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Abstract

Background

This systematic literature review describes thespiol public health impact of evideng
based multi-level interventions to improve obesélated behaviours in adults, using
Reach, Efficacy, Adoption, Implementation and Mai@nce (RE-AIM) framework.

Methods

Electronic databases (PubMed, Embase, and The &@uehibrary) were searched to ident
intervention studies published between January 2800 October 2013. The followir
inclusion criteria were used: (1) the study incldide least one outcome measure asse
obesity-related behaviours (i.e. diet, physicalvégtor sedentary behaviour), (2) the stu
collected data over at least one year and (3) they's intervention targeted adults, W
conducted in a specified geographical area or vilertkand was multi-level (i.e. targeti
both individual and environmental level). EviderafeRE-AIM of the selected interventio
was assessed. Potential public health impact ahtanvention was evaluated if informati
was provided on at least four of the five RE-AlMnginsions.

Results

Thirty-five multi-level interventions met the indion criteria. RE-AIM evaluation reveal
that the included interventions generally had tbeptial to: reach a large number of peq
(on average 58% of the target population was awfitee intervention); achieve the assun
goals (89% found positive outcomes); be broadlypgetb (the proportion of interventi
deliverers varied from 9% to 92%) and be sustaisedeen interventions were maintaine
The highest potential public health impact was tbum multi-level interventions that:

focused on all levels at the beginning of the plagmprocess, 2) guided the implementat
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process using diffusion theory, and 3) used a websidisseminate the intervention.




Conclusions

Although most studies underreported results withiea RE-AIM dimensions, the reportgd
Reach, Effectiveness, Adoption, Implementation Blaghtenance were positively evaluated.
However, more information on external validity asubktainability is needed in order to take
informed decisions on the choice of interventidmat tshould be implemented in real-warld
settings to accomplish long-term changes in obeasigted behaviours.
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Background

The growing prevalence of overweight (Body Massed?25 kg/nf) and obesity (Body
Mass Index>30 kg/nf) in adults is a major public health concern in dhgan countries.
Overweight and obesity contribute to mortality aheé burden of many chronic diseases,
such as cardiovascular diseases, cancer, typeb2tdgaand osteoarthritis [1-4]. Depending
on country and gender, the overall prevalence efweight in Europe currently ranges from
39.3% (France) to 64.9% (England) in men and frdn®% (ltaly) to 51.4% (England) in
women. The overall prevalence of obesity ranges f600% (France) to 21.6% (England) in
men and from 5.0% (ltaly) to 23.3% (England) in vemi5]. In several European countries,
adult obesity rates have doubled during the last decades [6-8]. Given the serious health
consequences and the rapidly increased prevaléreeevelopment and implementation of
effective, sustainable overweight and obesity pnéwa approaches is imperative.

In the past, several theoretical models have beed to develop overweight and obesity
prevention approaches. Many of these approaches in@rmed by social psychological
theories such as the Theory of Planned Behavigumaf@l the Transtheoretical Model [10],
and were thus focused on health education and tbdification of individual-level
determinants of obesity-related behaviours (i.etady, physical activity and sedentary
behaviours) [11,12]. Athough these individual-basa@rventions have sometimes shown
short-term effects, their long-term effectivenesgénerally limited [12-14]. This could be
explained by the fact that health behaviours aré saely a matter of individual
determinants, but are also strongly affected byrenmental factors [15-17]. Environmental
factors are of growing importance with the develepinof increasingly ‘obesogenic’
environments in recent decades characterized lijlyeavailable, cheap, heavily advertised
energy-dense foods, often provided with large parsizes, and by reduced opportunities for
physical activity accompanied by increased liketit@f sedentary behaviour, due to features
such as urban sprawl, a lack of perceived safetyraductions in walkability [17-20]. These
obesity-related environmental factors can be caieg@ using the Analysis Grid for
Environments Linked to Obesity (ANGELO) framewofl]. This framework consist of two
axes representing the size (micro vs. macro) aedtype of the environment (i.e. socio-
cultural, economic, political or physical environmta level).

Consequently, multi-level interventions that targeth the individual level (e.g. by changing
the beliefs, attitudes and knowledge of the pgodicts) and at least one of the environmental
levels as defined by the Analysis Grid for Enviramts Linked to Obesity (ANGELO)



framework (i.e. socio-cultural, economic, politicat physical environmental level) have
shown promising results in counteracting obesify14,22-24].

However, despite the increasing interest in meNel interventions, little information is
available on their characteristics, effectivenesd axternal validity [25]. Information on
generalizability is essential to translate resediiings into practice. To gain insight into
both internal and external factors of health praarointerventions, Glasgow and colleagues
developed the RE-AIM framework. This framework fees on the five most important
dimensions for evaluating the potential public Heahpact of programs intended for wide-
scale implementation and dissemination. The frankewovers the degree to which (1) an
intervention reaches the target population, andhh degree the intervention participants
are representative of the non-participants; (2)ra@rvention achieved the assumed goals,
with optimal quality of life and without negativeittomes; (3) an intervention was broadly
adopted, and to which degree both delivery setiimg) delivery staff were representative of
non-deliverers; (4) an intervention was consisteimiplemented at a reasonable cost; and (5)
an intervention had the ability to be sustainedhwang-lasting individual effects [26].

The aim of the present study was to conduct a syte review of multi-level interventions,
aimed at reducing obesity-related behaviours irltadas part of the European Commission
funded “sustainable prevention of obesity througkegrated strategies” (SPOTLIGHT)
project [27]. The purpose of this review was tongaisight into 1) the characteristics of
multi-level intervention, 2) the internal and extar validity factors of multi-level
interventions, and 3) the potential public heaftipact of multi-level interventions.

Methods

Literature search

A systematic literature search of three electraaitabases (PubMed, Embase, The Cochrane
Library) was conducted in April 2012, and updatedOctober 2013 to detect relevant
intervention studies. The search strategy was dped using the PICO (participant,
intervention, comparison, outcome) approach, and lWaited to the English literature,
published between January 2000 and October 201tail®en the search strategy are listed
in Additional file 1: Table S1.

After running the search strategy, duplicates weeatified and removed. Subsequently, the
studies were screened by title, abstract and &xt to determine their eligibility by one
reviewer (SC) and independently checked by a semndwer (KDC). In addition, reference
lists from the retrieved articles were examinedadditional relevant intervention studies.

Inclusion criteria

To be eligible, intervention studies had to meetftiilowing inclusion criteria: (1) the study
included at least one outcome measure assessirgityeldated behaviours (i.e. dietary,
physical activity and sedentary behaviour); (2)shely collected data over at least one year;
and (3) the study intervention was community-basedlti-level, and targeted adults.
Interventions were considered community-baseday ttargeted a group of people that were
mutually connected by the geographical area in Wwiiey were living or the worksite in
which they were working. Interventions were consedemulti-level, if they targeted at least



one individual-level and at least one environmelga¢l determinant of obesity-related
behaviour. Environmental-level determinants we@ssified into four types based on the
Analysis Grid for Environments Linked to Obesity NGELO) framework: physical
environmental factors, socio-cultural environmeriégkors, economic environmental factors
and political environmental factors.

Data extraction

As a result of the screening process, 35 intergantiwere selected. These are listed in
Additional file 2, which presents information oretffiocus of the intervention (i.e. physical
activity, sedentary behaviour or eating behaviostyydy design, target population, study
participants, intervention components, outcome nmmegs and geographical area. Study
design was divided into the categories of pre-axpamtal (one group pre-test post-test
design and one group post-test only design) anérerpntal studies ((cluster) randomized
controlled trials). As only multi-level intervenhie were included, the intervention
components were split up into individual and envinental level components. Individual
components aimed to change psychological factadh ss beliefs or knowledge (e.g. via
information sessions, posters, etc.), while envirental components target the sociocultural
(e.g. walking groups), economic (e.g. reductionpotes of healthy food items), political
(e.g. the earning of physical activity points, whicould be redeemed for paid leave) or
physical environment of the participants (e.g. s@n of cycling infrastructure). Outcome
measures were considered in the categories of eugimtvand obesity-related behavioural
outcomes (dietary behaviour, physical activity aedentary behaviour) and obesity-related
physiological outcomes (e.g. BMI, weight, fat perege).

RE-AIM evaluation

The included interventions were evaluated on tiseshaf the RE-AIM framework [26]. Each
of the five RE-AIM dimensions was divided into ammoer of indicators, and all included
articles were coded by the first author on whethey reported on these specific indicators.
A random selection of one third of the intervensiamas also coded by the second author to
determine inter-rater reliability (ICC = 0.81). Rfences were discussed between the two
assessors until full consensus was reached. Theatods for reach were: the description of
the target population, awareness/participation, ret@racteristics of people aware of the
intervention and their representativeness. Forcefeness, we coded whether a study
reported on positive outcomes, quality of life, atdge outcomes and short-term attrition.
Adoption was coded based on the following indicaittine proportion and representativeness
of staff who delivered the intervention within tlhervention delivery settings, and the
proportion and representativeness of interventielivery settings and non-delivery settings.
Implementation was coded on completeness and tijdeli implementation and time,
financial investment and staff expertise needetnfglement the intervention. Maintenance
was split up into individual level and organiza@brievel maintenance. Individual level
maintenance was based on whether information waster on long term effectiveness, i.e.
were outcomes reported at least six months afeectimpletion of the intervention study: six
months is a widely used time frame to assess betiavihange maintenance [28,29].
Organizational level maintenance was based on anogustainability, program adaptations
and representativeness of settings/agents who stidrdelivering the interventions after the
intervention study had been completed. If informatwas available on a specific indicator,
data were extracted for further analysis. After theluation of each of the RE-AIM
dimensions separately, the potential public heaftipact was assessed. Glasgow and



colleagues state that the public health impact wofirervention depends on all five
dimensions: reach, efficacy, adoption, implemeatatand maintenance. However in this
review only three studies were included that reggbron all five dimensions, so it was
decided to lower the threshold from five to foumeénsions: four studies reported on four
dimensions. For each intervention, individual ssosmere calculated for reach (defined as the
number of participants/number of eligible and iaditpeople), efficacy (defined as the effect
size of the intervention [30]), adoption (definexdthe number of delivery settings/number of
eligible and invited settings), implementation (defl as consistency of delivering
intervention components) and maintenance (defiseti@number of settings that maintained
the intervention after the initial phase/number sattings that stopped delivering the
intervention). Subsequently, the RE-AIM average walsulated by summing the scores on
the five RE-AIM dimensions (or four if only four miensions were available), and dividing
them by four or five. These RE-AIM averages werasidered to reflect the potential public
health impact of the interventions [31,32].

Results

Study characteristics

Of the 14,002 studies identified in the literatgearch in April 2012, 126 studies remained
after removing duplicates and screening titles alpstracts. The full texts of the remaining

studies were evaluated for the inclusion critewhjch resulted in a final selection of 33

interventions, described in 70 papers [33-102]Obtober 2013, an update was conducted,
which yielded another two interventions [103,10€pbnsequently, 35 interventions were

included in the systematic review. The flow chartFigure 1 describes the entire selection
process.

Figure 1 Flow chart of study selection processrigure 1 provides an overview of the study
selection process.

The characteristics of the identified studies agcdbed in Additional file 2 and summarized
in Table 1. The majority (69%) of the interventionsre assessed by a cluster-randomized
controlled trial [36-39,41,44,47,49,51-53,55,6376479-82,90,91,103]. Of the studies using
a pre-experimental design (31%), 82% used a onapgpretest posttest design without
control group [35,50,60,67,75,87,93,100,102,104] &8% used a one group only posttest
design [68,92]. Different methods for data colleotivere used throughout the studies. In 32
studies [6,35-39,41,44,47,49-53,55,60,67,68,749/82%87,91-93,99,100,102-104],
participants had to fill out a questionnaire tolaate levels of physical activity and sedentary
behaviour (n = 25), food intake (n = 19), knowledgehealth and health-related behaviours
(n = 8), psychosocial variables (n = 9) or awarsr@ttendance at the intervention (n = 9).
Two studies [44,51] utilized pedometers objectivelymonitor levels of physical activity,
and one study used direct observations to evahlasity-related behaviours. In 15 studies
[35,36,47,51-53,55,61,64,74,79,84,87,91,104] dihieneasurements were performed to
determine overweight and obesity-related physialmigoutcomes, such as weight, height,
blood pressure, waist circumference etc. The mostneonly implemented individual-level
intervention components were educational sessians (1), individual counselling and
advice on obesity-related behaviours (n = 9), peste = 8) and newsletters (n = 8). Other
components were leaflets, websites, pedometerbpbig, motivational messages, food and
cooking demonstrations, education tours in supedetsy maps with physical activity



possibilities, individual feedback on clinical masmments and food labeling. The most
commonly implemented environmental components Weeeestablishment of walking and

cycling groups (n = 14), the organization of phgsiactivity group sessions (n = 13) and the
increase of available healthy foods (n = 12). O#w@rironmental intervention components
were social support, the improvement of walkinglieye paths, the loan of pedometers, the
increase of the number of physical activity araas improved accessibility, the organization
of health/physical activity events, the start gftgysical activity competition, the reduction of

prices of healthy food items, etc.

Table 1 Characteristics of identified studies

Study characteristics No. Studies (%)
Design

Quasi-experimental design 70%
Pre-experimental design 30%
Focus

Combination physical activity, sedentary behaviand eating behaviour 57%
Physical activity 33%
Sedentary behaviour 0%
Eating behaviour 9%
Setting

Schools/workplaces 27%
Churches 12%
Communities 61%
Participants

> 1000 inat least one measurement 69%
> 1000 inall measurements 38%
Data collection method

Questionnaire 91%
Clinical measures 39%
Pedometers 6%
Geographical area

America 58%
Europe 18%
Oceania 15%
Asia 9%

RE-AIM evaluation

Thirty-two interventions did not report on all fidimensions. More than one-third of the
selected interventions (15/35) only provided infatimn on the degree of effectiveness. Eight
interventions confined themselves to the repotivaf dimensions, namely the reach and the
effectiveness. Another eight interventions, repbrtaen three dimensions, of which four
reported on the effectiveness, the adoption andirtigementation, three reported on the
reach, the effectiveness and the adoption and wieevention reported on the reach, the
effectiveness and the implementation. This leftwith only four interventions that gave
information on at least four of the five RE-AIM démsions.

Table 2 presents the main results regarding thertremm Reach, Effectiveness, Adoption,
Implementation and Maintenance of the includedrimetions. Details of the information
extracted from the intervention studies are pravishethe paragraphs below (see Additional
file 3).



Table 2Number of studies reporting on the different RE-AIM dimensions

Component Number of studies reporting n (%)
Reach

- Description of target population within the geapfnical area/worksite 33 (100)
- Awareness of the intervention/participation rate 16 (48)

- Characteristics of people aware of the intenaaiparticipants 10 (30)
- Representativeness of people aware of the intéor@participants 9 (27)
Effectiveness

- Positive outcomes 30 (91)

- Quiality of life 1(3)

- Negative consequences 1(3)

- Short-term attrition 15 (43)
Adoption

- Description of staff delivering the intervention 6 (17)

- Representativeness of staff delivering the irgation 1(3)

- Description of intervention delivery settings ®)

- Description of non-delivering settings 5 (15)
- Representativeness of delivery settings 3(9)
Implementation

- Completeness of implementation 10 (30)

- Fidelity of implementation 2 (6)

- Time needed to implement the intervention 0 (0)
- Financial investment of the intervention 8 (24)
- Staff expertise of training of the deliverers 12)
Maintenance — setting

- Program sustainability 8 (24)

- Program adaptations 3(9)

- Representativeness of organizations who areddiivering the 1(3)
intervention

Maintenance — individual

- Long-term effects 8 (23)

Reach

All studies described the target population of theervention. Two interventions (6%)
reported specific inclusion criteria, while all ethinterventions targeted the whole (adult)
community/all employees. The number of people bglupto the target group was reported
in 17 studies (49%) and varied from 500 to 37,000,people. Almost half of the studies
(46%) gave information on the number of people ciéfe by the intervention. The
participation level of some intervention componerdsld not be determined (e.g. improving
street lightning, renovating walking paths, handmg flyers, putting up posters) so both
awareness rates and participation rates were disdu3he mean awareness rate was 58%.
Three studies [49,56,91] reported awareness ram@gea90%, while one study [82] reported
an awareness rate of less than 20%. In contrasheohigh awareness rates, the mean
participation rate in at least one activity was 3836 ranged from 1% in “Walk Kansas” [50]
to 94% in “Body and Soul” [42]. The representatiess of people who were aware of the
intervention/intervention participants was desatibe nine studies (26%). Of these nine
studies, two found no significant differences, whskeven observed significant differences by
sex (n =5; women were more likely to participat®e (n = 2; older people were more likely
to participate), physical activity level (n = 2;ti@e people were more likely to participate),



BMI (n = 1; people with a higher BMI were more likdo participate) and ethnicity (n = 1,
Western people were more likely to participateaen participants and non-participants.

Effectiveness

Nearly all intervention studies (89%) recorded pwsiobesity-related behavioural (71%) or
overweight and obesity-related physiological outesn(34%). Of the studies reporting
positive behavioural outcomes, seventeen reportedpbysical activity or sedentary
behaviour, while thirteen studies reported on djetseehaviour. One study [102] notified a
negative outcome and one study reported qualithfefdata [80]. Information on percent
attrition was provided in fifteen studies, rangfingm 4-85%.

Adoption

Adoption of interventions was reported in all sagli At the staff level, six interventions

described the intervention agents. Of these, fiudigs reported the number of intervention
agents, ranging from 1-176, and five studies prexicshformation on the characteristics of
intervention agents. Only one study analysed tipeesentativeness of intervention agents
[97]. This analysis indicated that women and thag more years of experience of PA

promotion are more likely to adopt the program than and those with less experience of
PA promotion. No significant differences were fouimd mean age between intervention
agents and non-project staff members [97].

At the setting level, all the studies reported infation on the delivery settings. Interventions
were delivered in churches (n = 4), schools (n,2@rksites (n = 8) and communities (n =
21). The number of delivery settings was reportedli worksite, school-based and church-
based interventions, while only 50% of the commubsed interventions gave information
on the number of different delivery settings. Theportion of delivery settings was
presented in 23% of the studies, and ranged from(I9P#--NRG In Balance [63]) to 92%
(Walk Kansas [50]). Information on non-deliveringttings was presented in 14% of the
studies. Three studies compared the delivery gettith the non-delivery settings to work
out their representativeness. This comparison stiosignificant differences between
delivery settings and non-delivery settings in “W#lansas” and “Health-e-AME”. Both
studies demonstrated that larger communities wene rilkely to adopt the intervention. No
significant differences were found between deliveettings and non-delivery settings in the
intervention “10.000 Steps Flanders”.

Implementation

Within implementation, the report of five items wasvaluated. Completeness of
implementation was reported in ten studies (29%ie& of these studies (10.000 Steps
Flanders, Healthworks and Health-e-AME) gave a m#paimplementation score per
intervention component. This implementation scaféected the percentage of intervention
delivering settings that implemented a specifieinéntion component. In “10,000 Steps
Flanders”, the implementation score varied from ¥é%wide-ranging personal contact with
citizens to 91% for the loan and sale of pedometéHealthworks” succeeded in
implementing the offering of healthy food, the patan of walking, the loan of pedometers,
the dissemination of a newsletter and the promotibstair use, but failed in achieving a
reduction in healthy food prices. The implementatscore of “Health-e-AME” components
ranged from 7/50 for “8 Steps to Fitness” to 16f60the walking program. Reasons given



for not implementing intervention components in@ddno time’, ‘too expensive’, no space’,
‘no added value for the project’, ‘not relevantoiar core business’, and ‘lack of information
to implement the component’. One study [64] asdfilblee failure of implementation to
external factors, such as vending drivers and femdice managers, preventing food prices
from being reduced due to concerns about possthierae economic consequences. Fidelity
of implementation was reported in two studies (6%f),which one [101] reported the
adherence to program principles by component. Nafnthe intervention studies reported
time needed to implement the intervention; eigBB42 did not report financial investment of
the organization, and four (11%) did not reportfstapertise/training. Of the eight studies
reporting on financial investment, seven emphasikhedow costs for organizations, because
they were sponsored by external grants, which dafiem € 27,000 (Elementary School
Personnel Intervention [91]) to € 900,000 (Hartdlagburg [84]).

Maintenance

Maintenance was subdivided by Glasgow et al. ihi ihdividual level maintenance and
organizational level maintenance [26]. At the indual level, eight interventions reported
their health behaviour at least six months beytdstudy period. Of these, all studies found
long-term effects. At the organizational level,aor knowledge, sixteen interventions were
sustained until October 2013. Nevertheless, onghteistudies explicitly described the
continuation or dissemination of the interventidteiathe intervention study. Three studies
evaluated the dissemination of the intervention thnele studies reported on adaptations. The
interventions “10,000 steps Flanders” [44] and ‘tAdbao Paulo” [68] were not adapted after
dissemination of the intervention, while “10,00@&m Rockhampton” [49] adapted the
intervention through a website.

Potential public health impact

As mentioned above, the potential public healthaotpf four interventions was assessed
(see Figure 2). Three of them provided informatamall five dimensions: Walk Kansas
(USA) [50], 10,000 Steps Flanders (Belgium) [44)da&Health-e-AME (USA) [101], while
one intervention provided information on four o@ifise dimensions: Body and Soul (USA)
[81]. Both “Walk Kansas” and “10,000 Steps Flan8esere community-based physical
activity programs, whereas the “Health-e-AME” iMention and the “Body and Soul”
intervention were church-based interventions, fowuson physical activity and dietary
behaviour, respectively. In “Walk Kansas”, partamps formed a team and each team was
supposed to identify a physical activity-relatecalgit wanted to reach. In “10,000 Steps
Flanders”, several physical activity interventiamgponents were implemented based on the
central theme of reaching 10,000 steps/day. In ltHeaAME, physical activity-related
intervention components were implemented basedersocial Ecological Theory, and the
Transtheoretical model, and in “Body and Soul’emention components related to healthy
eating were implemented. When judging the potergiddlic health impact of those four
interventions by calculating the average RE-AIMrs¢dhe “Health-e-AME” intervention
scored the lowest based on limited positive effebtsreover, the different intervention
components of the “Health-e-AME” intervention pragr were inconsistently implemented.
This fragmented implementation was also observedh® “Body and Soul” intervention, in
which only one out of eight intervention churchedtiated all four pillars. In contrast,
“10,000 Steps Flanders” noticed a modest globalempntation score and “Walk Kansas”
emphasized the consistent implementation of kegrnention components. In spite of this, it
cannot be presumed that “10,000 Steps Flanders™\iatk Kansas” have a higher potential



public health impact than “Health-e-AME” and “Bodynd Soul”, due to the restricted
adoption rate of “10,000 Steps Flanders” (36%), tredlimited participation rate of “Walk
Kansas” (1%). Besides the adoption and participatatie, representativeness of participants
and intervention agents was judged. In “10,000 Stejanders” no significant differences
were found between participants and non-particgambereas “Walk Kansas” and “Health-
e-AME” identified that women were more likely torpeipate than men. In addition, “Walk
Kansas” seemed more appealing for people who aeadyt active, compared to non-active
people. All four interventions found significant ffdrences in representativeness of
intervention deliverers: “10,000 Steps Flandersfiactoded that staff members with longer
experience of physical activity promotion were miikely to adopt the programme; “Health-
e-AME” concluded that larger churches are morelyike adopt the programme; “Body and
Soul” noticed that intervention deliverers wereelikto have higher educational status and a
higher income than non-deliverers. “Walk Kansas$waore often adopted by counties with
higher populations. Sustainability was extensivdigcussed in three interventions: “10,000
Steps Flanders”, “Health-e-AME”, and “Walk Kansa8Walk Kansas” scored best, since
76% of the counties adopted the intervention fdeast three years. Consequently, based on
the RE-AIM evaluation, it can be concluded that ‘W#&ansas” achieved the highest
potential public health impact, in spite of its Iparticipation rate.

Figure 2 Performance of 10,000 Flanders, Body and Soul, WaKansas and Health-e-
ame on individual RE-AIM dimensions. Figure 2 visually represents the performance of
10,000 Steps Flanders, Body and Soul, Walk Kansadd$iaalth-e-AME on individual RE-
AIM dimensions.

Discussion

The aim of this review was to provide an overvidwhe existing evidence-based multi-level
interventions to improve obesity-related behavipuend to determine their Reach,
Effectiveness, Adoption, Implementation and Maiatgre in order to assess their potential
public health impact.

A total of 35 multi-level interventions were idered, described and assessed on the five RE-
AIM dimensions. Typically, multi-level interventignare not evaluated using randomized
controlled trials. This is due to the fact that trldvel interventions have components that
cannot be individually randomized (e.g. environmaémhanges) and represent real-world
settings. Despite their limitations conductingl&ien real world settings provides information
on whether an intervention works under usual caost which facilitates research
translation [105].

Concerning the report of RE-AIM dimensions, theutess showed that information was

largely underreported, with description of elememitexternal validity and generalizability

especially lacking. This finding is in line withdlresults of previous reviews [106-112] and
hampers the assessment of potential public haalpadt, which is needed to determine if an
intervention should be implemented and disseminatea large scale.

Our findings on reach of the interventions are @caadance with the results reported in
previous reviews [25,106-109]. As observed in theiew of Vuillemin et al. [109], all

studies described the intended target audiences d@ascription was generally not very
detailed, since the majority of the multi-levelantentions were community-based, in which



all members of the population were considered ldkgiThis is particularly relevant since
people with health conditions are often omittedrfrexperimental research [26,106,113].
Other aspects of reach were less frequently reghoalehough these aspects are important for
assessing the external validity of the intervergio@nly 46% of the studies provided
information on the numbers of individuals actuatBached, which is relatively low in
comparison with the results of other reviews [108]1 Overall participation rates were
highest in church-based interventions, and lowestcommunity-based interventions.
Furthermore, over half the studies declared thahaowere more likely to participate than
men. Consequently, it seems that most of the gbgsi#vention approaches were less
appealing to, or less adapted to the needs of ratkar than women.

In terms of Effectiveness of the interventions, ifhes overweight and obesity-related
behavioural and, physiological outcomes are thet mmssistently reported aspects within the
RE-AIM framework. However, these positive outconoesild be overestimated, since the
majority of the studies did not account for atbmti Furthermore, negative outcomes of the
intervention, and effects on quality of life areals reported, which is in agreement with the
results of Dzewaltowksi et al. and Antikainen et [a06,107]. Nonetheless, other reviews
have identified higher percentages for reports diesse consequences (30%-32%)
[108,109]. The unbalanced relation in reportingifpas and negative outcomes may be due
to publication bias. However, knowledge on advesBects is highly important for large-
scale implementation and dissemination [26].

Regarding the Adoption of the interventions, simik@m previous reviews [109,110],
information on intervention agents was underregbrta contrast, the number of delivery
settings was widely reported [106,108,109]. Unfoately, this number provides insufficient
information to assess the generalizability of aemvention. Therefore, our focus was on the
adoption rate, which refers to the proportion oftipgating settings. The adoption rate was
highest in “Walk Kansas”. However, “Walk Kansas”sv@eveloped based on strategies and
principles about feasible implementation methodéien@as most other programs were
developed simply and solely with attention to ef@g. Furthermore, most of the
interventions describe the characteristics of thiervention deliverers, but only 14% of the
interventions reported on characteristics of nol+deers, which is comparable with the
results of earlier reviews [106-109]. Consequenihfprmation is lacking to assess the
representativeness of the interventions, so no mgfuh conclusions could be drawn with
respect to the external validity of the intervensio

The first two aspects of implementation of the imgations - ‘completeness’ and ‘fidelity’ -
are important to judge the internal validity ofantentions and to assess the appropriateness
of the interventions’ conclusions. In addition, oej;ng on the consistency of intervention
components provides information on the degree dfeefor implementing different
components. Unfortunately, despite the relativeghmumber reporting on completeness or
fidelity of implementation, the information was daty incomplete. Moreover, the ways of
providing information on completeness varied coesatlly, so no comparison could be made
between the interventions. Nonetheless, when |gpkinthe reasons for not implementing
intervention components, it can be concluded thervention components need to be low-
cost, time-efficient and suitable for organizatioas communities with limited space.
Moreover, the role of external factors needs toréguced to a minimum so that the
prosperity of an intervention component is indememdof external factors. Furthermore,
financial investment, time and expertise neededinbplement the intervention were
investigated in order to estimate the load foritttervention agents. Unlike previous reviews



[108,109], only financial investment was extenspvet¢ported. However, it seems that the
majority of the interventions were funded by ext&rgrants, so that no additional costs were
required from the intervention deliverers.

Only eight intervention studies included informati@mn maintenance in the form of
programme sustainability, in spite of the contimabf sixteen interventions. However, this
is a favourable result, compared to the resultprevious reviews, in which programme
sustainability varied between 0% and 5% [106,108,1Nevertheless, it should be
acknowledged that all the included interventionsenatroduced in the last thirteen years,
whereby the sustainability of the interventionsregative. Furthermore, it is notable that
community —and church based interventions are ricely to be proceeded, than worksite —
and school based interventions, which is in linghwhe results of Antikainen et al. [106].
They stated that all the studies that reported mstitutional level maintenance were
community-based interventions that focused on laéing an intervention into a real-world
setting.

Finally, the potential public health impact of faaterventions that reported on at least four
RE-AIM dimensions was evaluated. This evaluatios Wwased on the RE-AIM average score
defined by Glasgow et al. [31]. This score did oontain information on all aspects within
the RE-AIM dimensions, whereby the score shouldnberpreted with caution. Of the four
interventions [37,44,50,81], our findings suggdstt“Walk Kansas” scored highest for
potential public health impact. An important clexdtion for the high score of “Walk
Kansas”, is that all levels were included, from gmital program participants to
organizational sponsors, at the beginning of thenmihg process. This resulted in an
attractive program both for community members amm@mmme deliverers. Moreover, in
both “Walk Kansas” and “10,000 Steps Flanders”,dlffision theory was used to guide the
implementation process, which was defined as ‘thecgss by which an innovation is
communicated through certain channels over timengntbe members of a social system’
[114]. Furthermore, both interventions used a welsi inform potential participants, and to
disseminate the intervention.

Conclusions

The majority of the obesity-related multi-level entention that we identified have the
potential to reach a large amount of people, inalyithose who can benefit most. Moreover,
it seems that multi-level interventions are likétybe broadly adopted and to be sustained.
RE-AIM assessment showed that multi-level intervard that 1) focused on all levels, from
potential program participants to organizationadbrgwrs, at the beginning of the planning
process, 2) applied the diffusion theory to guide implementation process, and 3) used a
website to disseminate the intervention, achiebedhighest potential public health impact.
Nevertheless, better reporting of factors relatedexternal validity and sustainability is
needed to confirm these results.
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Results derived from search on
- PubMed: 8713
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- Embase: 1491
Total: 14002

Duplicates excluded: 1346 |—

Studies screened by title and abstract: 12656

Papers excluded on basis of title: 11812

Iy

Papers excluded on basis of abstract: 718

| Studies retrieved for more detailed evaluation: 126 |

Papers excluded after evaluation of full text: 94

No evidence-based with regard to
obesity/overweight: 4

No adults or whole-community: 2
No geographical area/worksite: 6
No multi-level intervention: 54
No data over at least one year: 4

No effect/process evaluation: 24

Additional interventions

- retrieved by screening references: 1

- retrieved by conducting an updated
search: 2

Total of included interventions: 35
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