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Abstract

Background: Although many effective interventions have been developed, limited interventions have successfully
been implemented. An intervention that was translated across settings is ProMuscle: a diet and resistance exercise
intervention for older adults. However, varying contexts often lead to varying effects due to contextual factors (char-
acteristics of individuals, organizations, communities or society). The current study aimed to gain insights into effects
and contextual factors of ProMuscle in the controlled setting (ProMuscle: PM), real-life setting (ProMuscle in Practice:
PiP), and real-life setting of the implementation pilots (ProMuscle Implementation Pilots: IP).

Methods: Data from the intervention arms of PM (N=31) and PiP (N=82), and from IP (N = 35) were used. Physi-

cal functioning (chair-rise test) and leg strength (1-10 repetition maximum) were measured at baseline and after
12-weeks intervention. Paired t-tests and General Linear Models were used to study changes after 12 weeks and differ-
ences between interventions. To explore contextual factors, researchers of PM and physiotherapists and dietitians of
PiP and IP were interviewed. Factors were categorized according to the five domains and its underlying constructs of
the Consolidated Framework for Implementation Research (CFIR).

Results: Improvements on chair-rise performance were found in PM (-20+£7.0s,p=0.186), PiP (-0.8+2.9s,
p=0.019)and IP (-3.3+4.2'5,p=0.001). Similar results were found for leg strength in PM (32.6 £24.8 kg, p <0.001),
PiP (17.0+23.2 kg, p<0.001), and IP (47.8 £46.8 kg, p <0.001). Contextual factors that contribute to explaining the
relatively high effects in IP included room for adapting and tailoring the intervention, involvement of experienced
professionals, availability of and access to facilities, and participants characteristics.

Conclusions: Effects of the intervention appeared to be strongest in the real-life setting of the implementation
pilots. Specific contextual factors contributed to explaining the different findings across settings. Future studies
should investigate crucial factors that determine successful implementation of interventions in the real-life setting, to
ensure that effective interventions are put into action and reach a broad population.
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Trial registration: The ProMuscle intervention was registered in the Trial Registration (clinicaltrials.gov identifier:
NCT01110369) on February 12th, 2010. The ProMuscle in Practice intervention was registered in the Netherlands Trial
Register (NTR6038) on August 30th, 2016. Trial registration was not needed for the ProMuscle Implementation Pilots as
this research did not fall within the remit of the Dutch ‘Medical Research Involving Human Subjects Act’

Keywords: Lifestyle, Translation, Context, Implementation

Introduction

Although many lifestyle interventions are being devel-
oped and achieve promising effects in clinical settings,
only few interventions are in the end successfully imple-
mented and disseminated in the real-life setting [1]. In
fact, a large part of research is never translated into prac-
tice [2]. The process of transforming basic research into a
widely implemented intervention is often complex, time
consuming, and expensive (3, 4].

As a large part of effective treatments and interventions
is not yet available to a wide population, it is essential
to study implementation of health promotion interven-
tions [1, 5]. This is particularly of great importance for
older adults, as the ageing population is expected to grow
even more in the coming decades [6, 7]. Health promo-
tion programs can contribute to the prevention of the
negative consequences of ageing, such as development
of diseases or decline in functioning [5]. An interven-
tion that aimed to counteract functional decline in older
adults is the ProMuscle program, consisting of resistance
exercise and protein supplementation [8]. During the
past decade, the program has moved through a transla-
tion process from basic and efficacy research towards
implementation. Starting with testing the efficacy of the
combination of nutrition and exercise in improving mus-
cle health (ProMuscle) [8, 9], followed by designing and
evaluating an intervention in the real-life setting (Pro-
Muscle in Practice) [10-12], and currently exploring the
possibilities of implementing the intervention in multiple
organisations and populations (ProMuscle Implementa-
tion Pilots). The basic elements, progressive resistance
exercise and increased protein intake, were retained in
every intervention. However, the adaptable content of the
intervention, the role of involved professionals, and the
influence of other contextual factors impacting the inter-
vention effects are expected to vary across settings.

It is common to find effects fading away or differing
across settings, especially when an intervention is imple-
mented in the real-life setting [13]. The varying effects
can be due to the influence of context in the different set-
tings [14]. Context can be defined as “a set of character-
istics and circumstances that consist of active and unique
factors, within which the implementation is embedded”
[14]. The Consolidated Framework For Implementa-
tion Research (CFIR) can be used to investigate which

form of intervention works where and why across vari-
ous settings [15]. CFIR includes five major domains:
intervention characteristics, outer setting, inner setting,
characteristics of the individuals involved, and the pro-
cess of implementation. These domains are subdivided
into constructs. For example, the domain ‘inner setting,
referring to the organisation in which the intervention is
being conducted, can be subdivided into the constructs:
structural characteristics of the organisation, networks
and communications, culture, implementation climate,
and readiness for implementation. Different sets of con-
structs interact with interventions when conducting the
program in a controlled setting compared to implement-
ing the program in a practice setting. When taking the
inner setting as an example, structural characteristics
of an organisation may play a role in the controlled set-
ting, whereas readiness for implementation is expected
to be more important in the practice setting. The CFIR
domains and their constructs can help unravel which fac-
tors play a role in a specific setting and can help explain
intervention effects in the different settings [15].

Therefore, the aim of this study was to explore con-
textual factors that can help to explain the potential dif-
ferences in effects of the three successive ProMuscle
interventions across settings.

Methods

This paper includes data from three versions of the Pro-
Muscle intervention: ProMuscle (clinical setting), Pro-
Muscle in Practice (real-life setting), and the ProMuscle
Implementation Pilots (real-life setting of the imple-
mentation pilots). An extensive description of the study
design, study population, and intervention of ProMuscle
and ProMuscle in Practice can be found elsewhere [8, 10].
In short, methods for each program are described below.

Study design and setting

ProMuscle (PM) was a randomized, double-blind, pla-
cebo-controlled trial with 2 arms in parallel. Participants
were randomly allocated to the intervention or control
group, stratified by sex. Both groups were included in a
24-week resistance exercise program. The intervention
group received protein supplementation, whereas the
control group received placebo supplementation. The
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intervention was delivered by researchers at a university
in the Netherlands, in a room equipped as gym location.

ProMuscle in Practice (PiP) was a randomized con-
trolled multicentre intervention study, implemented at
five Dutch municipalities. Participants were randomly
allocated to the intervention or control group, stratified
by sex and frailty state. The program focused on resist-
ance exercise and increasing dietary protein intake,
implemented by physiotherapists and dietitians. Partici-
pants of the intervention group started with an intensive
support intervention (week 1-12), followed by a moder-
ate support program (week 13-24). The control group
received no intervention.

ProMuscle Implementation Pilots (IP) were two case
studies, including only an intervention group (pre-test
post-test). The IP were implemented by physiotherapists
and dietitians at two separate physiotherapist and dieti-
tian practices in two Dutch municipalities. The 12-week
program included progressive resistance exercise and a
nutrition program, consisting of individual consultations
and group meetings.

In the current paper, we included the intervention
groups of the first 12-week intervention period of PM,
PiD, and IP.

Study population

ProMuscle — Older adults were recruited from an existing
database, via distribution of flyers and by organising local
information meetings. PM included older adults (>65
years) who were prefrail or frail according to the Fried
criteria [16], after checking medical history and exclusion
criteria (described in detail elsewhere [8]). The Wagen-
ingen University Medical Ethical Committee approved
the study and participants gave their written informed
consent.

ProMuscle in Practice — Older adults were recruited
mainly through local media. PiP included older adults
(=65 years) being prefrail or frail according to the Fried
criteria [16], or being non frail but experiencing diffi-
culties in daily activities and being inactive (defined as
not participating in resistance exercise >30 min a day
on more than 2 days a week). Exclusion criteria were
checked by the older adults’ general practitioner (GP),
including renal functioning (eGFR) (described in detail
elsewhere [12]). The study protocol was approved by the
Wageningen University Medical Ethics Committee and
included participants provided written informed consent
before participation.

ProMuscle Implementation Pilots — Older adults were
recruited through local media, and word of mouth by the
physiotherapist, or were referred by the practice assis-
tant of the GP. The IP included older adults (>65 years)
who were either deemed suitable by the physiotherapist
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or who were referred by the practice assistant of the
GP (with one of the following reasons: improving mus-
cle strength; insight in and improving intake of protein;
recovery after inactive period). Medical status and renal
functioning (eGFR) were checked in collaboration with
the GP, before starting the intervention. No medical
ethical approval was needed as this research did not fall
within the remit of the Dutch ‘Medical Research Involv-
ing Human Subjects Act’ (in Dutch: WMO). Participants
provided informed consent before participation.

Intervention

The content of the PM, PiP and IP interventions is
described in Tables 1 and 2, subdivided into the exercise
program (Table 1) and the nutrition program (Table 2).
In short, the basic elements of the intervention, provid-
ing RE training sessions and increasing dietary protein
intake, were present in each intervention. Differences
across exercise programs are related to location, type of
guidance, and structure of the training sessions. Differ-
ences across the nutrition programs are related to type
and frequency of guidance and protein product.

Quantitative measures

Baseline characteristics

Questionnaires were used to collect baseline character-
istics including age and sex. Body weight was measured
to the nearest 0.1 kg using a digital scale, and height was
measured to the nearest 0.1 cm using a stadiometer.

For this study, we included measures that were col-
lected in all three intervention groups at baseline and
after 12 weeks of intervention: chair-rise test and leg
muscle strength.

Chair-rise test

Physical performance was measured by the chair-rise
test [17]. The measurement was performed according
to a standardized protocol. In PM and PiP, measure-
ments were conducted by trained researchers and their
assistants. In IP, measurements were conducted by
researcher-instructed physiotherapists.

Leg muscle strength

In PM, researchers performed 1 Repetition Maximum
(1-RM) strength tests on leg press machines. In PiP,
researchers measured muscle strength through 3-RM
tests at leg press machines. In both PM and PiP, measure-
ments were performed according to a standardized pro-
tocol. In IP, physiotherapists measured muscle strength
through 3-RM at leg press machines according to proto-
col. In some case in PiP, and more often in IP, more rep-
etitions were used, if necessary (up to 10-RM), to align
with older adults’ physical capacities. The RM scores
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Table 2 Intervention description: Content of nutrition program (12 weeks) in the various ProMuscle interventions

ProMuscle in Practice

ProMuscle Implementation Pilots

ProMuscle
Type and Short explanation on protein drinks at start
frequency of  of intervention by research dietitian (no
guidance consultation).

needed.

Type and Provision of 250mL protein supplemented
frequency beverage containing 15 g protein. One
of protein drink directly after breakfast, one drink
product directly after lunch.

Individual consultations with dietitian;
before intervention, after 6 weeks, and
additional phone consultation when

Provision of range of free protein-rich
products, such as dairy drinks, cheese, or
yoghurt. Tailored to individual needs and
preferences. Protein-rich products were
mainly consumed during breakfast and

Individual consultations with dietitian; at the
start of the intervention, in week 2 or 3, and
at the end of the intervention and additional
consultations when needed. One group
meeting at the end (location 1).

One individual consultation with dietitian at
the start, three group meetings (location 2).

No provision of supplements or products.
Advise was focused on animal-based as well
as plant-based protein. Tailored to individual
needs and preferences. Aimed at 20-25g
protein per main meal.

lunch, aimed at reaching consumption of
259 protein per main meal.

were recalculated to 1-RM, based on the formula of Brzy-
cki [18].

Qualitative measures

Semi-structured interviews were conducted to collect
information regarding process indicators and in par-
ticular contextual factors that could influence inter-
vention outcomes and intervention implementation.
A PhD-level researcher and a MSc-level researcher
conducted a face-to-face semi-structured interview
with the main researcher and a research-assistant who
delivered PM [11]. A MSc-level researcher conducted
semi-structured interviews via telephone with 18 physi-
otherapists and 8 dietitians involved in the first 12
weeks of PiP [19]. Interview questions were based on
pretested interview guides [11]. A MSc-level researcher
conducted semi-structured interviews via video calling
with two physiotherapists and one dietitian involved in
IP. Interview questions were based on interview guides
from PiP and were supplemented with questions on
contextual factors.

Statistical analyses

Univariate procedures were used to check for normal
distribution of the data. Baseline data were expressed as
means with standard deviations or as percentages. Base-
line differences between treatment groups were analysed
using one-way ANOVA for continuous data, and Pear-
son’s chi-squared tests for categorical data. Paired sam-
ples t-tests were used to analyse changes between the
pre-test and post-test measurements (baseline vs. week
12) for each of the interventions separately. Differences
in effects between the three interventions were analysed
using General Linear Models. Separate models were
conducted for the chair rise test and leg press strength.
The dependent variable included the changes after 12
weeks (calculated by subtracting pre-test measurement

from post-test measurement). Program (PM, PiP, IP) was
included as independent variable. Multiple comparisons
(post-hoc tests) were conducted to study the differences
in effects between the programs. The model was adjusted
for sex to study the influence of sex on differences in
effects across settings. The results of the adjustment
are highlighted in the discussion section. Data of com-
plete cases (measurement at baseline and week 12) were
included. Data was analysed using SPSS version 23 (IBM
Corp., Armonk, NY). Statistical significance was indi-
cated with p-value<0.05.

Qualitative data were analysed in Atlas.ti, version 9.
Interviews were taped, transcribed verbatim, and tran-
scripts from the interviews were analysed and coded.
Results were classified according to relevant constructs
of the five domains of CFIR. Constructs that were high-
lighted in the interviews were selected and included in
the classification [15].

Results

Baseline characteristics

Data were normally distributed. Table 3 presents the
baseline characteristics of participants for each program
separately. No baseline differences were found between
the three settings, except for sex. PiP and IP comprised
more female participants compared to PM.

Effects in ProMuscle, ProMuscle in Practice,

and the ProMuscle Implementation Pilots

The effects on chair-rise test (seconds) and leg press
strength (kg) were investigated in the total study popu-
lation and in the intervention group of each program
separately (Table 4, Fig. 1). No baseline differences on
chair-rise test and leg press strength were found between
the three settings. Results of GLM show a significant
effect of version of the ProMuscle program on the effects
in chair-rise (F) 159 = 3.5, p=0.035) and leg strength
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Table 3 Baseline characteristics of intervention group participants
from ProMuscle (PM), ProMuscle in Practice (PiP), and the
ProMuscle Implementation Pilots (IP)

ProMuscle ProMusclein  ProMuscle
Practice Implementation
Pilots

N=31 N=82 N=35
Age (years) 777 £88 747 £58 750£6.5
Sex (n female, %) 11 (36%) 51 (62%) 28 (80%)
Bodyweight (kg) ~ 79.5+ 158 76.1 £ 144 754 4+12.8°
Height (m) 167 £0.1° 1.68 + 0.1 167 +£0.1°
BMI (kg/m?) 286+ 4.6° 27.1£438 273 +£39°

Note: Data is presented as means =+ SD or n (%). BMI = Body Mass Index
2 N=30; °N=22

(Fy, 122) = 10.6, p<0.001). Table 5 shows the results of the
post-hoc tests of GLM, comparing the effects between
PM and PiP, PM and IP, and IP and PiP.

Chair-rise test

An improvement on chair-rise performance was found
in the total study population as well as in each interven-
tion group separately, with the highest increase in IP
(-3.3+4.2 s, p=0.001). Figure 1 A and Table 5 show that
the mean change in IP was significantly higher compared
to the mean change in PiP.

Leg press strength

An improvement on leg press strength was found in the
total study population and in each intervention group,
with the largest change in IP (47.8 £46.8 kg, p<0.001).
Figure 1B and Table 5 show that the mean change in IP
was significantly higher compared to the mean change
in PiP.
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Contextual factors in ProMuscle, ProMuscle in Practice,

and the ProMuscle Implementation Pilots

Contextual factors related to the PM, PiP and IP interventions
are categorized according to relevant constructs of the CFIR
domains: intervention characteristics (Table 6), inner set-
ting and outer setting (Table 7), characteristics of individuals
(Table 8) and process (Table 9). Under each table, similarities
and differences between interventions are summarized.

Intervention characteristics

An extensive description of the exercise and nutrition
program for each intervention separately can be found in
Tables 1 and 2.

Similarities

Exercise program  All interventions conducted RE train-
ing based on a training protocol two times per week,

Table 5 Mean differences (95%-Cl) in chair-rise test (seconds)
and leg press strength (kg) effects after 12 weeks in the
intervention groups between ProMuscle (PM) and ProMuscle in
Practice (PiP), between PM and the ProMuscle Implementation
Pilots (IP), and between IP and PiP

Chair-rise test (sec) Mean difference between p-value

two programs (95%-Cl)

PM - PiP 12(-13;36) 0.713
PM - 1P -13(43;1.7) 0.854

IP - PiP 2.5(0.1;4.9) 0.035
Leg press strength (kg) Mean difference between p-value

two programs (95%-Cl)

PM - PiP 15.6 (-2.2;334) 0.106
PM - 1P -15.1 (-35.2;5.0) 0.209

IP - PiP 30.8(14.3,47.2) <0.001

Table 4 Results of chair-rise test (seconds) and leg press strength (kg) after 12 weeks in the intervention group of ProMuscle,
ProMuscle in Practice and the ProMuscle Implementation Pilots

Chair-rise test (sec) Complete cases Wk o Wk 12 Mean difference p-value
Mean £ SD Mean + SD +SD
Total N=121 145+49 130+ 44 -16+43 0.001
ProMuscle N=23 162 +7.6 142463 20£70 0.186
ProMuscle in Practice N=73 138+34 13.0+£34 -08+£29 0.019
ProMuscle Implementation Pilots N=25 148 +52 1154+49 -33+42 0.001
Leg press strength (kg) Complete cases Wk 0 Wk 12 Mean difference p-value
Mean £ SD Mean & SD +SD
Total N=123 129.1 £ 347 157.7 £45.7 28.6 £ 340 0.001
ProMuscle N=26 1273 £292 1599 + 388 326+2438 0.001
ProMuscle in Practice N=64 134.6 383 151.6 £40.3 17.0£23.2 0.001
ProMuscle Implementation Pilots N=33 1199 £ 295 167.6 582 478 £468 0.001
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Fig. 1 Effects after 12 weeks in chair-rise performance (A) and
leg press strength (B) for each of the interventions separately.
*Statistically significant effect after 12 weeks (p < 0.05). **Statistically

significant difference between two interventions (p < 0.05)

used training machines, and focused on the main muscle
groups.

Nutrition program All interventions focused on
increasing protein intake during the main meals.
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Differences

Exercise program Physiotherapists in IP included indi-
vidual intake consultations, whereas the other two inter-
ventions did not.

Nutrition program During PM, protein supplemented
beverages were provided for free. During PiP, a range of
protein-rich products were provided for free. During IP, no
food products were provided.

Adaptability Training sessions in the PM program
were conducted according to strict guidelines, whereas
the training intensity was adjusted when necessary in PiP
and IP. The latter program also offered additional exer-
cises based on capabilities of participants. PM included no
nutritional consultations. PiP included two individual con-
sultations with a dietitian and offered optional additional
phone contact. IP included a combination of group-based
meetings and individual consultations with a dietitian and
offered optional additional individual consultations.

Complexity During PM, researchers conducted the inter-
vention in a controlled setting and were not dependent on
collaborations with external parties. In PiP, professionals
were dependent on external parties for receiving materials
and baseline data, causing delays in the training schedule
of some participants. In IP, professionals are project leader
of the intervention implementation, and therefore less
dependent on others.

Cost In PM and PiP, older adults could participate for
free, whereas in IP, participants had to pay a monthly fee.
In PM and IP professionals could conduct the program
within their regular working hours, whereas some profes-
sionals in PiP could not (also due to the temporary char-
acter of the project).

Outer and inner setting
Similarities

Inner setting: Readiness for implementation: Profession-
als who conducted the intervention had access to materi-
als such as guidelines and training protocols.

Differences

Outer setting: External collaborations and poli-
cies 'There were no external collaborations during PM.
During PiP, researchers collaborated with the municipal
health service, sport facilities, care facilities and health
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Table 8 Characteristics of individuals of the three interventions: ProMuscle, ProMuscle in Practice and the ProMuscle Implementation

Pilots

Characteristics of individuals

ProMuscle ProMuscle in Practice

ProMuscle Implementation Pilots

Professionals m Researchers were skilled,

m Professionals had knowledge on the main

m Professionals were familiar with the content of

committed, and motivated to
conduct the intervention.
m Professionals conducted the

components of the program, were experienced
in working with the target group, and were moti-
vated to conduct the program.

the program, were experienced in working with
the target group, and were motivated to conduct
the program.

program for the first time.
first time.

Participants ~ mParticipants joined the
program voluntarily and were
motivated to participate in the
program.

m The social aspect of the
program was important to

participants.

m Professionals conducted the program for the

m Participants joined voluntarily and were moti-
vated to participate in the program.

m The social aspect of the program was important
to participants, and in some cases, participants
continued the training sessions after the interven-
tion (with the same group of participants).

m Most of the professionals had already con-
ducted the program several times and believed in
the working mechanism of the program.

m Participants joined voluntarily and were moti-
vated to participate in the program.

m Professionals indicated that some participants
lacked knowledge regarding the goal of the
program.

m Social interactions among older adults highly
stimulated participants to adhere to the program
and in some cases to continue the training
sessions after 12 weeks (with the same group of
participants).

care professionals. During IP, professionals collaborated
with the GP and medical practice assistant of GP, munici-
palities, the municipal health service, and professionals of
other physiotherapist practices.

Inner setting: Structural characteristics of organiza-
tion PM was conducted in the university, PiP in a
care institution, and IP in physiotherapist and dietitian
practices.

Inner setting: Networks & communications There were
no relevant communications during the PM program.
During PiP, communications between physiotherapists
and dietitians could have been improved in some cases.
During IP, communications between physiotherapists
and dietitians went well.

Inner setting: Implementation climate Implementation
was not a goal of PM. During the PiP program, some
dietitians experienced too little time to conduct the pro-
gram. During IP, conducting the program fell within reg-
ular working hours of professionals.

Inner setting: Readiness for implementation Dur-
ing the PiP program, some training rooms were not

suitable (noisy, not clean, or small) and issues with train-
ing machines occurred. During IP, a spacious and safe
training room with training machines was available.
During the PiP program, some professionals received
participant’s baseline and medical data too late, causing
delays or restrictions in the intervention. During IP, pro-
fessionals conducted baseline measurements themselves
and received medical data directly from the GP or the
participants.

Characteristics of individuals

Similarities
Professionals Researchers or professionals involved
were skilled and motivated to conduct the intervention.

Participants Participants joined the program voluntar-
ily and were motivated.

Differences

Professionals Researchers or professionals involved
in PM and PiP, conducted the intervention for the first
time. Most of the professionals involved in IP were expe-
rienced in conducting the intervention, as they already
conducted the program several times.
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Table 9 Process of the three interventions: ProMuscle, ProMuscle in Practice and the ProMuscle Implementation Pilots

Process
ProMuscle ProMuscle in Practice ProMuscle Implementation Pilots
Planning m Researchers created a m Researchers created a protocol for conducting the  m Professionals could use the protocol of ProMus-
and execut- protocol and conducted the  intervention, based on the protocol of ProMuscle. cle in Practice as an inspiration for conducting the
ing intervention according toit.  m Researchers trained professionals to conduct the intervention.
intervention. m Researchers trained professionals to conduct the
m Professionals adhered to the guidelines and intervention.
adjusted the training intensity when necessary (too m Researchers discussed the protocol for imple-
high/too low). menting the intervention with professionals and
discussed how this could be applied and adjusted
to their specific setting.
m Basic elements of the intervention remained
central, but there was room for own insights and
adjustments according to available facilities/
resources and capabilities of individuals.
Engaging  mResearchers conducted m Managers of care organizations chose to be involved = Physiotherapists chose to be involved in the pro-
the intervention themselves  in the project and looked for physiotherapists and ject and conducted the intervention themselves
(i.e, providing training ses-  dietitians within their organization who were willing  or instructed a colleague who was willing to be
sions). to practically conduct the intervention. involved.
m Physiotherapists recruited dietitians to conduct
the nutrition program of the intervention.
m A medical practice assistant of GP was involved
to facilitate recruitment of participants.
Participants Professionals of PM, PiP and especially of project and conducted the intervention themselves or

IP indicated that the social aspect of the training sessions
was very important to participants.

Process
Similarities

Planning and executing There was a protocol available
for conducting the intervention.

Differences

Planning and executing During PM, researchers con-
ducted the intervention strictly according to the proto-
col. During PiP, professionals adhered to the protocol
and adjusted the training intensity when necessary.
During IP, basic elements of the protocol remained
central, but professionals adjusted the intervention
according to their facilities and to the capabilities of
individuals.

Engaging During PM, researchers conducted the
intervention themselves. During PiP, managers of
care organizations chose to be involved in the project
and looked for physiotherapists and dietitians within
their organization to conduct the intervention. Dur-
ing IP, physiotherapists chose to be involved in the

instructed a colleague who was willing to be involved.
Physiotherapists involved a dietitian to conduct the
nutrition program.

Discussion

Effects on chair-rise test and leg press strength were not
only found in the controlled setting but remained present
in the real-life setting and were found to be even more
pronounced in the real-life setting of the implementa-
tion pilots. The fact that effects vary across settings can
be explained by several aspects, including the room for
adapting and tailoring the intervention (/ntervention
characteristics - adaptability), the availability of and
access to facilities (Inner setting - readiness for imple-
mentation), the involvement of experienced and inde-
pendent professionals (Characteristics of individuals
- professionals), and specific characteristics of the partici-
pants (Characteristics of Individuals - participants).

First of all, the experiences from a decade of working on
the ProMuscle interventions were used to continuously
develop and refine the intervention. It should be noted
that the interventions we included in the current study
are three successive rather than three separate interven-
tions. The intervention was translated from the con-
trolled to the practice setting. Continuous evaluation, in
cooperation with professionals and participants involved,
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facilitated ongoing development of the intervention [11,
19]. Although effects often fade away when implementing
an intervention in the real-life setting [13, 20], effects of
the ProMuscle interventions remained present after both
translation steps. This indicates that the development and
translation process of ProMuscle was successful. As the
three interventions slightly differ from each other, few
considerations regarding the comparability of the results
need to be addressed. First, it is important to notice that
instruction manuals for measurements were used in all
three studies to ensure standardisation. Besides, part of
the research team was involved in all three studies. In this
way, a proper transfer between the studies took place,
which contributed to maintaining the quality of the train-
ing sessions. In addition, it should be emphasized that
the core elements are similar in the three interventions.
Core elements include progressive resistance exercise,
mainly targeting the leg muscles, training in groups, and
increasing protein intake. The goal of using core elements
is to shift from a strictly manual focused intervention to
a more scalable and sustainable intervention that meets
the needs of the client majority. The use of core elements
allows professionals to use their own judgment in combi-
nation with broad guidelines in order to fit an interven-
tion to the client [21]. It is inevitable to slightly adjust the
content of the program when transferring from a con-
trolled to a practice setting, in order to fit the context.
This paper advocates continuous monitoring to be able to
indicate the effects of small adjustments.

As highlighted before, an essential step in transfer-
ring a health intervention from the controlled setting
to the practice setting is adaptation [22, 23]. Adapta-
tion includes adapting the intervention to fit a spe-
cific population or setting, and adapting intervention
delivery while retaining the basic components of the
intervention [24]. Ideally, adaptation proceeds via co-
creation, meaning that researchers collaborate with
local stakeholders and use their input to adapt the
intervention [22, 24]. Quantitative as well as qualita-
tive studies reported improved program outcomes and
better implementation if intervention providers made
small adaptations to the program [22]. This is in line
with our results, which show increased effects when the
intervention was adapted by professionals to the real-
life setting of the implementation pilots. This is due to
the fact that providers such as health care profession-
als are familiar with their community and are therefore
able to fit the intervention to the needs and prefer-
ences of the local community, also called tailoring [22].
Adaptability was present in PiP but more pronounced
in IP, which may have contributed to the difference
in effects between the interventions. In IP, individual
intakes facilitated tailoring of the intervention to the
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needs and capabilities of participants. A variety of
exercises was offered, and dietary advice included a
broad range of protein-rich food products, which made
the program appropriate for a diverse group of partici-
pants. Besides, physiotherapists and dietitians took the
activities of participants into account in order to fit the
training sessions and consultations into their agendas.
Systematic reviews also highlight the importance of
personalized modification. Tailoring the intervention to
the needs and capabilities of participants appeared to
be a key element for success in physical activity as well
as dietary interventions [25-28]. Besides, convenient
scheduling was indicated as an enabling factor for par-
ticipating in an intervention [25]. The results are in line
with the process evaluation of PiP, in which tailoring
and more variety in the intervention were highlighted
as important elements [19].

An important aspect regarding characteristics of indi-
viduals (professionals) is the involvement of experienced
professionals in delivering the intervention. The two
physiotherapists and dietitians that conducted IP were
already involved in the PiP study and could be indicated
as ‘first users’ or champions. Champions are individuals
that are dedicated to support the implementation and are
characterised by their perseverance and strong believe
in the intervention [2, 28, 29]. The involvement of cham-
pions, who are committed to and experienced with the
intervention is associated with the intervention’s success
[15, 31]. An important aspect related to the Inner setting
is readiness for implementation. A relevant part of this
aspect is the availability of and access to resources [15,
20]. Whereas during PiP physical space was sometimes
suboptimal and training machines and data of baseline
measurements were delivered too late, professionals of
IP had direct access to their own facilities, including a
spacious and safe environment with their own training
machines, and data of baseline measurements. As base-
line measurements were used as a starting point for the
training program, receiving the data too late caused some
delays in the PiP program. Other studies also indicate
factors such as the availability of facilities, a safe, accessi-
ble, and convenient physical environment, and the access
to documentation as enabling factors for intervention
implementation [15, 25]. The fact that experienced pro-
fessionals conducted IP independently, using their own
facilities, without large delays or constraints, contributed
to the intervention success and may partly explain the
larger effects in IP compared with PiP.

In addition, baseline characteristics of individuals
(participants) played a role in explaining intervention
effects. Whereas the PM study included a relatively low
number of female participants (36%), this number was
relatively higher in the PiP study (62%) and IP (80%). As



Dorhout et al. BMC Geriatrics (2022) 22:189

was reported in the in-depth analyses of the PiP study,
women benefited to a greater extent from the interven-
tion than men did [32]. The higher effects in IP could
partly be explained by its high number of female par-
ticipants, compared with the other two interventions.
When adjusting our model (GLM) for sex, the signifi-
cant effect of intervention setting remained present for
leg press effects but disappeared for chair-rise effects.
This implies that sex can partly explain the differ-
ences in effects on chair-rise performance between the
settings.

Although many studies have been tested for efficacy
in a controlled setting, few have been implemented
in practice or were scaled-up [23, 24]. This can be
described as the know-do gap, which reflects the gap
between what is known in research and what gets done
in practice [23, 33]. It indicates the need for studying
intervention implementation. Up till now, the inter-
vention was picked up by innovators and early adop-
ters, according to the diffusion of innovations model
[34]. Since IP showed positive results, it is time to
additionally reach the early and late majority. An
important point of attention of implementation, which
was also highlighted in IP, are the costs related to the
intervention, since financial aspects are often a barrier
in implementation [4]. To gain insight in such barriers,
but also enablers of implementation, and investigate
how to systematically implement and consequently
scale-up the ProMuscle intervention in the real-life
setting, we recently started with the ProMuscle Imple-
mentation study (PUMP-fit).

Several strengths and limitations should be pointed out.
A major strength of the intervention is its social aspect.
Although the ProMuscle interventions are aimed at
improving older adults’ muscle health and physical func-
tioning, a positive side-effect is the emergent of strong
social connections, a feeling of togetherness, new friend-
ships, and even new relationships. Besides, the social
aspect of the group training sessions highly motivated
participants to adhere to the intervention in all three
interventions, but especially during IP. Another major
strength is the gradual development of the ProMuscle
program. Continuous evaluation and development led
to an effective intervention which can be implemented
by professionals in the real-life setting. Only intervention
groups were included in this study. Normally, it would
not be suitable to highlight the intervention arms of these
three studies to compare its effects, since the studies
were not designed to be compared to each other. How-
ever, because the basic elements of the interventions are
similar and the interventions expanded on the previous
version, it provided us the unique opportunity to conduct
the current study. A limitation that should be indicated is
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the low number of interviews with professionals involved
in PM and IP. Consequently, the aspects highlighted from
the interviews might not be generalizable to other pro-
fessionals. To cover the opinion of a broader group on
aspects related to implementation, focus group discus-
sions and interviews are currently being conducted with
professionals.

In conclusion, although we expected effects to fade
away when implementing the intervention in the prac-
tice setting, the opposite appeared to be true. Effects of
the intervention appeared to be strongest in the real-
life setting of the implementation pilots. Specific con-
textual factors contributed to explaining the different
findings across settings. For an intervention to remain
successful in a new setting, it is essential to continu-
ously reassess, renew, and refine, while remaining the
intervention’s basic elements. To make sure health
promotion programs reach a wide population, future
studies should focus on systematic and sustainable
implementation of effective interventions in the real-
life setting.
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