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ABSTRACT

Introduction: The ProFit (Promote Fitness) study was a multi-component workplace environmental intervention
to enhance participants' physical activity (PA). This study utilized a dual approach to determine the intervention's
effects on MET-min/week and steps/week over time, and to evaluate whether the intervention effects differed based
on process evaluation scores (PES) in the ProFit study. Materials and methods: This six-month, two-group, parallel,
quasi-experimental study included 11 eligible workplaces, which were randomly assigned to either intervention
group (IG) or control group (CG) in a 1:1 ratio. Each group had 84 participants. The IG received intervention, while
CG maintained their usual routines. PA levels were measured at baseline, mid-intervention, and post-intervention
using the International Physical Activity Questionnaire and pedometers. Repeated measures ANOVA was employed
to analyze changes over time. PES for |G participants were calculated post-intervention to evaluate implementation
dynamics. Results: Although no significant differences were found between |G and CG over time, the IG demonstrat-
ed significant improvements in total MET-min/week (np*=0.031), housework-related PA (np?=0.101), and steps/week
(np?=0.827). The mean PES of 28.65 out of 35 indicated effective intervention implementation. Participants in the
high-PES category experienced significant increases in total steps/week (p<0.001) and total MET-min/week (p=0.039)
compared to those in the low-PES category. Conclusion: This intervention effectively improved PA levels in IG. Those
in the high-PES category achieved significantly better post-intervention outcomes. These findings highlight the ProFit
study's potential to promote PA and provide valuable insights for employers and researchers.
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INTRODUCTION

With the rise of digital technologies and the increased
use of computers in workplaces, white-collar employees
are increasingly spending more time on the screens and
less time participating in PA in their daily lives (1). In
Malaysia, one-third of working-age adults are physically
inactive (2), and a 2020 survey at the UNIMAS campus
revealed that around 10% of white-collar employees
were physically inactive, while approximately 60%
were minimally active (3). Physical inactive increases
the risk of noncommunicable diseases (NCDs) such
as cardiovascular disease, diabetes, and cancer (4).
In 2017, Malaysian working adults with these NCDs
contributed to an economic loss of approximately RM 12
billion (high estimate) due to labour productivity losses
(including absenteeism, presenteeism, or premature

death) and significantly increased healthcare costs to
treat these employees (5).

Many  environmental interventions have been
implemented in  workplace health  promotion
programmes (WHPPs) to increase PA levels among
working adults. Cochrane reviews have indicated that
single-component physical activity (PA) interventions
are less likely to yield long-term effects unless they
incorporate additional components that encourage
continued participation after the programme has ended
(6). Consequently, there is growing advocacy for multi-
component environmental interventions to promote
PA (7). This approach offered the participants greater
flexibility and comprehensiveness in the WHPPs, which
potentially leads to greater engagement and long-term
behaviour change (6). Hence, the ProFit (Promote
Fitness) intervention is particularly noteworthy in the
Malaysian context because it addresses the pressing
issue of physical inactivity among working adults, which
has pertinent health and economic implications. Also,
it underscores the effectiveness of multi-component
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interventions in promoting workplace PA, and the
findings not only provide a foundation for future research
in PA behaviour change, but also provide insights into
the mechanisms of sustained behaviour change.

In PA interventions, where implementation variability
impacts outcomes significantly, evaluating intervention
components and their delivery quality is necessary. To
fully understand the impact of the ProFit intervention,
this study employed a dual approach: The first aim of this
study was to determine the intervention effects on MET-
min/week and steps/week among the participants over
time; the second aim of this study was to evaluate if the
intervention effects differed based on process evaluation
scores (PES) in the ProFit study among white-collar
employees at a public university. While effect evaluation
measures the intervention's direct outcomes, such as
increases in MET-min/week and steps/week, process
evaluation examines the implementation dynamics,
such as participant engagement and adherence to the
intervention protocol. This dual approach is supported
by recent research, which suggests that understanding
the mechanisms that drive the intervention's results is
essential for replicating effective strategies and adapting
interventions to different workplace settings (8-11). By
evaluating both the effect and the process, the ultimate
goal of this study was to provide a comprehensive
evaluation that offers actionable insights for both
practitioners and policymakers seeking to promote PA
in the workplace.

MATERIALS AND METHODS

Study design and setting

This ProFit (Promote Fitness) study was implemented
from January to June 2022 at a public university in Kota
Samarahan, Sarawak, Malaysia. It was a six-month,
two-group, parallel, quasi-experimental study. A total
of 11 workplaces, comprising various departments
and faculties within a shared campus environment,
met the eligibility criteria for this study. These eligible
workplaces were characterised by similar architectural
features, including three-storey buildings with at least
four main staircases.

Randomisation

In this study, the 11 eligible workplaces were randomly
assigned to either the IG or CG in a 1:1 allocation ratio
using the Microsoft Excel programme. Notably, a set of
random numbers for the 11 workplaces was generated
using the Microsoft Excel RAND function. The five
workplaces with the highest random numbers were
assigned as the IG, while the remaining workplaces
were assigned as the CG.

Sample size

The sample size for this study was calculated using
the PS: Power-and-Sample-Size-Calculation software
(version 3.1). In a workplace environmental intervention

to enhance PA among white-collar employees, the
responses in each subject group were found to be
normally distributed with a standard deviation of 14.0
(12). This study utilised a two-sided significance level
of 0.05 and aimed for a power of 0.80. If the true
difference between the mean outcomes of the control
and intervention groups is 6.7, a sample of 70 subjects
per group is needed. Therefore, the study required at
least 140 participants in total. Additionally, taking into
account the average retention rate of around 80% in a PA
intervention (13), the initial sample size was increased
to accommodate a potential dropout rate of 20%.
Consequently, the study aimed to enrol 84 participants
in each group.

The rationale for integrating effect and process evaluation
Integrating effect and process evaluations in a single
study provides a deeper comprehension of how and
why specific outcomes are achieved. This dual approach
plays an essential role because it demonstrates the
connection between intervention fidelity, participant
engagement, and outcome effectiveness, providing
valuable insights for adapting and replicating effective
interventions. This approach has been supported by
previous studies, which have demonstrated that such
integrations improve the interpretation of intervention
results and better inform practice and policy (8-11).

PICO framework

The PICO framework (Participant, Intervention,
Comparison, Outcomes) was employed in this
intervention study to systematically describe the

study's components, ensuring clarity and structure in
the presentation of the research design and outcome
measures.

Participants (P):

In this study, white-collar employees aged between
20 and 60 years from the 11 eligible workplaces were
recruited based on their willingness to participate,
rather than through random sampling. Exclusion criteria
included employees who regularly worked from home
(more than two days per week), those planning to take
extended leave (exceeding two weeks), or those enrolled
in another fitness programme during the study period.
Additionally, individuals with any physical disabilities
or medical conditions that precluded participation in PA
were not included. Those already participating in other
health or fitness programmes were also excluded from
the sampling process. Furthermore, female staff who
were breastfeeding, pregnant, or planning pregnancy
within the next six months were omitted from the study.

Intervention (I): PA support component

The PA support component of this ProFit study
encompassed four elements, each uniquely designed
to promote PA among the study participants. First,
workplace cycling and parking areas intervention,
aimed to encourage active commuting. This could be
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achieved through the strategic placement of posters and
banners that motivate employees to park further from the
workplace, effectively increasing their walking distance.
The intervention also included encouragement for
cycling on campus, facilitated by the provision of bike
racks and dedicated bike lanes at workplace locations.

Second, elevator and stair intervention, which focused
on promoting the use of stairs over elevators. To this end,
point-of-decision prompts were placed strategically in
front of elevators, urging employees to opt for stair use.
Moreover, all staircases were made easily identifiable
and accessible: doors were clearly marked 'stairs', kept
unlocked, and the internal floor numbers were labelled
for easy navigation. Importantly, no warning or caution
signs were placed on these doors, and no exits were
restricted, ensuring an unimpeded and inviting stair
usage experience.

Third, the university's sports centre intervention,
leveraged the university's sports centre to encourage
employees' participation in PA. This was facilitated
by displaying posters and banners in common areas,
advocating the use of the sports centre. The sports
centre was equipped with showers and changing rooms
to accommodate employees, and offered a range of
facilities including badminton courts, tennis courts, and
an artificial lake for kayaking, thereby providing diverse
options for engaging in PA.

Fourth, promotional posters and banners, which
consisted of displaying motivational posters and
banners throughout common workplace areas. These
posters, placed at strategic locations such as entrances,
offices, pantries, beside water dispensers, bulletin
boards, corridors, and toilets, were imbued with health
messages and time management tips. Their purpose was
to inspire and enable participants to effectively manage
their PA behaviours, integrating PA seamlessly into their
daily routines.

Intervention (I): Organisational support component
The organisational support component of the ProFit
study included two key elements designed to foster a
supportive environment for PA among employees. First,
written workplace physical fitness policies. This element
played a pivotal role in establishing a formal framework
supporting employees' physical fitness. It involved
developing and implementing written policies dedicated
to employees' physical fitness. These policies must not
only be documented but also actively disseminated
among the employees, ensuring widespread awareness
and adherence. The policies should be prominently
displayed in common areas or communicated through
other effective channels within the workplace, thereby
ingraining a culture of fitness and health within the
organisational ethos.

Second, the PA promotion programme, this element

involved distributing videos that promoted PA and
stretching exercises. Banners advocating for the 'X-Break'
stretching exercises were also displayed in common
areas of the workplace to combat sedentary behaviour.
Furthermore, this element encompassed monthly virtual
step challenges, encouraging employees to participate
in healthy competition by tracking and increasing their
daily step count. To reinforce positive PA behaviours
and achievements, certificates were awarded to those
who successfully achieved a minimum of 50,000 steps
over a period of seven consecutive days at each data
collection point. This approach not only provided
recognition but also served as a motivational tool for
continued engagement in PA.

Comparison (C):

Over the course of the six-month intervention, the 1G
was exposed to both the PA support component and
the organisational support component. Meanwhile,
the control group (CG) maintained their regular daily
activities throughout the study period.

Outcomes (O): Intervention effects

We collected data on sociodemographic characteristics
including age, gender, nationality, educational level,
marital status, primary job scope, and household
monthly income. Additionally, height and weight were
measured to calculate the Body Mass Index (BMI) of
participants. These variables were essential for ensuring
the comparability of 1G and CG and determining the
generalisability of our study findings.

The pedometer (Omron HJ-105), known for its
affordability, compactness, and reliability in measuring
walking in free-living conditions (14), has an intra-model
reliability of 0.99, as demonstrated in previous research
(15). The use of pedometers in various research settings
for step counting is well-documented (16). Participants
in this study were instructed to carefully document
their daily step counts for seven consecutive days. The
pedometer was to be securely clipped to a belt during
waking hours, except when sleeping or engaging in
water-based activities. Daily recordings of more than
1,000 steps were considered valid data during the data
validation phase (17).

In this study, the participants' MET-minutes per week
were assessed using the International Physical Activity
Questionnaire (IPAQ) long form, a 27-item self-
administered questionnaire with a test-retest reliability
of 0.80. The IPAQ captured the intensity, duration,
and frequency of PA over the preceding week across
four domains: work-related, transportation-related,
housework-related, and leisure-time PA. For each
domain, the intensity, duration, and frequency of PA
were calculated and aggregated to yield the domain-
specific MET-min per week. The total MET-min per
week was calculated by adding the values from all four
domains.
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Outcomes (O): Process evaluation

The process evaluation was conducted in line with
the model proposed by Saunders et al. (2005), which
focuses on evaluating the processes of health behaviour
promotion interventions (18). The model encompasses
six key elements: reach (the level of participation), dose
delivered (the quantity of intervention implementation),
fidelity (the quality of intervention implementation),
dose received (the degree of active engagement and use
of materials and resources by participants), context (in
which this intervention was conducted), and satisfaction
(the participants' level of satisfaction). The process
evaluation questions for this ProFit study were derived
and adapted from a validated questionnaire used in
evaluating PA intervention research (19). Notably, the
'reach' element primarily contributed to determining the
response rate in participation and was not incorporated
into the process evaluation questions.

Table | depicts the process evaluation of this ProFit
study. The five key elements included were: Dose
delivered, evaluating seven items regarding the delivery
of intervention such as pre-intervention briefings and
various support elements, scored as either 'Delivered
= 1' or 'Otherwise = 0'; Fidelity, evaluating six items
regarding the implementation of the intervention
as planned, with similar scoring; Dose Received,
consisting of 15 items to gauge participant awareness
and engagement with the intervention elements, again
scored as 'Yes = 1' or 'No = 0'; Context, comprising
two items to determine the adequacy and usefulness
of health promotion materials; and Satisfaction, with
five items evaluating participants' ease of following
the program, understanding of materials, enjoyment,
perceived benefits, and intention to continue with the
programme.

Table I: Overview process evaluation questions (total 35 items) and scoring, to calculate the PES.

Process evaluation questions and scoring

Post-intervention

Dose delivered: 7 items (Score: 1 = Delivered; 0 = Otherwise)

Delivered (%)

1) Pre-intervention briefing 100.0
2) Workplace cycling and parking areas* 100.0
3) Stair and elevator* 100.0
4) University’s sports centre* 100.0
5) Poster/banner promoting physical activity* 100.0
6) Written workplace physical fitness policies 0.0
7) Physical activity promotion programme 100.0
Fidelity: 6 items (Score: 1 = Implemented as planned; 0 = Otherwise) Implemented (%)
1) Workplace cycling and parking areas* 100.0
2) Stair and elevator* 100.0
3) University’s sports centre* 100.0
4) Poster/banner promoting physical activity* 100.0
5) Written workplace physical fitness policies 0.0
6) Physical activity promotion programme 100.0
Dose received: 15 items (Score: 1 = Yes; 0 = Otherwise) Yes (%)
1) Have you been briefed on all components of this intervention study? 100.0
2) Alre y(;u aware of the banners/posters at the faculty entrance encouraging you to park further away from the work- 96.0
place?
3) Are you aware of the banners/posters at the faculty entrance encouraging you to cycle on campus and join the
UNIMAS cycling club? 90.7
4) Are you aware of the point-of-decision prompts in front of the elevator encouraging you to take the stairs? 92.0
5) Are you aware of the staircase doors marked ‘stairs?’ 89.3
6) /-\re_ you aware of the banners/posters at the faculty entrance encouraging you to use the Arena Tun Tuanku Haji 90.7
Bujang?
7) Are you aware of t‘he banpers/po'ste'zrs at the workplace promoting self-regulated learning strategies and encouraging 933
you to participate in physical activity?
8) Do you know about the written policy statement promoting employees’” physical fitness at your workplace? 0.0
9) Did your boss inform you about the policy promoting employees’ physical fitness? 0.0
10) Are you aware of the Virtual Steps Challenges? 100.0
11) Are you aware of the banners/posters at the workplace promoting stretching exercises (X-Break)? 96.0
12) Have you received a Google Drive link (via email) to watch the videos promoting stretching exercises (X-Break)? 100.0
13) Have you watched all the videos (X-Break)? 73.3
14) Have you received a Google Drive link (via email) to watch the videos promoting physical activity? 100.0
15) Have you watched all the videos (promoting physical activity)? 77.3
Context: 2 items (Score: 1 = Yes; 0 = Otherwise) Yes (%)
1) Are the health promotion materials provided adequate? 80.0
2) Are the health promotion materials useful in encouraging you to participate in physical activity? 77.3
CONTINUE
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Table I: Overview process evaluation questions (total 35 items) and scoring, to calculate the PES. (CONT.)

Process evaluation questions and scoring

Post-intervention

Satisfaction: 5 items (Score: 1 = Yes; 0 = Otherwise)
1) Do you think the program’s components are easy to follow?

2) Do you think the health promotion materials are easy to understand?

3) Do you enjoy the programme overall?
4) Is the programme beneficial to your physical activity behaviours?

5) Will you continue with the programme to live a more active lifestyle?

Yes (%)
93.3
86.7
84.0
73.3
72.0

Footnote:
* Physical activity support component.
Organisational support component.

PES = process evaluation score. The PES reported a mean score of 28.65 out of 35 at the post-intervention time point. The IG participants were divided into high PES and low PES categories

based on the mean score.

The ProFit study's process evaluation questionnaire, as
shown in Table I, included 35 items across five key
elementstocalculatethe PES, withamaximumachievable
score of 35 points. The PES for each participant in the IG
was calculated at the post-intervention time point, with
higher scores indicating more effective implementation
of the intervention. The average PES (mean PES) for all
IG participants was then determined. This mean PES
served as a benchmark to categorise IG participants
into two categories: those scoring above the mean were
categorised as 'High PES', while those scoring below
were categorised as 'Low PES'. Additionally, the CG was
added as a third category to determine the impact of PES
on PA engagement. This was measured in terms of total
step change and MET-min change, with each variable
calculated as the difference between the values at post-
intervention and baseline. This approach enabled a
comprehensive analysis of the impact of PES across the
three categories: High PES, Low PES, and Control.

Contamination prevention

Drawing on contamination prevention methods
suggested by Magill et al. (2019), our study implemented
several strategies to minimise contamination risks
between CG and I1G. Whilst this ProFit study was carried
out within a shared campus environment, the workplaces
of the IG and CG were situated in distinct buildings.
Additionally, briefing sessions were held separately for
each group to prevent potential interactions between
IG and CG participants (20). Moreover, |G participants
were mandated to sign a commitment form ensuring the
confidentiality of intervention materials and to refrain
from participating in any other fitness programmes for
the duration of the study. The distribution of intervention
materials was rigorously managed to prevent any
sharing of information between |G and CG participants.
Furthermore, researchers involved in the intervention
avoided interacting with CG participants, and
interactions with CG were standardised using a script
throughout the study to avoid revealing intervention
details (20). The CG participants were also required to
return the pedometers after each data collection time
point. These proactive measures, guided by established
research, are expected to mitigate contamination risks
and thus bolster the validity of the study's outcomes.

Statistical analyses
The sociodemographic characteristics of the sample,

including age, sex, nationality, educational level,
marital status, primary job scope, household monthly
income, BMI, total steps, and total MET-minutes, were
characterised using descriptive statistics and presented
as either frequency (%) or mean with standard deviation.
To ascertain if there were any pre-existing differences
between the intervention and control groups at baseline,
we conducted independent sample t-tests using the
IBM Statistical Package for the Social Sciences (SPSS)
software, Version 22.

In line with our first study objective, we employed
Repeated Measures Analysis of Variance (RM-ANOVA)
to determine whether the means of the dependent
variables (total steps and MET-min per week) had
changed significantly over time. Upon verifying the
assumptions required for RM-ANOVA, our analysis
began by examining the interaction effect (time Y
group). If this interaction effect was not statistically
significant, we reported the main effect. Conversely,
if significant, simple effect tests were applied to each
'‘group' to determine the significance of mean differences
in the dependent variable across different 'time' points.
The statistical significance level was set at p < 0.05
(two-tailed) in mean difference analyses. Effect sizes,
measured by partial eta-squared (np?), were classified
as small (np? < 0.06), medium (0.06 < np? < 0.14), or
large (np? > 0.14). Statistically significant main or simple
effects led to the application of Bonferroni post hoc
tests to determine the origins of these significant mean
differences.

In alignment with our second study objective, we
conducted a one-way Multivariate Analysis of Variance
(MANOVA) after confirming the necessary assumptions.
This analysis was employed to determine mean
differences among the three PES categories: High PES,
Low PES, and Control. Focusing on two key dependent
variables—total step change and MET-min change—
each was calculated as the difference between the post-
intervention and baseline values. The use of MANOVA
allowed for a simultaneous evaluation of these variables,
providing an in-depth analysis of the PES impact across
the various categories. For the MANOVA, we established
a statistical significance threshold at p < 0.05 (two-tailed)
for analyses of mean differences. Where significant mean
differences among categories were observed, Bonferroni
post hoc analyses were applied to better understand
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specific contrasts among the PES categories.

Ethical Clearance

We obtained approval from the UNIMAS Medical and
Ethics Committee on 6 April 2021, reference number:
UNIMAS/NC-21.02/03-02 JId.5.(73).

RESULTS

Participant flow

The CONSORT flow diagram is shown in Figure 1. After
a 1:1 random assignment of workplaces into the 1G and
CG, we distributed 220 printed recruitment adverts.
From these, 84 eligible participants were recruited
voluntarily into each group, achieving a response rate of
76.4%. By the time of post-intervention, 75 participants
(89.3%) from the IG and 73 participants (86.9%) from
the CG remained engaged in this ProFit study.

Enrolment Workplaces on a public university campus
(n=11)
(n=11)

Workplaces allocated to
control group

Workplaces allocated to
intervention group

(n=5) (n=6)
v N
Staff agreed to participate. staff agreed to participate.
(n=87) (n=89)
Excluded: Exculded:
- Not meeting criteria. l< > - Notmeeting criteria.
(n=3) (n=5)
Participants allocated to Participants allocated to
Intervention group control group
(n =84) (n =84)
7z
Third- Discontinued: Discontinued:
month - Sports injury (n = 2) - Pregnant (n=1)
follow-up - Lost interest (n = 3) - Joined fitness classes (n = 4)
Sixth- Discontinued: Discontinued:
month - Pregnant (n = 1) - Transferred (n = 1)
follow-up - Transferred (n = 1) - Sick leave (n = 2)
- sick leave (n = 1) - Vacation leave (n = 2)
- Vacation leave (n = 1) - Joined fitness class (n = 1)

Completed study Completed study
(n=75) (n=73)
Analysed Analysed
(n=75) (n=73)

Figure 1: The CONSORT flow diagram for this study.

Analysis

This diagram illustrates the flow of participants through
each stage of a randomized controlled trial conducted
across 11 workplaces on a public university campus. The
trial aimed to evaluate the effectiveness of an intervention
implemented in five workplaces (intervention group)
compared to six workplaces (control group). Initial
enrolment included 87 staff members in the intervention
group and 89 in the control group. After exclusions,
84 participants remained in each group. The diagram
details the attrition at the third and sixth-month follow-
ups, with final analysis completed on 75 participants
from the intervention group and 73 from the control

group.

Descriptives

As shown in Table I, the average age of participants
in the IG was 38.36 years (SD = 8.04), compared to
40.26 years (SD = 6.85) in the CG, with no significant

age difference between the groups (t (146) = -1.546, p =
0.124). The majority of participants in both groups were
female (68.0% in IG, 71.2% in CG), Malaysian (98.7%
in 1G, 98.6% in CG), married (77.3% in |G, 75.3% in
CQ), tertiary or higher educated (77.3% in 1G, 71.3%
in CG), and held administrative job roles (88.0% in
IG, 95.9% in CG). Also, the distribution of household
monthly income did not differ significantly between the
IG and CG, as indicated by similar proportions across
each category: low (22.6% in 1G, 19.2% in CG), middle
(61.4% in1G, 63.0% in CG), and high (16% in1G, 17.8%
in CG). Additionally, we compared BMI, total steps,
and MET-min per week between the IG and CG. No
significant differences were observed in these variables,
as evidenced by independent sample t-test results with
p-values exceeding 0.05.

Table 11I: The sociodemographic characteristics and the
statistical differences between the means of the groups at
baseline (n = 148)

IG (n =75) CG (n=73)
oy Mean oy Mean df t p
n (%) sp) " (%) (SD)
38.36 40.26 1.5 0.1
Age (year old) (8.04) 6.85 '*° 46 24
Sex
Female > >2
(68.0) (71.2)
24 21
Male (32.0) (28.8)
Nationality
. 74 72
Malaysian (98.7) (98.6)
. 1 1
Otherwise (1.3) (1.4)
Educational level
Tertiary or 58 52
higher (77.3) (71.3)
17 21
Secondary (), ;) (28.7)
Marital status
. 58 55
Married (77.4) (75.3)
. 17 18
Otherwise (22.6) (24.7)
Primary job scope
.. 66 70
Administrator 88.0) (95.9)
.. 9 3
Academician (12.0) @.1)
Household monthly income (RM)*
Low 17 14
(22.6) (19.2)
. 46 46
Middle (61.4) (63.0)
. 12 13
High (16.0) (17.8)
28.16 28.84 -0.7 0.4
2\t
BMI (kg/m?) (4.98) (5.65 14 77 39
459 4764
55.17 9.92 -0.5 0.5
Total step (178 (168 14® 94 33
11.94) 73.48)

CONTINUE
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Table 11: The sociodemographic characteristics and the
statistical differences between the means of the groups at
baseline (n = 148). (CONT.)

IG (n=75) CG(n=73)

Mean Mean df t p

0y 0y

n ( /o) (SD) n ( /o) (SD)
198 220

. 6.62 5.75 -1.0 0.3

Total MET-min (138 (125 146 08 15
1.21) 8.97)
194 203

.06 621 -0.5 0.6

WR (111 (116 %% 08 12
.87) .94)
105 115

.20 .86 -0.7 0.4

TR (101 72 140 34 o
.35) .35)
809 944

.07 .93 -1.4 0.1

HR (653 (453 146 66 45
.72) 31)
878 941

.29 .34 -0.4 0.6

LT (881 (125 146 36 63
.04) 8.97)

*Household monthly income classification in Malaysia: low-income is less than RM4851,
middle-income is RM4851 to RM10970, high-income is greater than RM10970.

Total step = Total step/week; Total MET-min = Total MET-min/week; WR = Work-related
MET-min/week; TR = Transportation-related MET-min/week; HR = Housework-related MET-
min/week; LT = Leisure-time MET-min/week; |G = Intervention group; CG = Control group.

Implementation of the Intervention

The implementation of the ProFit study was assessed
using the process evaluation questions detailed in
Table 1. While the IG workplaces showed interest in
developing physical fitness policies, they were unable
to do so within the study's timeframe. Except for the
written workplace physical fitness policies, which were
not delivered or implemented as planned, all other
elements achieved a 100% delivery and fidelity rate. In
terms of 'dose received,' most elements were received
by over 80% of participants, though only 73.3% and
77.3% viewed all the videos on stretching exercises

and promoting PA. Regarding 'context,' 80% found
the materials adequate and 77.3% found them useful
for encouraging PA. For 'satisfaction,' more than 80%
of participants reported that the programme was easy
to follow, the materials were comprehensible, and
they overall enjoyed the programme. Furthermore,
73.3% acknowledged the intervention's benefits to
their PA behaviours, and 72% expressed intentions to
maintain an active lifestyle. Overall, the intervention's
implementation was successful (21), as indicated by the
PES, which reported a mean of 28.65 out of 35 at post-
intervention. Participants were categorised into High
PES and Low PES groups based on this mean score.

Intervention effects

Table Il presents the RM-ANOVA results used to evaluate
the intervention's effects on PA over time. A significant
interaction between time and group was noted for the
total steps per week. This was particularly evident in the
IG, which exhibited notable variations, highlighted by a
large effect size (np? = 0.827). Bonferroni post hoc tests
revealed significant changes within the IG atall measured
intervals. Additionally, the main effect of time revealed
a significant change in total MET-min/week with a
small effect size (np* = 0.031). Bonferroni post hoc tests
indicated that the 1G experienced significant increases
in MET-min/week from the baseline to mid-intervention,
and again from the baseline to post-intervention.
Moreover, there was a significant interaction between
time and group for housework-related MET-min/week
with the 1G showing statistically significant differences
over time, corresponding to a medium effect size (np* =
0.101). Bonferroni post hoc analyses demonstrated that
the 1G experienced significant increases in housework-
related MET-min/week from the baseline to the mid-
intervention, and once more from the baseline to the
post-intervention.

Table I1I: The inferential statistics of RM-ANOVA tests for the outcome variables in the total sample (n = 148).

Baseline Mid-interv. Post-interv. p value
Group Mean (SD) Mean(SD) Mean (SD) Time Time x Group
Total step 1G 45955.17 (17811.94) 49169.57 (17966.07) 48319.79(17988.08) <0.001 <0.001
CG 47649.92 (16873.48) 47786.95(16820.55) 47562.37(16764.65) r]p2 =0.827
Total MET-min 1G 1986.62 (1381.21) 2222.29 (869.66) 2171.66(897.53) 0.026 0.071
CG 2205.75 (1258.97) 2244.13(803.56) 2193.56(846.66) r]pz: 0.0315
WR 1G 194.06(111.87) 200.90(109.16) 199.38(111.19) 0.627 0.375
CG 203.62(116.94) 202.78(119.60) 200.45 (111.01)
TR 1G 105.20 (101.35) 108.97(84.52) 105.01(89.15) 0.545 0.821
CG 115.86(72.35) 115.95(66.97) 113.16(64.08)
HR 1G 809.07(653.72) 963.73(373.94) 943.47(377.58) 0.001 0.013
CG 944.93(453.31) 970.96(342.52) 948.77(348.03) r]pZ =0.101
LT 1G 878.29(881.04) 948.69(478.24) 923.81(499.87) 0.443 0.564
CG 941.34(877.09) 954.44 (478.11) 931.19 (539.84)

Footnotes:

The main effect test on physical activity between the intervention and control groups over time.
$The simple effect test on physical activity in the intervention group over time.
Total step = Total step/week; Total MET-min = Total MET-min/week; WR = Work-related MET-min/week; TR = Transportation-related MET-min/week; HR = Housework-related MET-min/week;
LT = Leisure-time MET-min/week; IG = Intervention group; CG = Control group; Interv. = Intervention.
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Process evaluation results

A one-way MANOVA was conducted to investigate the
impact of PES categories on the combined dependent
variables of total step/week change, total MET-min/week
change, and housework-related MET-min/week change.
The PES categories consisted of Control, Low PES, and
High PES. There was a significant multivariate main
effect for the PES category, Wilks' Lambda = 0.252, F
(6, 286) = 47.345, p < 0.001, np? = 0.498, suggesting a
large effect size in PA changes among the PES categories.
Table IV summarises the impact of the PES category on
changes in PA, specifically total step/week change, total

MET-min/week, and housework-related MET-min/week,
as analysed via a One-Way MANOVA. The analysis
revealed that the PES category had a significant influence
on total step/week, F (2, 145) = 205.726, p < 0.001,
with a large effect size (np? = 0.739). Furthermore, a
significant effect of the PES category was noted on total
MET-min/week change, F (2, 145) = 4.895, p = 0.009,
with a medium effect size (np? = 0.063). Additionally, a
significant effect of the PES category was observed on
housework-related MET-min/week change, F (2, 145) =
3.473, p = 0.034, albeit with a small effect size (np? =
0.046).

Table I'V: Summary of One-Way MANOVA for PES category on total step/week change, total MET-min/week change, and house-

work-related MET-min/week change.

Source Dependent Variables Type 11l Sum of Squares df Mean Square F Sig. n,’
PES category  Total step change 260892052.138 2 130446026.134 205.726 <0.001 0.739
Total MET-min change 4045149.282 2 2022574.641 4.895 0.009 0.063
HR change 779410.741 2 389705.370 3.473 0.034 0.046
Error Total step change 91941019.341 145 634075.995
Total MET-min change 59917785.448 145 413226.107
HR change 16268189.257 145 112194.409

Footnote:

Total step change = Total step/week change; Total MET-min change = Total MET-min/week change; HR change = Housework-related MET-min/week change; PES = process evaluation score

Table V shows the findings of the post hoc comparisons,
conducted using the Bonferroni correction method,
to determine the changes in total step/week from the
baseline to post-intervention. Participants categorised
under the high PES showed a substantial increase in
total steps when compared to both the CG and those
in the low PES category. The mean difference (MD) was
2795.171 steps when compared to the CG (p < 0.001),
and 1837.552 steps when compared to the low PES
category (p < 0.001). Additionally, the low PES category

recorded a significant step count increase of 957.619
steps in contrast to the CG (p < 0.001). These findings
indicate that individuals with a higher PES significantly
increased their step count. As depicted in Figure 2a, the
progression of estimated marginal (EM) means of total
step/week from baseline to post-intervention shows
a positive trend for both high and low PES categories.
Notably, the high PES category showed the greatest
increase. Contrastingly, the CG total steps remained
relatively stable.

Table V: Bonferroni post hoc test for multiple comparisons of total step/week change, total MET-min/week change, and
housework-related MET-min/week change at different PES categories.

Dependent Variable  PES (category) (I)  PES (category) (J) Mean Difference (I-))  Std. Error Sig. 95% Cl
Lower Upper
Total step change Low PES Control 957.619 232.330  <0.001 394.900  1520.339
High PES Control 2795171 138.133  <0.001 2460.603 3129.738
High PES Low PES 1837.552 235.978  <0.001 1265.995 2409.108
Total MET-min change Low PES Control -191.886 187.555 0.924 -646.158 262.385
High PES Control 286.529 111.512 0.034 16.440 556.618
High PES Low PES 478.416 190.500 0.039 17.010 939.821
HR change Low PES Control 37.593 97.728 1.000 -199.112 274.298
High PES Control 151.902 58.105 0.030 11.168 292.636
High PES Low PES 114.309 99.263 0.754 -126.113 354.731

Footnote:

Total step change = Total step/week change; Total MET-min change = Total MET-min/week change; HR change = Housework-related MET-min/week change; PES = process evaluation score.

In terms of total MET-min, statistically significant gains
were also noted for the high PES category relative to
both the CG and the low PES category. The MD was
286.529 MET-min when compared to the CG (p =
0.034), and 478.416 MET-min in comparison to the
low PES category (p = 0.039). These findings suggest
that individuals in the high PES category participated
more in activities that accumulated MET-min. However,
the difference between the low PES and CG was not
statistically significant. Figure 2b presents the EM

means of total MET-min/week, categorised by PES,
from baseline to post-intervention. While a decline was
observed in the CG and low PES categories, the high PES
category's mean MET-min/week increased significantly,
suggesting enhanced overall PA.

Furthermore, the high PES category experienced a
significant increase in housework-related MET-min in
comparison to the CG, with an MD of 151.902 MET-
min (p = 0.030), underscoring the effectiveness of the
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intervention in enhancing PA within this domain for those
with a high PES. Meanwhile, the comparison between
the high and low PES categories, as well as between
the low PES and the CG, did not reveal significant
differences. Figure 2c shows the changes in housework-
related MET-min/week, comparing baseline and post-
intervention data across the different PES categories. The
high PES category demonstrated a notable increase in
housework-related PA. In contrast, the CG and low PES
categories remained relatively stable, suggesting that
the level of engagement in the intervention is crucial in
influencing changes in PA related to housework.
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Figure 2: Estimated Marginal (EM) Means for physical activity
measures, stratified by PES categories, from baseline to post-
intervention.

(a) Figure 2a: The figure presents the EM Means of total
steps/week, illustrating a comparison between control,
low-PES, and high-PES categories from baseline to post-
intervention. The high-PES category demonstrates a
significant increase in total steps post-intervention.

(b) Figure 2b: This figure displays the EM Means of
total MET-min/week. The high-PES category shows
a substantial rise in MET-min from baseline to post-
intervention, contrasting with the stable or declining
trends observed in the control and low-PES categories.
(c) Figure 2c: This figure depicts the EM Means of
housework-related MET-min/week, stratified by PES
categories. The high-PES category shows a significant
increase in housework-related PA following the
intervention, while the control and low-PES categories
show little change.

DISCUSSION

In this study, participants were recruited from eligible
workplaces that met the same selection criteria, and they
shared a campus environment before the intervention,
which is likely to have reduced variations in workplace-
related health disparities. This uniform setting, coupled
with the fact that the majority of IG and CG participants
were female, Malaysian nationals, married, had at least
tertiary education, worked in administrative roles, and
earned a middle to high income, suggests that social
determinants did not have a disproportionate influence
on intervention outcomes, thereby supporting the study's
validity. Moreover, the findings of the independent
sample t-tests presented in Table Il indicate that the IG
and CG were comparable at the outset in terms of age,
BMI, step/week, and MET-min/week in four domains,
affirming the initial equivalence of the groups before the
commencement of the intervention.

The aim of this study was twofold. The first aim was to
evaluate the intervention effects on the participants' PA
(step/week and MET-min/week) over time. The second
aim of this study was to evaluate whether higher PES
category results in greater intervention effects on the
participants. In a previous multi-component intervention
aimed at enhancing PA within the workplace, 'step
challenges' were introduced to stimulate an increase
in walking, accompanied by educational sessions to
heighten awareness of the health advantages associated
with regular PA. Additionally, prompts and signs were
strategically positioned throughout the workplace's
common areas to prompt employees to increase their
daily step count. These approaches yielded a marked
increment in daily steps within the IG, as evidenced
by a large effect size (22). Similarly, the current ProFit
study indicates a notable change in the total step/week
for the IG, again with a large effect size. When it comes
to the MET-min/week, this study observed a medium
effect size in the rise of housework-related MET-min/
week in the IG, unlike leisure-time MET-min/week,
which remained unchanged. A possible explanation
for these outcomes could be the sex composition of the
participants, with a higher representation of females
in both the 1G (68%) and the CG (71%). It aligns with
previous research indicating that in Sarawak, females
tend to be more active in housework-related PA, whereas
males lean towards work-related and leisure-time PA
(23). Therefore, considering the sex distribution in this
study, it is plausible that the 1G's significant temporal
increase in MET-min/week was driven by an increase in
housework-related PA rather than PA in other domains.
Additionally, the context of Sarawak entering Phase 4 of
the National Recovery Plan in January 2022 should be
considered. With the prohibition of close-contact sports
within the community, such as swimming, basketball,
and football, individuals had limited avenues for
outdoor PA. This restriction may have resulted in an
increase in housework-related PA as an alternative to
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limited outdoor leisure activities (24). In this study,
despite the absence of significant differences between
the IG and CG across the intervention effects, the 1G
performed significantly better over time as evidenced
by the positive intervention effects in total step/week,
total MET-min/week, and housework-related MET-
min/week. Meanwhile, given the varying effect sizes,
the intervention effects in this study warrant a prudent
interpretation.

It is noteworthy that not all activities in the 1G were
delivered and implemented as planned in this study.
The IG workplaces failed to develop and implement
the physical fitness policies within the study timeframe.
Previous research has shown that workplace policies
that support employees to engage in PA play a pivotal
role in facilitating them to do so (25). For example,
implementing policies for PA breaks or sit-stand
workstations can encourage employees to take stretching
breaks or alternate between sitting and standing while
working. Supportive workplace policies for PA also
reported a positive association with workplace or work-
break PA (25). Despite these insights, the feasibility
and effectiveness of implementing a policy statement
to promote physical fithess among employees in
workplaces remain unknown from this study. Future
research should explore strategies to implement policy
statements supporting employees' physical fitness,
which could potentially boost intervention effectiveness.

When it comes to the 'dose received' in this intervention,
only 73.3% and 77.3% of 1G participants, respectively,
watched all of the videos on stretching exercises and
promoting PA. These PA promotion videos sourced from
the 'Info Sihat' website (26), with viewing rates below
80% in this study, could be attributed to their old-
fashioned content and unengaging style, which fail to
capture the interest of some participants. While health
educational materials like videos and graphically-
designed informational messages typically serve as part
of a multi-component intervention tool, rather than
standalone elements (27), integrating these materials
into health intervention programmes is deemed effective
in influencing social norms and providing health
awareness among the participants (28). Nonetheless, the
potential intervention effect of higher video engagement
in this study has yet to be determined. In future research,
refining video content to boost appeal and engagement
could be a valuable strategy to increase viewing rates
among participants.

In the context and satisfaction evaluation of this
intervention, it was found that 77.3% of participants
deemed the health promotion materials effective for
promoting PA. Additionally, 73.3% reported benefits in
their PA behaviours, and 72.0% expressed intentions to
maintain an active lifestyle. These results indicate that
while a majority of participants valued the program,
a significant minority were less convinced of its long-

term benefits. This highlights the need for enhancing
motivational aspects and identifies areas for potential
improvements to elevate overall participant satisfaction.
Exercise Booster Sessions (EBS), typically conducted
by counsellors using a motivational interviewing (M)
approach, offer a goal-oriented and participant-focused
method of communication. This approach emphasizes
empathetic listening and empowers participants to
embrace change. During EBS, participants engage in
discussions about their PA experiences, motivations,
barriers, goals, and strategies for relapse prevention
(29). Moreover, a 'mini EBS' through technologies like
WhatsApp, can enhance engagement and motivation,
offering real-time feedback, personalized advice, and
activity tracking resources. EBS can be carried out
regularly throughout interventions to sustain the positive
effects of PA and motivate continued engagement post-
intervention (30).

Literature encompassing more than 500 studies suggests
that perfect implementation is an unrealistic expectation
(31); an implementation level of 60% is typically
regarded as positive (31), while surpassing 80% is
considered good (21). The overall implementation
level in this study was 81.8%, calculated by dividing
the mean PES score of 28.65 by the maximum possible
score of 35, indicating successful implementation.
The findings in this study partially supported our
hypothesis that a higher PES category would result in
greater intervention effects on participants over time.
The high PES category improved significantly more
than the CG, as evidenced by improved results in
total step/week, total MET-min/week, and housework-
related MET-min/week. This significant improvement
is consistent with our understanding of behavioural
change, in which increased process engagement leads
to improved PA outcomes (31). Furthermore, the high
PES category outperformed not only the CG but also
the low PES category in terms of total step/week and
total MET-min/week. This difference suggests that the
level of engagement with the intervention's processes
is an important determinant of its success. Importantly,
the Low PES category had significantly higher total
step/week change than the CG, indicating that the
intervention has the potential to be beneficial even at
lower levels of process engagement.

The significant success observed in the high PES category
underscores the effectiveness of the intervention among
highly motivated participants. However, these findings
also highlight an important area for future intervention:
improving PES in the low PES category. Upcoming
interventions should not only incorporate workplace
physical fitness policies and produce more engaging
video content, nevertheless, they should also hold EBS
regularly to sustain the intervention's ongoing positive
effects. Additionally, it is essential to explore the barriers
to participation, especially among those with lower PES.
Understanding and removing these barriers could boost
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participants' engagement, motivation, and PA outcomes,
maximising the intervention's public health impact.

This study has some limitations that must be addressed.
Participants were recruited based on voluntary interest,
not random sampling, potentially introducing selection
bias. Furthermore, the absence of a developed and
implemented policy statement for staff physical fitness
within the study period means the potential effectiveness
and feasibility of this element remain undetermined. The
employment of a self-administered questionnaire could
have also led to social desirability bias. Additionally,
as the research was confined to white-collar workers
at a public university, hence, the findings may not be
generalisable to blue-collar employees or different
geographical regions.

CONCLUSION

In conclusion, this ProFit study demonstrated that the
IG had significantly positive outcomes in terms of total
step/week, total MET-min/week, and housework-related
MET-min/week. Meanwhile, these findings should
be interpreted with caution due to the range of effect
sizes observed. Moreover, process evaluation showed
that participants with high PES significantly increased
their PA levels. Those with low PES also experienced
improvements, suggestingthe intervention's effectiveness
across varying engagement levels. Furthermore, the
process evaluation findings advocate for a dual strategy
for future interventions: maintaining high levels of
engagement among those who are already inclined
to engage while developing methods for increasing
PES among less engaged participants. Implementing
workplace physical fitness policies, creating more
compelling video materials, conducting EBS regularly to
sustain positive outcomes, and addressing participation
barriers are examples of what this could entail. Embracing
such a dual strategy could be vital for understanding the
full potential of health interventions aimed at increasing
PA levels in our study populations.
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