpersonal, and individual level [42].
In brief, PEP4PA was designed with sustainability in
mind, therefore the intervention was delivered by trained
volunteer PHCs with support from senior center and
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research study staff. Senior center staff helped identify peer leaders, who were then trained and certified to
deliver the intervention by the UC San Diego health educator. Senior center staff were responsible for administrative activities, including the provision of a group meeting
space or indoor walking space when needed, advertising
the program, and supporting the PHCs.
The trained PHCs led group walks twice a week,
reviewed step goal progress and barriers with participants, and organized activities and events to maintain
motivation. They were responsible for communicating
educational tips and leading group discussions designed
to provide social support, share successes and benefits,
address walking challenges and identify strategies to
overcome barriers. UC San Diego research staff met with
PHCs weekly for the first 3 months, bi-weekly in months
3–6 and then monthly thereafter to provide support.
PHCs were paid $100 USD per month for their role and
intervention sites received a total of $2,200 each year for
space, staffing, and funds to support the walking groups.
To assess sustainability of the program, the 6 intervention centers underwent a second randomization at the
18-month time point. Three centers continued to receive
financial support for the PHCs and monthly meetings
with research staff and three centers had no further support or meetings for the final 6 months of the trial.
PEP4PA participants were guided in goal setting,
self-monitoring, and additional effective SCT behavior change strategies [45] as they worked toward meeting individual step goals. The overall focus of the PEP4A
intervention was ‘Every Step Counts’, therefore any intensity of PA was encouraged. Participants were provided
with pedometers and tracked daily steps in logs they
shared with their PHC on a weekly basis. All participants,
regardless of baseline steps, were encouraged to gradually
work toward an increase of at least 2,000 steps per day
from their individual baseline, and then focus on maintaining that increase.
Outcome measurement

Daily minutes of MVPA were assessed with a
GT3X + ActiGraph accelerometer device (ActiGraph;
Pensacola, FL). Participants were asked to wear the
accelerometer on a hip belt for at least 10 h a day for 7
consecutive days. Raw triaxial accelerometer data were
collected at 30 Hertz and compressed to 60 s epoch files
using the low frequency extension. Device wear time was
determined using the validated Choi algorithm [46] and
days with ≥ 10 h of wear were considered valid. All participants were included in the analysis, however outcome
data at each assessment were only included for participants with ≥ 4 valid days. Daily estimates of MVPA were
defined using the validated Freedson cut point of 1952
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counts per minute (cpm) on the vertical axis [47]. Accelerometers also provided average steps per day, which
were used in sensitivity analyses.
For secondary outcomes, PQoL was assessed with the
validated Perceived Quality of Life Scale (PQoL-20) [48].
Per scoring protocols, a 19-item mean was calculated
with higher scores representing greater P-QoL and scores
under or over 7.5 indicating dissatisfaction or satisfaction
[49]. Physical functioning was assessed by the 6-MWT
[50–52]. Study staff recorded the number of full and
partial laps that participants completed while walking
quickly for a 6-min testing period on a 20-m course. Systolic and diastolic BP (mm/Hg) were measured using an
Omron HEM-705 CP cuff (Omron Healthcare, Inc., Lake
Forest, IL) after participants rested for 5 min. Study staff
completed three readings with ~ 2 min rest between readings (a fourth measure was taken if deemed necessary).
The three closest readings were averaged. Depressive
symptoms were assessed with the Center for Epidemiologic Studies Depression Scale short form (CESD-10)
which has been validated in older adults [53, 54]. Greater
CES-D scores indicate a higher presence of depressive
symptoms.
Intervention costs

Costs for the intervention group were estimated from a
payer perspective, including all direct costs required to
deliver the intervention in a community setting. Specifically, costs included personnel (e.g., PHC stipends, UC
San Diego health educator trainings and check in meetings, coordination, material prep), tracking (e.g., PHC
website and data storage), materials (e.g., pedometers,
step logs, tablets, etc.), and overhead (funds provided to
centers to support the walking groups). Costs solely for
research purposes, such as personnel and participant
incentives for outcome assessments, were not included.
Control group costs included expenses for the wellness
presentations delivered to control sites at the measurement assessments. Cumulative costs for the 0–6, 0–12,
0–18, and 0–24 month periods were calculated.
Covariates

Covariates that were imbalanced between conditions
at baseline or were known to be related to MVPA were
included in outcome models. Participant demographics were collected through the baseline survey, including self-reported age, sex, race, household income, and
highest education level attained. We created binary race
(minority/non-minority), education (above/below college degree), and income (above/below 80% AMI) variables. An additional measure of physical function was
assessed objectively at baseline using the Short Physical
Performance Battery (SPPB) test, which includes a series
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of repeated chair stands, balance tests and a measured
walk [55, 56]. Participants were asked to bring all medications to the measurement visit and medication names,
dosage, and frequency were recorded by study staff. The
study physician determined those taken to control BP
and a binary BP medication variable was included in BP
outcome models only.
Adverse events

Initially, we recorded and assessed any adverse event
reported to the research study staff or PHCs. However,
since we only interacted with control participants at
measurement time points, as opposed to the regular
interaction of staff and PHCs with intervention participants, we began collecting adverse event information systematically from both groups at all measurement events
about halfway through the study. All adverse events were
reviewed by a study safety officer, a licensed physician,
who determined whether they were considered a Serious
Adverse Event (SAE) [57].
Statistical analysis

Analyses were completed using Stata 16.1 (StataCorp,
College Station, TX) on participant data only (i.e., PHCs
were not included), while accounting for the clustered
study design. To compare baseline participant characteristics between groups, we used independent group
t-tests or Wilcoxon rank-sum tests for normally and
non-normally distributed continuous variables, respectively, and chi-square tests for categorical variables. We
conducted an intent-to-treat analysis. Mixed effects
regression models assessed the intervention effect over
time, with random intercepts included in all models for
repeated measures within participants and clustering of
participants within centers. An advantage of this modeling paradigm is that partial records can be included,
avoiding the biases associated with complete case analyses. Mixed model analysis provides unbiased parameter
estimates and valid inference under a missing at random
assumption. Normal Q-Q plots revealed a skewed distribution of residuals, as is typical with MVPA outcomes.
Mixed effects negative binomial models (using a count
distribution) were able to account for skewness (and
overdispersion) and were used to assess the effect of the
intervention across time on minutes of MVPA per day
(sum of minutes above the 1952 threshold). The intervention condition, study time point, and a two-way interaction (intervention condition x time) term were entered
as fixed effects in unadjusted models. Multiple baseline
characteristics were imbalanced between the intervention and control conditions, as is common in cluster randomized studies with few clusters [58, 59]. Thus, final
models adjusted for baseline differences in age, sex, race,
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income, education, baseline physical function (SPPB),
and baseline device wear time. We calculated and plotted the average marginal effect for each measurement
time point by condition, to visualize the change in mean
MVPA minutes by intervention group, adjusting for all
covariates [60]. We tested for effect measure modification by income and sex using likelihood ratio tests comparing models with and without a 3-way interaction. Due
to small cell sizes, differential effects by race or ethnicity
were not conducted; however, income has been shown
to be the best indicator of socioeconomic status in older
adult health studies [61]. For secondary outcomes, we
used mixed effects linear regression to model the intervention x time effect on PQoL, 6-MWT time, systolic
and diastolic BP, and depressive symptoms; residual plots
indicated that a Gaussian assumption was reasonable.
Blood pressure models additionally adjusted for whether
a person was taking blood pressure medication (yes/no).
We conducted sensitivity analyses to check the robustness of results. First, given the identified imbalance in
baseline characteristics between groups, we employed
inverse probability of treatment weighting (IPTW) using
inverse propensity scores (PS) as weights to adjust for
baseline differences between groups. We predicted the
PS by modeling the binary outcome of intervention or
control condition as a function of imbalanced baseline
variables including sex, race (minority/non-minority),
income (above or below 80% AMI), and baseline 6-MWT
time, SPPB score, CESD-10 score, fall (yes/no) in prior
year, device wear time, MVPA and a marital status (yes/
no) x education (college/no college) interaction term.
Balance between groups before and after weighting was
evaluated using a Standardized Mean Differences (SMD)
threshold of < 0.1 for each covariate included in the PS
model (Additional file 3) [62]. Final IPTW models were
further adjusted for age, sex, race, baseline income, education, SPPB and device wear time as covariates to adjust
for any residual imbalance [63]. We additionally modeled
the intervention effect on average steps per day to compare to MVPA outcomes, using negative binomial models, given the similar distribution of residuals.
Cost‑effectiveness analysis

To compute cost-effectiveness estimates, average
adjusted daily minutes of MVPA gained per person in
the intervention group relative to the control group
was linearly interpolated from baseline to 6 months,
6 months to 12 months, 12 months to 18 months, and 18
to 24 months. Average cumulative MVPA minutes gained
per person was then calculated by summing up average daily MPVA minutes gained per person during the
entire course of 0–6 month, 0–12 month, 0–18 month
and 0–24 month period and dividing by the number of
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participants. The cost-effectiveness outcome was defined
as incremental cost per MVPA minute gained in the
intervention group relative to the control group. It was
computed by dividing the average cumulative MVPA
gained per person by the difference in cumulative costs
per person in intervention and control groups at 6, 12,
18, and 24 months, respectively.

Results
We enrolled a total of 476 participants in the PEP4PA
intervention and all sites completed the 2-year study
(Fig. 1). There was a greater withdrawal rate in the intervention condition, with 83% and 76% of enrolled intervention participants remaining at 12 and 24-months,
compared to 87% and 84% of control participants.
The mean age of PEP4PA participants at baseline was
71 years, (range 50 – 95) (Table 1). Thirty-eight percent
(38%) of participants were a minority race or ethnicity,
primarily Black (25%) and Hispanic (15%). The majority
(60%) had an income less than 80% AMI and slightly less
than half had a college education. On average, the intervention condition had a greater proportion of females
and participants from minority racial/ethnic and lowincome groups. At baseline, participants in the intervention condition had 10 fewer minutes of MVPA per day on
average (mean 11.7 vs 22.1 min/day) and worse 6-MWT,
PQoL, SPPB, and depressive symptom scores, compared
to control participants. Just less than half (49%) of participants were attending the center prior to participating
in the study.
Main outcome

Figure 2 presents the marginal estimates of minutes
of MVPA by condition across study time points from
adjusted negative binomial models. Margin plot confidence intervals (CIs) indicate precision of the estimates
at each time point, whereas regression coefficients and
95% CIs for the intervention condition x time interaction terms are presented in Table 2. Intervention participants significantly increased MVPA from baseline with
a between group difference of roughly 10 min/day at all
time points (regression coefficients in Table 2 and marginal estimates in Fig. 2). Intervention participants had
the greatest gain at 12-months but maintained an average increase of 3 min of MVPA per day at 2 years from
baseline, whereas control group participants decreased
MVPA by 7.5 min/day across the 2-year period.
The likelihood ratio test (statistic, df, p-value) comparing models with a 3-way interaction between the
moderator, time point and condition were (14.61,4,0.01)
for income and (12.65,4, 0.01) for sex. Based on this, we
concluded that income and sex modified the intervention
effect as shown in Figs. 3 and 4. Low-income participants
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Fig. 1 PEP4PA CONSORT diagram

Table 1 Baseline characteristics of the PEP4PA study sample
n(%) or mean(SD)

p-value

Overall (N = 476)

Intervention (n = 267)

Control (n = 209)

Age (years)

71.0 (8.9)

70.5 (8.8)

71.5 (9.1)

0.005

Female

359 (75.7)

215 (80.8)

144 (69.2)

0.003

Retired or not working

391 (86.7)

218 (89.3)

173 (83.6)

0.072

College education or above

211 (47.0)

85 (35.0)

126 (61.2)

0.000

Married or living with partner

213 (48.3)

109 (44.7)

104 (52.8)

0.090

% Low income

249 (59.3)

145 (65.3)

104 (52.5)

0.008

297 (62.4)

120 (44.9)

177 (84.7)

Race
White

0.000

Black

117 (24.6)

113 (42.3)

4 (1.9)

Asian

21 (4.4)

6 (2.3)

15 (7.2)

41 (8.6)

28 (10.5)

13 (6.2)

Hispanic ethnicity

Other

72 (15.2)

47 (17.7)

25 (12.0)

0.082

Attended center prior to study

221 (48.8)

118 (47.2)

103 (50.7)

0.454

Baseline MVPA (min/day)

16.1 (18.1)

11.7 (12.8)

22.1 (23.0)

0.000

6-MWT (meters)

392.8 (91.7)

377.4 (89.5)

417.9 (83.6)

0.000

Perceived Quality of life

7.6 (1.6)

7.3 (1.6)

7.9 (1.5)

0.000

Systolic blood pressure (mm/Hg)

129.7 (17.8)

132.2 (17.3)

130.6 (16.5)

0.321

Diastolic blood pressure (mm/Hg)

71.9 (10.2)

72.9 (10.8)

73.0 (10.2)

0.931

Depressive symptoms

6.7 (4.8)

7.1 (4.7)

5.8 (4.6)

0.000

Fall in the previous year

99 (21.7)

51 (20.6)

48 (23.0)

0.535

p-values are for independent samples t-test or chi-square test
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Fig. 2 Marginal estimates and 95% confidence intervals for MVPA (min/day)

Table 2 Regression coefficients and 95% Confidence Intervals (CI) for MVPA (min/day) and secondary outcomes
6 months

12 months

Coef

95% CI

MVPA (min/day)a

0.53**

0.38

0.67

PQoL scoreb

0.16

-0.09

0.41

0.45**

6 MWT (meters)b

–

–

–

Systolic BP (mm/Hg)b

1.18

-3.88

Diastolic BP (mm/Hg)b

0.16

-2.49

CES-D scoreb

0.31

-0.57

18 months

Coef

95% CI

0.69**

0.54

Coef

24 months
95% CI

0.83

0.55**

0.40

0.70

0.20

0.70

0.35**

0.09

0.61

-5.40

-18.36

7.56

–

–

–

6.23

-4.61

-9.61

0.39

5.17*

0.13

2.81

-0.87

-3.48

1.75

2.97*

0.33

1.18

0.89

0.00

1.78

0.68

-0.23

Coef

95% CI

0.54**

0.38

0.52**

0.70

0.25

0.79

12.51

-1.85

26.86

10.21

1.96

-3.31

7.22

5.61

1.73

-1.04

4.49

1.60

0.84

-0.10

1.78

All models adjusted for age, gender, race, baseline income, education, baseline (SPPB), baseline device wear time. Systolic and diastolic outcome models adjusted for
blood pressure medications in addition to the above variables
*

p < 0.05

**

p < 0.01

a

Negative binomial model

b

Mixed effects linear regression model

had less MVPA than high income participants in both
groups at all time points. Both low- and higher-income
intervention participants increased MVPA compared to
their respective control condition. Low-income intervention participants had a similar increase in MVPA as
high-income intervention participants, though they had a
greater decrease in MVPA from 12 to 24 months (Fig. 3).
Males in the intervention had a greater increase in
MVPA from baseline and were able to sustain higher levels than females, while there was no difference in MVPA
trend by sex among control participants (Fig. 4).

Results from unadjusted analyses matched adjusted
models and are presented in Additional File 4.
Secondary outcomes

Intervention participants had a significant increase in
mean PQoL scores at 12, 18, and 24 months from baseline, compared to controls from mixed effects linear
regression models (Fig. 5 and Table 2). Average marginal
estimates increased from 7.2 at baseline to 7.6 or greater
at all other timepoints in the intervention group.
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Fig. 3 Marginal estimates and 95% confidence intervals for MVPA (min/day) for condition x time x income interaction

Fig. 4 Marginal estimates and 95% confidence intervals for MVPA (min/day) for condition x time x sex interaction

The intervention group maintained their 6-MWT
scores, while the control group had a decrease in distance walked at 24-months, though confidence intervals
for the intervention effect included the null (Table 2 and

Additional file 5). Control group participants experienced
a greater decrease in systolic and diastolic blood pressure
from baseline to 18-months, compared to intervention
participants (Table 2 and Additional file 5). On average,
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Fig. 5 Marginal estimates and 95% confidence intervals for PQoL scores

the intervention group had higher CESD-10 scores compared to control participants, though neither group had
scores that were indicative of depression (i.e. CESD-10
score ≥ 10). We did not observe an intervention effect on
CESD-10 scores over time.

considered a Serious Adverse Event (SAE) by the study’s
safety officer. These included events like hospitalizations,
falls and physical injuries. There were no events that were
unexpected and related to study participation.

Sensitivity analyses

At 6, 12, 18, and 24 months, the cumulative per person
costs of delivering the intervention were US $219, $251,
$283, and $302 and US $0.48, $0.96, $1.4, and $1.9 for
control participants. Costs are reported in Additional
file 7. Table 3 reports the estimates of incremental costs
per MVPA minute gained in the intervention group relative to the control group. The average cumulative MVPA
minutes gained per person were calculated using linear interpolation of the average unadjusted daily minutes of MVPA gained, which was 9.79 min at 6 months,
11.50 min at 12 months, 9.58 min at 18 months and 10.26
at 24 months. The incremental costs per minute MVPA
gained per person, obtained by dividing the difference
in cumulative costs by the cumulative minutes of MVPA
gained, were US$ 0.25, $0.09, $0.06, and $0.05 during
0–6, 0–12, 0–18 and 0–24-month period, respectively.

We observed the same intervention effect on MVPA
using IPTW models as non-weighted models, with
intervention participants having significant increases in
MVPA from baseline at all time points, compared to a
decline over time in control participants (Fig. 6). Notably, we observed a decrease in systolic blood pressure
of 8.7 mmHg among intervention participants from
baseline to 12 months, relative to controls, in weighted
models, that was not found in non-weighted models.
Regression coefficients and 95% CIs for weighted models are presented in Additional file 6. Adjusted negative
binomial models also showed significant increase in steps
per day among intervention participants (Additional
file 6).
Adverse events

A total of 387 adverse events were reported in the intervention group, compared to 183 among control participants due to initially discrepant data collection methods,
including events like muscle cramping, joint pain, respiratory issues, etc. Of those, 102 (26%) and 52 (28%) in
the intervention and control groups, respectively, were

Cost‑effectiveness outcome

Discussion
PEP4PA intervention participants increased MVPA from
baseline and maintained increases over the 2-year period,
compared to a steady decline in MVPA among control
participants. Intervention participants saw an improvement in PQoL scores from 7.2 at baseline, considered
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Fig. 6 Marginal estimates and 95% confidence intervals for MVPA (min/day) using IPTW

Table 3 Incremental costs per MVPA minute gained in intervention group vs. control group
Outcome

Intervention Group relative to Control Group
0–6 months

0–12 months

0–18 months

0–24 months

Cumulative MVPA minutes gained per person (minutes)

890.9

2838.9

4757.2

6572.6

Difference in cumulative costs per person (US$)

218.42

250.04

281.56

299.69

0.25

0.09

0.06

0.05

Incremental costs per min MVPA gained per person (US$/min
MVPA)

dissatisfied, to 7.6 or greater, or satisfied, at all other
time points, while PQoL scores declined among control
participants. Blood pressure outcomes were less clear,
though weighted models accounting for baseline imbalances in individual covariates found a decrease in systolic
BP in intervention participants. We observed differences
by sex and income. While female and low-income participants increased MVPA, results indicated males and those
with higher incomes achieved and sustained greater
MVPA increases. Results are significant as even marginally more PA (e.g., 10 min per week) is associated with
significant reductions in the risk and severity of chronic
diseases [7, 8, 64, 65].
PA interventions of varied modalities have generally
been efficacious in increasing PA in community dwelling
older adults in the short-term [8, 66, 67]. However, evidence of long-term maintenance from rigorous, longitudinal studies is lacking and results are mixed [8, 66–68].
In a recent review, only studies with self-reported PA

outcomes found small positive effects at 24 months, while
accelerometer-measured PA outcomes were not significant [69]. Similarly, in a review of supervised PA interventions in adults 65 and over, no effects were observed
beyond 6-months of follow up in any study and those
with objective PA measures showed no effect at any time
point [68]. In the present study, participants significantly
increased device measured- MVPA, from baseline at
6,12,18, and 24 months, compared to a decline in MVPA
among control participants.
Group walking interventions, specifically, have shown
success increasing PA in all ages, with greater effects seen
in older adults [34]. Compared to other types of PA interventions, walking shows greater PA maintenance beyond
6 months, though most prior walking interventions
in older adults have only assessed outcomes up to one
year and used pedometers rather than accelerometers
to measure PA [34, 66]. In our previous MIPARC study
(mean age 84 yrs), we found a significant, though smaller,
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intervention effect at multiple time points up to 1 year
[41]. However, the RiAT trial, a similar peer-led intervention in retirement communities, did not observe a
change in MVPA at 6 months among walkers, as assessed
by activPAL devices [70]. Our study aligns with two,
12-week pedometer interventions, delivered by mail or a
nurse, that found greater accelerometer-assessed MVPA
after 3 and 4 years of follow up, though between group
differences were less than half of what we observed at
2 years [71]. Taken together with these pedometer interventions, our findings provide evidence of the effectiveness of peer-led walking programs to increase daily PA
and indicate long-term sustainment is achievable in this
age group.
PA studies in older adult populations with socioeconomic diversity are scarce [8, 66, 67], and a recent review
found few assessed differential effects by sex and none
by income status [72]. The smaller effect observed for
intervention females compared to males aligns with prior
group walking studies showing larger effect sizes in interventions with both sexes than those with women only
[34, 41]. Some evidence suggests men are more likely to
continue to adhere to a walking program [73], and are
more likely to exercise outdoors [23], which may help
explain the observed difference in this study. Despite
having similar motivation to be active, females report
more barriers to PA, especially built environment factors
affecting safety [24]. The group walking and social support components of PEP4PA may have helped overcome
some of these barriers leading to increased MVPA in
females, though more targeted strategies may be needed
to achieve similar gains as males. Low-income intervention participants in our study had a comparable increase
in MVPA as higher income participants at 12-months but
did not sustain MVPA levels to the same degree from 12
to 24 months. This difference in sustainment suggests
maintenance-focused programs could be directed to the
lowest resource settings to support long-term health
benefits. This study provides needed insight into future
interventions to address PA inequalities, given the current lack of evidence from prior interventions [34, 72,
74].
A positive association between PA and health-related
QoL in older adults has been established [75], though
evidence of PA interventions’ ability to improve global
measures of QoL is mixed. Several PA interventions
assessing QoL found an improvement at time points up
to 12 months [66, 76, 77], while others have not observed
a difference [41, 70, 71, 78, 79]. It has been suggested that
self-efficacy may mediate the relationship between PA
and QoL [75, 80]. Components of the PEP4PA intervention designed to build self-efficacy, such as peer coaching,
social support, group walks, and tracking PA and health
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improvements, may have contributed to the observed
improvement in PQoL. While walking group interventions in the general adult population have improved BP,
depressive symptoms, and walking tests [74, 81], the evidence is less robust for older adults. Our previous MIPARC walking study showed a decrease in BP at 6 months
but not 12 months, whereas others have not found intervention effects [41, 82]. In this study, non-weighted analyses showed intervention participants’ blood pressure
declined over the first 12 months then returned to baseline levels. BP in the control group did not follow a clear
pattern, but there was an overall decrease across 2-years.
Weighted analyses, however found a significant and clinically meaningful reduction of nearly 9 mmHg in intervention participants compared to controls at 12-months.
It is possible the weighted models better accounted for
unmeasured differences in BP management, driven by
socioeconomic disparities between groups. Exercise programs in general have been shown to significantly reduce
depressive symptoms in older adults in the short-term
and in older adults experiencing depression [77, 83, 84].
Similar to our findings, other studies have not reported
a change in depressive symptoms from walking interventions, even with long-term follow-up [41, 66, 70, 85]. Our
finding is unsurprising given the low levels of depressive
symptoms at baseline. While control participants showed
a decline in 6-MWT distances over 2-years compared
to intervention participants, the results were imprecise.
The LIFE-P study, which focused on strength and balance activities in addition to walking in a population
with lower physical functioning than the current sample,
achieved an improvement in 400-m walk speeds [86].
It may be that walking alone is insufficient for improving physical function outcomes, though the trend indicates that intervention participants avoided age-related
decline.
The average cumulative cost of the intervention per
participant compared to controls was $250 after 1 year
and $300 after 2 years of implementation. This cost is
low compared to similar interventions, especially given
the longer duration of the PEP4PA program [26, 87, 88].
For example, other similar programs range from an average per participant cost of $229 for the Texercise Select
program to $2,301 for the LIFE study [89–91]. The average cost per participant in the nurse-delivered arm of
the PACE-UP pedometer trial was more than $900 USD
(based on 2014 exchange rate) and the cost per additional
minute of MVPA was ~ $5.7 at 12 months, significantly
higher than the PEP4PA intervention [92]. By comparison, the PEP4PA cost-effectiveness ratios decreased
from $0.25 at 6 months to $0.05 at 24-months, far lower
than other interventions, providing a financially feasible
intervention.
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Strengths of the study include the cluster-randomized design, the diverse, low-income population,
and the device-based, long-term PA assessment. The
multilevel intervention utilized a strong theoretical
framework including Empowerment theory, which
is a promising yet under-studied approach in older
adult intervention research [32]. The peer-led intervention provides an effective strategy to improve
long-term sustainability in under-resourced, community settings. The multilevel design aligns with
recommendations from systematic reviews that interventions including social and environmental supports
as well as a combination of behavioral and cognitive
strategies are more effective in increasing PA in older
adults [66–68, 78]. The center-based events combined with individual tailoring to participants’ motivations and abilities appear important for ongoing
participation and larger effects [8, 66, 67, 69]. While
it is likely the combination of multiple strategies is
most effective [67, 68, 93, 94], the lack of conclusive
evidence on strategies supporting long-term sustainability warrants further exploration of intervention
components [68]. Simplifying the program to essential elements, or fine-tuning the timing of strategies,
may reduce barriers to implementation and aid in
wider dissemination.
There are several limitations that should be noted.
Participants were recruited into a specific study
condition, which could have contributed to baseline
differences in individual characteristics. The clusterrandomized design was essential as the intervention
involved center staff and changes to the environment around participating centers, thus cross contamination would be unavoidable with participant
level randomization. However, the intervention
group was less active and had more physical limitations at baseline, which is opposite of what we
might expect. While we did not achieve exchangeable groups at the individual level at baseline, unadjusted and PS weighted models confirmed our main
findings. There was a higher withdrawal rate in the
intervention condition, though 68% of both groups
had valid accelerometer data at 24-months and intervention group withdrawal rates were similar to much
shorter PA interventions [66]. Participants were generally healthy, ambulatory and without serious cognitive decline, thus findings may not generalize to
older adults with decreased physical and cognitive
functioning. While the falls risk criteria may have
excluded some participants who would have benefited from a PA program, given that the intervention
encouraged unsupervised walking, this precaution
was necessary to minimize falls risk.
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Conclusions
The PEP4A study provides evidence of a highly costeffective intervention to increase PA and improve QoL in
older adults over a 2-year period. The multilevel, peer-led,
theory-based intervention provides a successful model
for sustainable, long-term health improvements that
could be implemented in other community settings for
wider dissemination. It offers valuable insight for future
studies to reduce persistent PA inequities by sociodemographic factors. Future work will assess implementation
measures to evaluate the effectiveness and acceptability
of intervention components and behavior change strategies. The considerable evidence of the benefits of regular
PA, combined with low levels of PA guideline adherence
and the growth of the older adult population globally,
make it imperative that we identify and widely disseminate effective, sustainable, and scalable interventions to
increase PA, particularly in vulnerable populations.
Abbreviations
PEP4PA: Peer Empowerment Program 4 Physical Activity; MVPA: Moderate-tovigorous physical activity; PA: Physical Activity; MOA: Memorandum of Under‑
standing; P-QoL: Perceived quality of life; 6-MWT: Six-minute walk test; BP:
Blood pressure; AMI: Area Median Income; CESD-10: Center for Epidemiologic
Studies Depression Scale short form; CPM: Counts per minute; IPTW: Inverse
probability of treatment weighting; PS: Propensity score; USD: U.S. Dollar.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12966-022-01309-w.
Additional file 1. PEP4PA_CONSORT Extension for Cluster Trials 2012
Checklist.
Additional file 2. PEP4PA_TIDieR-Checklist-Word.
Additional file 3. Standardized mean differences.
Additional file 4. Unadjusted regression coefficients and 95% confidence
intervals (CI) for all outcomes.
Additional file 5. Marginal estimates for secondary outcomes.
Additional file 6. Sensitivity analyses.
Additional file 7. Cumulative per person costs for intervention and
control conditions.
Acknowledgements
We would like to acknowledge Dr. Jacqueline Kerr, the initial Principal Inves‑
tigator of the PEP4PA study, for her contributions to the conceptualization,
design, funding acquisition and investigation of the study.
Authors’ contributions
Conceptualization: KC,YS,DR, MJ, LN. Data curation: KC, FTZ, CL, LN. Formal
analysis: KC, FTZ, CL, TB, LN. Investigation: KC, KF, KB, BL. Methodology: KC, KB,
YS, DR, MJ, TB, LN. Project administration: KC, KB, BL, KF. Software: KC, KB, BL.
Supervision: KC, KB, BL. Validation: CL, LN. Visualization: KC. Writing-original
draft: KC, KF, SL. Writing: review & editing: All authors. The author(s) read and
approved the final manuscript.
Funding
The study was supported by the National Heart, Lung and Blood Institute
(NHLBI) – Grant # R01HL125405 and R01HL125405-01S1.The corresponding
author was supported by NHLBI (Grant #5T32 HL079891). The funder had no

Crist et al. Int J Behav Nutr Phys Act

(2022) 19:75

role in the design of the study, collection, analysis, and interpretation of the
data or in writing the manuscript.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Ethics approval was granted by the Human Research Protections Program
of the University of California, San Diego (Protocol #150336). Participants
provided written informed consent.
Consent for publication
Not applicable.
Competing interests
The authors declare they have no competing interests.
Author details
1
Department of Urban Studies & Planning, UC San Diego, 9500 Gilman Drive,
La Jolla, CA 92093, USA. 2 Division of Epidemiology and Community Health,
School of Public Health, University of Minnesota, 1300 S 2nd Street, Minneapo‑
lis, MN 55415, USA. 3 Herbert Wertheim School of Public Health and Human
Longevity Science, UC San Diego, 9500 Gilman Drive, La Jolla, CA 92093,
USA. 4 Kaiser Permanente Washington Health Research Institute, 1730 Minor
Avenue, Seattle, WA 98101, USA. 5 Population Sciences, Beckman Research
Institute, City of Hope, 1500 E Duarte Rd, Duarte, CA 91010, USA. 6 Scripps
Institution of Oceanography, UC San Diego, 9500 Gilman Drive, La Jolla, CA
92093, USA.
Received: 22 December 2021 Accepted: 31 May 2022

References
1. Du Y, Liu B, Sun Y, Snetselaar LG, Wallace RB, Bao W. Trends in adherence
to the physical activity guidelines for Americans for aerobic activity and
time spent on sedentary behavior among US adults, 2007 to 2016. JAMA
Netw Open. 2019;2(7):e197597. https://doi.org/10.1001/jamanetwor
kopen.2019.7597.
2. Hallal PC, Andersen LB, Bull FC, et al. Global physical activity levels: sur‑
veillance progress, pitfalls, and prospects. Lancet. 2012;380(9838):247–57.
https://doi.org/10.1016/S0140-6736(12)60646-1.
3. Zenko Z, Willis EA, White DA. Proportion of adults meeting the 2018
physical activity guidelines for americans according to accelerometers.
Front Public Heal. 2019;7(135). https://doi.org/10.3389/fpubh.2019.00135
4. Cunningham C, O’ Sullivan R, Caserotti P, Tully MA. Consequences of
physical inactivity in older adults: a systematic review of reviews and
meta-analyses. Scand J Med Sci Sport. 2020;30(5):816–27. https://doi.org/
10.1111/sms.13616.
5. Vogel T, Brechat PH, Leprêtre PM, Kaltenbach G, Berthel M, Lonsdorfer
J. Health benefits of physical activity in older patients: a review. Int J
Clin Pract. 2009;63(2):303–20. https://doi.org/10.1111/j.1742-1241.2008.
01957.x.
6. Reiner M, Niermann C, Jekauc D, Woll A. Long-term health benefits of
physical activity - A systematic review of longitudinal studies. BMC Public
Health. 2013;13(1):1–9. https://doi.org/10.1186/1471-2458-13-813.
7. Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines for
Americans. JAMA. 2018;320(19):2020. https://doi.org/10.1001/jama.2018.
14854.
8. Bauman A, Merom D, Bull FC, Buchner DM, Fiatarone Singh MA. Updating
the evidence for physical activity: summative reviews of the epidemio‑
logical evidence, prevalence, and interventions to promote “active aging.”
Gerontologist. 2016;56:S268–80. https://doi.org/10.1093/geront/gnw031.
9. Evenson KR, Buchner DM, Morland KB. Objective measurement of physi‑
cal activity and sedentary behavior among US adults aged 60 years or
older. Prev Chronic Dis. 2012;9(1). https://doi.org/10.5888/pcd9.110109

Page 13 of 15

10. Hawes A, Smith G, McGinty E, et al. Disentangling race, poverty, and
place in disparities in physical activity. Int J Environ Res Public Health.
2019;16(7):1193. https://doi.org/10.3390/ijerph16071193.
11. Kanjilal S, Gregg EW, Cheng YJ, et al. Socioeconomic status and trends
in disparities in 4 major risk factors for cardiovascular disease among US
adults, 1971–2002. Arch Intern Med. 2006;166(21):2348–55. https://doi.
org/10.1001/archinte.166.21.2348.
12. Song J, Hochberg MC, Chang RW, et al. Racial and ethnic differences in
physical activity guidelines attainment among people at high risk of or
having knee osteoarthritis. Arthritis Care Res. 2013;65(2):195–202. https://
doi.org/10.1002/acr.21803.
13. Balfour PC, Ruiz JM, Talavera GA, Allison MA, Rodriguez CJ. Cardiovas‑
cular disease in Hispanics/Latinos in the United States. J Lat Psychol.
2016;4(2):98–113. https://doi.org/10.1037/lat0000056.
14. Quiñones AR, Botoseneanu A, Markwardt S, et al. Racial/ethnic differ‑
ences in multimorbidity development and chronic disease accumulation
for middle-aged adults. PLoS One. 2019;14(6). https://doi.org/10.1371/
journal.pone.0218462
15. Gordon-Larsen P, Nelson MC, Page P, Popkin BM. Inequality in the built
environment underlies key health disparities in physical activity and
obesity. Pediatrics. 2006;117(2):417–24. https://doi.org/10.1542/peds.
2005-0058.
16. McKenzie TL, Moody JS, Carlson JA, Lopez NV, Elder JP. Neighborhood
income matters: disparities in community recreation facilities, amenities,
and programs. J Park Recreat Admi. 2013;31(4):12 (Accessed November 2,
2021. /pmc/articles/PMC4082954/).
17. Moore L, Diez Roux A, Evenson K, McGinn A, Brines S. Availability of
recreational resources in minority and low socioeconomic status areas.
Am J Prev Med. 2008;34(1):16–22. https://doi.org/10.1016/J.AMEPRE.2007.
09.021.
18. Engelberg J, Conway T, Geremia C, et al. Socioeconomic and race/eth‑
nic disparities in observed park quality. BMC Public Health. 2016;16(1).
https://doi.org/10.1186/S12889-016-3055-4
19. Jones SA, Moore LV, Moore K, et al. Disparities in physical activity resource
availability in six US regions. Prev Med (Baltim). 2015;78:17–22. https://doi.
org/10.1016/J.YPMED.2015.05.028.
20 Amireault S, Baier JM, Spencer JR. Physical activity preferences among
older adults: a systematic review. J Aging Phys Act. 2019;27:128–39.
https://doi.org/10.1123/japa.2017-0234 (Human Kinetics Publishers Inc).
21. Hooker SP, Wilcox S, Rheaume CE, Burroughs EL, Friedman DB. Factors
related to physical activity and recommended intervention strate‑
gies as told by midlife and older African American men. Ethn Dis.
2011;21(3):261–267. Accessed 21 June 2021. https://europepmc.org/artic
le/med/21942156
22. Rosenberg DE, Kerr J, Sallis JF, Norman GJ, Calfas K, Patrick K. Promoting
walking among older adults living in retirement communities. J Aging
Phys Act. 2012;20(3):379–94. https://doi.org/10.1123/japa.20.3.379.
23. Li W, Procter-Gray E, Churchill L, et al. Gender and age differences in lev‑
els, types and locations of physical activity among older adults living in
car-dependent neighborhoods. J railty aging. 2017;6(3):129–35. https://
doi.org/10.14283/JFA.2017.15.
24. Lee Y. Gender differences in physical activity and walking among older
adults. J Women Aging. 2005;17(1–2):55–70. https://doi.org/10.1300/
J074V17N01_05.
25. World Health Organization. Ageing and health. Accessed 18 Oct 2021.
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
26. Roux L, Pratt M, Tengs TO, et al. Cost effectiveness of community-based
physical activity interventions. Am J Prev Med. 2008;35(6):578–88. https://
doi.org/10.1016/j.amepre.2008.06.040.
27. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecologi‑
cal approach to creating active living communities. Annu Rev Public
Health. 2006;27(1):297–322. https://doi.org/10.1146/annurev.publhealth.
27.021405.102100.
28. Minkler M, Thompson M, Bell J, Rose K. Contributions of community
involvement to organizational-level empowerment: the federal healthy
start experience. Heal Educ Behav. 2001;28(6):783–807. https://doi.org/10.
1177/109019810102800609.
29. Fawcett SB, Paine-Andrews A, Francisco VT, et al. Using empowerment
theory in collaborative partnerships for community health and develop‑
ment. Am J Community Psychol. 1995;23(5):677–97. https://doi.org/10.
1007/BF02506987.

Crist et al. Int J Behav Nutr Phys Act

(2022) 19:75

30. Salguero A, Martínez-García R, Molinero O, Márquez S. Physical activity,
quality of life and symptoms of depression in community-dwelling and
institutionalized older adults. Arch Gerontol Geriatr. 2011;53(2):152–7.
https://doi.org/10.1016/j.archger.2010.10.005.
31. Acree LS, Longfors J, Fjeldstad AS, et al. Physical activity is related to qual‑
ity of life in older adults. Health Qual Life Outcomes. 2006;4:37. https://
doi.org/10.1186/1477-7525-4-37.
32. Shearer NBC, Fleury J, Ward KA, O’Brien AM. Empowerment interventions
for older adults. West J Nurs Res. 2012;34(1):24–51. https://doi.org/10.
1177/0193945910377887.
33. Castro CM, Pruitt LA, Buman MP, King AC. Physical activity program deliv‑
ery by professionals versus volunteers: the TEAM randomized trial. Heal
Psychol. 2011;30(3):285–94. https://doi.org/10.1037/a0021980.
34. Kassavou A, Turner A, French DP. Do interventions to promote walking in
groups increase physical activity? A meta-analysis. Int J Behav Nutr Phys
Act. 2013;10. https://doi.org/10.1186/1479-5868-10-18
35. Buman MP, Giacobbi PR, Dzierzewski JM, et al. Peer volunteers improve
long-term maintenance of physical activity with older adults: a rand‑
omized controlled trial. J Phys Act Health. 2011;8 Suppl 2(Suppl 2):S257.
https://doi.org/10.1123/jpah.8.s2.s257.
36. Ginis KAM, Nigg CR, Smith AL. Peer-delivered physical activity interven‑
tions: an overlooked opportunity for physical activity promotion. Transl
Behav Med. 2013;3(4):434. https://doi.org/10.1007/S13142-013-0215-2.
37. Carlson SA, Fulton JE, Pratt M, Yang Z, Adams EK. Inadequate physical
activity and health care expenditures in the United States. Prog Cardio‑
vasc Dis. 2015;57(4):315–23. https://doi.org/10.1016/J.PCAD.2014.08.002.
38. Sawyer B, Claxton G. How do health expenditures vary across the popula‑
tion? - Peterson-KFF Health System Tracker. Accessed 8 Nov 2021. https://
www.healthsystemtracker.org/chart-collection/health-expenditures-vary-
across-population/#item-discussion-of-health-spending-often-focus-on-
averages-but-a-small-share-of-the-population-incurs-most-of-the-cost_
2016
39. Medina L, Sabo S, Vespa J. Living longer: historical and projected life
expectancy in the United States, 1960 to 2060.; 2020. Accessed 8 Nov
2021. https://www2.census.gov/programs-surveys
40. Abu-Omar K, Rutten A, Burlacu I, Schatzlein V, Messing S, Suhrcke M.
The cost-effectiveness of physical activity interventions_ A systematic
review of reviews . Prev Med Reports. 2017;8:72–78. Accessed 4 Nov 2021.
https://reader.elsevier.com/reader/sd/pii/S2211335517301328?token=
0211BA7C84EE97EDF713598B85394FFB20F4C7DF2E0DF9F8743C942
FF4E2B60BCF802520C3C0D7CCC2563D265C8AC5FD&originRegion=us-
east-1&originCreation=20211105002034
41. Kerr J, Rosenberg D, Millstein RA, et al. Cluster randomized controlled trial
of a multilevel physical activity intervention for older adults. Int J Behav
Nutr Phys Act. 2018;15(1). https://doi.org/10.1186/s12966-018-0658-4
42. Rich P, Aarons GA, Takemoto M, et al. Implementation-effectiveness trial
of an ecological intervention for physical activity in ethnically diverse low
income senior centers. BMC Public Health. 2017;18(1). https://doi.org/10.
1186/s12889-017-4584-1
43. Zimmerman MA. Empowerment Theory. In: Handbook of Community
Psychology. Kluwer Academic Publishers; 2000:43–63. https://doi.org/10.
1007/978-1-4615-4193-6_2
44. Bandura A. Social cognitive theory: an agentic perspective. Annu Rev
Psychol. 2001;52(1):1–26. https://doi.org/10.1146/annurev.psych.52.1.1.
45. Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From theory to
intervention: mapping theoretically derived behavioural determinants to
behaviour change techniques. Appl Psychol AN Int Rev. 2008;57(4):660–
80. https://doi.org/10.1111/j.1464-0597.2008.00341.x.
46. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer
wear and nonwear time classification algorithm. Med Sci Sports Exerc.
2011;43:357–64. https://doi.org/10.1249/MSS.0b013e3181ed61a3.
47. Freedson P, Melanson E, Sirard J. Calibration of the Computer Science and
Applications Inc accelerometer. Med Sci Sport Exerc. 1998;30(5):777–81.
48. Patrick DL, Kinne S, Engelberg RA, Pearlman RA. Functional status and
perceived quality of life in adults with and without chronic conditions.
J Clin Epidemiol. 2000;53(8):779–85. https://doi.org/10.1016/S0895-
4356(00)00205-5.
49. Information Sheet on the Perceived Quality of Life Scale (PQoL) . Univer‑
sity of Washington, Seattle. Accessed 21 Apr 2021. http://depts.washi
ngton.edu/seaqol/docs/PQOL_Info.pdf

Page 14 of 15

50. Brooks D, Solway S, Gibbons W. American Thoracic Society ATS state‑
ment: guidelines for the six-minute walk test. Am J Respir Crit Care Med.
2002;166:111–7. https://doi.org/10.1164/rccm.166/1/111.
51. Solway S, Brooks D, Lacasse Y, Thomas S. A qualitative systematic over‑
view of the measurement properties of functional walk tests used in the
cardiorespiratory domain. Chest. 2001;119(1):256–70. https://doi.org/10.
1378/chest.119.1.256.
52. Butland RJA, Pang J, Gross ER, Woodcock AA, Geddes DM. Two-,
six-, and 12-minute walking tests in respiratory disease. Br Med J.
1982;284(6329):1607–8. https://doi.org/10.1136/bmj.284.6329.1607.
53. Radloff LS. The CES-D scale: a self report depression scale for research in
the general population. Psychol Meas. 1977;1:385–401.
54. Andresen E, Malmgren J, Carter W, Patrick D. Screening for depression in
well older adults: evaluation of a short form of the CES-D (Center for Epi‑
demiologic Studies Depression Scale). Am J Prev Med. 1994;10(2):77–84.
55. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical performance
battery assessing lower extremity function: Association with self-reported
disability and prediction of mortality and nursing home admission. J
Gerontol. 1994;49(2). https://doi.org/10.1093/geronj/49.2.M85
56. Guralnik JM, Ferrucci L, Pieper CF, et al. Lower extremity function and
subsequent disability: consistency across studies, predictive models, and
value of gait speed alone compared with the short physical performance
battery. J Gerontol - Ser A Biol Sci Med Sci. 2000;55(4). https://doi.org/10.
1093/gerona/55.4.M221
57. NHLBI Adverse Event and Unanticipated Problem Reporting Policy |
NHLBI, NIH. Accessed 21 Apr 2021. https://www.nhlbi.nih.gov/grants-
and-training/policies-and-guidelines/nhlbi-adverse-event-and-unant
icipated-problem-reporting-policy
58. Moerbeek M. Randomization of clusters versus randomization of persons
within clusters: Which is preferable? Am Stat. 2005;59(1):72–8. https://doi.
org/10.1198/000313005X20727.
59. Moerbeek M, Van Schie S. How large are the consequences of covariate
imbalance in cluster randomized trials: a simulation study with a continu‑
ous outcome and a binary covariate at the cluster level. BMC Med Res
Methodol. 2016;16(1). https://doi.org/10.1186/s12874-016-0182-7
60. Williams R. Using the margins command to estimate and interpret
adjusted predictions and marginal effects. Stata J. 2012;12(2):308–31.
https://doi.org/10.1177/1536867x1201200209.
61. Darin-Mattsson A, Fors S, Kåreholt I. Different indicators of socioeconomic
status and their relative importance as determinants of health in old age.
Int J Equity Health. 2017;16(1):1–11. https://doi.org/10.1186/S12939-017-
0670-3/TABLES/3.
62. Austin PC, Stuart EA. Moving towards best practice when using inverse
probability of treatment weighting (IPTW) using the propensity score
to estimate causal treatment effects in observational studies. Stat Med.
2015;34(28):3661–79. https://doi.org/10.1002/sim.6607.
63. Imbens GW, Rubin DB. Causal Inference: For Statistics, Social, and
Biomedical Sciences an Introduction. Cambridge University Press; 2015.
https://doi.org/10.1017/CBO9781139025751
64. Lee I, Shiroma E, Lobelo F, et al. Effect of physical inactivity on major noncommunicable diseases worldwide: an analysis of burden of disease and
life expectancy. Lancet. 2012;380(9838):219–29. https://doi.org/10.1016/
S0140-6736(12)61031-9.
65. Sun F, Norman IJ, While AE. Physical activity in older people: a systematic
review. BMC Public Health. 2013;13(1):1–17. https://doi.org/10.1186/
1471-2458-13-449.
66. Zubala A, MacGillivray S, Frost H, et al. Promotion of physical activity
interventions for community dwelling older adults: a systematic review
of reviews. PLoS One. 2017;12(7). https://doi.org/10.1371/journal.pone.
0180902
67. Olanrewaju O, Kelly S, Cowan A, Brayne C, Lafortune L. Physical activity
in community dwelling older people: a systematic review of reviews of
interventions and context. PLoS One. 2016;11(12). https://doi.org/10.
1371/journal.pone.0168614
68. Sansano-Nadal O, Giné-Garriga M, Brach JS, et al. Exercise-based interven‑
tions to enhance long-term sustainability of physical activity in older
adults: a systematic review and meta-analysis of randomized clinical trials.
Int J Environ Res Public Heal. 2019;16:2527. https://doi.org/10.3390/ijerp
h16142527.
69. Hobbs N, Godfrey A, Lara J, et al. Are behavioral interventions effective
in increasing physical activity at 12 to 36 months in adults aged 55 to 70

Crist et al. Int J Behav Nutr Phys Act

70.

71.

72.

73.

74.
75.
76.

77.

78.

79.
80.

81.
82.

83.

84.

85.

86.

(2022) 19:75

years? A systematic review and meta-analysis. BMC Med. 2013;11(1):75.
https://doi.org/10.1186/1741-7015-11-75.
Thøgersen-Ntoumani C, Quested E, Biddle SJH, et al. Trial feasibility and
process evaluation of a motivationally-embellished group peer led walk‑
ing intervention in retirement villages using the RE-AIM framework: the
residents in action trial (RiAT). Heal Psychol Behav Med. 2019;7(1):202–33.
https://doi.org/10.1080/21642850.2019.1629934.
Harris T, Kerry SM, Limb ES, et al. Physical activity levels in adults and older
adults 3–4 years after pedometer-based walking interventions: Longterm follow-up of participants from two randomised controlled trials
in UK primary care. PLoS Med. 2018;15(3):e1002526. https://doi.org/10.
1371/journal.pmed.1002526.
Lehne G, Bolte G. Impact of universal interventions on social inequalities
in physical activity among older adults: an equity-focused systematic
review. Int J Behav Nutr Phys Act. 2017;14(1):1–15. https://doi.org/10.
1186/s12966-017-0472-4.
Kokolakakis T, Ramchandani G, Coleman R. Attendance patterns and fac‑
tors affecting participation in organized walks: an investigation of natural
England’s Walking for health programme. World Leis J. 2015;57(2):104–17.
https://doi.org/10.1080/16078055.2015.1034341.
Rigby BP, Dodd-Reynolds CJ, Oliver EJ. Inequities and inequalities in
outdoor walking groups: a scoping review. Public Health Rev. 2020;41(1).
https://doi.org/10.1186/s40985-020-00119-4
Motl RW, McAuley E. Physical activity, disability, and quality of life in older
adults. Phys Med Rehabil Clin N Am. 2010;21(2):299–308. https://doi.org/
10.1016/j.pmr.2009.12.006.
Maki Y, Ura C, Yamaguchi T, et al. Effects of intervention using a
community-based walking program for prevention of mental decline: a
randomized controlled trial. J Am Geriatr Soc. 2012;60(3):505–10. https://
doi.org/10.1111/j.1532-5415.2011.03838.x.
Park SH, Han KS, Kang CB. Effects of exercise programs on depressive
symptoms, quality of life, and self-esteem in older people: a systematic
review of randomized controlled trials. Appl Nurs Res. 2014;27(4):219–26.
https://doi.org/10.1016/j.apnr.2014.01.004.
Oliveira JS, Sherrington C, Amorim AB, Dario AB, Tiedemann A. What is
the effect of health coaching on physical activity participation in people
aged 60 years and over? A systematic review of randomised controlled
trials. Br J Sports Med. 2017;51(19):1425–32. https://doi.org/10.1136/bjspo
rts-2016-096943.
Di Lorito C, Long A, Byrne A, et al. Exercise interventions for older adults:
a systematic review of meta-analyses. J Sport Heal Sci. 2021;10(1):29–47.
https://doi.org/10.1016/j.jshs.2020.06.003.
Michael YL, Carlson NE. Analysis of individual social-ecological mediators
and moderators and their ability to explain effect of a randomized neigh‑
borhood walking intervention. Int J Behav Nutr Phys Act. 2009;6(1):1–11.
https://doi.org/10.1186/1479-5868-6-49.
Hanson S, Jones A. Is there evidence that walking groups have health
benefits? A systematic review and meta-analysis. Br J Sports Med.
2015;49(11):710–5. https://doi.org/10.1136/bjsports-2014-094157.
Neil Thomas G, MacFarlane DJ, Guo B, et al. Health promotion in older
chinese: a 12-month cluster randomized controlled trial of pedometry
and peer support. Med Sci Sports Exerc. 2012;44(6):1157–66. https://doi.
org/10.1249/MSS.0b013e318244314a.
Miller KJ, Areerob P, Hennessy D, Gonçalves-Bradley DC, Mesagno C,
Grace F. Aerobic, resistance, and mind-body exercise are equivalent to
mitigate symptoms of depression in older adults: a systematic review
and network meta-analysis of randomised controlled trials. F1000Res.
2020;9:1325. https://doi.org/10.12688/f1000research.27123.1.
Blake H, Mo P, Malik S, Thomas S. How effective are physical activity
interventions for alleviating depressive symptoms in older people? A
systematic review. Clin Rehabil. 2009;23(10):873–87. https://doi.org/10.
1177/0269215509337449.
Harris T, Kerry SM, Victor CR, et al. A Primary Care Nurse-Delivered Walking
Intervention in Older Adults: PACE (Pedometer Accelerometer Consulta‑
tion Evaluation)-Lift Cluster Randomised Controlled Trial. PLoS Med.
2015;12(2). https://doi.org/10.1371/journal.pmed.1001783
Pahor M, Blair SN, Espeland M, et al. Effects of a physical activity inter‑
vention on measures of physical performance: results of the lifestyle
interventions and independence for Elders Pilot (LIFE-P) study. J Gerontol
A Biol Sci Med Sci. 2006;61(11):1157–65.

Page 15 of 15

87. van der Vliet N, Suijkerbuijk AWM, de Blaeij AT, et al. Ranking preventive
interventions from different policy domains: what are the most costeffective ways to improve public health? Int J Environ Res Public Health.
2020;17(6). https://doi.org/10.3390/ijerph17062160
88. Gordon L, Graves N, Hawkes A, Eakin E. A review of the cost-effectiveness
of face-to-face behavioural interventions for smoking, physical activity,
diet and alcohol. Chronic Illn. 2007;3(2):101–29. https://doi.org/10.1177/
1742395307081732.
89. Akanni OO, Smith ML, Ory MG. Cost-effectiveness of a community exer‑
cise and nutrition program for older adults: Texercise select. Int J Environ
Res Public Health. 2017;14(5). https://doi.org/10.3390/ijerph14050545
90. Groessl EJ, Kaplan RM, Castro Sweet CM, et al. Cost-effectiveness of the
LIFE physical activity intervention for older adults at increased risk for
mobility disability. J Gerontol Ser A Biol Sci Med Sci. 2016;71(5):656–62.
https://doi.org/10.1093/gerona/glw001.
91. Groessl EJ, Kaplan RM, Blair SN, et al. A cost analysis of a physical activity
intervention for older adults. J Phys Act Heal. 2009;6(6):767–74. https://
doi.org/10.1123/jpah.6.6.767.
92. Anokye N, Fox-Rushby J, Sanghera S, et al. The short-term and long-term
cost-effectiveness of a pedometer-based intervention in primary care:
a within trial analysis and beyond-trial modelling. Lancet. 2016;388:S19.
https://doi.org/10.1016/s0140-6736(16)32255-3.
93. Chase JAD. Physical activity interventions among older adults: a literature
review. Res Theory Nurs Pract. 2013;27(1):53–80. https://doi.org/10.1891/
1541-6577.27.1.53.
94. Rejeski WJ, Marsh AP, Chmelo E, et al. The Lifestyle Interventions and Inde‑
pendence for Elders Pilot (LIFE-P): 2-Year follow-up. J Gerontol - Ser A Biol
Sci Med Sci. 2009;64(4):462–7. https://doi.org/10.1093/gerona/gln041.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

