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A “Sit Less, Walk More”” Workplace Intervention
for Office Workers

Long-Term Efficacy of a Quasi-Experimental Study

Yun-Ping Lin, PhD, OiSaeng Hong, PhD, Chiu-Chu Lin, PhD, Shu-Hua Lu, PhD,
Meei-Maan Chen, PhD, and Kwo-Chen Lee, PhD

Objective: This study tested the maintenance outcomes of a 3-month Sit
Less, Walk More (SLWM) workplace intervention for office workers
compared with usual care at 12 months from the baseline. Method: A
quasi-experimental study was conducted in two workplaces. The interven-
tion group (n=51) received multi-component intervention and the compar-
ison group (n=>50) received newsletters only. The outcomes of the study
(self-reported psychosocial, physical activity, sitting, and lost productivity;
objectively measured cardiometabolic biomarkers) were compared at base-
line, 3, and 12 months. Results: Generalized estimating equations analyses
found that the intervention group had significant improvements in self-
regulation for sitting less and moving more (P=0.017), walking
(P=0.003), weight (P=0.013), waist circumference (P =0.002), and
insulin (P =0.000) at 12 months compared with the comparison group.
Conclusion: The SLWM intervention was effective in improving self-
regulation, walking, and some cardiometabolic biomarkers in office workers.

Keywords: cardiometabolic biomarkers, office workers, physical activity,
sitting, work productivity

I n the modern economy, most people work at sedentary- and light-
intensity jobs, representing spending excessive sitting at work.
Specifically, people who employ in sedentary occupations, such as
desk-based workers, have a combined total of occupational and
nonoccupational sedentary behaviors for approximately 11 hours
per day."? This indicates leaving little time to engage in regular
physical activity for health benefits® and an excessive amount of
sedentary behaviors associated with increased health risks.*~® Sed-
entary behaviors usually refer to time spend sitting in the workplace,
in an automobile, and during leisure time that involve very low (1.0
to 1.5 METs) energy expenditure.'®"!

Given the growing public health concern about increasingly
sedentary lifestyles, much of the evidence has been demonstrated the
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links between sedentary time and adverse health outcomes. Prolonged
sitting is adversely associated with cardiometabolic biomarkers,
premature mortality, all-cause mortality, cardiovascular disease, type
2 diabetes, and metabolic syndrome, after accounting for time spentin
moderate to vigorous physical activity.“’9 A 1-year prospective study
conducted with sedentary professional workers in low physical
activity occupations also found that changes in sedentary behavior
predicted changes in cardiometabolic risk score. Sedentary behavior
at work is an occupational health risk that predisposed workers to an
elevated risk of developing cardiometabolic disorders.'

However, reducing and regularly breaking up prolonged sitting
time and replacing it with standing and light-intensity physical
activity throughout the day is likely to have a positive effect on
glycemia,*~ "> triglycerides,* and metabolic outcomes.'®'” Yet, to
effectively combat the harmful effects of prolonged sitting, the type,
intensity, and frequency of physical activity may vary in terms of the
individuals’ habitual physical activity level.'® An expert statement'®
has provided guidance for employers to promote the reduction of
prolonged periods of seated office work toward improved health and
productivity, both for individual workers and for the corporate. It has
recommended to accumulate at least 2 hours/day of standing and light
walking during working hours and eventually progress to a total
accumulation of 4 hours/day.

Accordingly, workplace health promotion should address sed-
entary behavior and physical activity to reduce the detrimental health
risks of sitting too much at work. According to two reviews,'**°
several intervention strategies have been used to reduce workplace
sedentary behavior and increase physical activity, including (a) the
use of activity-permissive workstations by installing sit-stand work-
stations, treadmill desks, or pedal machines; (b) promoting employees
to take stairs through email communication about the benefits of using
stair, using point-of-decision prompts with the display of motivational
signs or posters, and/or making the stairwell safer and more attractive;
(c) educational/behavioral strategies such as motivating workers to
change behavior by using pedometers in combination with goal
setting and activity logbooks, by providing individualized feedback
on behavior through a website, and/or by individual coaching ses-
sions, motivational interviewing or counselling, advice through
emails or brochures; and (d) multi-component strategies that com-
bined the installation of sit-stand workstations with educational/
behavioral strategies such as goal setting, self-monitoring, computer
software prompts, and problem solving.

There was evidence for the effect of workplace interventions
in reducing sedentary behavior and/or increasing physical activity,
particularly for multi-component strategies,'® followed by the use of
activity-permissive workstations,'*° stair-promoting,2° and educa-
tional/behavioral strategies.'®>° However, evidence was found for
activity-permissive workstations that did not have an impact on
hemodynamics and cardiorespiratory fitness, and educational/
behavioral strategies that did not have an impact on anthropometric
measures.”” Moreover, there was insufficient or conflicting evi-
dence regarding the impact on work performance,’*?! as well as
lipid and metabolic profiles®® or cardiometabolic biomarkers.*'
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In addition, a 19-week workplace ““sit less, move more’” web-based
program that introduced incidental movement and short walks into
the work routine has demonstrated significant improvements in
occupational sitting, step counts, waist circumference,?* and several
markers of lost workday productivity.??

In brief, both too little exercise and too much sitting are
independent health risks and need to be addressed separately. The
simple message of ““sit less, move more” seems more understandable
to contemporary people. To fill the existing gaps in the literature, the
present study sought to develop and evaluate a theory-informed Sit
Less, Walk More (SLWM) workplace intervention. Because sit-stand
workstations are generally expensive and not feasible, broader envi-
ronmental approaches® were used to encourage employees to be
physically active at work by increasing access to places for physical
activity (ie, creating walking routes), providing cues and opportu-
nities for physical activity (ie, motivational posters on the wall and
office computers), and creating a supportive corporate culture (ie,
senior management sug)})ort). A personal/team goal-setting approach
and a support network™ incorporated into a team-based 10,000 steps
challenge were also used to increase employees’ self-efficacy26 and
self-regulation’” for sitting less and moving more.

PURPOSE AND HYPOTHESIS

The current study is a continuation of our previous work,?®
which examined the short-term efficacy of a 3-month SLWM work-
place intervention on improving cardiometabolic health and work
productivity in office workers. The present work aimed to test the
long-term effects of a SLWM workplace intervention compared with
usual care in increasing supportive workplace environments, self-
regulation, self-efficacy and physical activity, and reducing sitting,
thus further decreasing cardiometabolic risks and lost productivity
over a 9-month follow-up in middle-aged office workers. We hypoth-
esized that the SLWM intervention group would display significantly
better workplace environments, self-regulation and self-efficacy,
increased physical activity, reduced sitting and cardiometabolic risks,
and lost productivity compared with the comparison group.

METHODS

Design

The study employed a two-group quasi-experimental design
with repeated measures to evaluate a multi-component SLWM
workplace intervention. The intervention group received a 3-month
SLWM workplace intervention in addition to usual care, whereas
the comparison group received usual care only. The usual care
consisted of three monthly newsletters about physical activity and
sitting. This study was conducted between January 2015 and
December 2016 in the two aerospace industrial workplaces in
Taichung, Taiwan.

Participants

The inclusion criteria were full-time office workers who: (1)
sat for at least 6 hours a day at work, (2) were at least 20 years of age,
(3) had no difficulty performing physical activity, and (4) were not
pregnant. The exclusion criterion was planning to take a leave from
work for more than 2 weeks or relocate to another workplace during
the 3-month intervention period.

To determine the appropriate sample size, we used nQuery
Advisor program.”® A medium effect size (0.50) was expected. We
estimated about 20% attrition rate, based on previous research? and
our experience working with office workers. With 80% power and
5% significance, we need to recruit at least 50 per group.

Type of Interventions
The comparison group received an education-only interven-
tion (usual care), which included three monthly newsletters to

provide knowledge about (1) benefits of physical activity, negative
health effects of physical inactivity, and ways to add more physical
activity to workday routine; (2) dangers of prolonged sitting and
simple exercises can be done at your desk; and (3) public health
recommendations for physical activity, including intensity, fre-
quency, duration, type, and total amount.

The SLWM workplace intervention (experimental interven-
tion) was developed on the basis of the results of our focus group,
and three theoretical models: McLeroy et al*® ecological model;
Bandura®® self-efficacy theory; and Bandura®’ social cognitive
theory of self-regulation. The SLWM program, a complex inter-
vention, was designed to create a supportive workplace environment
for staying active at work and increase participants’ self-efficacy
and self-regulation in promoting physical activity and reducing
prolonged sitting, in order to improve their cardiometabolic health
and work productivity.

The details of the intervention have been reported else-
where”® and are briefly described below. The SLWM intervention
included the following components: (a) three monthly newsletters
(same as usual care), (b) six biweekly motivational tools, (c) a team-
based 10,000 steps challenge, (d) environmental prompts, and (e)
walking routes and resources.

All participants of the SLWM intervention received a Partici-
pant Handbook, 12 copies of weekly Step Log and Sitting Time Log,
and a Yamax Digi-Walker SW-200 Pedometer (Yamasa Tokei Keiki
Co., Ltd., Tokyo, Japan) immediately after the baseline measures. The
pedometer was used as a motivational tool for increasing and self-
monitoring walking. The Participant Handbook was used to comple-
ment the face-to-face communication regarding (a) the timing and
content of intervention; (b) benefits and incentives for participation;
(c) responsibilities of participants; and (d) educational information
about how to use the pedometer, how to set personal and team goals,
how to record daily steps and sitting time, walking maps near
neighborhoods and the workplace, tips to sit less and move more,
and questions and answers (Q & A). The participants were encour-
aged to refer to the handbook for information when necessary.

Six biweekly motivational tools adapted from Dishman
et al” contained educational information regarding ways to increase
participants’ self-efficacy and self-regulation for sitting less and
moving more, including setting goals, overcoming barriers, avoid-
ing sedentary temptations and relapse, staying motivated, and
keeping on moving. After reading these tools, participants would
become more confident in self-observation, judgment, and reaction
regarding their physical activity and sitting behavior, and setting
goals for themselves and developing strategies and plans to reach
the behavioral goal and desired outcome.

As previously described,”® the team-based 10,000 steps
challenge used a social support approach and rewards to encourage
team members’ participation, goal setting, and goal achievement.
Eight team leaders were selected by their respective team members
(4 to 9 individuals per team) to engage and motivate them toward
goal achievement. Team leaders as coordinators between the par-
ticipants and the research liaison also assisted with collecting log
data biweekly from their team members. To recognize and celebrate
the champion team’s success, an awards ceremony was held
biweekly by the research team and Department of Industrial Safety
and Environmental Protection (ISEP) together in the intervention
site. To demonstrate senior management support, the director of the
ISEP physically presented at each ceremony. To enhance partic-
ipants’ self-efficacy and thus self-regulation, we encouraged cham-
pion team members to share their successful experiences in
accomplishing goals. A large poster designed to record and compare
team goal achievement was also presented in the ceremony as a
background picture. To acknowledge their performance, a group
photo was taken in front of the poster and sent to all intervention
participants via email biweekly.
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To create a supportive workplace environment for sitting less
and moving more, environmental prompts were posted throughout
the workplace and also loaded onto participants’ office computers to
remind them of taking a 1-minute break every hour. In addition, a
walking route was designed in the workplace to promote walking at
work for health walks or lunch time walks.

The SLWM workplace intervention was conducted with the
help of a trained research assistant, a research liaison (ie, onsite
occupational health nurse), and eight team leaders. Before the
intervention, a 60-minute meeting was held by the principal inves-
tigator with the research liaison and team leaders to initiate coordi-
nation, review the study process, and solicit comments and
suggestions for successful implementation. Research Liaison Hand-
book and Team Leader Handbook were also provided to them as a
project implementation manual. The study protocol was reviewed
and discussed with the research liaison and the director of the ISEP
to ensure the feasibility of implementing the SLWM workplace
intervention.

To maintain intervention fidelity, the principal investigator
monitored the conduct of the intervention by working closely with
the research assistant, while the research assistant worked inten-
sively with the research liaison and observed the intervention site
weekly. The participant’s questions were answered by project staff
(specifically the principal investigator, research assistant, and
research liaison) within 24 hours to improve adherence to
the intervention.

The maintenance phase lasted for 9 months from the com-
pletion of the 3-month intervention, and intervention participants
received an electronic version of the 4-page booster booklet via
email at 6 months. The booster booklet provided information on
“reducing sedentary behaviors: sitting less and moving more,”
which was created by Len Kravitz.>!

Measures

For purposes of this study, the psychosocial measures refer to
supportive workplace environment (six items), self-efficacy for
physical activity (12 items), self-efficacy for reducing sitting (nine
items), and self-regulation for sitting less and moving more (10
items). Each of these measures is described as follows.

Supportive workplace environment was assessed using the
Chinese version of the Perceived Workplace Environment Scale
(PWES-C).*? This is a six-item scale assessing the six dimensions of
perceived workplace environment relative to physical activity,
including individual, social, organizational, community, policy,
and physical environments.>® The items are rated on a 5-point
Likert scale (1 =none, 5=a great amount). The rating reflected
participants’ perceptions of the extent to which their workplace
environments support physical activity, with higher scores indicat-
ing greater support. In this study, the Cronbach alpha reliability
coefficient for the PWES-C was 0.82.

Self-efficacy for physical activity was evaluated by the Scale
of Exercise Self-Efficacy.** To minimize participants’ response
burden and redundancy in the scale items, we used 12 out of 15
items to measure participants’ confidence in engaging in regular
physical activity in different situations or the presence of barriers.
Regular physical activity refers to engaging in moderate or vigorous
physical activity for 30 minutes (at least 10 minutes at a time) on
5 days a week, or walking 10,000 steps per day. Definitions of
moderate and vigorous physical activity were added to this scale.
The items are rated on a 6-point Likert scale (1 =not at all
confident, 6 = completely confident), with higher scores indicating
higher self-efficacy. In this study, the Cronbach alpha reliability
coefficient for the scale was 0.94.

Self-efficacy for reducing sitting was measured by a barrier
self-efficacy scale,” which was adapted from a survey used in a
national campaign — Swap It, Don’t Stop It. It consists of nine items

designed to assess specific barriers to reducing sitting at work, such
as “‘stand up during meetings at work, even though no one else
was.” The items are rated on a 5-point Likert scale (1 =not at all
confident, 5 = very confident), with higher scores reflecting higher
barrier self-efficacy. The reliability (Cronbach alpha =0.90) of the
original English version has been previously pilot tested.®® In this
study, we translated the barrier self-efficacy scale into Chinese.
Content validity of the scale was sought from a panel of four experts
in the area of occupational health (one physician, one nurse, one
industrial hygienist, and one nursing professor), using the content
validity index,*® to ensure relevance of the scale in the Taiwan
culture for office workers. The scale was then pretested with 10
office workers to establish semantic and technical equivalence.’’
The Cronbach alpha reliability coefficient was 0.89, and content
validity index was 1.0.

Self-regulation for sitting less and moving more was evalu-
ated by a scale of self-regulation strategies,’ which was adapted
from a scale for physical activity intervention. It contains 10 items
assessing frequency of use of various strategies to help standing up
at work, such as ““thought about how much I sit at work.” The items
are rated on a 5-point Likert scale (1 =never, 5 = very often) with
higher scores indicating greater use of self-regulation strategies. The
reliability (Cronbach alpha = 0.84) of the English version has been
pilot tested.>® We translated the scale of self-regulation strategies
into Chinese, and the reliability and validity of the Chinese version
were satisfactory in this study; Cronbach alpha was 0.91, and
content validity index was 1.0.

Physical activity was evaluated by the Chinese Taiwan
version of the International Physical Activity Questionnaire - short
form (IPAQ-SF).*® This is a seven-item, self-report measure assess-
ing frequency and duration of vigorous and moderate intensity
physical activity and walking in the past 7 days.>® Average time
spent sitting on a weekday in the past 7 days at work, at home, while
doing coursework, and during leisure time was also evaluated.
Physical activity scores were calculated by multiplying the duration,
frequency, and their corresponding metabolic equivalent (MET)
value. A total physical activity score (MET-min/week) was the sum
of walking, moderate, and vigorous MET-min/week scores.

Occupational sitting and physical activity were measured by
the Chinese version of the Occupational Sitting and Physical
Activity Questionnaire (OSPAQ).*® The good reliability and validity
of both the ori%inal and the Chinese version have been previously
demonstrated.”® The OSPAQ is a six-item, self-report measure
assessing the proportion (%) of sitting, standing, walking, and doing
physically demanding tasks during a typical work day in the past 7
days. The total numbers of working hours and days at work in the
past 7 days were also estimated. Time (minutes/day) spent for
sitting, standing, walking, and doing physically demanding tasks
were computed by multiplying their respective percentages with the
average number of working hours per day.

Productivity loss was measured by the Work Limitations
Questionnaire - short form (WLQ-SF), with well-established reli-
ability and validity.*' The Chinese version of the WLQ-SF evaluates
the extent to which the health problem interfered with specific
aspects of the worker’s job performance. The WLQ-SF includes
eight items grouped into four domains: time management, physical
demands, mental/interpersonal demands, and output demands. The
items are rated on a 5-point scale (1 = “difficult none of the time” or
“able all of the time”’; 5 = “‘difficult all of the time”’ or ““able none
of the time”’) based on the level of difficulty or ability to perform
eight specific job demands in the past 2 weeks. Higher scores
indicated greater work limitations due to health problems. To
calculate the productivity loss score, the WLQ index was produced
by computing a weighted sum from the four WLQ scales. The WLQ
index was then converted into the WLQ productivity loss score,
representing the percentage of productivity loss due to presenteeism
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compared with a healthy benchmark sample. In this study, the
Cronbach alpha reliability coefficient for the WLQ-SF was 0.79.

Cardiometabolic biomarkers were evaluated by weight, waist
circumference, blood pressure (BP), blood glucose, insulin, triglyc-
erides, total cholesterol (TC), high-density lipoprotein (HDL) cho-
lesterol, low-density lipoprotein (LDL), cholesterol, and TC/HDL-
C ratio. Fasting blood samples were collected in the morning and
sent immediately to an accredited medical laboratory for analysis.
Weight was recorded to the nearest 0.1kg using the same scale.
Waist circumference was measured twice to the nearest 0.1 cm with
anonexpandable tape at the midpoint between the lowest rib and the
iliac crest. A third measurement was made if the difference was at
least 1 cm. Participants were asked to sit quietly for 3 to 5 minutes
before getting the BP measured twice via an automated sphygmo-
manometer using the right arm. A third measurement was made if a
large difference in systolic BP more than 10 mm Hg or in diastolic
BP more than 6 mm Hg. Full details of the measures can be found in
our earlier publication.?®

The key demographic data collected included age, gender,
marital status, education level, and work hours. The delivery of the
SLWM intervention program was monitored by the principal
investigator. Questions on use of the program elements were
included in the 3-month survey. Overall perceptions of program
components were evaluated at 3 months by asking intervention
participants to rate the degree (1 =not at all, 5 =very) to which
their overall satisfaction with the SLWM program, the program was
beneficial to them, and the program was effective at increasing
physical activity and decreasing sitting behavior. Furthermore,
participants were asked three open-ended questions about what
benefits they got from participating in the program, which aspects
of the program they found most helpful in increasing physical
activity and reducing sitting behavior, and which aspects of the
program could be improved for future study implementation. At 12
months, one open-ended question was further asked ““for future
study implementation, did you have any suggestions about how
to stick with sitting less, standing more and achieving 10,000 steps
a day?”

Data Collection Procedures

The flow diagram of the data collection procedure is pre-
sented in Fig. 1. After obtaining support from senior management
and approval from the ethics committees of the Buddhist Dalin Tzu
Chi Hospital, two group information sessions about the study were
conducted at the intervention and comparison sites, respectively. A
research liaison and a trained research assistant screened and
recruited eligible participants. Outcomes were measured at 3 months
(immediate postintervention) and 12 months (9 months postinter-
vention). Additional information on the recruitment process has
been previously published.”®

Statistical Analyses

The analyses were based on an intention-to-treat approach to
manage missing data from participant dropout. Descriptive statistics
were used to describe the participants’ profiles. Baseline measures
were compared between participants in the intervention and com-
parison groups, using ¢ tests and Chi-square tests, to ensure homo-
geneity. Generalized estimating equation (GEE) models with
exchangeable correlation structure were used to test the effects
of the group assignments (intervention vs comparison), the effects of
time (pretest vs post-tests), and the group by time interaction for the
outcome measures. All analyses were adjusted for potential con-
founders. A P value of 0.05 or less was used to determine whether
results were significant, and a P value less than 0.10 was marginally
significant. All analysis was conducted using IBM® SPSS™ Statis-
tics 20 (IBM Corp, Armonk, NY).

RESULTS

Characteristics of the Participants

Of the 101 participants who met the inclusion criteria and
completed baseline measures, 99 participated in 3-month follow-up
and 98 completed 12-month follow-up. The mean age of the
participants was 49.5 years. There were more female than male
participants (52.5% vs 47.5%). The majority were married (85.9%)
and had a bachelor’s degree or higher education (65.6%). The
average weekly hours of work in main job was 41.8. The average
body mass index (BMI) was 24.0 kg/m>, with 45.4% of the partic-
ipants being overweight (24.0 to 26.99) or obese (>27.0). The BMI
cut-offs for Taiwanese adults were determined by Taiwan Health
Promotion Administration.*> There was no significant difference
between the intervention and comparison groups in their demo-
graphics, except for age (data not shown).

The Effects of SLWM Intervention on Supportive
Workplace Environment, Self-Regulation, and
Self-Efficacy

Group-specific mean values for psychosocial outcomes
(Table 1) were not significantly different between the intervention
and comparison groups at baseline. Significant between-groups
differences were observed in self-regulation at 3 and 12 months
(Ps=0.000 and 0.017, respectively) and self-efficacy for physical
activity at 3 months (P =0.007). Both groups showed significant
improvements in self-regulation and self-efficacy for reducing
sitting from baseline to 3 and 12 months (Ps=0.000 to 0.008).
In addition, the intervention group showed significant improve-
ments in self-efficacy for physical activity from baseline to 3 months
(P =0.002) and supportive workplace environment from baseline to
3 and 12 months (Ps=0.046 and 0.011, respectively).

The Effects of SLWM Intervention on Physical
Activity and Sitting

Group-specific mean values for physical activity and sitting
outcomes were not significantly different between the intervention
and comparison groups at baseline (Table 2). Significant between-
groups differences were observed in walking for physical activity at
3 and 12 months (Ps=0.000 and 0.003, respectively) as well as
moderate-intensity physical activity (P =0.014) and total physical
activity (Ps = 0.003) at 3 months. Despite an insignificant between-
groups difference in vigorous-intensity physical activity, total phys-
ical activity, week-day sitting, occupational sitting, occupational
standing, and occupational walking at 12 months, the intervention
group showed significant improvements in these variables from
baseline to 12 months (Ps=0.003 to 0.041).

The Effects of SLWM Intervention on
Cardiometabolic Biomarkers and Lost Productivity

Group-specific mean values for cardiometabolic biomarkers
and productivity loss outcomes (Table 3) were not significantly
different between the intervention and comparison groups at base-
line, except for TC/HDL-C ratio. Significant between-groups differ-
ences were observed in weight and waist circumference at 3 and
12 months (Ps = 0.002 to 0.038). Similar results were observed for
diastolic BP. Despite a marginally significant between-groups dif-
ference in diastolic BP at 12 months (P=0.074), both groups
showed a significant improvement in diastolic BP from baseline
to 12 months (Ps = 0.000 and 0.029, respectively). Systolic BP also
decreased significantly from baseline to 12 months in both groups
(Ps=0.000 and 0.016, respectively). A significant between-groups
difference was observed in insulin at 12 months (P = 0.000), in favor
of the intervention group.
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FIGURE 1. Flow diagram of the intervention program and measures.

The comparison group showed a significant improvement in
cholesterol from baseline to 12 months (P =0.001), which was not
significantly lower than the improvement in the intervention group.
Glucose worsened significantly from baseline to 12 months in both

groups (Ps=0.000 and 0.006, respectively), and the intervention
group was significantly worse than the comparison group at
12 months (P =0.006). As for the work productivity loss outcome,
there were no significant between-groups differences. However, the
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TABLE 1. Changes in Psychosocial Outcomes for Intervention and Comparison Participants in a SLWM Workplace
Intervention (N=101)

Baseline 3-month 12-month

Outcome Mean (SE) P Mean (SE) P Mean (SE) P
Supportive workplace environment

Between groups 0.655 0.782 0.568

Within intervention 2.49 (4.05) 2.68 (4.07) 0.046 2.74 (4.07) 0.011

Within comparison 2.56 (4.02) 2.71 (4.02) 0.177 2.73 (4.03) 0.107
Self-regulation for sitting less and moving more

Between groups 0.370 0.000 0.017

Within intervention 1.98 (4.43) 3.24 (4.43) 0.000 2.56 (4.43) 0.000

Within comparison 2.11 (4.43) 2.36 (4.42) 0.002 2.37 (4.43) 0.001
Self-efficacy for physical activity

Between groups 0.739 0.007 0.841

Within intervention 3.07 (7.20) 3.55 (7.20) 0.002 3.00 (7.21) 0.653

Within comparison 3.01 (7.24) 2.93 (7.21) 0.581 2.89 (7.24) 0.396
Self-efficacy for reducing sitting

Between groups 0.960 0.357 0.784

Within intervention 2.24 (7.21) 2.58 (7.21) 0.000 2.60 (7.21) 0.000

Within comparison 2.25 (7.27) 2.47 (7.24) 0.008 2.57 (7.24) 0.001

“Normal generalized estimating equation model with identity link, adjusted for baseline age, gender, insulin, and diastolic blood pressure.
P values for each outcome correspond to between-groups differences and within-groups change from baseline.
Bold values indicate significant at P < 0.05.

TABLE 2. Changes in Physical Activity and Sitting Outcomes for Intervention and Comparison Participants in a SLWM
Workplace Intervention (N=101)

Baseline 3-month 12-month

Outcome Mean (SE) P Mean (SE) pof Mean (SE) pot

International Physical Activity Questionnaire (short form)
Walking, MET min/week

Between groups 0.267 0.000 0.003

Within intervention 421.97 (5,181.94) 1,701.87 (5,192.73) 0.000 859.16 (5,184.44) 0.000

Within comparison 576.03 (5,206.72) 660.51 (5,217.60) 0.481 560.06 (5,219.99) 0.877
Moderate, MET min/week

Between groups 0.381 0.014 0.810

Within intervention 330.54 (3,566.77) 803.00 (3,581.48) 0.002 411.77 (3,575.18) 0.568

Within comparison 203.65 (3,572.43) 286.40 (3,567.54) 0.121 322.47 (3,589.30) 0.072
Vigorous, MET min/week

Between groups 0.352 0.423 0.157

Within intervention 344.74 (8,474.98) 1,040.00 (8,489.96) 0.010 669.00 (8,459.92) 0.005

Within comparison 24437 (8,464.24) 681.92 (8,456.36) 0.011 368.44 (8,493.17) 0.115
Total, MET min/week

Between groups 0.478 0.003 0.108

Within intervention 1,197.42 (12,612.91) 3,640.76 (12,643.65) 0.000 1,924.29 (12,614.34) 0.003

Within comparison 994.44 (12,642.84) 1,817.18 (12,646.21) 0.002 1,251.99 (12,703.36) 0.110
Sitting hours on a week day

Between groups 0.445 0.985 0.762

Within intervention 10.86 (11.12) 10.11 (11.11) 0.031 10.28 (11.11) 0.027

Within comparison 10.62 (11.16) 9.88 (11.18) 0.009 10.16 (11.28) 0.126

Occupational Sitting and Physical Activity Questionnaire
Sitting at work, hours/day

Between groups 0.726 0.475 0.284

Within intervention 7.79 (6.70) 7.29 (6.69) 0.126 7.41 (6.70) 0.041

Within comparison 7.73 (6.74) 7.39 (6.77) 0.126 7.60 (6.78) 0.339
Standing at work, hours/day

Between groups 0.559 0.494 0.569

Within intervention 0.57 (3.82) 0.86 (3.82) 0.000 0.78 (3.81) 0.008

Within comparison 0.63 (3.84) 0.81 (3.82) 0.110 0.76 (3.86) 0.122
Walking at work, hours/day

Between groups 0.919 0.054 0.559

Within intervention 0.70 (3.71) 1.10 (3.69) 0.000 0.88 (3.70) 0.026

Within comparison 0.71 (3.71) 0.87 (3.72) 0.016 0.83 (3.71) 0.062

“Normal generalized estimating equation model with identity link, adjusted for baseline age, gender, insulin, and diastolic blood pressure.
P values for each outcome correspond to between-groups differences and within-groups change from baseline.
Bold values indicate significant at P < 0.05.
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TABLE 3. Changes in Cardiometabolic Biomarkers and Lost Productivity Outcomes for Intervention and Comparison

Participants in a SLWM Workplace Intervention (N=101)

Baseline 3-month 12-month

Outcome Mean (SE) P Mean (SE) P Mean (SE) Pl
Weight, kg

Between groups 0.320 0.029 0.013

Within intervention 64.26 (82.16) 63.81 (82.16) 0.021 63.54 (82.13) 0.016

Within comparison 66.18 (82.43) 66.26 (82.43) 0.603 66.42 (82.45) 0.329
Waist circumference, cm

Between groups 0.491 0.038 0.002

Within intervention 82.65 (63.08) 80.14 (63.13) 0.000 80.99 (63.08) 0.001

Within comparison 83.59 (63.19) 82.69 (63.10) 0.132 84.20 (63.12) 0.276
Systolic blood pressure, mm Hg

Between groups 0.947 0.200 0.148

Within intervention 118.15 (64.85) 117.02 (64.92) 0.332 112.68 (65.08) 0.000

Within comparison 118.05 (65.22) 118.93 (65.41) 0.401 115.24 (65.28) 0.016
Diastolic blood pressure, mm Hg

Between groups 0.634 0.000 0.074

Within intervention 78.78 (29.07) 76.23 (29.15) 0.001 74.56 (29.14) 0.000

Within comparison 78.94 (29.24) 81.55 (29.37) 0.002 76.89 (29.21) 0.029
Glucose, mg/dL

Between groups 0.566 0.192 0.006

Within intervention 86.70 (64.49) 88.07 (64.45) 0.377 94.57 (64.34) 0.000

Within comparison 88.01 (65.36) 87.09 (65.37) 0.261 90.32 (65.33) 0.006
Insulin, ulU/mL

Between groups 0.051 0.087 0.000

Within intervention 7.45 (15.09) 7.63 (15.16) 0.767 6.96 (15.18) 0.371

Within comparison 6.92 (15.17) 8.57 (15.29) 0.007 9.22 (15.23) 0.000
Triglycerides, mg/dL

Between groups 0.502 0.088 0.898

Within intervention 113.86 (538.97) 105.88 (538.54) 0.094 112.30 (539.79) 0.840

Within comparison 121.33 (544.82) 124.64 (544.89) 0.469 118.59 (544.42) 0.578
Cholesterol, mg/dL

Between groups 0.435 0.521 0.332

Within intervention 191.93 (305.99) 187.22 (306.20) 0.087 187.38 (306.11) 0.225

Within comparison 197.39 (308.50) 195.02 (308.35) 0.324 188.42 (308.53) 0.001
High-density lipoprotein cholesterol, mg/dL

Between groups 0.097 0.526 0.826

Within intervention 60.35 (88.99) 60.05 (89.00) 0.716 59.85 (89.04) 0.643

Within comparison 56.22 (89.42) 55.13 (89.43) 0.254 55.42 (89.55) 0.332
Low-density lipoprotein cholesterol, mg/dL

Between groups 0.442 0.926 1.000

Within intervention 106.60 (225.22) 105.09 (225.39) 0.451 104.97 (225.21) 0.581

Within comparison 110.80 (226.99) 109.29 (226.98) 0.357 108.85 (227.05) 0.286
Total cholesterol to HDL cholesterol ratio

Between groups 0.023 0.096 0.523

Within intervention 3.29 (7.61) 3.23 (7.60) 0.249 3.24 (7.61) 0.614

Within comparison 3.68 (7.69) 3.74 (7.68) 0.227 3.57 (7.68) 0.060
Lost productivity, %

Between groups 0.887 0.913 0.113

Within intervention 4.17 (23.36) 2.98 (23.28) 0.008 3.06 (23.30) 0.010

Within comparison 4.26 (23.52) 3.14 (23.49) 0.007 421 (23.54) 0.926

HDL, high-density lipoprotein.

“Normal generalized estimating equation model with identity link, adjusted for baseline age, gender, insulin, and diastolic blood pressure.
P values for each outcome correspond to between-groups differences and within-groups change from baseline.

Bold values indicate significant at P <0.05.

intervention group had a significant improvement in productivity
loss from baseline to 3 and 12 months (Ps=0.008 and 0.010,
respectively).

DISCUSSION
We developed a 3-month SLWM workplace intervention for
office workers and tested its effectiveness. We found that self-
regulation for sitting less and moving more, walking for physical
activity, weight, waist circumference, diastolic BP, and insulin in the

€296

intervention group were significantly or marginally significantly
improved both at 3 and 12 months when compared with the
comparison group. This finding suggests that a SLWM workplace
intervention could effectively improve participants’ self-regulation,
walking for physical activity, weight, waist circumference, diastolic
BP, and insulin, and that such an improvement could be sustained for
9 months after the intervention.

The observed improvements could be related specifically to
the application of a team-based 10,000 steps challenge that includes
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elements of pedometer and Step Log, Sitting Log, goal setting, and
group competition. This study design did not test the effectiveness
of specific intervention components, but our process evaluation data
suggested that pedometer and Step Log, Sitting Log, goal setting,
and group competition (also including elements of support group
approach, rewards and public recognition) were the most helpful
components reported by participants (manuscript in preparation).

In the current study, we used the pedometer as a motivational
tool to record and give feedback on the number of steps taken on a
daily basis in combination with goal setting and Step Log already
demonstrated as successful in increasing employees’ moderate and
vigorous physical activity and walking.” This accords to a review™’
that indicated physical activity interventions that included an activ-
ity monitor increased daily walking or moderate to vigorous physi-
cal activity over a period of 12 weeks or less. Also, this review
suggested physical activity consultations about goal setting and self-
efficacy to overcome barriers to physical activity to enhance
program effectiveness. In the present study, to increase participants’
self-efficacy and self-regulation for sitting less and moving more,
we sequentially guided participants via biweekly motivational tools
and monthly newsletters, as well as provided ongoing support and
encouragement through the process of group competition for 10,000
steps challenge.

However, the behavioral change patterns were not main-
tained through the 12-month period, although we still observed
several significant differences between the two groups and within
the intervention group at 12 months. The likely explanation for this
is that after the 3-month intervention, participants received limited
dose of an electronic version of the booster booklet for sitting less
and moving more®' only once at 6 months. This indicates the
importance of the routinization and institutionalization of the
SLWM workplace intervention to continually encourage and sup-
port employees to stick with sitting less and moving more. Yet, this
can only be achieved through organizational-level support, which is
known to be essential in helping em4ployees take positive steps
toward an active, healthy lifestyle.?**

In addition, it is speculated to highlight the possibility of
investigating strategies to foster and maintain intrinsic motivation,
such as rewards, feedback, and other external events.* We did
provide challenges, positive performance feedback, and rewards to
satisfy participants’ psychological needs of competence and a
relational support to facilitate their intrinsic motivation, but a sense
of autonomy (self-determined) might not be well received by
intervention participants. This is likely because, at least to some
degree, team members might be urged into action, simply with the
intention to achieve goals and win prizes for their team (feeling of
pride). That is, the extrinsic motivation for the behavior was more of
a passive compliance, rather than an active personal commitment.
Consequently, the purpose of setting goals to give participants’
direction and to enhance their self-regulation and persistence of
effort*® might work as expected during the 3-month intervention
period, but not as effectively through the 12-month period.

This study documented changes in psychosocial and physical
activity outcomes that occurred as a result of participating in the
SLWM intervention. In accordance with our hypotheses, interven-
tion participants’ self-regulation for sitting less and moving more
and walking for physical activity significantly improved from
baseline to 3 and 12 months compared with comparison partici-
pants, although these gains appeared to have attenuated by 12
months. This may have been because changes in the self-regulation
skills were associated with changes in physical activity. It is also
recommended that future studies further examine the potential
mediation effect of self-regulation skills on the relationship between
physical activity and cardiometabolic risks and lost productivity. In
addition, both comparison and intervention participants had
increased their self-efficacy for reducing sitting at 3 and 12 months,

but there was no group by time interaction, in that the comparison
group improved their self-efficacy for reducing sitting to a large
extent at 12 months.

We also attempted to identify potential mechanisms through
which physical activity and sitting time may change cardiometa-
bolic risks and lost productivity. Our findings partially support the
hypothesis that office workers who received SLWM intervention
had reduced cardiometabolic risks and productivity loss. The results
of this study concur with the notion that the improvements of
physical activity and sitting time are associated with reduced body
weight,® waist circumference,”***’ BP,? and fasting insulin**® at 3
months. These positive findings of the current study even remained
at 12 months. Surprisingly, few workplace interventions have
focused on dual behaviors (physical activity and sitting behav-
ior),>** and even fewer have examined the effects of such programs
on cardiometabolic risks.?? Therefore, few data were available for
this comparison.

The study found no significant difference between the two
groups in the participants’ productivity loss at 3 and 12 months.
However, there were significant differences within the intervention
group at 3 and 12 months. This suggests that the SLWM program
might also be a benefit to office workers, especially in terms of
sitting different people argue that standing instead of sitting is
disturbing your focus and concentration. Previous research® also
found positive results of the percentage of losses in health-related
productivity in desk-based employees who participated in a 19-
week ““sit less, move more” workplace web-based intervention
(n=1264). Better work performance was associated with employees
being more physically active. Nonetheless, a 4-week randomized
cross-over trial (n = 28) using sit-stand desks to reduce sitting time
at work in office workers has been found to have no impact on work
productivity.*®

We did not find significant improvements in triglycerides,
cholesterol, HDL-C, TC/HDL-C ratio, and LDL-C. Nevertheless, it
may have clinical importance because these cardiometabolic risks
did not tend to get worse with age and as participants were
potentially exposed to unhealthy food temptations in obesogenic
environments in modern societies in general. It is also important to
understand that our intervention may be effective in either enabling
healthy people to stay healthy or just keeping people from not
getting worse. As evidenced by Edington,* “just don’t get worse”
is the first step toward improving health, and its healthcare costs
(medical and pharmacy) remain the same or drop lower, just like
those people change in a positive direction. Having said that,
though, a large 4-year workplace-based physical activity interven-
tion (n = 2929) found a beneficial change in HDL-C levels among
middle-aged factory employees. This study used three strategies
similar to ours, including raising awareness about the benefits of
physical activity, using environmental approaches and physical
activity campaigns (especially walking) with the pedometer pro-
vided. Another study’' focused on reducing sitting time using sit-
stand workstations among office workers was able to show a
decrease in TC, but not in triglycerides, glucose, systolic, and
diastolic BP at 8 weeks.

The exception to the “protection” finding was in the increase
in glucose. Because comparison participants also had an increase in
glucose, it is possible that other negative outcomes such as dietary
behavior, not measured in this study, might have occurred and could
have interfered with the participants’ blood biochemistry data or
physical activity behavior. Actually, we did not attempt to encour-
age participants to resist food temptations in the environment during
the intervention and maintenance phase. Also, it is likely due to the
holiday effects of year-end company dinners (during the 3-month
measure) and Father’s Day feast (1 to 2 days and 3 to 4 days before
the 12-month measure for the intervention and comparison group,
respectively). Thus, the results for both groups might reflect normal
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changes. However, it seems as though the SLWM intervention
protected against diet-induced insulin resistance, while the compar-
ison group significantly increased their insulin from baseline to 3
and 12 months.

Participation in the comparison group also produced signifi-
cant improvements in self-regulation, self-efficacy for reducing
sitting, systolic BP, diastolic BP, and cholesterol from baseline to
12 months. A possible explanation, as previously described,?® three
monthly newsletters and three cardiometabolic risk assessments
were also provided to the comparison group. Personal assessment
reports might provide all participants with an evaluation of their
cardiometabolic risks to help them identify their potential health
problems that need immediate attention. Therefore, cardiometabolic
risk assessments may not only serve as a screening tool but also as a
motivational tool to motivate and encourage participants to strive for
a more physically active and healthier lifestyle. By only receiving
educational information and personal health reports, the comparison
group could gain benefits, particularly in enhancing self-regulation
skills and self-efficacy for reducing sitting and decreasing systolic
BP, diastolic BP, and cholesterol.

Strengths, Limitations, and Future Research

The study has several strengths. First, low attrition rates;
1.98% at 3 months and 1.01% at 12 months. Second, the study
developed and used the intervention protocol for consistent delivery
of the intervention. Third, the outcome data were analyzed using
an intention-to-treat approach. Finally, the greatest strength of
this study is the use of objective measures of cardiometabolic
biomarkers.

There are several limitations to the present study. First, many
participants enrolled with an interest in promoting their health and/
or physical activity (findings from a process evaluation) and thus
were potentially already motivated to make health-related behav-
ioral changes. However, a randomized controlled trial may be
especially difficult to implement in the workplace. Second, self-
reported data were used, and social desirability might have affected
reporting. In particular, a major drawback to the use of self-reported
measures of movement behaviors might be one reason why we
found not stronger effects of the intervention to standing and sitting
outcomes. Therefore, future studies should consider using objective
measures such as accelerometers to measure physical activity and
sedentary behaviors. Third, possible confounding factors (eg, die-
tary behaviors) that might account for the observed results could not
be ruled out with reasonable confidence. Future studies should
control for potential dietary confounding variables to better under-
stand the intervention effects. Fourth, this study only monitored the
office workers up to 12 months. Future studies should evaluate the
effectiveness of the SLWM workplace intervention over a longer
period (eg, 24 to 36 months) to specifically examine the longer term
effects on physical activity, sitting time, cardiometabolic risks, and
lost productivity. Moreover, a longer-duration intervention may be
needed to ascertain the intensity and length of support required to
sustain the recommended levels of physical activity and breaking up
prolonged sitting time. Finally, this study did not consider the cost of
the intervention. Future studies could conduct cost-effectiveness
analyses of the SLWM intervention.

CONCLUSION

This study was the first of its kind to examine the main effects
of a SLWM workplace intervention on improving physical activity,
sitting behavior, cardiometabolic risks, and lost productivity for
office workers in an Asian workplace setting. The findings suggest
that SLWM workplace intervention is feasible and effective in
increasing walking for physical activity and reducing weight, waist
circumference, diastolic BP and insulin, and in enhancing self-
regulation for sitting less and moving more, relative to the usual

care. This study extends our understanding on office workers’
perceptions, self-regulation, and maintenance of the targeted behav-
iors, cardiometabolic health, and work productivity in the SLWM
workplace intervention. The findings of this study could be applied
to desk-based office workers in other workplaces, and the proposed
SLWM workplace intervention could be implemented as organiza-
tional routines in occupational health practice. We recommend
future studies include more booster interventions and longer fol-
low-up periods to determine the longer-term effects of the SLWM
workplace intervention. Future research could also evaluate the
cost-effectiveness of such programs.
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