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Abstract

Background: Evidence from a limited number of short-term trials indicates the difficulty

in achieving population-level improvements in physical activity (PA) through community-

wide interventions (CWIs). We sought to evaluate the effectiveness of a 5-year CWI for

promoting PA in middle-aged and older adults using a cluster randomized design.

Methods: We randomized 12 communities in Unnan, Japan, to either intervention (9) or

control (3). Additionally, intervention communities were randomly allocated to three sub-

groups by different PA types promoted. Randomly sampled residents aged 40–79 years

responded to the baseline survey (n¼ 4414; 74%) and were followed at 1, 3 and 5 years

(78–83% response rate). The intervention was a 5-year CWI using social marketing to

promote PA. The primary outcome was a change in recommended levels of PA.

Results: Compared with control communities, adults achieving recommended levels of

PA increased in intervention communities [adjusted change difference¼4.6 percentage

points (95% confidence interval: 0.4, 8.8)]. The intervention was effective for promoting

all types of recommended PAs, i.e. aerobic (walking, 6.4%), flexibility (6.1%) and

muscle-strengthening activities (5.7%). However, a bundled approach, which attempted
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to promote all forms of PAs above simultaneously, was not effective (1.3–3.4%,

P�0.138). Linear dose–response relationships between the CWI awareness and changes

in PA were observed (P� 0.02). Pain intensity decreased in shoulder (intervention and

control) and lower back (intervention only) but there was little change difference in all

musculoskeletal pain outcomes between the groups.

Conclusions: The 5-year CWI using the focused social marketing strategy increased the

population-level of PA.

Key words: exercise, network intervention, resistance training, low-back pain, dissemination, RE-AIM

Introduction

Despite the well-known health benefits of physical activity

(PA),1–3 physical inactivity remains highly prevalent glo-

bally.4 Effective population strategies to promote PA are im-

perative to reduce the global burden of non-communicable

diseases stemming from physical inactivity.5

Considering diverse influences on PA at the individual, en-

vironmental, societal and policy levels,6 multilevel and inter-

sectoral approaches are needed to achieve population-wide

changes in PA.6,7 Community-wide interventions (CWIs)

represent one approach for promoting PA. Typically, CWIs

involve (i) interventions delivered across multiple community

sectors; (ii) highly visible, broad-based, multi-component

strategies; and (iii) may address other non-communicable dis-

ease risk factors.8,9 However, evidence on their effectiveness

in achieving population-level improvements is limited.

A Cochrane review published in 2015 identified 33 studies

on this topic and only four high-quality studies (cluster

randomized trials with a low risk of bias) among them.10

Overall, the review did not find evidence of beneficial

changes in PA resulting from CWIs.10

What remains unclear is whether the absence of benefit

stems from the nature of the CWI itself (e.g. the dose, dur-

ation, components or complexity of the interventions) or

just a lack of sufficient high-quality studies able to detect

the anticipated small to moderate effect size. Of note, the

most frequent (modal) duration of the intervention in the

reviewed studies was 1 year (median 3 years).10 In contrast

to individual-level interventions, it may take considerably

longer to influence population levels of PA via large-scale

interventions. To date, no randomized controlled trial

(RCT) has examined a CWI lasting for 4 years or more.

RCTs of social interventions are increasingly popular in

public health and other disciplines such as education and

economics; however, these broad-reach trials typically face

methodological challenges due to their complex nature and

real-world research environments that are difficult to con-

trol.11 Accumulation of empirical evidence and advance-

ment in epidemiologic methods in this field may benefit a

broad range of scientific knowledge.

The COMMUNICATE (COMMUNIty-wide CAmpaign

To promote Exercise) study was originally developed as a

1-year cluster RCT to evaluate the effectiveness of a multi-

strategic CWI for promoting PA in middle-aged and older

adults.12 Then the intervention was continued for a further

4 years when no significant effect on population-level change

in PA was seen after the first and third years.12,13 We there-

fore evaluated the effectiveness of a 5-year CWI for promot-

ing PA in middle-aged and older adults using a cluster RCT

design. Our aim was to promote PA through a CWI delivered

Key Messages

• In this first such cluster randomized trial of a long, 5-year, community-wide intervention on population-level physical

activity (PA), adults achieving recommended levels of physical activities increased in the intervention communities,

compared with the control (4.6 percentage points of change difference).

• The intervention was effective for promoting all types of recommended physical activities, i.e. aerobic, flexibility

and muscle-strengthening activities. However, a bundled approach, which attempted to promote all forms of

recommended physical activities above simultaneously, was not effective.

• A community-wide intervention can be an effective approach to increase population-level PA when it incorporates focused

promotion strategies sustained for several years. Since the World Health Organization and other health agencies recom-

mend multiple types of PA as a key lifestyle factor for preventing non-communicable diseases, these findings give critical

insights into effective methods to disseminate those recommendations and achieve population-level improvement.
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at the community level. To minimize contamination, the unit

of randomization was the community. The hypothesis was

that a 5-year CWI delivered at the community level would

promote engagement in recommended levels of aerobic, flexi-

bility and/or muscle-strengthening activities in middle-aged

and older adults evaluated at the individual level.

Methods

This study reports on findings after 5 years of intervention in

the COMMUNICATE study. This is a cluster randomized

controlled, superiority trial, stratified by population density,

with unbalanced randomization (three intervention commun-

ities and one control community). The study location was

Unnan City (population 45 364, area 553.7 km2), Shimane

Prefecture, Japan. Full details of the original trial protocol

can be found elsewhere12 and the original 1-year trial showed

short-term effects on the campaign awareness and knowledge

of the residents as the first published RCT study to examine

the effectiveness of CWI in adults.12 This extended 5-year

study was approved by the research ethics committee of

the Physical Education and Medicine Research Center

UNNAN (H25–2–5–1) and was prospectively registered at

UMIN-CTR (UMIN000012464).

Figure 1 is the flow diagram of the trial. There are 32 com-

munities within Unnan, with a median population and area

of 1292 and 10.8 km2, respectively. The eligibility criterion

for clusters was all communities in Unnan. Twelve commun-

ities (clusters) were randomly sampled, with stratification by

blocking within population density category strata, and ran-

dom allocation to three intervention clusters per control clus-

ter (i.e. nine interventions; three controls). Additionally, each

cluster in the intervention group was randomly allocated to

aerobic activity promotion (Group A), flexibility and muscle-

strengthening activities promotion (Group FM) or aerobic,

flexibility and muscle-strengthening activities promotion

(Group AFM, ‘all-in-one’ or bundled approach), each consist-

ing of three clusters. This factorial design was for the purpose

of subgroup analyses. We chose these three types of activities

because, in addition to aerobic activity, muscle-strengthening

activity is recommended for adults in general,2,3 whereas

flexibility activity is especially recommended for older adults

and people with musculoskeletal disorders.14–18 However,

most previous CWI studies focused on only aerobic activity

(e.g. walking).9,19–27 As arthritis is a potential barrier to PA,

mainly aerobic activity,28 identifying effective population

strategies to promote flexibility and musculoskeletal activities

and prevent musculoskeletal disorders is important.

Random selection and allocation of the clusters were

performed by two clerical staff members of Unnan City

Hall, who were not involved in the remainder of the study.

A staff member created a matched list of numbers

(used later as selected community ID� assignment group

ID) by using computer-generated random numbers.

Another prepared ID lists of (i) communities and (ii) as-

signment group were not given to the staff member to

conceal the actual allocation of each community. Then the

other staff member used the created list of numbers and

the ID lists to assign communities (clusters).

Intervention

The 5-year CWI (November 2009 to October 2014) was

conducted as an Unnan City Hall public health project

targeting all middle-aged and older (40–79 years)

community-dwelling residents. In Group A, mainly walking

was promoted. In Group FM, stretching exercises and

muscle-strengthening activities focused on key muscle

groups for treating low-back and knee pain.16,29,30 In

Group AFM, all the exercises (walking, stretching and

muscle-strengthening activities) were promoted as a bundle.

The intervention adopted social marketing tech-

niques.31 Social marketing techniques apply marketing

principles to create, communicate and deliver value that in-

fluences target audience behaviours that benefit society as

well as the target audience.31 The detailed strategy can be

found elsewhere.12 Briefly, the CWI adopted the following

processes: (i) situational analysis, (ii) market segmentation

and targeting, (iii) setting objectives and (iv) marketing

strategy development (supplementary eText). Cooperative

partnerships were developed with local organizations.

Throughout the intervention period, the CWI consisted of

three components: (i) information delivery (e.g. flyers, posters,

local audio broadcasts), (ii) education (e.g. outreach health

education programme and encouragement by professionals to

individuals as well as to the public during community events)

and (iii) support delivery (e.g. promoting encouragement by

community leaders, network intervention).32 Details of each

component, implementation evaluation and methods to min-

imize contamination between communities and control the

dose of the intervention are described in the Supplementary

eText, available as Supplementary Data at IJE online.

Sample materials for the intervention are available else-

where.12,13 In addition to the implementation evaluation, the

RE-AIM framework (i.e. Reach, Effectiveness, Adoption,

Implementation, and Maintenance)33 was used to assess the

public health impact and the external validity of the interven-

tion. Our intervention met the definition of a CWI.34 In the

control communities, public health services were delivered by

Unnan municipality as usual.

Population-based evaluation

The effectiveness of our intervention was evaluated by

population-based surveys designed as a representative
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cohort. As a baseline, self-administered questionnaires

were mailed to a random sample of participants in

October 2009. A computer-based resident registry system

was used for random sampling. The sampling frame (eli-

gible respondents) was all men and women aged 40–79

years living in the 12 communities. Those excluded from

the survey were individuals in assisted living facilities and

those who required long-term care. Those who could not

complete the questionnaires themselves due to disability

and those unable to walk unaided were also excluded from

the analyses; 1-, 3- and 5-year follow-up questionnaires

were mailed to the baseline respondents in October 2010,

2012 and 2014. Those who had died or moved were

excluded from the follow-up surveys but were included in

the primary analysis.

All respondents gave written informed consent to

participate in these surveys at baseline. Both participants

and data collectors were randomly sampled residents.

Figure 1. Flowchart of the study.

Group A, aerobic activity; Group FM, flexibility and muscle-strengthening activities; Group AFM, aerobic, flexibility and muscle-strengthening activities.

*Respondents who could not walk unaided. **Accumulated numbers of deaths and moves since baseline survey. ***Analysed with missing data

imputation.
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Residents and the CWI collaborators (e.g. community

self-administered organization staff) were blinded to

(not informed about) the study design and hypothesis

(i.e. the existence of the control group and cluster alloca-

tion).35 The implementing staff of the CWI (intervention

providers), data analysts and the Mayor, Vice-Mayor,

supervisory employees and public health nurses of Unnan

City Hall were not blinded to the cluster allocation.

Measures

Primary outcome

Our primary outcome was the change in engagement in

regular PA (overall PA) evaluated at the individual level

from baseline to 5-year follow-up. If respondents met any

one of the following conditions, they were defined as

‘engaging in regular PA’: (i) �150 minutes/week of walk-

ing, (ii) daily flexibility activity or (iii) �2 days/week of

muscle-strengthening activity. The thresholds were based

on the current PA recommendations.1,3,14 A daily threshold

for flexibility activity was chosen because flexibility activity

had been recommended, preferably, on all days that aerobic

or muscle-strengthening activity is performed.14

Respondents were asked about the number of days per

week and the mean number of minutes walked per day, for

recreation and transport separately, to give the weekly

total minutes of walking time. Frequency of flexibility

activity was assessed categorically (daily, not daily but

occasionally, not at all). The weekly number of days

performed was asked for muscle-strengthening activity.

The PA questionnaire is available elsewhere.13 Both the

test–retest reliability over 10 days and criterion-related val-

idity with an accelerometer of the walking questionnaire

were acceptable (Spearman’s r¼ 0.79 and 0.38, respect-

ively).12,36 The test–retest reliability of the flexibility and

muscle-strengthening activities were also acceptable

(weighted kappa¼ 0.72 for flexibility and Spearman’s

r¼ 0.75 for muscle-strengthening activity).12

Secondary outcomes

Musculoskeletal pain was evaluated to represent possible

benefits (or harm) related to the CWI.12,37 The pain

locations were shoulder, low back and knee. Chronic

musculoskeletal pain was defined as current pain lasting

longer than 3 months within the past 12 months.38 A vis-

ual analogue scale (VAS) from 0 mm (no pain) to 100 mm

(most intense pain) was used to assess the average

pain intensity experienced during the last few days.39 The

test–retest reliability had moderate and acceptable values

of Cohen’s kappa for chronic pain (0.68 for shoulder; 0.49

for low back; 0.72 for knee) and Spearman’s r for VAS

scores (0.80 for shoulder; 0.70 for low back; 0.78

for knee).12

All outcomes remained the same as the pre-specified

ones in the original 1-year trial. As covariates, body mass

index (BMI) calculated from self-reported weight and height

in kg/m2, self-rated health, years of education, employment

status, engagement in farming and chronic disease history

were examined by the baseline questionnaire. Information

on sex and age were also gathered from the resident registry

system. For exploratory purposes, we also evaluated aware-

ness of the CWI at 1-, 3- and 5-year follow-ups

(Supplementary eText, available as Supplementary Data at

IJE online).12

Statistical analysis

As for the original 1-year investigation, the planned sample

size of nine clusters comprising 4500 participants in the

intervention arm and three clusters comprising 1500 par-

ticipants in the control arm was calculated on the assump-

tion of a 50% response rate (i.e. total 3000 analysed

participants) to detect an 8% difference in change in regu-

lar PA between the intervention and control groups, taking

into account the design effect due to clustering.12,40 Based

on available data, the estimated rate of regular PA at base-

line was 58% with an estimated intra-cluster correlation

coefficient of 0.00174. The chi-squared test was used with

unbalanced randomization (3:1), a two-sided 5% signifi-

cance level and a power of 90%.

Primary and secondary analyses

Multilevel analyses, taking into account the multiple meas-

urements (four time points: baseline, 1-, 3- and 5-year

follow-ups), were performed. The change difference between

nine intervention and three control clusters was calculated

for the primary outcome of regular PA (overall PA) from

baseline to 5-year follow-up using a generalized linear mixed

model (GLMM) with sex, age, BMI, self-rated health, years

of education, employment, farming, chronic low-back and

knee pain, chronic disease history, community (cluster) where

respondents lived, time effect, group allocation (intervention

or control), and the interaction between time and group as

fixed effects, and individuals as a random effect. Community

(cluster) was included as a fixed effect to partial out all the

observed and unobserved time-invariant community-level

confounding factors.41

As pre-specified secondary analyses, each intervention

subgroup (Groups A, FM and AFM) was compared with

the control communities for changes in each of the differ-

ent activities (e.g. walking) using GLMM. Changes in
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chronic musculoskeletal pain prevalence and VAS pain

scores for shoulder, low back and knee were also analysed

by GLMM with further adjustment for baseline PA. In

addition, pre-specified subgroup analyses were conducted

after stratification by sex, age group (40–59 and 60–79

years) and the marketing segment (primary communication

target segment, i.e. inactive women aged 60–79 years who

had low-back or knee pain at baseline and the remaining

population; see Supplementary eText, available as

Supplementary Data at IJE online).

As post hoc exploratory analyses, we analysed the asso-

ciations of cumulative awareness score with prevalence

and uptake of regular PA at 5-year follow-up to test the

hypothesized logic model12 (Supplementary eText and

eFigure 2, available as Supplementary Data at IJE online).

Analyses were performed on an intention-to-treat basis

and included all baseline respondents who could walk un-

aided. Missing information, ranging from 0% for sex and

age to 34% for walking time, was imputed to minimize

bias due to missing information and repeated nine times,

under the assumption of missing at random.42 Each imput-

ation was based on regression models including variables

used in the analyses. The 10 imputed datasets were

analysed independently and combined for inference. To

check whether there was any differential attrition on over-

all PA, the previous survey values for those respondents

with missing PA values were identified.43 Sensitivity ana-

lyses were performed by using (i) data after excluding

adults who deceased during the follow-up and (ii) complete

cases only with respondents who had no missing values.

Analyses were carried out using SAS version 9.4 (SAS

Institute Inc., Cary, NC).

Results

For the implementation evaluation, the doses of the imple-

mented information, education and support delivery in the

intervention communities and public health services in the

control communities are described along with the RE-AIM

flowchart in the Supplementary File (eTable 1 and eFigure 5,

available as Supplementary Data at IJE online). All three di-

mensions of the CWI were clearly implemented, and mostly

delivered as intended, in all intervention communities. The

RE-AIM flowchart shows high degrees of adoption, imple-

mentation, reach and organizational-level maintenance.

For effectiveness evaluation, data from a total of 4414 re-

spondents (73.6% response rate at baseline) were analysed in

the intention-to-treat manner (Figure 1). Follow-up surveys

also had high response rates (78.0–82.8%). Baseline charac-

teristics of the eligible respondents are presented in Table 1.

Table 2 shows the unadjusted distributions of PA and pain

outcomes at baseline and the 5-year follow-up. During the

5-year period, the proportion of adults achieving the recom-

mended levels of PAs decreased from 64.5% (573/889) to

59.2% (432/730) in the control communities, whereas levels

were maintained in the intervention communities [63.0%

(1745/2769) in 2009 to 63.7% (1446/2270) in 2014]. The

adjusted change in PA within group and the adjusted change

difference between groups (effect estimate) are presented in

Figure 2. For the primary analysis, the adjusted change differ-

ence (%) of residents who met the PA recommendations indi-

cated a positive intervention effect in the treatment compared

with the control communities {4.6 percentage points [95%

confidence interval (CI): 0.4, 8.8], P¼ 0.030}. For specific PA

outcomes, in the control communities, adults who walked

�150 minutes/week decreased after adjustment of covari-

ables [–6.0 percentage points (95% CI: –9.6, –2.4)], whereas

overall and other types of PA showed similarly negative

trends. Compared with the control communities, adults

walking �150 minutes/week increased in Group A [6.4%

(1.4, 11.4), P¼0.012] and adults doing flexibility activity

daily [6.1% (1.6, 10.6), P¼ 0.008] and 2 days/week or more

of muscle-strengthening activity [5.7% (0.8, 10.6),

P¼ 0.023] increased in Group FM, corresponding to the PA

types promoted in the relevant communities (Figure 2).

The proportion of active walkers did not change within

Group A [0.4% (–3.2, 4.0)]. Thus, the observed change dif-

ferences in walking were due to the decrease in the control

communities aforementioned (i.e. effectively maintained in

Group A). In Group AFM (all-in-one approach), there was

little change compared with the control (P�0.138).

Pre-specified subgroup analyses suggested positive inter-

vention effects on regular PA across all categories of

sex, age and the marketing segment, with wider CIs due to

smaller samples (adjusted change difference¼3.1–6.3%,

P for heterogeneity�0.43, Supplementary eFigure 3,

available as Supplementary Data at IJE online). The

exploratory analyses showed adults with a higher

cumulative awareness score had higher prevalence (P for

trend¼ 0.0002) and uptake rate (P for trend¼ 0.02) of

regular PA (Supplementary eFigure 4, available as

Supplementary Data at IJE online).

For pain outcomes, pain intensity decreased in shoulder

(intervention and control) and lower back (intervention

only) but there was little change difference (prevalence or

intensity) between intervention and control groups

(Supplementary eTable 2, available as Supplementary Data

at IJE online). Similarly, post hoc subgroup analyses

showed little change difference among the primary com-

munication target those who reported pain at baseline

(data not shown). Supplementary eTable 3, available as

Supplementary Data at IJE online, presents the previous

survey’s regular PA prevalence for adults who had missing

PA information at each follow-up. In both intervention
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and control groups, the prevalence was consistently lower

than that in the total sample throughout the study period,

and no clear differential attrition was observed. Sensitivity

analyses with the exclusion of deceased adults and with the

complete cases yielded similar results to the main analysis,

with wider CIs for the complete cases.

Discussion

This cluster RCT with a long-term (5-year), whole-

community intervention showed the CWI effects in improv-

ing population-level PA. Our focused promotion strategy

was effective in increasing each type of recommended phys-

ical activities (for walking, effective in maintaining the level).

The intervention effect gradually shifted towards indicating

population-level improvement (1.6% change difference at

3-year13 and 4.6% at 5-year follow-ups) for the primary

outcome. Our causal interpretation is also supported with

(i) improvements in the specific types of PA as targeted by the

CWI in the relevant communities (i.e. promotion-outcome

match; walking in Group A and flexibility and muscle-

strengthening activities in Group FM, respectively) as well as

(ii) the linear dose–response relationship between the CWI

awareness and the change in PA in line with the hypothesized

logic model.12

To our knowledge, this study is the first RCT to examine

the effectiveness of a CWI for promoting PA over an inter-

vention period of �5 years.10 In addition to the effective-

ness of CWIs itself, it is also not known how long a CWI

should be conducted to increase PA at the population level.

As mentioned above, the most frequent duration of CWIs

in the 33 studies in the recent Cochrane review was 1 year

(median 3 years), of which high-quality studies failed to

achieve population-level PA improvement.10 The current

study yielded 4.6% change difference from a 5-year

CWI. Another previous systematic review reported a

similar finding; the median net increase in the percentage of

people who reported being physically active as a result of a

Table 1. Baseline characteristics of participants randomly selected from communities: COMMUNICATE Study

Control Intervention

All Group A Group FM Group AFM

Cluster 3 9 3 3 3

Residents, n 5235 14 721 3700 5553 5468

Residents aged 40–79

years, n

2917 7493 2132 2743 2618

Population density,

mean (SD), /km2

131 (137) 273 (371) 433 (641) 145 (46) 240 (268)

Evaluation participants

(eligible response rate)

1078/1500 (71.9%) 3336/4500 (74.1%) 1107/1500 (73.8%) 1107/1500 (73.8%) 1122/1500 (74.8%)

Male 510/1078 (47.3%) 1540/3336 (46.2%) 522/1107 (47.2%) 517/1107 (46.7%) 501/1122 (44.7%)

Age, mean (SD), years 61.0 (10.6) 60.7 (10.5) 61.2 (10.7) 60.1 (10.4) 60.6 (10.5)

40–59 471 (43.7%) 1514 (45.4%) 477 (43.1%) 522 (47.2%) 515 (45.9%)

60–79 607 (56.3%) 1822 (54.6%) 630 (56.9%) 585 (52.8%) 607 (54.1%)

Body mass index, mean

(SD), kg/m2

22.5 (3.2) 22.6 (3.1) 22.8 (3.2) 22.3 (2.9) 22.6 (3.0)

<18.5 83 (8.1%) 226 (7.0%) 62 (5.9%) 88 (8.2%) 76 (6.9%)

�18.5 to <25 744 (72.2%) 2352 (72.9%) 770 (72.8%) 804 (74.8%) 778 (71.1%)

�25 204 (19.8%) 650 (20.1%) 226 (21.4%) 183 (17.0%) 241 (22.0%)

Self-rated health

Excellent/good 878 (81.9%) 2722 (82.7%) 885 (80.8%) 902 (83.0%) 935 (84.3%)

Fair/poor 194 (18.1%) 569 (17.3%) 210 (19.2%) 185 (17.0%) 174 (15.7%)

Years of education,

mean (SD)

11.5 (2.3) 11.5 (2.4) 11.5 (2.4) 11.4 (2.3) 11.5 (2.5)

Employed 695/998 (69.6%) 2101/3058 (68.7%) 665/1030 (64.6%) 711/1015 (70.0%) 725/1013 (71.6%)

Engagement in farming 552/1054 (52.4%) 1628/3271 (49.8%) 466/1091 (42.7%) 627/1078 (58.2%) 535/1102 (48.6%)

Chronic disease historya 659/1078 (61.1%) 2059/3336 (61.7%) 679/1107 (61.3%) 673/1107 (60.8%) 707/1122 (63.0%)

Group A¼ aerobic activity; Group FM¼ flexibility and muscle-strengthening activities; Group AFM¼ aerobic, flexibility and muscle-strengthening activities.

SD, standard deviation. Figures are n (%), n/N (%) or mean (SD) before imputation of missing values unless stated otherwise. Sample sizes (denominators) vary

due to missing values.
aHaving the following disease history: hypertension, hyperlipidaemia, diabetes, hyperuricemia, cerebrovascular disease, heart disease, kidney and urologic

diseases, liver disease, gastrointestinal disease, endocrine disease, cancer.
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community-wide campaign was 4.2% (range, –2.9% to

9.4%) with a median intervention duration of 5 years, al-

though this review was based solely on non-randomized

studies and it did not investigate the durations.9 The CWIs

should be sustained over several years to expect modest

population-level improvements in PA.

An observational study of community-wide pro-

grammes targeting risk factors of cardiovascular disease

including PA in Franklin County, Maine, USA, suggested

these decades-long programmes were associated with re-

ductions in hospitalization and mortality rates over 40

years.44 The previous successful long-term community-

wide cardiovascular prevention programmes, including

this Franklin project and the North Karelia project in

Finland,45 have not provided confirmatory evidence of

population-level improvement of PA. Further investigation

is needed to clarify how long-term CWI could increase and

maintain population-level PA and eventually result in the

prevention of non-communicable diseases and premature

mortality.

In addition to the question of duration, the content and

the dose of intervention need to be considered. The current

intervention deployed all six social marketing benchmark

criteria,12,46 which is rare in PA interventions in older

populations.47 The standardized protocol, training of core

team staff members12 and the dose monitoring contributed

to the quality control and dose levelling of the CWI

between communities. In Group AFM, where all three

types of PA were promoted, the amount of information de-

livered was greater than that for the other groups, thus the

burden on the residents might also be greater. If the CWI

could succeed in motivating adults to perform all types of

PA, then the achieved health benefit would be the great-

est.1,14 For the successful dissemination of the current PA

recommendations, which include multiple types of PA, a

phased strategy (e.g. aerobic activity in the first phase and

muscle-strengthening activity later) is worth considering

especially when resources are limited. Finally, although the

present CWI included multi-dimensional approaches, a

more comprehensive approach involving policy and built

environmental change strategies might increase the

observed intervention effects.9,34

This study has several strengths. First, a cluster RCT

can be considered as the optimal design to develop

practice-based evidence.48 The original 1-year investiga-

tion was rated in the Cochrane review to have the lowest

risk of bias among the selected 33 studies.10 Second, the

prospective cohort design with repeated measurements

enabled individual-level analysis and had more statistical

power compared with multiple cross-sectional sampling. A

potential disadvantage of this design is the risk of attrition

bias. However, the high response rate with the adoption of

Figure 2. Effect of community-wide intervention on changes in population-level physical activity.

Group A¼aerobic activity; Group FM¼flexibility and muscle-strengthening activities; Group AFM¼ aerobic, flexibility and muscle-strengthening

activities. Estimates are percentage points with their 95% confidence intervals in parentheses; and they are adjusted for sex, age, body mass index,

self-rated health, years of education, employment status, engagement in farming, chronic low-back and knee pain, chronic disease history and

community (cluster) where respondents lived. All subgroups were analysed simultaneously. An adjusted change difference greater than zero

signifies that the intervention had a positive effect (favourable for physical activity) compared with the control group. Boldface indicates P< 0.05.
aEngagement in regular aerobic, flexibility and/or muscle-strengthening activities. If respondents met any one of three following conditions,

they were defined as ‘engaging in regular physical activity’: (i) �150 mins/week of walking, (ii) daily flexibility activity or (iii) �2 days/week of

muscle-strengthening activity.

650 International Journal of Epidemiology, 2018, Vol. 47, No. 2



established methods to increase the response rate12,49 pro-

vided less risk for biased results, and no clear differential

attrition was observed. Third, confirmation of no harm of

the CWI by using a pain questionnaire, which is not often

considered in broad-reaching PA interventions, is also a

strength of this study. As the logic model hypothesized, if

the CWI could improve pain symptoms, this would occur

after PA increased,12 and thus more follow-up time would

be needed to capture it. Finally, this study examined all as-

pects of the RE-AIM framework33 to assess the public

health impact of the intervention (Supplementary eFigure

5, available as Supplementary Data at IJE online).

Collaborations with community organizations and utiliza-

tion of existing resources realized a high (100%) adoption

and implementation rate of the CWI components and

long-term maintenance of the self-organized activities. The

high implementation adherence of this CWI project, along

with the other examples of long-term implementation of

CWIs in different countries and settings from urban to

rural,9,20 suggests good applicability of the CWI to other

locations. Key strategic components shared by such suc-

cessful cases yielding long-term implementation of quality

CWIs should be further investigated to translate this

practice-based evidence into policy and dissemination;48

e.g. those keys may be high community engagement, a

financially stable headquarters, an interdisciplinary team

and/or state-of-the-art social marketing.

However, there are also limitations. First, a self-

administered questionnaire might be subject to recall bias.

In broad-reaching trials, objective measures (e.g. acceler-

ometers) are often prohibitively expensive, burdensome to

participants and logistically difficult, thus resulting in a

low response rate50 with potential risk of selection bias.

Therefore, self-report measures must be relied on and

have been suggested as useful for their comparability of

population PA estimates and low respondent burden.51

Additionally, there is no standard method to objectively

assess flexibility and muscle-strengthening activities in

population-wide studies.52 Using questionnaires with

acceptable reliability is a strength of this study and differ-

ential measurement error is unlikely to have occurred.

Second, potential contamination of the intervention via

social networks possibly occurred. Although we assumed

older adults mostly interacted within their communities,

contamination could have occurred in the later phases,

leading to underestimated (not overestimated) effect sizes.

Finally, the number of clusters allocated to each study arm

was relatively small, although the cluster size was based on

the sample size calculation and the majority (28/33) of the

previous studies has fewer than 12 clusters.10 To obtain a

more stable estimate especially in an earlier phase, future

study with more clusters would be ideal. Even if these

limitations are considered, our causal interpretation was

supported by the results of a series of analyses.

Conclusions

This cluster RCT showed the effectiveness of a 5-year CWI

using social marketing to improve population-level PA.

The focused promotion strategy was effective in promoting

each type of recommended PA. The findings from the cur-

rent randomized study in combination with the evidence

from previous shorter trials suggest that population-level

change in PA develops gradually over a period of several

years and that several years or more may be necessary to

observe a modest effect of CWIs. The effect of such modest

improvement in population-level behaviour on population-

wide morbidity and mortality needs to be further

investigated.
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