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Abstract
The aim of this study was to assess changes in mental health and wellbeing measures across a 50-day physical activity 
workplace program. The secondary aims assessed the relationship between demographic and pre-program physical activity 
self-reported variables, mental health, wellbeing and program engagement measures. The study utilized a naturalistic longi-
tudinal design with a study population of 2903 people. Participants were engaged in the 10,000 step daily physical activity 
program for 50-days and measures of engagement were tracked. 1320 participants provided full pre/post-program data across 
a range of standardized mental health and wellbeing measures alongside demographic and program engagement measures. 
For individuals providing pre and post program data there was a significant reduction in anxiety (18.2%, p = .008), stress 
(13.0%, p = .014) and sleep related impairment (6.9%, p < .001) alongside a significant improvement in overall wellbeing 
(6.7%, p = .001). The data further showed no significant mental health differences were identified between individuals who 
recorded below versus equal to or above 10,000 steps. Regression analyses indicated numerous group and personal vari-
ables impacted mental health, wellbeing and program engagement. The study highlights improvements in a range of mental 
health and wellbeing scores occurred over the 50-day activity program for people who complete the program. Finally, the 
study identified a range of protective and risk factors for mental health benefits of these programs and level of engagement. 
Whilst there were similarities in the pre-program mental health and wellbeing scores of those who completed and those lost 
to follow-up, further research is required to better characterize and understand this group.
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Introduction

Australia is experiencing an emerging mental health crisis 
along with the wider global community. Mental illness now 
impacts 45% of the Australian population at some stage of 
their lives and 20.1% of Australians in 2017 (Australian 
Bureau of Statistics, ABS , 2018). The World Health Organi-
zation has indicated that mental illnesses like depression 
will be the leading cause of disease burden globally by 2030 

(World Health Organization, 2011). This increase in disease 
burden is associated with significant personal, family, work-
place and community distress (Doran & Kinchin, 2019). The 
Australian Institute of Health and Welfare (AIHW) high-
light that depression and anxiety are two of the ten leading 
causes of burden of disease in Australia (AIHW , 2016). 
As the Australian annual cost of mental illness passes $50 
BN and $180 BN in lost productivity (Productivity Com-
mission, 2019), strategies increasingly need to focus on ill-
ness prevention and improving modifiable risk factors of 
mental health issues through simple and evidence-based 
approaches.

The majority of the world’s population (58%) spend 
one third of their life at work (WHO, 1994). Mental illness 
has an enormous economic toll on Australian workplaces, 
costing $12.8 billion annually (KPMG and Mental Health 
Australia, 2018) through absenteeism, presenteeism and 
work claims. These impacts are not only associated with 
clinically diagnosed depressive and anxiety illnesses 
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(Bailey et al., 2016), but also with psychological distress 
(often called sub-syndromal symptoms). For example, 
high levels of stress (i.e. distress) have been linked with 
both increased absenteeism and presenteeism (Coutu et al., 
2015; Holden et al., 2011). Notably, moderate levels of 
psychological distress are more prevalent than clinical lev-
els in the workforce yet contribute to workplace accidents 
and lower levels of worker success (Hilton & Whiteford, 
2010). These data reinforce the emerging awareness that 
workplaces have regarding the synergy between mental 
health and wellbeing and workplace performance (Robert-
son & Cooper, 2010). Fortunately, workplaces are also an 
ideal microcosm to improve mental health and wellbeing 
in their workforce.

Physical activity has long been recognized for its benefits 
on physical health and reducing the incidence, severity and 
impacts of numerous non-communicable diseases (Reiner 
et  al., 2013). In a landmark paper, Booth explains that 
physical activity/exercise is examined as primary preven-
tion against 35 chronic conditions including mental health 
(Booth et al., 2012). This work extended into the mental 
health arena as early as 2001, when theories of the mecha-
nism of action of exercise on mood were being proposed 
(Salmon, 2001). These theories highlight not only the imme-
diate endorphine related impacts of exercise on mood, but 
also chronic improvements in mood that were likely inde-
pendent from aerobic fitness levels. These improvements 
included both antidepressant and anxiolytic effects along-
side reducing sensitivity to stress (Salmon, 2001). In clinical 
settings, exercise has been shown to improve symptoms of 
depression (Schuch et al., 2016) and anxiety (Stubbs et al., 
2017a). Moreover, the evidence accumulated for the posi-
tive impacts of exercise now place the intervention equal to 
medication and psychotherapies for moderate depressive dis-
orders (Ekkekakis & Murri, 2017). Research into psycholog-
ical distress in the workplace indicates that physical activity 
is associated with resilience to stress. Conversely, individu-
als reporting high levels of stress and more mental health 
issues were less likely to exercise (Gerber et al., 2014). A 
meta-analysis by Abdin et al. (2018) of four papers (three 
high quality) on walking interventions showed improve-
ments in vitality, work performance and reduced fatigue at 
four months follow-up. Importantly, walking interventions 
were most indicated in sedentary workers. Physical activ-
ity is only one of the workplace mental health approaches 
available in many workforce programs. Joyce et al. (2016) 
conducted a meta-analysis of 20 high quality reviews on 
workplace interventions for mental health issues. Their out-
comes highlight physical activity as one of only two, work-
force primary prevention approaches that improved mental 
health in workers (alongside enhancing employee sense of 
control). Despite indicating moderate evidence from their 
analysis, these authors highlighted that more research is 

needed to assess which type, amount and intensity of exer-
cise is optimal.

Workplace activity-tracking physical activity programs 
provide low cost and highly engaging ‘program’ based activ-
ities to promote engagement in physical activity, irrespec-
tive of intensity (Sounan et al., 2013). Walking is the most 
accessible physical activity and most workers are capable 
of engaging with walking despite socio-economic back-
ground, skill and commencing fitness levels (Aittasalo et al., 
2012). The general goal of walking 10,000 steps daily has 
been widely adopted by the fitness industry, fitness tracking 
devices and the population in general (Brody & Burn, 2015). 
Notably, peer reviewed evidence also indicates positive 
health benefit for body composition, lipid levels and blood 
pressure improvements (Wattanapisit & Thanamee, 2017) 
occur with this level of activity.

Activity-tracking interventions likely exert their impact 
through motivational processes, namely the process of goal 
setting, which is particularly successful if done in groups 
and goals announced to others (Epton et al., 2017), and 
self-monitoring of progress (Sanders et al., 2016). These 
‘programs’ also imbue evidence-based behaviour change 
stimuli of gamification (Johnson et al., 2016) and team 
engagement, which decreases dropout and increase activity 
levels (Glance et al., 2016). These components fit well into 
the Health Action Process Approach (HAPA, Schwarzer, 
2008) behaviour change theory that postulates health behav-
iours are elicited by the combination of motivational factors 
(workplace and staff promotion and enthusiasm) and goal-
pursuit phase (in this case the setting and achieving of step 
and team goals and mini-programs).

Workplace based physical activity programs may play 
a role in improving mental health and wellbeing. Freak-
Poli et al. (2014) have demonstrated marked improvements 
in wellbeing after a four-month activity-tracking-based 
program with sustained results at eight-month follow-up 
alongside improved health related quality of life (Harding 
et al., 2013). Sounan et al. (2013) demonstrated significant 
improvements in stress, fatigue and sleep disturbance scores 
after an even briefer 8-week, 10,000 step, activity-tracking 
workplace-program. The study showed a strong retention 
rate (over 75%) and a range of physical health benefits. A 
study reporting on 1-year follow-up of a workplace health 
program integrating an eight-week activity-tracking-based 
program provides good insights into the maintenance and 
sociodemographic influencers in activity-tracking interven-
tions. In this study, Lowensteyn et al. (2018) articulated their 
use of motivational and goal pursuit elements using a gami-
fication approach. This program included engaging people 
in teams, nominating leaders, goalsetting, message board, 
e-mail reminders and physical incentives. Step goals were 
adjusted through the program via programs. Noting that the 
intervention was one of a range of interventions to support 
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worker health and wellbeing, the outcomes show significant 
improvements in sleep quality, emotional stress and fatigue 
scores at 12-months follow-up. Our own research found sim-
ilar improvements in mental health measures after a 100-day 
activity-tracking program (Hallam et al., 2018). This study 
focused more specifically on mental health and wellbeing 
outcomes with measures of depression, anxiety and stress 
alongside overall wellbeing being assessed (Hallam Bils-
borough and de Courten). The results showed significant 
improvements in psychological distress scores on depres-
sion, anxiety and stress measures after a 100-day activity 
program (just over 14 weeks). Notably, these effects were 
independent of whether individuals reached a 10, 000 step 
goal, although there were statistically significant increase 
step counts across the course of the program.

The aims of this study were to both characterise engage-
ment in the workplace physical activity program and fol-
low-up the mental health outcomes for the individuals who 
provided both pre and post-program survey results. The 
first hypothesis explored the level of engagement with the 
program. This analysis included identifying baseline differ-
ences in pre-event mental health findings across participants 
who completed the program and follow-up questionnaires, 
those who engaged in the program but did not complete the 
post-event mental health scales (lost to follow-up group) and 
those that dropped out of the program.

In relation to the group of program completers, based on 
our previous findings of mental health improvements after a 
100-day physical activity program, combined with biologi-
cal evidence that exercise mental health benefits of exercise 
begin within 8-weeks, it was hypothesised that mental health 
and wellbeing benefits may begin to occur over 50-days of 
a physical activity program. Our previous findings (Hallam 
et al., 2018) also highlighted that reaching 10,000 steps had 
little impact on outcomes, so in this study we again assessed 
the impacts of reaching this threshold. The final hypoth-
eses from the study focused on whether socio-demographic 
factors impacted mental health and wellbeing outcomes 
including depression, anxiety, stress, sleep disturbance, sleep 
impairment and general wellbeing.

Method

Participants

This study included a total of 2903 individuals (879 men, 
1980 women and 45 people who chose not to indicate gen-
der). All participants were employees from organizations 
across Australia and New Zealand who were participating 
in the workplace physical activity program. Retrospective 
ethics approval to analyse the results of the sample col-
lected between October and December 2019 was obtained 

from Deakin University Human Research Ethics Committee 
(HREC 2019–381).

Materials

Demographic and Subjective Pre-Program Activity Level 
Questionnaire

The pre-event questionnaire collected demographic data 
around age, gender, marital-status and number of children. 
Self-report health behaviours prior to the intervention were 
recorded including: an estimate of the number of hours spent 
sitting daily and an estimate of the number of steps they 
believe they are doing daily at the commencement of the 
program (categorically rated as between 0 and 4999 steps, 
5000–7499 steps, 7500–9999 steps, 10,000–12,499 steps, 
12,500 and above steps).

Program Participation Outcomes

New categorical variables were calculated to indicate 
engagement with the program. These included a calculation 
of the average number of steps completed daily (based on 
total number of steps recorded/ total number of days steps 
recorded in App) and number of days steps recorded across 
program (number of days steps recorded in App over the 
fifty-day period). Individuals were identified as ‘dropping 
out’ if they enrolled in the program and recorded their activ-
ity on less than or equal to 10% (five days) of the 50-day 
program. Individuals were identified as lost to follow-up if 
they completed more than 10% of the program but did not 
complete the post-event questionnaires.

Depression, Anxiety and Stress Scale (DASS-21)

The Depression, Anxiety and Stress Scale (DASS-21) is a 
21-item self-report measure of symptoms of depression, 
anxiety and stress, developed in Australia and used inter-
nationally to measure psychological distress (Lovibond 
& Lovibond, 1995). The scale is not diagnostic, it rather 
highlights the level of symptomatology. The DASS-21 is the 
short form of the DASS-42 and has seven questions on each 
of three sub-scales that report on depressive, anxiety and 
stress symptoms. To complete, individuals rate their experi-
ence on a four-point scale from 0 (did not apply to me at all) 
to 3 (applies very much to me/most of the time). The DASS 
has strong construct validity (Crawford & Henry, 2003), 
adequate discriminant and convergent validity (Lovibond 
& Lovibond, 1995) and internal consistency (Cronbach’s 
α of 0.96, 0.89, 0.93 for the depression, anxiety and stress 
subscales respectively) (Brown et al., 1997). It has strong 
factor structure in both non-clinical (Lovibond & Lovibond, 
1995) and clinical samples (Brown Chorpita Korotitsch and 
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Barlow). All DASS-21 scores were multiplied by 2 to pro-
vide a score comparable to the original DASS-42 (Lovibond 
& Lovibond, 1995).

PROMIS Sleep Disturbance and Sleep Impairment Scale

The Patient Reported Outcomes Measurement Information 
System (PROMIS) was developed by the National Institute 
of Health (see www. nihpr omis. org) in the U.S.A and is used 
extensively in international research. In Australia, recent 
national guidelines related to sports medicine recommend 
the use of this measure for assessing clinical experiences in 
those with cancers (Hayes et al., 2019) and the measure has 
also recently been used in Australian mental health popula-
tions (Strainge et al., 2019) and shows similar outcomes to 
objective sleep quality measures in research on stress and 
sleep in Australian populations (Yap et al., 2020). PROMIS 
provides a series of measures to improve patient outcome 
recording across physical and psychological domains. The 
PROMIS Sleep Disturbance (PROMIS-SD) and PROMIS 
Sleep Related Impairment (PROMIS-SRI) Scales were 
developed using item response theory to increase psycho-
metric soundness. The PROMIS-SD scale measures dis-
turbance in quality including initiation and sustenance of 
quality sleep. The eight items were measured on a scale from 
1 (not at all) to five (very much) and are summed (the ‘my 
sleep was refreshing’ item was first reversed) to provide a 
total sleep disruption score. The eight item PROMIS-SRI 
reports on daytime impairment related to sleep disturbance. 
The scale is rated from 1 (not at all) to 5 (very much). The 
item ‘I felt alert when I woke up” was reverse scored and the 
items were summed to provide a total score on the measure. 
Research indicates that the PROMIS short forms have strong 
internal consistency and reliability and greater measurement 
precision against the Pittsburgh Sleep Quality Index and the 
Edinburgh Sleep Scale (Yu et al., 2011).

WHO-5 Wellbeing Index

The WHO-5 Wellbeing Index (English version) is a brief 
(5-item) subjective quality of life measure comprising items 
related to positive mood, vitality and levels of interest. The 
index is anchored on a six-point scale from 5 (all the time) 
to 0 (at no time). Scores are summed to provide a raw score 
between 0 and 25, which is then multiplied by four to pro-
vide a score out of a possible 100, with 100 being excellent 
wellbeing. The WHO-5 is a strong measure for assessing the 
general factor of wellbeing (Hall et al., 2011). A systematic 
review of over 200 trials indicates the measure is both valid 
as a screening tool as a general measure of wellbeing (Topp 
et al., 2015). The WHO-5 has been used extensively inter-
nationally in research settings and is one of the most widely 
used wellbeing measures that has been made available in 

over 30 languages (Topp et al., 2015). This study utilises the 
most widely used the WHO-5 (English) version.

Procedure

The study reports on the outcomes of the Moving Mindz pro-
gram. This program is an online workplace-based program that 
encourages physical activity through teams working towards 
increasing walking and physical activity. Organizations par-
ticipate in the program and within organizations, individuals 
are encouraged to participate individually or in teams of up 
to five members. Organizations may incentivise the teams by 
providing prizes for distances walked and other programs, but 
this is not provided by the program itself. The program encour-
ages participants to aim for the typical 10,000 step goal as 
has been used in previous research and commercial applica-
tions. Step activity is logged by individuals using their existing 
personal mobile phone or physical activity monitoring device 
(typically wrist-worn fitness trackers). Participants regularly 
log their results into the online step portal from their devices 
recordings (preferably daily) to provide their own and their 
teams’ progress in the program. Reminders are sent to partici-
pants regarding logging step counts regularly. Throughout the 
program, participants are provided with feedback on their step 
progress, individual and group leader boards within the organi-
zation, mini-challenges and brief psycho-education e-mails on 
the mental and physical health benefits of physical activity to 
increase participation and retention. Further information on 
the program can be obtained from https:// movin gmindz. io/or 
the corresponding author.

Participants enrolled in the workplace program between 
either 7-10-2019 to 29-11-2019 or 16-10-2019 to 7-12-2019 
were offered the opportunity to participate in the current 
research project. Participation was voluntary, anonymous to 
their organization (i.e., the identity of study participants was 
not provided back to organizations) and participants were not 
reimbursed for taking part in the study. To participate in the 
study, individuals provided informed consent and completed 
a pre and post-event questionnaire via their online program 
App and recorded all program steps and activities as usual. 
The pre-event questionnaire including sections relating to 
demographic and pre-program physical activity levels. In 
addition to standard demographic questionnaires, participants 
were asked to complete numerous validated mental health 
and wellbeing measures pre-program and post-program.

Upon completion of the 50-day program, participants were 
provided a five-day window to complete the post-event ques-
tionnaires. At the end of the program, participants were pro-
vided with a form fill standard feedback form prepared by a 
clinical psychologist based on their results on the scales. This 
feedback provided general information about depression, anxi-
ety, stress and wellbeing and ranked their results by category 
(i.e. low, moderate and high/very high). Also included were 

http://www.nihpromis.org
https://movingmindz.io/
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contact details for services and supports within Australia, if 
their scores fell within the “very high” range on the mood and 
anxiety measure.

Study Design and Data Analysis

This study utilised a naturalistic longitudinal study design. The 
sample was opportunistic and comprised consenting individu-
als already enrolled in a workplace sponsored wellbeing pro-
gram. Participants from the larger cohort were invited to com-
plete the mental health assessments with the knowledge that this 
would be used for direct feedback purposes to individuals and 
for research purposes (self-selected opportunistic sample). For 
individuals who consented to being involved in the research, data 
were transferred from the online platform into SPSS version 26 
for statistical analysis, where identifying data was immediately 
removed and replaced with a de-identified research study num-
ber. String data were coded into nominal categories (e.g. team 
names became a unique team identifier) and results on the out-
come questionnaires calculated using the approaches described 
in the original papers included in the material section.

All data were assessed for normality and outliers. Outliers 
were removed from the dataset if their scores lay more than two 
standard deviations from the population mean (see Field, 2018 
for discussion). Normality was assessed using the Shapiro-Wilk 
method. Descriptive statistics were generated to characterise 
the cohort followed by inferential statistics. The exploratory 
hypothesis related to program engagement was explored using 
descriptive statistics and differences between groups (program 
completers, dropouts and those lost to follow-up) were assessed 
across the mental health and wellbeing scales using independ-
ent sample ANOVA’s. The hypothesis regarding mental health 
outcomes for program completers was assessed using paired 
samples ANOVA’s on the mental health and wellbeing out-
comes. The hypothesis investigating the impact of reaching the 
10,000-step threshold was also analysed using an ANOVA. Bon-
ferroni corrections were not used on these hypotheses tests as 
per peer-reviewed recommendations (see Perneger, 1998 for full 
discussion). The final hypothesis utilised multiple regression to 
investigated the relationship between predictor variables of age, 
gender, number of children, self-reported pre-program step aver-
age and self-reported pre-program estimated sitting duration on 
post-program mental health and wellbeing outcomes.

Results

Demographics of Overall Cohort

An original study population of 2903 individuals consented 
to participate in the research study (878 M, 1981 W and 45 
preferred not to specify) and completed the pre-event sur-
veys. Age ranged between 18 and 81 years with the average 

being 38.9 years (S.D. = 11.6). Most individuals participat-
ing were single (30.2%) or married/partnered (52.4%) with 
smaller numbers divorced (4.7%), widowed (0.8%) or pre-
ferring not to disclose (11.9%). Almost half of the sample 
did not have children (46.2%) with a further 12.3%, 26.1%, 
8.0%, 1.9%, 0.8% and 4.8% having one, two, three, four, five 
and six children respectively. Team sizes were recorded and 
indicated that most individuals competed in teams of five 
(53.9%) or four (27.5%) team members. Fewer individuals 
competed in groups of three (12.6%), two (4.5%) or alone 
(1.2%).

Program Engagement Outcomes

Program engagement was measured by assessing the number 
of days that steps were logged and the average number of steps 
recorded daily. Fig. 1 highlights the number of days that steps 
were logged and demonstrates a very low rate of program drop-
out (defined in this research as recording step counts for 10% or 
less of the program (i.e., 5 days or less). Moreover, most partici-
pants (63.3%) recorded steps for at least 80% of the program (40 
out of 50 days), showing a high rate of engagement.

The second measure of engagement included measuring 
average step numbers amongst the complete cohort based on 
the average steps for all days that steps were recorded. The 
outcomes highlight a wide range in average step counts from 
1128 to 51,853. The average number of steps completed in 
the overall cohort during the activity program was 12,095 
(S.D. = 5033).

Assessing Pre‑Program Differences 
between Program Completers, Dropouts and those 
Lost to Follow‑up in Mental Health and Wellbeing 
Measures

The analysis of the database indicated high rates of program 
completers (n = 1320), and individuals lost to follow-up 
(n = 1374) with lower levels of program dropouts (n = 209). 
Due to high rates of individuals lost to follow-up, univariate 
ANOVA’s were performed to assess pre-program differences 
in mental health and wellbeing profiles of these cohorts to 
establish whether further analysis of the program completer 
group was valid or if the mental health characteristics of this 
group was significantly different. The data for this analysis 
are presented in Table 1.

The outcomes of Table 1 indicate that there were few 
significant differences observed in the mental health and 
wellbeing status of individuals who completed the program, 
those who dropped out during the program and those lost to 
follow-up. The only two significant findings were associ-
ated with decreased anxiety and higher wellbeing scores in 
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program completers versus those lost to follow-up. Analysis 
of effect size estimates indicates a very modest difference 
between these groups. Overall, these data indicate the mental 
health and wellbeing profile of individuals within the pro-
gram completer, dropout and lost to follow-up groups were 
very similar, indicating analysis of the former group may 
reflect a reflective sub-set of the larger sample.

Mental Health and Wellbeing Changes across Time 
in Program Completers

Of the 1324 program completers, the analysis sample 
included 434 men, 869 women and 21 participants who 
preferred not to specify. The average age of completing par-
ticipants was 39.9 years (S.D. = 11.7) with a range between 

6.6
4.9

3.1 3.7 4.3
5.5

3.7 4.4

12.1

51.2

0.0

10.0

20.0

30.0

40.0

50.0

60.0

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50

Pe
rc

en
ta

ge
 o

f t
ot

al
 co

ho
rt

 (n
=2

90
4)

Number of days steps logged

Fig. 1  Number of days steps logged across program for all program participants

Table 1  Mental health and wellbeing difference between program completers, drop-outs and those lost to follow-up

* indicates significant differences in pre-program anxiety and WHO wellbeing levels between the program completer group and lost to follow-up 
group in post-hoc LSD testing

DASS Depression DASS Anxiety DASS Stress WHO-5 PROMIS SD PROMIS SRI

Program Com-
pleters

6.11(6.52) 5.36(5.32) 10.13(6.70) 73.45(21.77) 3.12(.52) 2.96(.86)

Drop-out 6.44(6.51) 6.15(5.93) 10.67(6.87) 70.02(22.17) 3.16(.52) 2.99(.81)
Lost to follow-up 6.81(9.03) 6.04(8.18)* 10.39(9.08) 68.88(27.70)* 3.09(2.81) 3.08(2.88)
Statistics F(2,2902) = 2.72, 

p = .066, 
eta2 = .002, 
power = .539

F(2,2902) = 3.62, 
p = .027, 
eta2 = .002, 
power = .671

F(2,2902) = 630, 
p = .533, 
eta2 = .000, 
power = 156.

F(2,2902) = 11.645, 
p < .001, 
eta2 = .008, 
power = .156

F(2,2902) = .154, 
p = .858, 
eta2 = .000, 
power = .074

F(2,2902) = .315, 
p = .730, 
eta2 = .000, 
power = .100
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18 and 81 years. Most individuals participating were single 
(29.1%) or married/partnered (54.3%) with smaller num-
bers divorced (5.3%), widowed (1.0%) or preferring not to 
disclose (10.3%). Almost half of the sample did not have 
children (42.2%) with a further 11.7%, 28.8%, 9.4%, 2.6% 
1.2% and 4.1% having one, two, three, four, five and six chil-
dren respectively. Team sizes were recorded and indicated 
that most individuals competed in teams of five (63.9%) or 
four (24.3%) team members. Fewer individuals competed in 
groups of three (8.5%), two (2.4%) or alone (0.5%).

The outcomes for people completing the pre and post 
event surveys indicated they self-reported spending an aver-
age of 7.3 h daily sitting (S.D. = 2.7) with a reported range 
of 0–20 h in the pre-event survey. Self-report of step activ-
ity pre-program revealed most of the cohort was sedentary 
with 8.4% indicating they completed less than 5000 steps 
daily and a further 32.7% and 26.3% indicating they com-
pleted between 5000 and 7499 steps and 7500 and 9999 
steps respectively. A smaller proportion (16.7%) completed 
over the recommended 10,000 steps prior to the program and 
6% of the sample reported completing over 12,5000 steps 
daily. Of the participants who completed the program, the 
average number of steps (derived from step logs from each 
participant) showed that the majority of the cohort achieved 
an average of 10,000 or more steps daily (n = 934) compared 
with fewer participants who did not reach this benchmark 
(N = 343). Overall, the average number of steps reported 
daily were 13,199 (S.D. = 53) with a range between 3202 
and 51,853 steps.

Changes in Mental Health and Wellbeing over the Program

A series of ANOVA were utilized to assess changes over 
time in the mental health and wellbeing measures. The 
results of these comparisons are presented in Table 2.

The outcomes of the mental health and wellbeing 
analyses indicate that anxiety, stress, wellbeing and sleep 
related impairment all significantly improved over the 
50-day physical challenge in program completers. The 
scores on the study measures were already relatively low, 

highlighting the general positive mental health of the sam-
ple, the improvements in the scale scores were positive 
across the program with improvements in mental health 
scores of 9.8% for depressive symptoms (not statistically 
significant), 18.2% for anxiety symptoms and 12.0% for 
stress symptoms respectively. In terms of sleep disturbance 
and sleep related impairment, there was a pre to post-
program reduction in sleep disturbance and sleep related 
impairment of 1.9% (not statistically significant) and 6.9% 
respectively. Finally, in relation to wellbeing there was a 
significant and marked improvement across the program 
period of 7.1%.

Impact of Reaching an Average of 10,000 Steps per Day 
on Mental Health and Wellbeing Measures

Data were analysed based on program completers who 
reached an average of 10,000 steps or more daily versus 
those who did not reach this cut-off to assess whether 
reaching this criterion inferred any specific mental health 
and wellbeing benefits. The results of this analysis are 
presented in Table 3.

The associated ANOVA indicated that reaching 10,000 
or more steps did not significantly impact on health and 
wellbeing measures, F(1,1313) = 3.60, p = .067.

Relationship between Basic Demographic and Pre-Program 
Self-Report Activity Levels with Mental Health 
and Wellbeing Outcomes in Program Completers

A series of multiple regressions were performed to assess 
the impact of personal demographics (age, gender and num-
ber of children), team size and self-reported pre-program 
physical activity levels on mental health and wellbeing post-
program. The regression results are presented in Table 4.

Table 4 highlights that increasing age is associated with 
a range of improved mental health and wellbeing outcomes. 
Other demographic and team size factors did not signifi-
cantly impact on post-program mental health and wellbeing 

Table 2  Mental health and 
wellbeing changes from pre-
program assessment time to 
post-program assessment time 
in program completers

*denotes significant value at α = .05

Measure Estimated Marginal Mean 
(S.E.)

Statistic

Pre Post Statistic

Depression 6.55(0.49) 5.91(0.50) F(1, 1273) = 3.139, p = .077, eta2 = .002
Anxiety 5.92(0.49) 4.84(0.43) F(1, 1273) = 7.146, p = .008*, eta2 = .005
Stress 9.96(0.46) 8.76(0.51) F(1, 1273) = 6.10, p = .014*, eta2 = .005
Wellbeing 72.48(1.48) 77.64(1.66) F(1, 1273) = 11.227, p = .001*, eta2 = .008
Sleep Disturbance 17.87(0.31) 17.53(0.34) F(1, 1273) = 2.577, p = .109, eta2 = .002
Sleep Related Impairment 22.24(0.31) 20.71(0.34) F(1, 1273) = 37.938, p < .001*, eta2 = .028
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outcomes. In terms of the impacts of pre-program subjective 
reports of physical activity, higher level of self-reported step 
activity prior to the program was significantly associated 
with reduced depressive symptoms reporting on the DASS 
and improvement in wellbeing scores. The self-reported 
estimate of time spent sitting daily prior to the program 
was also associated with improved wellbeing scores on the 
WHO-5 and improvements in sleep related impairment on 
the PROMIS SRI. Overall, the results highlight the protec-
tive effects of age and pre-existing physically active behav-
iours going into the program.

Discussion

The participation rates for the activity program over the 
50-day period were strong, with the data indicating a very 
small number of individuals who enrolled in the pro-
gram failing to record any days of activity (6.6% of total 
cohort) and the majority of the cohort (63.3%) recording 
their activity for 40 days or more of the program. The 
other measure of program engagement of average steps 
recorded indicated the cohort was particularly active 
across the program period, logging an average of 12,095 

steps, equivalent to an average of 9.7 km daily. This activ-
ity level is markedly greater than the average Australian 
adult number of steps daily of 7.400 as reported by the 
Australian Institute of Health and Welfare (2013).

It was notable that comparisons between program com-
pleters, dropouts and individuals lost to follow-up showed 
few differences between the groups on mental health and 
wellbeing measures at baseline and, even where differ-
ences exist, effect size estimates showed they were mini-
mal. This result indicates that in terms of mental health 
and wellbeing status at commencement, the program com-
pleter group is a helpful group to investigate pre-post pro-
gram changes in mental health and wellbeing outcomes.

Based on our previous findings of mental health improve-
ments after a 100-day physical activity program (Hallam 
et al., 2018), it was hypothesised that mental health and 
wellbeing benefits may begin to occur within 50-days of 
a physical activity program for program completers. The 
results of this study also indicate a significant improvements 
in anxiety, wellbeing and sleep related impairment across 
the 50-day testing window were evident in program com-
pleters. Similar trends for improvement were seen with stress 
measures. The improvements in these measures provide a 
rounded impression of benefits from more physiological 

Table 3  Between subjects mean scores on mental health and wellbeing measures based on reaching 10,000 step threshold average daily (S.D.) in 
program completers

*denotes significant improvements in mental health and wellbeing score scores on univariate ANOVA with α = .05

Depression* Anxiety Stress* Wellbeing* Sleep Disturbance* Sleep Related 
Impairment

<10,000 steps 6.4(6.75) 5.65(5.75) 9.85(6.9) 71.8(21.95)* 17.6(4.6) 21.5(4.65)
≥10,000 steps 5.65(6.85) 4.8(5.85) 9.4(7.05) 77.6(23.15) 17.2(4.7) 20.85(4.65)
ANOVA Result F(1,1313) = 3.360, 

p = .067, 
eta2 = .003

F(1,1313) = .653, 
p = .419, 
eta2 = ..000

F(1,1313) = .747, 
p = .388, 
eta2 = .001

F(1,1313) = 7.224, 
p = .007, 
eta2 = .005

F(1,1313) = .306, 
p = .581, 
eta2 = .000

F(1,1313) = 2.170, 
p = .141, 
eta2 = .002

Table 4  Psychosocial and physical activity predictors of post-program mental health and wellbeing outcomes in program completers (n = 1324)

* denotes significant contributor on regression coefficient at α = .05, *** denotes significant contributor on regression coefficient at α = .001

Correlations

DASS Depression DASS Anxiety DASS Stress WHO-5 PROMIS SD PROMIS SRI

Age −.134*** −.206*** −.168*** .127*** −246*** −.009
Gender −.037 −.014 .025 −.025 .022 .064
Number Children −.057 −.069 −.057 .056 −.094 −.009
Team Size .002 −.005 −.021 .040 −.019 .009
Subjective pre-program steps −.089* −.084 −.065 .138*** −.077 −.057
Pre-program time sitting .044 .038 .051 −.095* .055 .030*
Regression Statistics r2 .026,

9.57
1.52
<.001

.048
9.93
1.30
<.001

.033
13.72
1.54
<.001

.038
63.75
5.07
<.001

.066
21.74
1.01
<.001

.007
19.919
1.03
.128

B
S.E.
p value
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measures of sleep related impairment to the psychological 
dimension of anxiety and finally the psychosocial dimension 
of wellbeing. This aligns with previous research indicating 
physical activity is an important self-care tool in work-
ers (Syed, 2020). Whether the impacts of the program are 
related directly to the impacts of exercise cannot be elu-
cidated from the findings of this study which has a natu-
ralistic workplace basis. Improvements across the program 
could be associated with the social experience, workplace 
culture changes or any number of other factors. In terms of 
the possibility that these improvements may reflect impacts 
of exercise itself, the results are consistent with previous 
research. One study highlights that significant improve-
ments in mood can be observed over only four months in 
both a physical activity group (aerobic training three times 
per week for 45–60 min) and antidepressant treated group 
(Brenes et al., 2007). Notably, although physical activity can 
provide similar benefits in improving mood as antidepres-
sant medications in many individuals with mild to moderate 
symptoms, it has the added advantage of improving cogni-
tive capacity and physical health without the side effects of 
the medication. Moreover, a Cochrane review indicates that 
overall, physical activity is as effective as antidepressants 
for the treatment of depression (Cooney et al., 2013) and 
there is potential that physical activity may be effective even 
in antidepressant resistant depressed patients (Mather et al., 
2002). These results align with biological findings that mood 
effects from physical activity occur immediately through the 
release of endorphins, within four weeks (through changes 
in the expression of brain derived neurotrophic factor) and 
with changes in the structure and function of the brain over 
10–12 weeks (Cabral et al., 2019). Physical activity posi-
tively impacts many body systems. Research now highlights 
the role of exercise in improving cognition (Tyndall et al., 
2018; Sleiman et al., 2016), reducing inflammation (Paolucci 
et al., 2018) and increasing the expression of brain derived 
neurotrophic factor (BDNF; Firth et al., 2018) through neu-
rogenesis and synaptogenesis. These effects are posited to 
account for changes in mental state associated with exer-
cises impact on neurological changes (Kandola et al., 2019; 
Gujral et al., 2017). These changes are particularly evident 
in the hippocampus (Li et al., 2019) after only eight to ten 
weeks of exercise (Firth et al., 2018). Anxiety also responds 
strongly to the effects of exercise with a recent meta-analysis 
showing a moderate effect size for the intervention (Stubbs 
et al., 2017b).

It was notable that within the program completer group, 
we again found no particular importance imbued with the 
10,000-step goal itself. This replicates our previous find-
ings of a similar intervention over a 100-day period (Hal-
lam et al., 2018) and a large 1-year follow-up trial in health 
workers (Lowensteyn et al., 2019). While these findings 
prove interesting, caution is recommended in abandoning 

the 10,000-step goal. When considering our earlier reference 
to the health action process approach (HAPA; Schwarzer, 
2008), the setting of concrete goals for both the goal setting 
and goal pursuit phases may be important. Notably, evidence 
indicates that the higher the levels of, and engagement in, 
gamification in physical activity programs, the more effec-
tive the program in increasing activity levels (Lier & Breuer, 
2019; Gómez-Carmona et al., 2019).

With increasing evidence (from our own and other pub-
lished studies) that workplace activity-tracking programs 
have a positive effect on the mental health of individuals 
who complete these programs, it becomes increasingly 
important to better understand who benefits most from these 
programs. This question formed the final hypotheses that 
investigated some of the demographic and pre-event self-
reported activity level factors that potentially impact relate 
to post-program mental health and wellbeing outcomes 
in program completers. The results indicate that younger 
adults were less likely to demonstrate positive mental health 
impacts of the program. This may relate to younger adults 
having greater confidence in their levels of fitness and 
mental health, younger adults feeling they had less time to 
engage or a host of other reasons. Alternatively, research 
indicates that older adults may be more sedentary (Bennie 
et al., 2015), therefore programs that increase their lower 
levels of physical activity may lead to larger behavioural 
changes. There were significant impacts seen in mental 
health benefits associated with self-reported pre-program 
step activity levels, specifically associated with an improve-
ment in DASS-21 depression score and improved subjective 
wellbeing. The self-reported estimate of sedentary behaviour 
(time spent sitting daily) prior to the program was also asso-
ciated with improved wellbeing scores on the WHO-5 and 
improvements in sleep related impairment on the PROMIS 
SRI post-program. Overall, the results highlight the protec-
tive effects of age and pre-existing physically active behav-
iours going into the program.

The strength of this study was its naturalistic focus and 
application of the intervention across a range of organiza-
tions. There remains a significant efficacy-effectiveness gap 
between clinical trials and real-world clinical intervention 
applications. The complexity of organizational culture com-
bined with personal beliefs and behaviours about the value 
of physical exercise mean real-world applications of inter-
ventions with known efficacy from research is vital.

This research is not without its limitations. Whilst the data 
from fig. 1 highlights that dropout from the program itself was 
low and most individuals completed the majority of the inter-
vention, many individuals were lost to follow-up in complet-
ing their post-program questionnaires. This loss to follow-up 
of survey completion significantly reduced the sample size of 
the group that completed the full pre and post testing. Whilst 
care was taken to fully contrast these groups on the pre-event 
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mental health measures, there are risks that the results of the 
program completers may not represent the results of the larger 
cohort who were lost to follow-up, a risk that is a significant 
limitation to the generalisability of the more detailed pre-post 
intervention outcomes. Due to this risk, definitive comments 
about mental health outcomes can only be inferred for pro-
gram completers. The rate of individuals lost to follow-up 
is similar to drop-out rates reported in previous Australian 
activity tracking based physical activity challenges (Guertler 
et al., 2015). Some of the contributing factors for loss to fol-
low up include that the post-event survey occurred after the 
program was ended and competition winners etc. announced. 
This likely reduced the motivation of individuals to engage 
in program related tasks not related to their team outcomes. 
It was also noted that in this research study, the survey portal 
was only open for five days post program completion which 
provided a narrow window for post program survey respond-
ing, possibly further minimising feedback on the standard 
measures. This is a necessary limitation as the mental health 
outcome measure references the previous week. As the survey 
component was a completely voluntary addition to this natu-
ralistic program run within workplaces, it was not appropri-
ate to follow-up on scale completion, although this approach 
may prove beneficial for more comprehensive databases in 
more controlled trial settings. To address this issue in future 
research, increased effort in incentivising individuals to com-
plete the questionnaires (noting these are not part of the pro-
gram itself) is imperative.

The current research also suffers from a lack of objective base-
line measures of physical activity and sedentary activity to com-
plement the self-report measures recorded during the program. 
Because of this, the study was not able to assess changes in actual 
activity levels to analyse in relation to mental health benefits. It is 
important to note that the reason for the mental health improve-
ments during the program are therefore not understood and could 
be associated with the physical activity element of the program 
or other contextual factors (workplace engagement, enjoyment of 
the challenge and teamwork or workplace incentives). To over-
come this limitation, further programs by the research team will 
include the Global Physical Activity Questionnaire (Armstrong 
& Bull, 2006) in the pre-program assessment.

Conclusions

This study contributes further to the evidence that workplace 
based physical activity programs may have a significant impact 
on mental health in individuals who provide pre and post event 
mental health data. In this study of 2903 Australian workers, 
we demonstrate good program engagement in this workplace 
activity challenge. The sub set of individuals who provided pre 
and post-program data also highlights significant improvement 
in anxiety, wellbeing and sleep related impairment over a 50-day 
period for program completers. Further research is required to 

find causal underpinnings of this change to establish whether 
the exercise itself, other program variables or external factors (or 
a mixture of all these factors) lead to these improvements. This 
highlights a role for collaboration between industry and research-
ers in investigating the elements of these programs that improve 
mental health and wellbeing as the intervention is low cost and 
low risk. With increasing levels of psychological distress world-
wide, particularly in light of the recent COVID-19 pandemic and 
impacts on the community, improving mental health and wellbe-
ing in workplace settings may be an important focus.
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