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Preface
This thesis for the degree of Doctor of Philosophy is in the format of Thesis by compilation
and abides by the ‘Procedures for Presentation and Submission of Theses for Higher Degrees

— University of Technology Sydney; Policies and Directions of the University’.

From the research design and data collection by the candidate, three research study chapters
have been developed. An introduction chapter provides background information, research
problem, as well as the purpose and significance of the three studies. A literature review chapter
provides an overview of the cardiometabolic and mental health risk factors that may be present
in the academic workplace, and how concurrent exercise training could be used to counter these
risks. The research study chapters are then presented in a logical sequence following the
development of research ideas within this thesis. Each chapter has a similar outline of
introduction, methods, results, discussion, and conclusion. Findings from all studies are
combined into a discussion chapter, where collective results are discussed in reference to
related literature. This thesis finishes with an overall conclusion, practical applications, and

directions for future research.
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Abstract

Competing work responsibilities and high workload experienced in the academic workplace
likely contribute to the higher stress and longer work hours reported in academics compared to
other employees. High stress and long work hours are associated with lower levels of physical
activity, which is a risk factor for mental and cardiometabolic disorders. Low amounts of
physical activity are reported in the academic workplace, though few studies report concurrent
assessments of mental and cardiometabolic health in inactive academics. Limited research also
exists on interventions designed to increase physical activity in academics with the aim of
improving cardiometabolic and mental health outcomes. Concurrent exercise training (CT)
combines endurance and resistance exercise and has been shown to improve cardiometabolic
and mental health; however, minimal workplace-based CT interventions have been reported in

inactive academics (150 min/week of weighted physical activity).

This thesis firstly aimed to describe the cardiometabolic and mental health of inactive full-time
academics within an Australian University and compare cardiometabolic and mental health
risk factors by sex and academic level (study 1). Secondly, this thesis aimed to determine the
effect of a 14-week CT program on components of the metabolic syndrome (MetS), insulin
resistance, body composition, aerobic capacity and markers of systemic inflammation in
inactive full-time academics from an Australian University (study 2). Thirdly, this thesis aimed
to evaluate the effect of 14-weeks of CT on symptoms of depression, stress and anxiety in
inactive full-time academics within an Australian University (study 3). Lastly, this thesis aimed
to investigate the relationships between metabolic risk factors (e.g. fat mass, insulin resistance

and systemic inflammation), stress and symptoms of depression (study 1, 2 and 3).



Study 1 was a cross-sectional study to describe the cardiometabolic and mental health of
inactive academics (n=59), in relation to sex and level of appointment. Results showed that
20% of inactive academics had MetS and nearly half (48%) were overweight or obese. Twenty-
two percent experienced moderate to severe symptoms of anxiety, stress and/or depression.
Lower ranking academics (Associate Lecturers and Lecturers) experienced significantly
greater feelings of distress, depression and stress compared to their more senior colleagues. No
difference in mental health measures were evident between males and females. Higher job
stress was associated with higher depressive symptoms and higher anxiety was associated with
lower aerobic capacity. In addition, a relationship between mental and cardiometabolic health
was evident, whereby higher distress and depressive symptoms were associated with an

increased likelihood of MetS.

Study 2 involved a randomised controlled trial comparing the effect of 14-weeks of CT to
normal behaviour (control group) on the cardiometabolic health of inactive academics (n=59).
Measures of MetS, body composition, insulin resistance, aerobic capacity and markers of
systemic inflammation including interleukin-6 (IL-6) and tumor necrosis factor (TNF-a) were
measured before and after training. Results showed significant decreases in fat mass (%) and
central adiposity, and increases in lean mass and aerobic capacity in CT compared to control.
There were no changes to IL-6, TNF-a, insulin resistance or lipid profile in CT or control
groups. Of note, changes in insulin resistance were positively associated with IL-6 in the

control group only.

Using the same 14-week randomised controlled trial as study 2, study 3 aimed to determine the

effect of CT on mental health in inactive academics (n=59). Symptoms of depression, anxiety,

and stress (job specific and general), effort-reward imbalance, and systemic inflammation (IL-

Xi



6 and TNF-a)) were measured pre- and post-intervention. Further, measures of wellness (sleep
duration, sleep quality, stress, fatigue, mood and workload) were self-reported daily, before
and during the last 2-weeks of the intervention. Results showed a significant decrease in
symptoms of depression after CT. However, there were no changes observed in effort-reward
imbalance or symptoms of anxiety, stress (general or job-specific) or daily wellness measures.
No relationships were evident between changes in stress and changes in systemic inflammation

or symptoms of depression.

This thesis reports evidence of poor mental and cardiometabolic health in academics with low
levels of physical activity. In turn, a 14-week concurrent exercise program was implemented
within the academic workplace, with subsequent improvements in cardiometabolic and mental
health. In particular, CT resulted in improvements to body composition, aerobic capacity, and
symptoms of depression in the inactive academic workplace. The findings relay the benefits of
CT for non-clinical populations at higher risk of mental and physical health disorders. The
results may have important implications for both inactive academics and the broader university

sector.
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Chapter 1

Introduction



Introduction

The academic workplace is a predominantly desk-based workplace wherein over 66% of
academics report low to moderate levels of physical activity (<150 min of weighted physical
activity per week), which compares to 85% of Australian adults reporting <150 min of
weighted physical activity per week (Australian Bureau of Statistics. 2018). Low levels of
physical activity have been previously associated with high levels of stress and long workhours
(Cooper & Barton 2016; Kirk & Rhodes 2011; Prince et al. 2019), which may at least partly
explain the low physical activity reported by academics. Indeed, competing teaching,
administrative and research demands may underlie the higher job stress and psychological
strain experienced by academics compared to other professions (Fontinha, Easton & Van Laar
2019; Kinman 2016; Siegrist 1996; Winefield et al. 2003). Long work hours may limit the
leisure time available for physical activity (Kirk & Rhodes 2011), and high stress has been
associated with reduced levels of physical activity (Stults-Kolehmainen & Sinha 2014).
Consequently, these characteristics of the academic workplace may represent challenges to
engaging in regular physical activity, predisposing academics to risk-factors associated with

chronic disease development.

Low engagement in physical activity is common in many desk-based workplaces (Prince et al.
2019), and may increase the risk of both cardiometabolic and mental health disorders, including
type 2 diabetes (Smith et al. 2016a), cardiovascular disease (CVD) and depression (Kraus et
al. 2019; Schuch et al. 2018). For example, meta-analyses of prospective cohort studies have
reported a 26% decrease in the risk of developing type 2 diabetes (Smith et al. 2016a), and a
17% lower odds of incident depression in individuals with higher levels of physical activity
compared to inactive individuals (Schuch et al. 2018). Furthermore, low levels of physical

activity can increase risk factors associated with cardiometabolic and mental health, such as



systemic inflammation (Hamer et al. 2012), fat mass and insulin resistance (Leskinen et al.
2009; Shibata et al. 2016; Tsenkova 2017), whilst decreasing protective factors such as aerobic
capacity and lean mass (Aspenes et al. 2011; Fukumoto et al. 2018; Shephard et al. 2013). In
turn, increasing moderate to vigorous physical activity (MVPA) in inactive workplaces is
important for industries, including academia, aiming to protect employees from developing

type 2 diabetes or depression (Schuch et al. 2018; Smith et al. 2016b).

Despite the low physical activity engagement reported within the academic workplace (Safi et
al. 2021), there is limited research describing the cardiometabolic health of academics. A cross-
sectional study of 2428 employees from a university in China reported that 5% of academics
had MetS (Cheserek et al. 2014). Furthermore, Alkhatib (2015) reported average body mass
index (BMI) of 26+4 kg/m?, peak oxygen consumption (VOzpeak) of 32.7 mL kg 'min!, systolic
blood pressure (SBP) of 120 mmHg and diastolic blood pressure (DBP) of 75 mmHg in a small
descriptive study of 23 UK academics (Alkhatib 2015). Although these data show many
cardiometabolic health variables to be within normal ranges, they are limited to a small
population of academics and are missing further primary measures of cardiometabolic disease
risk; including fat mass, lean mass and systemic inflammation, and clinical endpoints related

to MetS.

Stress, long work hours and low levels of physical activity are positively associated with
symptoms of depression (Dishman, McDowell & Herring 2021; Lee. 2020; Virtanen et al.
2018). In contrast to the limited cardiometabolic health data available for academics, reports
on the mental health of academics are more abundant. Previous research has reported that
university staff experience greater symptoms of stress, anxiety and depression compared to the

general population (Mark & Smith 2012), and academics experience higher job stress and



psychological strain compared to other university staff (e.g. administrative and technical staff)
(Fontinha, Easton & Van Laar 2019; Winefield et al. 2003). Higher job stress may be due to
an effort reward imbalance (ERI), wherein workers experience more effort outputs (e.g. job
demands) than reward inputs (e.g. promotion prospects, respect from colleagues), which has
been associated with a 1.5 fold increased risk of developing depression (Rugulies, Aust &
Madsen 2017). In addition, Pan et al. (2012) reported a bilateral relationship between
depression and MetS (Pan et al. 2012), suggesting that the higher psychological strain in
academics may be associated with poor cardiometabolic health outcomes. Given the
interrelated nature of mental and cardiometabolic health markers, physical activity
interventions can decrease the risk of both depression and MetS (Schuch et al. 2018; Zhang et

al. 2017), and should be assessed within the inactive academic workplace.

Exercise is an organised and structured form of physical activity (Caspersen, Powell &
Christenson 1985), and resistance and endurance training are divergent exercise modes that
can improve risk factors of mental and cardiometabolic health (Gordon et al. 2018; Grgic et al.
2019; Schuch, Vancampfort, Richards, et al. 2016; Schwingshackl et al. 2013). Whilst
resistance training primarily results in increased muscle hypertrophy and strength (Grgic et al.
2019), endurance training increases aerobic capacity and decreases fat mass (Coffey & Hawley
2016; Schwingshackl et al. 2013). Both training modes improve symptoms of anxiety and
depression in adults (Gordon et al. 2018; Gordon et al. 2017; Schuch, Vancampfort, Richards,
et al. 2016; Stubbs, Vancampfort, et al. 2017); however, combined endurance and resistance
training is associated with the lowest prevalence of symptoms of depression compared to either
exercise mode alone (Bennie et al. 2019). Concurrent exercise training (CT) is defined as a
combination of both endurance and resistance exercise and results in improvements to fat mass,

lean mass and aerobic capacity, indicating adaptations to respective endurance and resistance



modes of training (Willis et al. 2012). Indeed, participating in regular CT is associated with a
25% lower risk of developing MetS when compared to inactive individuals (Bakker et al.
2017). CT may have a synergistic effect on mental and cardiometabolic health compared to
endurance or resistance exercise alone (Bennie et al. 2020; Coffey & Hawley 2016), though to

our knowledge, no studies have investigated the impact of CT in inactive academics.

CT has previously resulted in improvements to body composition and aerobic capacity in
inactive desk-based workers. Hunter et al. (2020) reported an increase in lean mass (1.2+1.2kg)
and VOozpeak (10+£11%), and a decrease in fat mass (-2.2+2.2%) following 16 weeks of
supervised CT in 78 university employees, though participants were not required to be inactive
at baseline and academics were pooled with other staff, obfuscating the effects of CT on
academics. Whilst CT studies in the general population have consistently reported increased
lean mass and reduced fat mass (Schroeder et al. 2019; Stewart et al. 2005), there have been
mixed effects for measures of systemic inflammation and insulin resistance (Brunelli et al.
2015; Donges et al. 2013). This is interesting given cross-sectional research reveals significant
associations between body composition, insulin resistance and systemic inflammation (Kunz
et al. 2021), indicating the need for further research into the associations between these risk
factors of cardiometabolic diseases. Notwithstanding, academics may be at risk of increased
fat mass (Leskinen et al. 2009), systemic inflammation (Hamer et al. 2012), and insulin
resistance (Tsenkova 2017), and decreased aerobic capacity and lean mass due to low
participation in physical activity (Aspenes et al. 2011; Shephard et al. 2013). Given that long
work hours may limit participation in physical activity outside of work (Kirk & Rhodes 2011),
an onsite CT program may enhance exercise adherence and improve these cardiometabolic risk

factors in this population (Jakobsen et al. 2015).



Although research within academics is limited, CT within other inactive workers has resulted
in decreases in symptoms of depression and stress (Atlantis et al. 2004; Greco 2020), with
mixed results for changes in anxiety (Atlantis et al. 2004; Genin et al. 2018). Preliminary
research has also reported positive associations between stress, depression, and systemic
inflammation (Lee. 2020; Piantella et al. 2021), suggesting a relationship between physical and
mental health. CT has mixed effects on systemic inflammation (Donges et al. 2013; Thalainen
et al. 2018), but can decrease stress and symptoms of depression in workers (Atlantis et al.
2004), and further research is required into the association between changes in stress and
changes in systemic inflammation and symptoms of depression. Such research is pertinent in
academics experiencing high psychological strain and job stress, alongside low amounts of
physical activity (Fontinha, Easton & Van Laar 2019; Safi et al. 2021; Winefield et al. 2003).
However, to our knowledge, no research has assessed the effect of CT on the mental and

cardiometabolic health of inactive academics.

Thesis aims
The high stress and low levels of physical activity involved in the academic workplace may
increase the risk of cardiometabolic and mental health disorders. CT has been reported to
improve risk factors for cardiometabolic and mental health disorders in other inactive
workplaces. In turn, this thesis aims to:
1. Describe the cardiometabolic and mental health of inactive full-time academics within
an Australian University and compare cardiometabolic and mental health risk factors
by sex and academic level (study 1).
2. Determine the effect of a 14-week CT program on components of MetS, insulin
resistance, body composition, aerobic capacity and markers of systemic inflammation

in inactive full-time academics from an Australian University (study 2).



3. Evaluate the effect of 14-weeks of CT on symptoms of depression, stress and anxiety
in inactive full-time academics within an Australian University (study 3).

4. Investigate the relationships between metabolic risk factors (e.g. fat mass, insulin
resistance and systemic inflammation), stress and symptoms of depression (study 1, 2

and 3).

Limitations

e The current cohort were inactive, apparently healthy academics from a single
Australian University, with access to supervised training at an onsite facility. In turn,
caution must be taken when extrapolating results to the wider academic community,
other desk-based workplaces, and populations with pre-existing cardiometabolic or
mental disorders.

e Participants were asked to adhere to their normal lifestyle behaviours outside of the
study. However, this could only be verified via self-reported methods.

¢ Due to the nature of the study, participants and training instructors were not blinded to
group allocation, which may result in a risk of performance bias during the data
collection phase.

e Though the sample size was large enough to detect moderate effect sizes, it was not
large enough to detect the small effect sizes previously reported for tumor necrosis
factor-a (TNF-a)), which was the smallest effect size of interest. Resource constraints
and a finite recruitment period meant that recruitment was stopped prior to meeting the
full sample size required to detect small effect sizes.

e There are different diagnostic criteria for MetS and this made it difficult to compare

study results.



e The various types of stress (e.g. physical, general, job specific, acute, chronic) and
numerous techniques (e.g. questionnaires and saliva samples) used to measure stress
make it challenging to compare results between studies.

e The voluntary nature of the study may have introduced a self-selection bias.

e The per-protocol analysis may have introduced a bias given participants with higher

baseline depression scores may be less likely to adhere to exercise.

Delimitations

e Only participants without known metabolic disease or treatment for depression,
diabetes, cardiovascular disease or inflammation were recruited because there were
inadequate resources to conduct the study with the large sample size required to enable
statistical adjustments of these confounders.

e The CT program was designed to be adaptable, easily implementable, low cost and
engaging. In turn, we did not include objective intensity measures for endurance
exercise (e.g. 70% predicted HRmax). However, participants were encouraged to
progressively increase endurance training intensity (distance and power) and external
load was monitored via training diaries to provide anchors for progressive overload.

e Due to the significant costs involved in analysis of circulating cytokines, we delimited
the study to IL-6 and TNF-a given their association with primary outcomes.

e Daily wellness measures were measured once per day to minimise participant burden.

e Physical activity and exercise were the primary foci of the current thesis. Sedentary
behaviour has been previously associated with cardiometabolic and mental health risk
factors, independent of MVPA (Knaeps et al. 2018; Zhai, Zhang & Zhang 2015), and

consequently was outside the scope of this thesis.



Chapter 2

[Literature Review



Overview
The academic workplace is a desk-based environment involving high stress and low levels of
physical activity (Cooper & Barton 2016; Fontinha, Easton & Van Laar 2019). Chronic stress
and low levels of physical activity are positively associated with both cardiometabolic and
mental health risk factors, including fat mass (Bradbury et al. 2017; Geiker et al. 2018), insulin
resistance (Tsenkova 2017), systemic inflammation and symptoms of depression, stress and
anxiety (Lee. 2020; Nicklas et al. 2016; Schuch et al. 2018). Consequently, academics
participating in low amounts of physical activity may be at heightened risk of developing
cardiometabolic and mental health disorders, such as depression and type 2 diabetes. Exercise
training can improve the respective risk factors for cardiometabolic and mental health and
reduce the risk of associated disorders (Bakker et al. 2017; Bennie et al. 2020). Whilst both
aerobic and resistance exercise have respective mode-specific responses, combining both
modes within a session, termed concurrent training (CT) provides complimentary benefits in
untrained populations (Coffey & Hawley 2016). However, the effects of CT on the mental and
cardiometabolic health of academics with low levels of physical activity have not been
investigated. Accordingly, the following literature review is composed of research regarding 3
primary topics:

1. The mental and cardiometabolic health risk factors in desk-based workers, particularly

academics.
2. The interrelationships between cardiometabolic and mental health risk factors.
3. The effect of CT on the mental and cardiometabolic health of workers with low levels

of physical activity, highlighting the lack of such research in academics.
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Literature Search Methods
Articles in this literature review were primarily sourced from Google Scholar and PubMed

2 ¢ 29 ¢ 2 <6

using key search terms related to “academics”, “workplace”, “metabolic syndrome”, “insulin

2 EEANTY 9 ¢

resistance”, “body composition”, “systemic inflammation”, “depression”, “anxiety”, “stress”,
“effort reward imbalance”, “physical activity” and “concurrent resistance and endurance
exercise training”. Abstracts were screened for relevance and highly relevant studies were
included. A secondary search was conducted through the reference lists of the included
publications, and articles that cited the included research (via Google Scholar). Furthermore,

related review papers were screened for additional studies. Articles were then included in a

narrative review format.

Physical Activity and the Desk-based Workplace

Over 50% of Australian full-time workers undertake their work duties within a mostly seated,
desk-based environment (Sugiyama et al. 2020). The desk-based workplace involves lower
levels of physical activity compared to other workplaces (Prince et al. 2019). For example, a
meta-analysis of objectively measured physical activity in different occupations reported that
desk-based workers had a lower daily step count and spent significantly less time in light
physical activity and MVPA compared to other employees in the workplace (Prince et al.
2019). Low levels of physical activity are associated with cardiometabolic disease and mental
health disorders, whereby highly active individuals have a reduced risk of developing MetS
(Hazard ratio=0.87, 95% CI=0.84, 0.91) and type 2 diabetes (Hazard ratio=0.84, 95% CI=0.78,
0.90) compared to individuals with low levels of physical activity (Martinez-Gomez et al.
2020). Furthermore, increased physical activity is associated with a 22% lower odds of incident
depression or an incident increase in subclinical symptoms of depression (Dishman, McDowell

& Herring 2021). Consequently, increasing the physical activity of desk-based workers to meet
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the World Health Organisation recommendations (>150 min of weighted physical activity and
>2 d of muscle strengthening activities per week) is a priority for both public health and
corporate initiatives to assist in protecting workers from the development of cardiometabolic

diseases and mental health disorders (Bull et al. 2020).

The academic workplace is primarily desk-based and research has reported no MVPA whilst
at work (Safi et al. 2021). Less than 1 in 3 academics engage in high amounts of physical
activity (=1500-3000 metabolic equivalent; MET minutes/week) throughout the week. These
activities include work-based and leisure-time behaviours, which commonly comprise of light
physical activity and MVPA, respectively (Cooper & Barton 2016; Prince et al. 2019). Self-
reported data indicated that over 70% of Australian academics worked hours in surplus of their
contract, and the mean excess hours worked was 18 £15 h over a 14-day period (Fetherston et
al. 2020). There is a negative association between work hours and leisure time physical activity
when working over 45-50 h per week and the excess overtime reported by academics may
represent a significant barrier to increasing physical activity (Kirk & Rhodes 2011). Whilst
workers from other desk-based professions engage in more physical activity in their leisure-
time compared to non-desk-based workers (Kirk & Rhodes 2011; Prince et al. 2019), the long-
work hours experienced by academics may contribute to lower levels of MVPA (ie. reduced
leisure time physical activity). This suggests that interventions aiming to increase MVPA in

this population need to be easily accessible and may need to be incorporated into the workplace.

Low levels of physical activity are positively associated with cardiometabolic and mental
health risk factors including obesity (Bradbury et al. 2017), insulin resistance (Tsenkova 2017),
chronic systemic inflammation (Nicklas et al. 2016), stress (Burg et al. 2017; Gerber et al.

2014) and symptoms of depression (Dishman, McDowell & Herring 2021); whilst being
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negatively associated with protective factors such as lean mass and aerobic capacity (Aspenes
et al. 2011; Fukumoto et al. 2018; Shephard et al. 2013). In turn, these risk factors may be
highly prevalent in academics with low levels of physical activity, increasing their risk of
developing chronic diseases such as type 2 diabetes and depression (Schuch, Vancampfort,
Sui, et al. 2016; Wang et al. 2013). However, these risks are speculative due to the lack of

descriptive evidence available on academic populations.

Metabolic Syndrome in the Inactive Academic Workplace

MetS involves a cluster of cardiometabolic risk markers that are also associated with mental
health disorders (Marott et al. 2016). A commonly used definition identifies MetS when at least
3 of the following 5 conditions are met: 1) waist circumference (WC) >94 cm for males or >80
cm for females; 2) triglycerides; >1.7 mmol/L; 3) high density lipoprotein cholesterol (HDL-
C) <1.0 mmol/L in males or <1.3 mmol/L in females; 4) systolic blood pressure (SBP) >130
mmHg and/or diastolic blood pressure (DBP) >85 mmHg; or 5) elevated fasting glucose (>5.6
mmol/L) (Alberti et al. 2009). In turn, MetS can increase the risk of developing depression and
type 2 diabetes (Ford, Li & Sattar 2008; Moazzami et al. 2019). A meta-analysis of cohort
studies reported a dose-response relationship between physical activity and MetS, wherein each
10 MET h/week increase in leisure-time physical activity is associated with an 8% decreased
risk of MetS (RR=0.92, 95%CI=0.89,0.96) (Zhang et al. 2017). Physical activity intensity
appears to be particularly important with prospective research (n=10,145) showing a
significantly decreased likelihood of developing MetS in individuals participating in more
vigorous intensity physical activity compared to those performing light intensity physical
activity (OR=0.63, 95%CI=0.4, 0.89) (Hidalgo-Santamaria et al. 2017). Longitudinal and
cross-sectional studies have found that this association remains after adjustment for physical

activity volume, indicating an independent effect of physical activity intensity on risk of MetS
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(Janssen & Ross 2012; Laursen et al. 2012). Evidently, increasing physical activity, particularly
MVPA in desk-based workers may reduce the risk of MetS, which has been associated with

the development mental health disorders and cardiometabolic diseases.

Improving and preventing MetS is important given its positive association with depression
(Moradi et al. 2021), CVD and type 2 diabetes (Ford, Li & Sattar 2008; Mottillo et al. 2010).
A prospective study of 95,756 adults with mean follow-up time of 6 y reported that participants
with all 5 metabolic syndrome components at baseline had 79 times the risk of developing type
2 diabetes compared to those with no components (Hazard ratio=79, 95%CI= 50,127). Each
component of MetS was associated with type 2 diabetes, wherein an increased risk of type 2
diabetes was observed with every 1 unit increase in WC (OR=1.05, 95%CI=1.04,1.05),
triglycerides (OR=1.12, 95%CI=1.10,1.15), SBP (OR=1.01, 95%CI=1.01,1.01), DBP
(OR=1.01, 95%CI=1.00,1.01) and glucose (OR=1.32, 95%CI=1.30,1.34), or decrease in HDL-
C (OR=2.23, 95%CI=1.98,2.51) (Marott et al. 2016). Despite the multiple criteria available to
define MetS (Kassi et al. 2011), all definitions have been associated with increased incidence
of type 2 diabetes (Ford, Li & Sattar 2008). In regard to mental health, meta-analysis of cross-
sectional studies has reported a positive association between MetS and depression (OR=1.42,
95%CI=1.28,1.57), and meta-analysis of cohort studies reported that individuals with MetS
have a 49% increased likelihood of developing depression (OR=1.49, 95%CI=1.19,1.89) (Pan
et al. 2012). Thus, it is important to prevent or reduce MetS in workers to decrease the risk of

developing both cardiometabolic and mental health disorders.

Prevalence of MetS in the general Australian adult population ranges between 21.7%

(95%CI1=19.0,24.3) and 30.7% (95%CI1=27.1,34.3) depending on the definition used (Cameron

et al. 2007). Though limited data are available for desk-based workers, Engelen et al. (2017)
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reported that Australian adults engaging in low physical activity and high amounts of sitting,
akin to desk-based workers, are at increased risk of MetS (OR=2.37, 95%CI=1.63,3.45)
(Engelen et al. 2017). Cross-sectional research with employees from a desk-based workplace
in Spain reported a MetS prevalence of 12.8% (95%CI=12.4,13.1) in males (n=48,094) and
4.7% (95%CI=4.4,5.0) in females when using the Adult Treatment Panel II definition of MetS
(Sanchez-Chaparro et al. 2008). Interestingly, prospective research from the Netherlands
(n=34,834) reported that incidence of MetS in desk-based workers after a 3.85 y follow-up
period was between 7.9% (high skilled white-collar workers) and 8.8% (low skilled white-
collar workers), and low participation in leisure-time physical activity was associated with
greater risk of MetS (Runge et al. 2021). These findings emphasise the importance of
increasing the leisure-time physical activity of desk-based workers. The high work hours
experienced by academics may limit the leisure time available for physical activity (Fetherston
et al. 2020; Kirk & Rhodes 2011), and thus academics may be at increased risk of MetS.
However, limited research has investigated the prevalence of MetS in academics. A cross-
sectional study from a Chinese university (n=2,273) reported that 5% of academics had MetS
(Cheserek et al. 2014). To our knowledge, no studies have assessed cardiometabolic risk factors
including the components of MetS in Australian academics, particularly those participating in

low amounts of physical activity.

Aerobic Capacity in the Inactive Academic Workplace

Aerobic capacity is an important indicator of cardiovascular and cardiorespiratory health
(Myers et al. 2015), and is relevant in desk-based workers because it is positively associated
with physical activity (Baumann et al. 2020; Mundwiler et al. 2017; Zeiher et al. 2020).
Munwiler et al. (2017) reported that workers participating in >30 min MVPA per day on both

workdays and non-workdays had significantly higher estimated maximal oxygen consumption
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(VO2max; 42 mL'kg!'min!) compared to those completing <30 min MVPA per day on
workdays and non-workdays (30 mLkg!min'). In addition, MVPA on workdays was
positively associated with estimated VOzmax (f=0.10, P=0.013) (Mundwiler et al. 2017).
Findings from the National Health and Nutrition Examination Survey (NHANES) reported that
individuals in the highest quintiles of physical activity (>1261 MET/min/week) had higher
estimated VOzmax compared to those engaging in <1260 MET/min/week (P=0.01) (Ceaser et
al. 2013). Physical activity intensity appears to be particularly important for increasing aerobic
capacity (Mundwiler et al. 2017; Swain & Franklin 2002; Swain & Franklin 2006). The
majority of clinical trials report greater improvements in aerobic capacity in groups
participating in higher intensity aerobic exercise (Swain & Franklin 2006), and cross-sectional
research reveals a positive association between vigorous leisure-time physical activity and
estimated VOomax (4=0.155, P<0.001) (Mundwiler et al. 2017). Evidently, both volume and
intensity of physical activity have a significant impact on aerobic capacity, which is
subsequently negatively associated with incident depression and MetS (Gianfredi et al. 2020;

Lee 2020).

Cross-sectional and prospective studies show that aerobic capacity has a negative relationship
with both depression and MetS (Gianfredi et al. 2020; LaMonte et al. 2005; Lee 2020). A meta-
analysis of cross-sectional research found that individuals with a normal body mass index
(BMI) but low aerobic capacity were at increased risk of MetS (RR=1.62, 95%CI=1.32, 1.98,
P<0.01), more so than those with obesity and high aerobic capacity (Lee 2020). A 6 y
prospective study showed a decreased risk of developing MetS in males (n=9007, hazard
ratio=0.47, 95%CI=0.40,0.54, P<0.001) and females (n=1491, hazard ratio=0.37,
95%CI=0.18,0.80, P=0.01) in the highest tertile of aerobic capacity compared to those in the

lowest tertile (LaMonte et al. 2005). Furthermore, a meta-analysis of prospective research
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reported that individuals with low aerobic capacity had a 76% (95%CI=1.61-1.91, P<0.001)
increased risk of developing depression (Schuch, Vancampfort, Sui, et al. 2016). The desk-
based academic work environment may contribute to low aerobic capacity and subsequently

increase the risk of mental and cardiometabolic health disorders.

Cross-sectional research reported a VOapeak 0f 34.148.1 mL kg 'min ! in 46 desk-based workers
following a maximal graded exercise test on a cycle ergometer (Strauss et al. 2021); with clear
age and sex differences in aerobic capacity evident (Kaminsky et al. 2017). Further cross-
sectional research in employees from various types of desk-based work reported an estimated
VOomax range between 35.3+10.1 to 37.3+10.4 mLkg!''min'! in females and 35.0£9.9 to
38.1+10.3 mL'kg!'min’! in males as measured from a submaximal test on a cycle ergometer
(Vaisanen et al. 2020). This compares to reference values from the general population, which
report 20.1+5.1 mL'kg!''min"! in females and 28.0+6.7 mL'kg'min’! in males aged 40-49 y
(Kaminsky et al. 2017). Disregarding the influence of gender, age and method of measurement
on aerobic capacity when comparing studies, higher aerobic capacity is associated with lower
risk of depression and type 2 diabetes (Chow et al. 2016; Schuch, Vancampfort, Sui, et al.
2016). Given that academics experience low MVPA at work and may have limited leisure time
to participate in physical activity due to long work hours (Kirk & Rhodes 2011; Safi et al.
2021), increasing the physical activity of this population via exercise may provide an avenue
to increase aerobic capacity and therefore reduce risk markers of depression and type 2 diabetes
(Zeiher et al. 2020).

Despite experiencing low levels of physical activity there is limited research on the aerobic
capacity of academics (Cooper & Barton 2016). Alkhatib (2015) measured aerobic capacity
via graded exercise test on a treadmill in academics (n=23, 5346 y) and administrative staff

(n=33,49+12 y) from a UK university and reported a VOzpeak 0f 32.744.7 mL'kg 'min! in male
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and 32.1+9.1 mLkg!'min"! in female academics, with no differences found between sex, or
academics and administrative staff (Alkhatib 2015). This compares to reference values from
the general population (n=4631) that were also measured via a graded exercise test on a
treadmill, reporting 33.7+5.7 mL’kg'min’! in females and 42.1+7.6 mL'kg!''min! in males
aged 50-59 (Aspenes et al. 2011). Other research in mixed-role university staff (including 47%
full-time academic staff) reported a VOapeak 0f 27.4+5.4 mL'kg 'min™! in females and 36.2+7.1
mLkg!'min’! in males, though results of the specific academic participants were not reported
(Hunter et al. 2020). Although academics participate in low amounts of physical activity

(Cooper & Barton 2016), current research into the aerobic capacity of academics is sparce.

Body Composition in the Inactive Academic Workplace

Relevance of Fat Mass

The low amounts of physical activity experienced in the desk-based workplace may increase
fat mass and decrease lean mass, which may subsequently increase the risk of cardiometabolic
and mental disorders (Alshehri et al. 2019; Hjerkind, Stenehjem & Nilsen 2017; Hong et al.
2017; Li et al. 2014). Low levels of physical activity are associated with higher BMI, WC and
total body fat mass (Bradbury et al. 2017; Cardenas Fuentes et al. 2018). A cross-sectional
study (n=259,808) by Bradbury et al. (2017) reported lower total body fat mass (%) in males
(-1.7%, 95% CI=-1.6,-1.7) and females (-1.5%, 95% CI=-1.4,-1.6) participating in >100 MET-
hours/week compared to those performing <5 MET-hours/week (Bradbury et al. 2017).
Prospective research from the Australian Diabetes, Obesity, and Lifestyle Study (n=3261)
showed that increasing MVPA attenuated increases in WC, with lower MVPA a strong
predictor of increases in WC (5.5+7.7 cm) over a 12 y follow-up period (Shibata et al. 2016).
These results highlight the benefits of increasing MVPA for preventing an increase in central

adiposity, which is a key determinant of MetS. Waist circumference is a clinical measure that
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is used as a proxy for visceral adipose tissue (VAT), which is of particular interest due to the
relationship between VAT and insulin resistance and depression (Murabito et al. 2013; Preis
et al. 2010). A cross-sectional study (n=3010) by Whitaker et al (2017) reported a decrease in
VAT (-7.6 cm?, 95%CI=-9.5, -5.6), subcutaneous adipose tissue (-6.7 cm?, 95%CI=-9.6,-3.8)
and intermuscular adipose tissue (-8.1 cm?®, 95%CI=-10.1,-6.0) with every 1 SD increase (or
275 exercise units) in self-reported MVPA related activities (occupational and leisure)
(P<0.001). Increasing MVPA in inactive workers may help to reduce central and ectopic fat
accumulation, which may reduce the risk of both mental and cardiometabolic health disorders

(Alshehri et al. 2019; Lee et al. 2018).

Limiting increases in total body and central fat mass in workers with low levels of physical
activity is important due to its positive association with depression and MetS (Kim & Park
2018; Speed et al. 2019). A 4.5 y prospective study (n=1964) by Kwon et al. (2017) reported
an 11% increased risk (HR=1.11, 95%CI=1.08-1.14) of developing MetS in individuals with
a 1 cm increase in WC during follow-up. Individuals in the 5% quintile for VAT had over three
times the risk of developing MetS (HR=3.73, 95%CI=2.22, 6.28) compared to those in the 1
quintile (Kwon, Kim & Kim 2017). Although central adiposity is a more significant risk factor
for MetS compared to other measures of fat mass (Matsha et al. 2019), total body fat also has
a positive association with MetS. (Kim, Oh, et al. 2019; Lee 2020). A cross-sectional study of
1687 adults reported significantly higher fat mass (%) in both males (23.5+7.5%) and females
(37.3£6.0%) with MetS compared to those without (14.5+5.7% in males, 26.2+6.8% in

females) (Ramirez-Vélez et al. 2017).

Alongside the increased risk of MetS, cross-sectional and prospective studies have revealed

that total fat mass and VAT have a positive relationship with symptoms of depression (Alshehri
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et al. 2019; Becofsky et al. 2015; Luppino et al. 2010; Murabito et al. 2013). A Mendelian
randomization study reported that total fat mass was positively associated with depression (Log
OR=0.20, SD=0.04) (Speed et al. 2019), whilst a 9 y prospective study (n=12,599) reported a
greater likelihood of elevated depressive symptoms in females (OR=1.36, 95%CI=1.07, 1.71)
and males (OR=1.23, 95%CI=1.08, 1.40) with higher body fat % (males cut off = 25%, female
cut off = 30%) (Becofsky et al. 2015). Evidently, fat mass and VAT can increase the risk of
both mental and cardiometabolic health disorders and may be higher in desk-based workers

participating in low levels of physical activity such as academics.

Whilst there are no clinical cut offs for fat mass (%), the WC cut-offs within the MetS criteria
are a proxy for VAT. Cross-sectional research of full-time desk-based workers in Australia has
reported a mean WC of 97.7£12.8 cm in males and 86.9+14.9 cm in females, relating to
abdominal obesity prevalence of 30.7% and 39.5%, respectively (Sugiyama et al. 2020).
Additionally, a meta-analysis reported a mean body fat, BMI and WC of 30.2%, 26.5 kg/m?
and 87.1 cm, respectively, in desk-based workers (Prince et al. 2019). Detailed measures of fat
mass and central adiposity in academics is currently limited, but Alkhatib (2015) reported a
mean BMI of 28.5+4.1 kg/m? in male and 24.4+3.7 kg/m? in female academics, which was
significantly higher in males compared to females (P<0.05) (Alkhatib 2015). Hunter et al.
(2020) reported a BMI of 26.1+3.5kg/m? (overweight) in 78 university employees including
academic, professional and technical staff. Further, total body fat mass was reported as
39.8+£7.6% in females and 26.0+6.8% in males using Dual-energy X-ray Absorptiometry
(DEXA) (Hunter et al. 2020). The low levels of occupational and leisure time MVPA reported
by academics suggests a potential for increased risk of overweight and obesity (Cooper &

Barton 2016; Safi et al. 2021). However, this data is limited and requires further investigation.

20



Relevance of Lean Mass

In contrast to the negative association between total body and central adiposity, and physical
activity, lean mass has a positive association with physical activity and a negative relationship
with depression and MetS (Atlantis et al. 2009; Heo et al. 2018). Cross-sectional findings from
NHANES (n=7547) showed that every 30 min/week increase in weighted weekly physical
activity was associated with an increase in appendicular lean mass index in males (0.001 kg/m?;
B=0.001, 95%CI1=0.001-0.002) and females (0.003 kg/m?; B=0.005, 95%CI=0.003-0.007) (Xu
et al. 2020). Prospective studies have also reported a positive association between physical
activity and lean mass (Fukumoto et al. 2018), wherein older individuals (65-84 y) in the lowest
two quartiles of objectively measured daily physical activity showed a significant reduction in
lean mass after 5 y, compared to those in the highest two quartiles who maintained their lean
mass (Shephard et al. 2013). Consequently, the low levels of physical activity experienced in
the academic workplace may increase the risk of reduced lean mass in academics, which is a

risk factor for cardiometabolic and mental health disorders (Kim et al. 2018; Li et al. 2014).

Preventing a decline in lean mass through increasing physical activity may reduce the risk of
MetS and increased symptoms of depression (Kim et al. 2018; Li et al. 2014). A 7-y prospective
study (n=14,830) found that individuals in the highest tertile for skeletal muscle mass index at
baseline had a decreased risk of incident MetS (Hazard ratio=0.60, 95% CI=0.54,0.68,
P<0.001) compared to those in the lowest tertile (Kim et al. 2018). Furthermore, an increase in
skeletal muscle mass index (>1%) over the first year resulted in a 29% decreased risk of MetS
compared to those with a reduction (Hazard ratio=0.71, 95%CI=0.59,0.84, P<0.001) (Kim et
al. 2018), highlighting the importance of increasing lean mass to prevent the development of
MetS. In regard to mental health, cross-sectional research showed that every 1 kg/m? decrease

in lean mass was associated with higher prevalence of moderate to severe depressive symptoms
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in males (n=1151, OR=1.95, 95%CI=1.10,3.44), but not females (n=2176) (Heo et al. 2018).
Data from NHANES (n=2046) found significantly lower total lean mass (%) in adults (18-69
y) experiencing moderate to severe symptoms of depression compared to those experiencing
minimal symptoms (Li et al. 2014). Due to the low levels of physical activity in the workplace
(Safi et al. 2021), academics may have low lean mass and thus increased risk of mental and

cardiometabolic health disorders (Atlantis et al. 2009; Heo et al. 2018).

Insulin Resistance in the Inactive Academic Workplace

Insulin resistance is primary risk-factor for type 2 diabetes as it is usually apparent during the
progressive dysfunction and apoptosis of pancreatic B-cells that occurs in type 2 diabetes
(American Diabetes Association 2021). The prevention of insulin resistance is a public health
priority, particularly given the rising world-wide prevalence of type 2 diabetes (Saeedi et al.
2019). Low physical activity, in particular MVPA is an important risk factor for insulin
resistance given the negative association reported between the two variables (Fuezeki, Engeroff
& Banzer 2017; van der Velde et al. 2018). For example, a 10 y longitudinal study of 913 adults
showed that despite an overall increase in fasting insulin, individuals who replaced objectively
measured sedentary activity with MVPA had a 1.13 pU/mL decrease in fasting insulin
(95%CI=-1.95,-0.31, P=0.007) at follow-up (Whitaker et al. 2019). This may have important
implications for Australian desk-based workers who spend up to 9 h per day sitting (Bennie et
al. 2015). Furthermore, when low-intensity physical activity was replaced with MVPA, a 0.93
pU/mL (95%CI=-1.80,-0.06, P=0.035) decrease in fasting insulin was reported at follow-up
(Whitaker et al. 2019), indicating the importance of MVPA to improve insulin resistance
(Assah et al. 2008). Indeed, inconsistent associations are reported between light intensity
physical activity and insulin resistance after adjustment for MVPA (Amagasa et al. 2018).

Cross-sectional and prospective (1 y) research of 192 individuals with family history of type 2
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diabetes showed that MVPA was significantly associated with the Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR; =-0.004, 95%CI=-0.008,-0.00001, P=0.048)
at baseline, and was a significant predictor of fasting insulin at follow-up (p=-0.004, 95%CI=-
0.007,-0.001, P=0.022), but low-intensity physical activity was not (P>0.05) (Ekelund et al.
2009). Given the importance of MVPA for the moderation of insulin resistance, the low levels
of MVPA reported in the academic workplace may increase the risk of insulin resistance (Safi

etal. 2021).

Preventing insulin resistance in inactive workers is important given its positive association with
both depression and type 2 diabetes (Kan et al. 2013; Soulimane et al. 2011). A longitudinal
study (6.4+0.5 y mean follow-up) of 1349 adults without type 2 diabetes at baseline reported
an increased risk of incident type 2 diabetes in individuals in the highest quintile of HOMA-IR
compared to those in the lowest quintile (OR=2.8, 95%CI=1.4,5.6) (Ruijgrok et al. 2018).
Moreover, meta-analysis of longitudinal, case-control and cross-sectional studies reported a
significant positive association between insulin resistance and depression (d=0.46,
95%CI1=0.22,0.71) (Kan et al. 2013). These findings indicate that insulin resistance is not only
arisk factor for type 2 diabetes, but also depression. Accordingly, it is pertinent to assess insulin
resistance in high-risk populations, such as desk-based workers reporting low levels of physical

activity to evaluate their risk of these mental and cardiometabolic health disorders.

Though studies have assessed insulin resistance in the desk-based workplace (Prince et al.
2019), limited data are available on academics. A systematic review and meta-analysis reported
a mean fasting glucose of 5.1 mmol/L (95%CI=4.88,5.34) in workers within inactive
workplaces including desk-based workers (5 studies) and taxi drivers (1 study) (Prince et al.

2019). Other cross-sectional research of 231Australian desk-based workers has reported mean
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fasting insulin of 10.2+18.3 pU/mL and glucose of 5.1+1.4 mmol/L (Healy et al. 2017), which
indicates normal fasting glucose in this cohort (Alberti et al. 2009; American Diabetes
Association 2021). However, whilst research in university staff has reported a mean fasting
glucose of 5.1+0.8 mmol/L (Cheserek et al. 2014), subgroup data from the academic population
was not provided. Furthermore, other measures of insulin resistance such as fasting insulin and
HOMA-IR have not been measured in the academic workplace and are needed to further
understand the risk of cardiometabolic and mental health disorders in this population (Ruijgrok

etal. 2018).

Chronic Systemic Inflammation in the Inactive Academic Workplace

A normal local or systemic increase in inflammation occurs when an acute threat is present
(e.g. bacterial infection) and decreases once the threat has passed (Furman et al. 2019).
However, certain phenotypes (e.g. central fat accumulation and increased total body adiposity)
are related to increased chronic low-grade systemic inflammation, which is associated with
both depression and type 2 diabetes (Osimo et al. 2020; Wang et al. 2013). Meta-analysis of
cohort, cross-sectional and case-control studies has reported an increased risk of type 2 diabetes
of 32% (95%CI=1.14,1.51) and 45% (95%CI=1.18,1.73) for every 1 log pg/ml increment in
IL-6 and C-reactive protein (CRP), respectively (Liu et al. 2016). Furthermore, the meta-
analysis of case-control studies by Osimo et al. (2020) showed that systemic levels of CRP,
IL-6 and TNF-a were significantly elevated in individuals with depression (hedges g between
0.54 and 0.71) (Osimo et al. 2020). Systemic inflammation is also positively associated with
mental health and cardiometabolic risk factors including fat mass (Kunz et al. 2021), insulin
resistance and MetS (Kunz et al. 2021; Moazzami et al. 2019), and negatively associated with
protective factors such as lean mass and aerobic capacity (Crossland et al. 2019; Madssen et

al. 2019; Wedell-Neergaard et al. 2018). In turn, current hypothetical causal pathways for
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depression and type 2 diabetes include systemic inflammation as an underlying cause
(Hotamisligil 2017b; Slavich & Irwin 2014). IL-6 and TNF-a are cytokines of particular
interest given their close association with depression and type 2 diabetes (Dowlati et al. 2010;

Wang et al. 2013).

IL-6 is a pleiotropic cytokine that can have anti-inflammatory and insulin sensitising effects
when acutely expressed from myocytes during exercise (Pedersen 2017), but chronic low-grade
elevation in IL-6 is associated with obesity, depression and type 2 diabetes (Kern et al. 2001;
Mac Giollabhui et al. 2021; Wang et al. 2013). Indeed, IL-6 is expressed from adipose tissue
and is higher in obese compared to non-obese individuals (Kern et al. 2001). It has also been
shown to contribute to increasing insulin resistance (Rotter, Nagaev & Smith 2003; Senn et al.
2002), and symptoms of depression (Engler et al. 2017). A meta-analysis of longitudinal
studies (n=10) showed that higher IL-6 increased the risk of future depression (f(r)=0.043,
P<0.0001) (Mac Giollabhui et al. 2021). Furthermore, a 4 y prospective study of 27,628
females found that individuals in the highest quantile of IL-6 had a significantly higher risk of
developing type 2 diabetes compared to those in the lowest quantile (RR=7.5, 95%CI=3.7,15.4,
P<0.001) (Pradhan et al. 2001). This association was attenuated after adjusting for variables
such as BMI and physical activity (RR=2.3, 95%CI=0.9,5.6, P=0.07), highlighting the
relationships between these cardiometabolic risk factors. Regardless, reducing low-grade
systemic levels of IL-6 may provide protection against both cardiometabolic and mental health

disorders.

In congruence with long-term systemic elevation of IL-6, TNF-a has been positively associated

with type 2 diabetes and depression in cross-sectional studies (Liu et al. 2016; Osimo et al.

2020). However, the meta-analysis of prospective studies (n=27) by Mac Giollabhui et al.
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(2020) reported no association between TNF-a and incident depression, justifying further
investigation into this relationship. TNF-o appears to have a mechanistic role in insulin
resistance (Krogh-Madsen et al. 2006; Plomgaard et al. 2005), and has a positive association
with both type 2 diabetes and CVD (Kaptoge et al. 2014). Meta-analysis of prospective
research found that a 1 SD higher baseline level of TNF-a increased the risk of non-fatal
myocardial infarction or coronary heart disease death by 17% (95%CI=1.09,1.25) (Kaptoge et
al. 2014). Interestingly, both IL-6 and TNF-a are secreted from adipose tissue, and systemic
levels of these cytokines are higher in obese compared to non-obese individuals (Popko et al.
2010). Given fat mass is also positively associated with type 2 diabetes and CVD (Lee et al.
2018; Ortega, Lavie & Blair 2016), reductions in fat mass via increases in MVPA may help to

moderate IL-6 and TNF-0, and subsequently reduce the risk of cardiometabolic disease.

Physical activity has a negative association with IL-6 and TNF-a (Elosua et al. 2005; Nicklas
et al. 2016). A prospective study of 4289 adults reported a negative correlation between
meeting physical activity guidelines (self-report >2.5 h/week of MVPA) and IL-6 (f=-0.04,
95%CI=-0.06,-0.02, P=0.001), at baseline (Hamer et al. 2012). In addition, individuals
adhering to physical activity guidelines throughout the 10 y follow up also had lower IL-6 (B=-
0.07, 95%CI=-0.10,-0.03) compared to those rarely meeting the guidelines (Hamer et al. 2012).
Importantly, participants who increased their physical activity by >2.5 h/week had lower IL-6
at follow up compared to those who did not change their physical activity engagement (Hamer
etal. 2012), indicating a potential benefit of increasing physical activity in desk-based workers.
Indeed, a cross-sectional study of 396 adults used isotemporal substitution modelling to show
that replacing 30 min of objectively measured sedentary behaviour (e.g. sitting at a desk) with
30 min of MVPA was associated with lower IL-6 (B=-0.32, 95%CI=-0.53,-0.11) (Phillips,

Dillon & Perry 2017). However, TNF-a had a positive association with sedentary behaviour
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(P<0.05) and no relationship with MVPA or light physical activity (Phillips, Dillon & Perry
2017). Other cross-sectional research (n=1004) has reported higher TNF-a in inactive males
compared to males participating in moderate to high physical activity (=5 h/week at <4 METs
or >1-2 h/week at >4 METs), but this difference was not shown in females (Elosua et al. 2005).
Interestingly, the negative association between systemic inflammation and physical activity
was attenuated after adjustment for BMI, indicating that the relationship may be indirect and
rather dependent on body fat (Elosua et al. 2005). Regardless, it appears that increasing
physical activity can decrease markers of systemic inflammation in adults, which may help to
reduce the risk of developing type 2 diabetes, CVD and depression. However, there is no
research on chronic systemic levels of IL-6 and TNF-a, nor the effect of increasing MVPA on

these markers in academics.

Stress in the Inactive Academic Workplace

Stress is a complex component of mental and cardiometabolic health because it has multiple
classifications, including job-specific or general (Bergmann, Gyntelberg & Faber 2014), acute
or chronic (Rohleder 2019), and physical or perceived (Koolhaas et al. 2011). In general, stress
increases when perceptions of control and predictability are challenged (Koolhaas et al. 2011).
Acute, general and job specific stress are relevant to desk-based academics due to their
negative, bidirectional association with physical activity (Burg et al. 2017; Kouvonen et al.
2013; Oshio, Tsutsumi & Inoue 2016; Stults-Kolehmainen & Sinha 2014). As such, stress
represents a potential barrier to increasing physical activity alongside long work hours (Kirk
& Rhodes 2011; Lopez-Bueno et al. 2020). A 7-day ecological momentary assessment (EMA)
study found that higher stress during the day was associated with lower self-reported physical
activity in the following hours, and vice versa (Schultchen et al. 2019). Similarly, cross-

sectional research showed that general stress over the previous month was higher in individuals
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not meeting the recommendations for vigorous intensity exercise (=20 min of VPA at least
three times per week) (Gerber et al. 2014). In regard to job stress, a meta-analysis of prospective
studies found that individuals with high job stress had an increased odds of becoming
physically inactive at follow-up (OR=1.21, 95%CI=1.11,1.32) (Fransson et al. 2012). Overall,
research conveys a inverse association between psychological stress and physical activity
(Stults-Kolehmainen & Sinha 2014), indicating the need to consider this relationship when

introducing interventions to increase physical activity in academics.

Chronic stress is important to prevent given its association with several cardiometabolic and
mental health disorders, including MetS (Chandola, Brunner & Marmot 2006), type 2 diabetes
and depression (Heraclides et al. 2009; Rugulies, Aust & Madsen 2017). A meta-analysis of
prospective studies has shown that high job stress is associated with a 1.5-fold increased risk
of depression (95%CI=1.23,1.80, P<0.001) (Rugulies, Aust & Madsen 2017). Other
prospective research (n=941, 6 y follow-up) has found general stress also significantly predicts
an increase in symptoms of depression (B=0.11, 95%CI=0.10,0.13, P<0.001) (Lee. 2020).
However, though both job stress and general stress negatively impact mental health, job stress
is also detrimental to cardiometabolic health (Sara et al. 2018). A positive association between
higher job stress and MetS has been reported in meta-analyses of both cross-sectional
(OR=1.695, 95%CI=1.270,2.262, P<0.001, n=19) and longitudinal studies (OR=1.388,
95%CI=1.027,1.877, P=0.033, n=11) (Kuo et al. 2019). Whilst crude models incorporating
both job specific and general stress showed a significant association with MetS in cross-
sectional (OR=1.435, 95%CI=1.176,1.750, P<0.001) and longitudinal studies (OR=1.314,
95%CI=1.063,1.625, P<0.012); the relationship was no longer significant in longitudinal
studies after adjustment for confounders such as physical activity, sex and age (P=0.058),

suggesting stress may increase the risk of MetS indirectly through its effect on variables such
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as physical activity (Kuo et al. 2019). This is an important consideration for high-stress workers

who are already participating in low levels of physical activity.

The high job stress in academics is likely due to high workloads and competing work
responsibilities (Lee et al. 2021), and may be associated with the desk-based nature of the
academic workplace. A cross-sectional study of 428 desk-based workers found that 53% had
high levels of general stress as measured by the Reeder stress scale (Dedele et al. 2019).
However, another cross-sectional study (n=2528) showed that 32.4% of male and 38.6% of
female desk-based workers reported high job-specific stress via the job content questionnaire
(Piantella et al. 2021). These contrasting results demonstrate how rates and severity of stress
can be affected by different types of stress and the measurement method used (Hassard et al.
2018; Houdmont, Cox & Griffiths 2010); indicating the importance of assessing both job
specific and general stress to provide a comprehensive description in workers. Regardless,
studies from universities in the UK (Fontinha, Easton & Van Laar 2019; Tytherleigh et al.
2005) and Australia (Gillespie et al. 2001) have shown higher job stress in academics compared
to other university staff, signifying that academics may be at increased risk of low physical

activity and mental and cardiometabolic health disorders.

The high workloads, poor management, job insecurity and limited support services reported in
the academic workplace likely contribute to the higher job stress experienced by academics
compared to other employees (Gillespie et al. 2001; Lee et al. 2021). The increased job stress
in academics may be due to an effort reward imbalance (ERI) (Siegrist 1996), whereby an
imbalance between effort outputs (e.g. work demands) and reward inputs (e.g. salary and
promotion prospects) results in a violation of social reciprocity at work, resulting in stress and

negative emotions (Siegrist 2012). Though not a clinical threshold, an ERI score >1.0
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theoretically represents the tipping point at which an individual perceives more effort outputs
than reward inputs (Siegrist, Li & Montano 2014). Previous research in academics (n=458)
from universities in the UK has reported an ERI of 0.8+0.6 (Kinman 2019), though there is a
lack of research from academic populations outside of the UK. A 2021 scoping review revealed
that competing work demands, role overload, funding pressure and work-life conflicts were the
key contributors to stress in Australian and New Zealand academics, though few interventions

have been implemented to address this issue (Lee et al. 2021).

Symptoms of Depression in the Inactive Academic Workplace

Mental health and mental illness are two concepts on separate continuums (Figure 2.1),
meaning that an individual with poor mental health does not necessarily have a mental illness,
and vice versa (Keyes 2002). Symptoms of depression include feelings of being unhappy,
worthlessness and hopelessness, which have been positively associated with stress and low
levels of physical activity (Dishman, McDowell & Herring 2021; Hammen et al. 2009; Lee.
2020; Schuch et al. 2018). A meta-analysis of prospective studies reported that physical activity
was associated with a 21% lower adjusted odds of both incident depression (OR=0.79,
95%CI1=0.76,0.83) and a 22% decreased likelihood of an increase in subclinical symptoms of
depression (OR=0.78, 95%CI=0.72,0.86) (Dishman, McDowell & Herring 2021). There was
evidence of a dose-response relationship wherein higher volumes of physical activity were
associated with lower odds of depression (Dishman, McDowell & Herring 2021). Importantly,
there is also a dose-response relationship between physical activity and happiness (Richards et
al. 2015). The odds of being happy compared to inactive individuals (0-9 min/week of weighted
physical activity) are increased by 20% (95%CI=1.03,1.39) in insufficiently active (10-149
min/week of weighted physical activity), 29% (95%CI=1.11,1.49) in sufficiently active (150-

299 min/week of weighted physical activity) and 52% (95%CI=1.28,1.80) in very active
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individuals (=300 min/week of weighted physical activity) (Richards et al. 2015). These results
convey that increasing physical activity may not only help prevent depression but may also
promote positive mental health outcomes, though prospective cohort and intervention studies

are required to elucidate cause and effect.

Symptoms of depression in inactive desk-based workers are important to moderate given the
relationship between depression and cardiometabolic disease. For example, a meta-analysis
reported that individuals with depression have an increased risk of MetS in both cross-sectional
(OR=1.34, 95%CI=1.18,1.51) and longitudinal studies (OR=1.52, 95%CI=1.20,1.91) (Pan et
al. 2012). Furthermore, a meta-analysis of prospective cohort studies found a 30%
(95%CI=1.22,1.40) increased risk of developing CVD in individuals with high symptoms of
depression (Gan et al. 2014). Graham et al. (2020) also reported that depression was associated
with an 18% (95%CI=1.12,1.24) increased risk of type 2 diabetes in adults (Graham et al.
2020). Importantly, a bilateral relationship exists between MetS and depression (Pan et al.
2012), justifying the use of interventions that are effective in improving both comorbidities,
such as exercise (Battista et al. 2021; Bellon et al. 2021). These findings emphasise the
importance of reducing symptoms of depression, which may be more prevalent amongst

workers participating in minimal amounts of physical activity.
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Good Mental Health

Mental lliness No Mental lliness

Poor Mental Health

Figure 2.1 The Mental Health Continuum Adapted from Keyes 2002.
Mental health and mental illness are on two separate continuums, highlighting that an
individual can have a mental illness but good mental health, whilst another individual can have

poor mental health without a mental illness.
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The low levels of physical activity in the desk-based workplace may pre-dispose workers to
increased symptoms of depression. A cross-sectional study of the broader Australian workforce
(n=2783) reported that over 30% experienced mild to severe symptoms of depression
(McTernan, Dollard & LaMontagne 2013). Within desk-based workers from the UK, data from
the longitudinal cohort Whitehall study II showed that 13% of males (n=1929) and 19% of
females (n=599) had high-risk scores for depression (Marmot & Brunner 2005; Piantella et al.
2021). Other cross-sectional research found that 38% of desk-based workers (n=222) scored
above the clinical threshold for depression according to the hospital anxiety and depression
scale (Kang et al. 2016). Notwithstanding the different questionnaires used to measure
depressive symptoms in these studies, a substantial portion of desk-based workers experience

significant symptoms of depression.

The low levels of physical activity and higher stress experienced by academics may increase
their risk of depression given symptoms of depression are positively associated with stress and
low levels of physical activity (Dishman, McDowell & Herring 2021; Rugulies, Aust &
Madsen 2017). A 2012 study from the UK found that university employees (n=307) had higher
symptoms of depression compared to the general population (n=120) (Mark & Smith 2012).
Moreover, academics have presented with high psychological strain compared to other
university staff (Winefield et al. 2003), which may be related to the higher job stress in
academics (Bell, Rajendran & Theiler 2012; Fontinha, Easton & Van Laar 2019). However,
most studies in academics have assessed the risk of mental illness via the 12-item general health
questionnaire (Kinman 2016, 2019; Winefield et al. 2002), which amalgamates symptoms of
depression, anxiety and distress to provide a global mental illness risk score (Goldberg 1988).

This makes it difficult to differentiate depressive symptoms from other symptoms of mental
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distress (Hystad & Johnsen 2020), which should be measured independently in academics
given stress, depression and anxiety are different constructs (Lovibond & Lovibond 1995).
Regardless, the long-work hours (Virtanen et al. 2018), high job stress and low physical activity
experienced by academics are all associated with increased symptoms of depression (Rugulies,

Aust & Madsen 2017), justifying further research into the mental heath of academics.

Symptoms of Anxiety in the Inactive Academic Workplace

In line with stress and depression, symptoms of anxiety have a negative association with
physical activity (Da Silva et al. 2012). A cross-sectional study of 237,964 adults from n=47
countries found that low levels of physical activity were associated with a 32% increased
likelihood of experiencing anxiety (Stubbs, Koyanagi, et al. 2017). Baseline data from a
longitudinal study by Hallgren et al. (2019) reported that individuals meeting (=150 min/week
of MVPA) or exceeding (>300 min/week of MVPA) physical activity guidelines had a 24%
(95%CI1=0.68,0.86) and 36% (95%CI=0.57,0.72) lower odds of anxiety, respectively
(n=27,053) (Hallgren et al. 2019). However, physical activity was not associated with anxiety
at the 13 y follow-up, potentially because cases were obtained from specialist inpatient and
outpatient registers, which may have led to an underestimation of anxiety disorders (Hallgren
etal. 2019). Regardless, a meta-analysis of prospective studies found that physical activity was
not significantly associated with either self-reported anxiety symptoms (mean OR=0.87,
95%CI1=0.77,0.99, P=0.09) or anxiety disorders (mean OR=0.66, 95%CI=0.53,0.82, P=0.26)
(McDowell et al. 2019). Another meta-analysis by Schuch et al. (2019) reported contrary
findings, in which physical activity was significantly associated with decreased risk of incident
anxiety (OR=0.74, 95%CI=0.62,0.88, P=0.001) (Schuch et al. 2019). However, subgroup
analysis revealed that the association was only significant for agoraphobia and post-traumatic

stress disorder (Schuch et al. 2019), and post-traumatic stress disorder was not included in the
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analysis by McDowell et al. (2019) as it is classified as a trauma and stress related disorder as
opposed to anxiety disorder (McDowell et al. 2019). Notwithstanding, desk-based workers
have been found to engage in less physical activity and experience greater symptoms of anxiety
compared to workers in more physically active jobs (Kang et al. 2016), warranting further

investigation into academics where data on anxiety is lacking.

Mitigating anxiety should be a priority for both employees and employers given it not only
affects mental health, but also has a positive association with MetS (Tang, Wang & Lian 2017),
type 2 diabetes and cardiovascular disease (Batelaan et al. 2016; Meurs et al. 2016; Roest et al.
2010; Smith et al. 2013). A meta-analysis of cross-sectional research reported a small but
significant positive association between anxiety and MetS (OR=1.07, 95%CI=1.01,1.12);
though no relationship was found between anxiety and most components of MetS, including
hyperglycemia, high blood pressure, hypertriglyceridemia and low HDL-C (Tang, Wang &
Lian 2017). In comparison, a prospective study of 523 women with mean follow-up of 15+3.7
y reported no association between trait anxiety and MetS defined by any criteria (Réikkonen,
Matthews & Kuller 2007). Indeed, the relationship between anxiety and MetS is equivocal
when comparing evidence from cross-sectional and longitudinal research (Tang, Wang & Lian
2017). Anxiety appears to have a stronger relationship with cardiometabolic disorders such as
type 2 diabetes and CVD. For example, meta-analysis of cross-sectional studies found a higher
likelihood of type 2 diabetes in individuals with anxiety disorders (OR=1.21,
95%CI=1.10,1.31) and elevated symptoms of anxiety (OR=1.48, 95%CI=1.02,1.93) (Smith et
al. 2013), whilst a meta-analysis of prospective studies showed that individuals with anxiety
had a 41% increased risk of developing CVD (95%CI=1.25,2.43) (Batelaan et al. 2016). Given
the consequences of increased anxiety for both mental and cardiometabolic health, it is

important to identify interventions to mitigate anxiety symptoms in workers. However, the
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low-levels of physical activity involved in desk-based jobs may increase the risk of anxiety and

subsequent mental and cardiometabolic health disorders (Kang et al. 2016; Meurs et al. 2016).

Desk-based workers may be at increased risk of symptoms of anxiety due to the low amounts
of physical activity involved at work and this association may be bidirectional (Prince et al.
2019; Stubbs, Koyanagi, et al. 2017). A cross-sectional study of desk-based (n=222) and non-
desk based (n=1552) employees reported that 14% of desk-based workers scored above the
clinical cut-off for anxiety, which was a higher proportion compared to non-desk-based
workers (6.8%, n=1552, P<0.01) (Kang et al. 2016). Interestingly in this study, desk-based
workers also participated in lower amounts of physical activity (P<0.01) (Kang et al. 2016).
Despite low amounts of MVPA involved in the academic workplace, prevalence and severity
of symptoms of anxiety in academics is currently unknown. Mark and Smith (2012) reported
higher symptoms of anxiety in university staff (academic and administrative, n=307) compared
to the general population (n=120) in the UK. Furthermore, within Australian universities,
academics have presented with higher psychological strain compared to other staff (Winefield
et al. 2003). However, like symptoms of depression, anxiety has been commonly measured in
combination with other components of mental health via the 12-item general health
questionnaire (Boyd et al. 2011; Goldberg 1988; Kinman 2019; Kinman & Jones 2003), which
does not effectively differentiate these independent domains (Hystad & Johnsen 2020). Given
that low physical activity and long work hours are positively associated with symptoms of
anxiety (Hallgren et al. 2019; Kang et al. 2016; Virtanen et al. 2011), assessment of symptoms

of anxiety in academics is necessary.
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Relationships Between Risk Factors of Mental and Cardiometabolic Health Disorders

The previous sections outline how the low levels of MVPA commonly experienced in desk-
based work are associated with risk factors for cardiometabolic diseases and mental health
disorders. Whilst evidence shows that MetS, fat and lean mass, systemic inflammation, insulin
resistance, aerobic capacity and symptoms of stress, depression and anxiety increase the risk
of disorders such as major depression, CVD and type 2 diabetes, there are also strong
interrelationships between these risk factors (Kunz et al. 2021; Slavich & Irwin 2014). For
example, cross-sectional research of 2,287 adults reported significantly higher insulin
resistance and systemic inflammation in individuals with obesity and/or low amounts of lean
mass (Levine & Crimmins 2012). Furthermore, data from the NHANES (n=18,025) showed
that systemic inflammation and symptoms of depression were highest in obese individuals with
MetS and lowest in normal weight individuals without MetS (P<0.001) (Moazzami et al. 2019).
Though MetS and obesity were independently associated with depressive symptoms, there was
a significant association between the two (P<0.001), and systemic inflammation partially

mediated the association between metabolic status and symptoms of depression (Moazzami et

al. 2019).

The interrelationships between stress, inflammation and fat mass are emphasised in prospective
research with cardiometabolic disease endpoints. For example, Spranger et al. (2003) showed
a positive association between TNF-a and incident type 2 diabetes, which was no longer
significant after adjustment for BMI or waist to hip ratio (Spranger et al. 2003). Furthermore,
Emeny et al. (2013) showed that the association between job stress and incident CVD was
attenuated by some markers of systemic inflammation (Emeny et al. 2013). There is a positive
association between chronic stress and both IL-6 and TNF-a (Rohleder 2019), though limited

prospective studies have adjusted for inflammation when investigating the relationship
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between stress and depression (Lee. 2020; Rugulies, Aust & Madsen 2017). Acknowledging
that some of these relationships are bidirectional, hypothetical causal pathways have been
proposed for both depression and type 2 diabetes (Figure 2.2), whereby chronic stress increases
systemic inflammation which causes depression (Slavich & Irwin 2014), and accumulation of
fat mass increases systemic inflammation which causes insulin resistance and type 2 diabetes
(Hotamisligil 2017a). Ongoing investigation of these hypothetical pathways is required to
enable and refine the development of effective interventions to prevent both type 2 diabetes

and depression.
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Figure 2.2 Hypothetical Pathways to Cardiometabolic Disease and Major Depression.
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The Relationship Between Stress, Inflammation and Depression

General, job-specific and acute stress have been associated with increased systemic
inflammation (Polacchini et al. 2018; Rohleder 2019). A previous meta-analysis has found that
acute stress results in significant increases in IL-6 from 11 to 120 mins post stressor and
increases in TNF-a from 31 to 50 min post stressor (Marsland et al. 2017). Although acute
stress and inflammatory responses are a normal reaction to a threat (Rohleder 2019), repeated
exposure to a stressor eventually results in chronic stress which is associated with low-grade
systemic inflammation (Kiecolt-Glaser et al. 2003; von Kanel et al. 2012). Accordingly,
chronic low-grade systemic inflammation shows a positive association with symptoms of
depression (Dowlati et al. 2010). Cross-sectional research of 6622 adults reported significantly
higher IL-6 in individuals with higher levels of chronic stress (Ranjit et al. 2007), and a 3 y
longitudinal cohort study of 169 older (7548 y) caregivers (chronic stress group) and non-
caregivers showed that chronic stress was associated with a 15.7% greater TNF-a level over
time (von Kanel et al. 2012). A meta-analysis of cross-sectional studies found that job-specific
stress (as measured by ERI) was also positively associated with IL-6 (Eddy et al. 2016).
Evidently, stress has a close relationship with systemic inflammation, and both are positively
associated with the development of depression (Lee. 2020; Mac Giollabhui et al. 2021).
However, the majority of studies are cross-sectional and causal pathways are still equivocal.
Further research into the hypothetical pathway between stress, inflammation and depression is

required.

Though outside the scope of the current thesis, molecular research has shown that stress can
stimulate a central inflammatory response (Cheng et al. 2016; Fleshner, Frank & Maier 2017,
Weber et al. 2015), which may disrupt neurotransmitter production and signalling (Miller et al.

2013), and induce sickness symptoms such as depressed mood (Benson et al. 2017; Eisenberger
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et al. 2010; Engler et al. 2017). However, applied research has provided mixed support for the
hypothetical pathway from stress to inflammation to depression. A 6 y longitudinal study of
941 adults found that symptoms of depression at follow-up were significantly predicted by
general stress (B=0.11, 95% CI1=0.10, 0.13, P<0.001) but not IL-6 (Lee. 2020). However, cross-
sectional analysis at baseline showed that IL-6 had a positive association with symptoms of
depression (B=0.07, 95% CI=0.05, 0.10, P<0.001), but not general stress (Lee. 2020). Other
cross-sectional research within originally desk-based workers from the Whitehall II study
(n=2528) reported a positive association between job stress and symptoms of depression in
both males and females (Piantella et al. 2021). Furthermore, IL-6 was positively associated
with depression symptoms in females only, which is similar to other cross-sectional findings
of a 22% higher level of TNF-a in females (but not males) with high symptoms of depression
(Webb et al. 2017). Evidently, there is need for further research into the relationship between

job stress, systemic inflammation and depression.

The Relationship Between Fat Mass, Systemic Inflammation and Insulin Resistance

A hypothetical pathway exists from increased fat mass to systemic inflammation to insulin
resistance (Kawai, Autieri & Scalia 2021; Longo et al. 2019). The proposed pathway begins
with a prolonged positive energy balance resulting in hypertrophy and hyperplasia of
adipocytes (Haczeyni, Bell-Anderson & Farrell 2018; Shook et al. 2015). Eventually,
expanding adipose tissue can be impaired by hypoxia, fibrosis and cellular senescence,
triggering a stress response (Crewe, An & Scherer 2017; Sun et al. 2013). This leads to
macrophage recruitment into adipose tissue and M 1-like macrophage polarization (Crewe, An
& Scherer 2017; Guzik et al. 2017; Weisberg et al. 2003), contributing to a state of low-grade
systemic inflammation commonly observed in obesity (Molli et al. 2017). Systemic

inflammation is positively associated with insulin resistance and the future onset of type 2
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diabetes (Wang et al. 2013). Mechanistic studies have indicated that IL-6 may directly increase
insulin resistance in adipocytes (Rotter, Nagaev & Smith 2003), myocytes (Kim et al. 2004),
and hepatocytes (Klover et al. 2003; Senn et al. 2002), though other research has found no
direct impact of IL-6 on insulin sensitivity (Krogh-Madsen et al. 2006), and suggests a
protective effect of IL-6 on metabolic homeostasis (Mauer et al. 2014; Wunderlich et al. 2010).
Separately, TNF-a can induce insulin resistance via downstream inhibition of insulin receptor
substrate-1 and Akt substrate 160 (Plomgaard et al. 2005), and through increasing expression
of other proinflammatory cytokines (Krogh-Madsen et al. 2006). However, the pathway from
increased adiposity to systemic inflammation to insulin resistance is highly complex given the
pleiotropic roles of TNF-a and IL-6 (Han et al. 2020; Hotamisligil 2017b; Hunter & Jones
2015). Although the molecular aspects of this pathway are outside the scope of this thesis,

upper level associations between these risk factors still require further investigation.

Cross-sectional research has reported positive associations between fat mass, systemic
inflammation, and insulin resistance. Kunz et al. (2021) showed that adults with BMI>30
(n=20) had significantly higher insulin resistance, IL-6 and TNF-a compared to those with
BMI <30 kg/m? (n=19). Furthermore, there was a positive association between TNF-a and
insulin resistance (Kunz et al. 2021). Other research has reported higher levels of CRP and
HOMA-IR in obese individuals compared to non-obese individuals (Molli et al. 2017).

Kern et al. (2001) reported higher IL-6 in adults with >45% fat (n=18) compared to those with
<30% body fat (n=10; P<0.05), and a positive association between IL-6 and insulin sensitivity
(r=-0.71, P<0.001). However, no associations between fat mass and TNF-a, or TNF-a and
insulin sensitivity were evident (Kern et al. 2001). In comparison, a cross-sectional study of
2131 adults showed a significant positive association between TNF-o. and HOMA-IR, which

was attenuated but remained significant after adjustment for WC (Hivert et al. 2010),

42



highlighting the role of central adiposity in the relationship between inflammation and insulin
resistance. Overall, there are positive cross-sectional associations between fat mass, systemic

inflammation and insulin resistance, but longitudinal results are mixed and further evidence is

required (Wiebe et al. 2021).

Meta-analysis of longitudinal studies and randomized clinical trials reported that HOMA-IR
had a positive unidirectional association with both BMI (B=0.19, 95%CI1=0.03,0.34, P<0.05)
and fat mass (%; =0.25, 95%CI=0.02,0.48, P<0.05) (Wiebe et al. 2021). However, neither IL-
6 or TNF-a were associated with BMI, fat mass (%), fasting insulin or HOMA-IR (Wiebe et
al. 2021). Other prospective research has also reported no association between adipose tissue
insulin resistance and development of IL-6 or TNF-a (Semnani-Azad et al. 2021). Given the
contrasting results from cross-sectional and longitudinal research, further investigation into the

relationship between fat mass, IL-6, TNF-a and insulin resistance is required.

The Role of Exercise for Mental and Cardiometabolic Health

Physical activity volume is associated with improvements in risk factors for mental and
cardiometabolic disorders including lean mass (Xu et al. 2020), fat mass (Cardenas Fuentes et
al. 2018), MetS (He et al. 2014), insulin resistance (Fuezeki, Engeroff & Banzer 2017),
systemic inflammation (Nicklas et al. 2016), and symptoms of stress, anxiety and depression
(Burg et al. 2017; Dishman, McDowell & Herring 2021; Rebar et al. 2015). In turn, physical
activity offers an effective method to help protect high-risk populations such as academics from
developing type 2 diabetes and depression (Dishman, McDowell & Herring 2021; Yerramalla
et al. 2020). In addition, increasing physical activity is a relatively low-cost, low-risk and easily
accessible method to reduce the risk of these disorders compared to alternative interventions

such medication (Fiuza-Luces et al. 2013). Whilst physical activity involves all movement that
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increases energy expenditure, exercise is a planned and structured physical activity often used
to increase weekly MVPA and target the aforementioned risk factors (Caspersen, Powell &
Christenson 1985). For example, endurance training is used to prioritise improvements in
aerobic capacity and fat mass (AbouAssi et al. 2015; Schroeder et al. 2019; Schwingshackl et
al. 2013), compared to resistance training which results in greater increases in lean mass (Grgic
et al. 2019; Schwingshackl et al. 2013). However, concurrent training (CT) combines both
endurance and resistance exercise and provides combined adaptations to both modes (Coffey

& Hawley 2016).

Endurance and Resistance Training for Cardiometabolic Health

Endurance exercise traditionally involves contractile stimulus at relatively lower force outputs
for long durations (Wilson et al. 2012), and has been shown to increase aerobic capacity and
decrease systemic inflammation, insulin resistance, fat mass and components of MetS (Grace
et al. 2017; Myers et al. 2019; Wood et al. 2021). A meta-analysis of randomized controlled
trials revealed that endurance training decreased systemic levels of IL-6 (Standardised mean
difference; SMD=0.75, 95%CI=0.31,1.19, P<0.001) and TNF-a (SMD=0.71,
95%CI1=0.24,1.17, P=0.003) in middle aged and older (=40 y) adults without pre-existing
conditions (Zheng et al. 2019). Another meta-analysis of randomized controlled trials found
that endurance training significantly improved lipid profile, including total cholesterol (-0.29
mmol/L, 95%CI=-0.36,-0.21, P<0.001), triglycerides (-0.17 mmol/L, 95%CI=-0.19,-0.14,
P<0.001), HDL-C (0.08 mmol/L, 95%CI=0.05, 0.10, P<0.001) and low density lipoprotein
cholesterol (LDL-C; -0.12 mmol/L, 95%CI=-0.19,-0.14, P<0.001) in inactive adults with MetS
but without type 2 diabetes (Wood et al. 2021). These findings have implications for apparently
healthy inactive academics who may be at increased risk of cardiometabolic diseases due to

underlying MetS. Meta-analyses have also shown that only 12 weeks of endurance running
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training in inactive adults can decrease body fat mass (%; Weighted mean difference;
WMD=1.3%, 95%CI=-2.0,-0.6) and triglycerides (WMD=-12.9 mg/dL, 95%CI=-24.6,-1.2),
and increase aerobic capacity (WMD=3.8 mL kg !'min!, 95%CI=3.1,4.6) (Junior et al. 2015).
However, no changes in lean mass were evident even after 1 y of endurance running (Junior et
al. 2015). Despite the various cardiometabolic benefits provided by endurance training, it
appears ineffective in increasing lean mass (AbouAssi et al. 2015; Schroeder et al. 2019),
which is important given lean mass has a negative association with MetS and type 2 diabetes
(Kim et al. 2018; Maliszewska et al. 2019). Rather, lean mass is increased to a greater extent

by resistance training (Grgic et al. 2019).

Resistance exercise involves contracting skeletal muscle against higher external resistance
requiring increased force outputs for short periods (Wilson et al. 2012), and has been shown to
increase lean mass (Grgic et al. 2019), and decrease the risk of MetS (Bakker et al. 2017).
Prospective research (4 y) of 7418 adults reported a 17% lower risk of incident MetS in
individuals participating in > 2 days/week of resistance training (HR=0.83, 95%CI=0.73,0.96,
P=0.009), independent of endurance training (Bakker et al. 2017). Furthermore, AbouAssi et
al. (2015) showed significant increases in both lean mass (1.0+£1.8 kg) and aerobic capacity
(1.4+2.9 mLkg!'min™!) following 8 months of resistance training in 38 inactive adults with
overweight/obese adults and mild to moderate dyslipidaemia (AbouAssi et al. 2015). This
compared to the endurance training group (n=27) which showed no change in lean mass but a
significantly higher increase in VOopeak (AbouAssi et al. 2015). Indeed, a meta-analysis has
shown significantly greater increases in lean mass from resistance compared to endurance
training (pooled hedge’s g=0.66, 95%CI1=0.41,0.9) (Grgic et al. 2019). However, other meta-
analysis have found significantly larger improvements in WC (MD=-1.10 cm, 95%CI=-1.85, -

0.36, P=0.004), fat mass (MD=-1.14 kg, 95%CI=-1.83,-0.45) and VOomax (MD=2.53 mL kg
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'min1, 95%CI=1.62,3.44) following endurance compared to resistance training
(Schwingshackl et al. 2013). Given the divergent signalling pathways stimulated by resistance
and endurance training (Coffey & Hawley 2016), it is unsurprising that resistance training
results in greater muscle hypertrophy, and endurance training is more beneficial for aerobic
capacity and fat mass (AbouAssi et al. 2015; Schroeder et al. 2019). However, adaptations to

both modes may be achieved when they are combined as CT (Coffey & Hawley 2016).

Endurance and Resistance Training for Mental Health

Endurance and resistance training have independent effects on symptoms of depression
(Gordon et al. 2018), anxiety (Gordon et al. 2017), and stress (Chovanec & Gropel 2020;
Klaperski & Fuchs 2021; Norris, Carroll & Cochrane 1990). A meta-analysis (n=19) reports
that both endurance and resistance exercise training modes are effective at improving
symptoms of anxiety in individuals without pre-existing mental illness (Conn 2010).
Furthermore, meta-analyses of randomized controlled trials have shown endurance and
resistance exercise improve symptoms of anxiety (endurance; hedges d=0.18,
95%CI1=0.03,0.33, resistance; hedges d=0.13, 95%CI=0.03,0.29) and depression (endurance;
hedges d=0.46, 95%CI=0.22,0.70, resistance; hedges d=0.64, 95%CI=0.34,0.93) to a similar
extent (P>0.05) (Gordon et al. 2018; Gordon et al. 2017). General symptoms of stress have
also decreased following 8-weeks of either endurance or resistance training, with no between-
group differences (P>0.05) (Chovanec & Gropel 2020). Evidently, both endurance and
resistance training improve symptoms of stress, anxiety and depression. However, large
improvements in mental health are also shown when both modes are performed concurrently

as CT (Rethorst, Wipfli & Landers 2009).
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A Role for Concurrent Training

Endurance and resistance training can each improve risk factors for cardiometabolic and mental
disorders (Bateman et al. 2011; Gordon et al. 2018). However, complimentary effects on risk
factors are evident when both modes are performed concurrently (Coffey & Hawley 2016).
Concurrent exercise training involves concomitant participation in endurance and resistance
training, wherein each mode can be performed within the same session, or on separate days as
part of a periodised training program (Petre et al. 2021). CT is often used in athletes competing
in sports that demand high levels of strength and power, alongside high aerobic endurance (e.g.
rugby, football and tennis) (Robineau et al. 2017). Within these trained populations,
adaptations to endurance training can interfere with those from resistance training, resulting in
lower lean mass and strength gains compared to resistance training alone (Petre et al. 2021;
Wilson et al. 2012). However, this interference effect has not been found within untrained,
inactive populations (Coffey & Hawley 2016; Petre et al. 2021), such as academics with low
levels of physical activity. Thus, CT in inactive individuals can result in concomitant
improvements to lean mass, strength, fat mass and aerobic capacity (Willis et al. 2012), and
may have a synergistic effect on reducing the risk of cardiometabolic and mental disorders
compared to either endurance or resistance training alone (Bennie et al. 2019; Grontved et al.

2012).

Cross-sectional research of 17,839 adults reported that compared to individuals meeting neither
endurance (150 min/week of MVPA) or resistance training (2 sessions/week) guidelines, those
meeting both had the lowest adjusted prevalence ratio of symptoms of depression (range:
0.28,0.47), followed by meeting endurance training guidelines only (range: 0.35,0.63) and
resistance training guidelines only (range: 0.49,0.84) (Bennie et al. 2019). A similar cross-

sectional study in Australian females (n=5180) showed that the probability of high symptoms
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of depression and anxiety was lower in participants meeting endurance (RR=0.61,
95%CI1=0.59,0.97), and endurance and resistance training (RR=0.47, 95%CI=0.33,0.67)
guidelines compared to those meeting neither (Oftedal et al. 2019). However, after adjustment
for chronic disease, BMI and prior diagnoses of depression and anxiety, this association was
no longer significant for participants meeting endurance training guidelines (RR=0.87,
95%CI=0.67,1.13), but remained for those meeting both (RR=0.55, 95%CI=0.39,0.80)
(Oftedal et al. 2019). Whilst this emphasises the relationship between risk factors for
cardiometabolic and mental health, it also indicates a synergistic effect of combining endurance

and resistance training on symptoms of depression and anxiety.

The synergistic effect of combined endurance and resistance training has also been
demonstrated on type 2 diabetes (Grontved et al. 2012). An 18 y prospective study involving
508,332 person-years of follow-up reported a 59% (RR=0.41, 95%CI=0.27,0.61) decreased
risk of type 2 diabetes in individuals completing endurance and resistance training (=150 min
each per week) compared to those completing only endurance (RR=0.48, 95%CI=0.42,0.55)
or resistance training (RR=0.66, 95%CI=0.46,0.93) (Grontved et al. 2012). Furthermore, a4 y
prospective study of 7418 adults reported a 25% decreased risk of developing MetS (HR=0.75,
95%CI1=0.63,0.89, P<0.001) in individuals meeting both resistance and endurance training
guidelines compared to those not meeting either (Bakker et al. 2017). Regular engagement in
CT results in a significant decrease in risk of incident MetS and type 2 diabetes, warranting

further investigation into its use as an intervention in populations at high risk of such diseases.

Cross-sectional and prospective research convey a negative association between regular CT

and risk of type 2 diabetes and depression (Bennie et al. 2020; Grontved et al. 2012). However,

conclusions as to whether CT is more effective than endurance or resistance training at
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reducing the risk of cardiometabolic and mental health disorders is precluded by the increased
training volume involved in CT that is often not adjusted for in analysis (Bennie et al. 2019;
Grontved et al. 2012). Indeed, physical activity has a dose-response relationship with MetS and
symptoms of depression (Dishman, McDowell & Herring 2021; Zhang et al. 2017), indicating
that the negative association between CT and MetS and depression may be due to training
volume rather than mode. Regardless, the benefits of regular CT justify an investigation into
the effects of a CT program on cardiometabolic and mental health in inactive academics. The
following sections will review the effects of CT interventions on risk factors for type 2 diabetes,

CVD and depression, particularly within the academic workplace.

Concurrent Training for the Metabolic Syndrome in the Academic Workplace

High intensity physical activity reduces the risk of MetS to a greater extent than low intensity
physical activity (Hidalgo-Santamaria et al. 2017). CT is an exercise mode often utilising
higher intensity exercises due to the shorter duration of either isolate training mode (Langleite
et al. 2016; Stewart et al. 2005), and results in significant improvements to components of
MetS (Ostman et al. 2017). A recent systematic review found no randomised controlled trials
of CT in adults with MetS but without type 2 diabetes (Wewege et al. 2018), indicating a lack
of research within high-risk adults without pre-existing cardiometabolic disease. Though
studies have been performed in other populations, they rarely evaluate MetS as a binary
variable due to limits in study power and the sensitivity of the dichotomous variable to effects

of CT (Bateman et al. 2011; Ramirez-Velez et al. 2020).

Research has reported mixed effects of CT on components of MetS in adults without pre-
existing metabolic conditions (Mann, Beedie & Jimenez 2014). The randomised controlled trial

by Tseng et al. (2013) reported improvements in HDL-C, WC, SBP, DBP, glucose and
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triglycerides after 12 weeks of CT in obese males (n=10, 22+1 y) (Tseng et al. 2013). However,
Ho et al. (2012) showed a decrease in WC, but no change in lipid profile following 12 weeks
of CT in 64 inactive, overweight or obese adults (Ho et al. 2012). Other research in 104 inactive
older adults (64+6 y) reported reductions in WC, HDL-C and DBP, but no change in SBP,
triglycerides or glucose after 6 months of CT (Stewart et al. 2005). Similar mixed findings have
been shown in individuals with MetS. A meta-analysis of randomised or controlled trials in
adults with MetS found that CT decreased WC (MD=-3.8 cm, 95%CI=-5.65,-1.95, P<0.001)
and SBP (MD=-3.79 mmHg, 95%CI=-6.18,1.40, P=0.002), and increased HDL-C (MD=0.14
mmol/L, 9%CI=0.04,0.25, P=0.009), but did not affect DBP, glucose or triglycerides (Ostman
et al. 2017). Though mixed, the significant results from previous research indicate that CT can
improve components of MetS, justifying its application in high-risk populations such as

academics.

To date, very few studies have investigated the impact of CT on components of MetS in either
the desk-based or academic workplace. Karatrantou (2020) reported a significant decrease in
SBP (-8+7%) and DBP (-5+4%) following 6 months of CT in 36 inactive desk-based workers
(P<0.001), but other components of MetS were not evaluated. This lack of research is
surprising given that desk-based workers who meet physical activity guidelines are less likely
to have MetS (Browne et al. 2017). Evaluating the impact of a CT program on components of
MetS in inactive academics may be of particular interest for the tertiary education sector, as
MetS has a negative association with not only cardiometabolic health but also productivity

(Schultz & Edington 2009).

50



Concurrent Training for Aerobic Capacity in the Academic Workplace

Regular CT results in large improvements in aerobic capacity. Participation in three CT
sessions per week for 12 weeks resulted in an 11% improvement in VOzmax (P=0.026) in 17
inactive adults (54+5 y) (Amaro-Gahete et al. 2019). This compares to a 6% increase in VOzmax
after 2-3 CT sessions per week for 24 weeks in 34 moderately physically active males (30£5
y) (Schumann et al. 2014). Despite the influence that differences in age, sex and baseline
training status can have on aerobic capacity (Aspenes et al. 2011; Kaminsky et al. 2017), both
studies showed significant improvements in VOamax, highlighting the consistent effect of CT
on aerobic capacity. This is further demonstrated in studies comparing the effects of CT and
endurance training on aerobic capacity. Slentz et al. (2011) found that CT and endurance
training resulted in similar improvements in VOazpeak (£14%) following 8 months of training
(Slentz et al. 2011). However, the CT group performed the entire endurance training program
in addition to resistance training, resulting in significantly higher training volume which likely
affected outcomes (Bonafiglia et al. 2021). Regardless, Schroeder et al. (2019) reported similar
increases in VOopeak following 8 weeks of either CT (n=18) or endurance training (n=17,
P>0.05) in inactive adults, whereby CT involved half the duration of endurance training in the
endurance group (Schroeder et al. 2019). Meta-analyses have also reported no difference in the
effect of endurance training compared to CT on aerobic capacity in overweight or obese adults
(O'Donoghue et al. 2021; van Baak et al. 2021). Accordingly, CT is an effective exercise mode
to increase aerobic capacity to a similar extent as endurance training, which is important for
desk-based workers at increased risk of low aerobic capacity due to low levels of physical

activity.

Implementing CT within the inactive desk-based workplace has been shown to counter the

detrimental impact of low physical activity on aerobic capacity. A quasi-experimental study
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reported significant increases in aerobic capacity as measured indirectly by a 6 min walking
test following 3 times/week CT for 12 weeks in 47 desk-based workers (Saavedra et al. 2021).
Similarly, 10 months of CT in 224 desk-based workers from a university showed significant
increases in estimated aerobic capacity (via HR response to a step test) (Genin et al. 2018).
However, only 55% of participants adhered to the whole intervention (Genin et al. 2018).
Exercise adherence is particularly important for aerobic capacity given the dose-response
relationship that has been previously demonstrated (Bonafiglia et al. 2021). Hunter et al. (2020)
compared the effects of 16 weeks of supervised and non-supervised CT on aerobic capacity in
85 university staff (47% academic and 53% other university staff) and reported a significantly
higher increase in VOapeax after supervised CT (10£11%) compared to unsupervised CT (4+9%,
P<0.05) (Hunter et al. 2020). Importantly, exercise adherence was also significantly higher in
supervised compared to unsupervised CT (P<0.05). Indeed, exercise adherence has been shown
to increase with supervised training, and training conducted during work hours (Hunter et al.
2020; Jakobsen et al. 2015). These factors are important to consider for inactive academics
with long work hours, who may experience difficulties in adhering to exercise due to lack of
training experience and less leisure-time to engage in exercise (Kirk & Rhodes 2011). Although
CT has been previously implemented within the university environment, its effect on aerobic

capacity in inactive academics is yet to be assessed.

Concurrent Training for Body Composition in the Academic Workplace

CT provides concurrent adaptations from endurance and resistance training (Coffey & Hawley
2016), resulting in improvements to both fat mass and lean mass in inactive adults (Stewart et
al. 2005; Willis et al. 2012). Donges et al. (2013) reported a significant decrease in body fat
(%; 6£2%) after 12-weeks of CT in 47 inactive males (Donges et al. 2013), in which

participants trained 3 times per week and endurance training made up approximately 50% of
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each session (Donges et al. 2013). In comparison, Willis et al. (2012) showed significant but
small decreases in fat mass (%; 2+3%) and WC (2%) following 8 months of CT in inactive
adults (P<0.01), wherein participants also trained 3 times per week and endurance training
accounted for approximately 40% of training time (Willis et al. 2012). Other CT interventions
incorporating approximately 50% endurance training have resulted in decreases in WC and
VAT (Stewart et al. 2005; Tseng et al. 2013). Indeed, the volume of endurance training is an
important consideration in CT programs given it decreases fat mass and WC to a larger extent
than resistance training (Schwingshackl et al. 2013). The proportion of CT dedicated to
resistance training is also crucial for increasing lean mass given the evidence of a dose-response
relationship (Figueiredo, de Salles & Trajano 2018). Most CT studies in which resistance
training accounts for at least 50% of each session have resulted in increases in lean mass within
inactive adults (Schroeder et al. 2019; Stewart et al. 2005; Willis et al. 2012). For example,
Schroeder et al. (2019) showed a 1.5% increase (P<0.05) in lean mass after 8 weeks of CT,
wherein resistance training accounted for 50% of each session (Schroeder et al. 2019). Willis
et al. (2012) also reported a 1.5% increase in lean mass following 8 months of CT in inactive

adults (P<0.01), in which 60% of CT was comprised of resistance training (Willis et al. 2012).

Notwithstanding the importance of the relative proportions of endurance and resistance
exercise within CT for body composition, progressive overload is another training variable that
facilitates improvements in body composition. Indeed, studies ensuring progressive overload
of both endurance and resistance training report concurrent decreases in fat mass and increases
in lean mass. Stewart et al. (2005) ensured relative progressive overload of endurance training
by training participants at 60 to 90% of their max heart rate (HR) achieved in baseline testing.
For resistance training, weight was increased when 15 repetitions could be completed with

little difficulty (Stewart et al. 2005). In comparison, inactive participants in the 8 week study
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by Schroeder et al. (2019) gradually progressed endurance training from 40% to 70% of their
HR reserve, and resistance training was relatively progressed because participants completed
repetitions (10 to 20) until failure (Schroeder et al. 2019). Both studies resulted in concomitant
decreases in fat mass and increases in lean mass (Schroeder et al. 2019; Stewart et al. 2005).
In turn, a CT program that provides appropriate progressive overload of endurance and
resistance training may result in improvements to lean mass and fat mass within inactive
academics, which could help reduce the risk of both cardiometabolic and mental disorders (Lee

etal. 2018; Li et al. 2014).

There is limited research on the effects of CT on fat mass, fat distribution and lean mass in
inactive academics, though studies in other desk-based workplaces have reported
improvements in body composition following CT. Pedersen et al. (2009) showed a decrease in
fat mass (%) following 6 months of CT in 549 desk-based workers (P<0.01), with training
performed 3 times per week for 20 min (Pedersen et al. 2009). Furthermore, Karatrantou et al.
(2020) reported significant improvements in fat mass (8+8%) and lean mass (4+3%) following
6 months of CT in 36 inactive desk-based workers, wherein CT was performed for 15 to 20
min twice per day for 5 days each week (Karatrantou et al. 2020). The randomised controlled
trial in university staff by Hunter et al. (2020) found a within-group decrease in fat mass
(2+2%) and increase in lean mass (1.2+1.2 kg) after 16 weeks of CT, though a significant
interaction effect with the control group was only found for fat mass (P<0.05) (Hunter et al.
2020). These results clearly demonstrate the benefits of CT for body composition in inactive
desk-based workers and justify an investigation of CT in academics given their low levels of

total and MVPA may increase the risk of fat mass accumulation and lean mass deterioration.
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Concurrent Training for Insulin Resistance in the Academic Workplace

Despite the negative association between physical activity and insulin resistance, CT
interventions have shown mixed results in apparently healthy individuals and those with pre-
existing cardiometabolic conditions. CT performed for 1 h, 3 times per week for 12 weeks did
not change fasting glucose, insulin or HOMA-IR in 48 adults with type 2 diabetes (Jorge et al.
2011). However, 45 min of CT, 3 times per week for 12 weeks decreased fasting glucose,
insulin and HOMA-IR in 40 obese males with MetS (Mohammad Rahimi, Bijeh & Rashidlamir
2020). Given the similar duration of both studies, exercise intensity may influence the effect
of CT on insulin resistance. In the study by Mohammad Rahimi, Bijeh & Rashidlamir (2020),
endurance training involved 4x4 min intervals at 90% HRpeax interspersed by 3 min at 70%
HRpeak on a treadmill and resistance training gradually progressed from 2 sets of 15-20
repetitions at 40-45% one-repetition max (1RM) to 3 sets of 8 to 12 repetitions at 70-80% IRM.
However, Jorge et al. (2011) did not provide details of training intensity. Regardless, a meta-
analysis of randomised controlled trials did not find a difference in the effect of moderate and
high intensity exercise interventions on insulin resistance (Lin et al. 2015), though as
previously discussed, higher intensity physical activity is associated with a greater reduction

in risk of insulin resistance (Whitaker et al. 2019).

CT also has mixed effects on insulin resistance in apparently healthy adults (AbouAssi et al.
2015; Brunelli et al. 2015; Timmons et al. 2018). Timmons et al. (2018) reported no change in
glucose, insulin or HOMA-IR following 12 weeks of CT performed 3 times per week for 40
min in 84 adults >65 y (Timmons et al. 2018). However, Brunelli et al. (2015) showed a
significant decrease in glucose, insulin and HOMA-IR after 24 weeks of CT performed 3 times
per week for 1 h in 30 inactive obese males (49+1) (Brunelli et al. 2015). Acknowledging the

difference in age and sex in these studies, the Brunelli et al. (2015) study was twice the duration
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of the Timmons et al. (2018) study, which may influence the effect of exercise on insulin
resistance (Lin et al. 2015). However, CT studies > 24 weeks in duration have not altered
insulin resistance in inactive adults without pre-existing metabolic disease (AbouAssi et al.
2015; Stewart et al. 2005), and the meta-analysis by Lin et al. (2015) did not find an effect of
exercise intervention duration on glucose or insulin responses (Lin et al. 2015). Regardless,
another meta-analysis of randomised controlled trials has shown that exercise reduces HOMA-
IR in individuals with type 2 diabetes (SMD=-0.5, 95%CI=-0.83,-0.17, P=0.003) and those
without (SMD=-0.31, 95%CI=-0.49,-0.13, P<0.001) (Battista et al. 2021). Overall, these mixed

findings highlight the need for further research into the effect of CT on insulin resistance.

Minimal literature regarding the effects of CT on insulin resistance in the desk-based
workplace is available, and no studies have been conducted within academic populations. A
meta-analysis reported a significant decrease in fasting glucose following interventions used
to increase physical activity in the workplace (Conn et al. 2009). However, few studies
measured glucose or insulin (n=6), supervised exercise was only used in 27% of studies and
the independent effect of exercise on insulin resistance was not explored (Conn et al. 2009).
Although this meta-analysis was published before 2010, no recent research investigating the
effect of CT on insulin resistance in the desk-based workplace exists, including academics.
Such research is needed given the low levels of physical activity experienced in the desk-based
workplace may increase the risk of insulin resistance and future chronic disease (Fuezeki,

Engeroff & Banzer 2017; Ruijgrok et al. 2018).

Concurrent Training for Systemic Inflammation in the Academic Workplace
A chronic increase in systemic levels of IL-6 or TNF-a is associated with increased risk of

depression, type 2 diabetes, and CVD (Kaptoge et al. 2014; Liu et al. 2016; Osimo et al. 2020).
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Physical activity has a negative correlation with both chronic systemic IL-6 and TNF-a (Elosua
et al. 2005; Hamer et al. 2012), suggesting the potential of exercise to protect against systemic
inflammation. A systematic review revealed mixed effects of resistance and endurance training
on IL-6 and TNF-a, but no change in these inflammatory markers was evident following CT
in inactive adults free of pre-existing metabolic disease (Cronin et al. 2017). However, only 2
CT studies were found, indicating the need for further research in this type of population.
Libardi et al. (2012) reported no changes in IL-6 or TNF-a in 47 inactive males after 16 weeks
of CT (Libardi et al. 2012). CT was performed three times per week and included equal
duration of endurance and resistance training (Libardi et al. 2012). Comparatively, Stewart et
al. (2007) showed that CT 3 times per week for 12-weeks did not change IL-6 or TNF-a in
inactive younger (25+5 y, n=14) or older (71+4 y, n=17) adults. CT involved endurance
training on a treadmill for 20min at 70-80% HR reserve, and 2 sets of 8 resistance exercises
performed at 70-80% 1RM (Stewart et al. 2007). Although low-grade systemic inflammation
can increase the risk of type 2 diabetes and CVD in females (Hu et al. 2004; Pai et al. 2004),
most CT studies in apparently healthy adults have been conducted with males (Brunelli et al.
2015; Donges et al. 2013; Thalainen et al. 2018; Langleite et al. 2016). More research into the

effects of CT on systemic levels of IL-6 and TNF-a in both males and females is required.

In contrast to the limited effect of CT on IL-6 and TNF-a in apparently healthy adults, mixed
results have been found in individuals with cardiometabolic disease (Balducci et al. 2010; Jorge
et al. 2011). Balducci et al. (2010) reported a significant decrease in IL-6 and TNF-a following
12 months of CT in 82 individuals with type 2 diabetes (Balducci et al. 2010). CT involved
endurance training for 40 min at 70-80% VOamax and resistance training for 20 min at 80%
IRM (Balducci et al. 2010). In contrast, Jorge et al. (2011) found no differences in IL-6 or

TNF-a after 12 weeks in 48 adults with type 2 diabetes (Jorge et al. 2011). Interestingly, a
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meta-analysis reported a positive association between exercise volume and IL-6, wherein IL-6
levels decreased by -0.018 pg/ml (95%CI=-0.035,-0.002) and -0.13 pg/ml (95%CI=-20.24.-
0.02) for every additional session or week of training in an exercise program, respectively
(Hayashino et al. 2014). This may explain the results of the previous studies, where there was
a 4-fold difference in CT duration (Balducci et al. 2010; Jorge et al. 2011). Overall, the effect
of CT on IL-6 and TNF-a is equivocal, and further research is required within populations at
high-risk of low-grade systemic inflammation and cardiometabolic disease due to low levels

of physical activity, such as academics (Cooper & Barton 2016).

To our knowledge, the effect of CT on systemic levels of IL-6 and TNF-a has not been
evaluated within desk-based workers or academics. Endurance training performed 4 times per
week for 8 weeks did not change systemic levels of IL-6 or TNF-a in 12 apparently healthy
inactive workers from a workplace in the UK (Hewitt et al. 2008). Besides the small sample
size, the intervention duration may have been insufficient to elicit changes in systemic
inflammation given the importance of exercise volume for changes in IL-6 (Hayashino et al.
2014). Although the study did not investigate the effect of CT on IL-6 or TNF-a, the findings
indicate the potential effect of CT on inactive academics given the similar demographics of the
participants. Regardless, a study to evaluate the effect of CT on systemic inflammation in
inactive academics is warranted because of the low levels of physical activity and high stress
experienced in the academic workplace (Fontinha, Easton & Van Laar 2019; Safi et al. 2021),
which are positively associated with low-grade systemic inflammation (Phillips, Dillon &

Perry 2017).
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Concurrent Training for Stress in the Academic Workplace

There is a bidirectional relationship between physical activity and stress (Schultchen et al.
2019; Stults-Kolehmainen & Sinha 2014). Increasing physical activity may help to reduce
stress in highly-stressed populations, which is important given that chronic stress can increase
the risk of depression and MetS (Kuo et al. 2019; Rugulies, Aust & Madsen 2017). Chovanec
et al. (2020) showed a significant decrease in general stress following 8-weeks of either
endurance (n=18) or resistance (n=21) training (P<0.001) in 65 female students, with no
differences between groups (P>0.05). Given evidence of a synergistic effect of combined
endurance and resistance training on symptoms of depression and anxiety (Oftedal et al. 2019),
a similar effect may be evident for stress, though this is currently speculative. Regardless, CT
interventions in the workplace have resulted in significant improvements in general stress
(Atlantis et al. 2004; Greco 2020). Atlantis et al. (2004) reported a decrease in general stress
(P=0.036, d =-0.56) following 24-weeks of CT and behaviour modification in 44 inactive
casino employees. Furthermore, Greco (2020) showed a decrease in general stress (=27%) in
42 workers from mixed professions after CT was performed 3 times per week for 8-weeks
(Greco 2020). However, desk-based workers experience lower physical activity compared to
other workers (Prince et al. 2019), and may subsequently be at increased risk of chronic stress

(Gerber et al. 2014).

Limited studies have investigated the impact of CT on stress in desk-based workers, and no
such studies have been performed in academics, despite evidence of inadequate physical
activity and high job stress (Cooper & Barton 2016; Fontinha, Easton & Van Laar 2019). Genin
et al. (2018) reported no change in general stress following 10-months of CT in 224 office
workers. However, CT was only performed twice per week for 45 min, and 55% of participants

did not complete the whole intervention (Genin et al. 2018). Indeed, adherence and exposure
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to CT appears to be important for stress reductions, as studies with >80% CT adherence have
resulted in significant improvements in stress (Atlantis et al. 2004; Greco 2020). In comparison,
Nurminen et al. (2002) showed that 8-months of CT did not change stress in 260 female laundry
workers (Nurminen et al. 2002). However, training was conducted once per week, and only
around 50% of participants took part in at least two-thirds of the sessions (Nurminen et al.
2002). Exercise adherence may be particularly challenging for highly stressed workers given
the negative association between stress and physical activity (Stults-Kolehmainen & Sinha
2014). In turn, CT within the academic workplace should include onsite training and
supervision, which has been shown to increase adherence compared to unsupervised and home-

based training (Hunter et al. 2020; Jakobsen et al. 2015).

Concurrent Training for Depression in the Academic Workplace

Symptoms of depression are highly prevalent amongst desk-based workers (Kang et al. 2016),
particularly those in academia, who have presented with higher psychological strain compared
to other professionals (Winefield et al. 2003). A meta-analysis has shown that CT decreases
symptoms of depression to a greater extent than endurance or resistance training alone
(Rethorst, Wipfli & Landers 2009), justifying an evaluation of its efficacy within the academic
workplace. Support for the anti-depressive effects of CT have been reported in other desk-
based workplaces (Atlantis et al. 2004; Genin et al. 2018). The 24-week CT study by Atlantis
et al. (2004) reported a significant decrease in symptoms of depression (P=0.048, d=0.16) in
44 inactive casino employees. Participants were prescribed 3 d/week endurance training for at
least 20 min, which progressed from 50-60% age-predicted HRmax to >75% age-predicted
HRumax. Resistance training was prescribed at least 2 d/week and involved whole body exercises
progressing from 15RM to <8RM (Atlantis et al. 2004). In comparison, Genin et al. (2018)

reported a decrease in symptoms of depression following 10 months of CT in 224 desk-based
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workers. The onsite CT program involved at least 1 resistance training session per week using
weight machines for 45 min, and a 45 min aerobic gym class at least once per week (Genin et
al. 2018). Despite the difference in CT prescription, both studies resulted in a decrease in

symptoms of depression, highlighting the potential benefits of CT for inactive academics.

Recent systematic reviews and meta-analyses reveal the dearth of studies into the effect of CT
on depression. For example, a 2016 meta-analysis of randomised controlled trials that
investigated the effect of exercise on individuals with depression found only 3 CT studies,
compared to 19 endurance training studies (Schuch, Vancampfort, Richards, et al. 2016).
Although studies with non-clinical individuals have reported significant improvements in
symptoms of depression (Annesi, Gann & Westcott 2004; Hilyer et al. 1982), most were
published before 2005 and few have been performed within the workplace. Despite research
showing a large effect of CT on symptoms of depression (Rethorst, Wipfli & Landers 2009),
evidence of the effectiveness of CT in high-risk, but currently disorder-free populations is

lacking.

Concurrent Training for Anxiety in the Academic Workplace

Although the relationship between anxiety and physical activity is still equivocal (McDowell
et al. 2019; Schuch et al. 2019), exercise interventions have been shown to decrease symptoms
of anxiety (Jayakody, Gunadasa & Hosker 2014). However, in line with findings for
depression, most studies have investigated the effect of endurance exercise on anxiety, with
limited data available on CT interventions (Jayakody, Gunadasa & Hosker 2014; Wipfli,
Rethorst & Landers 2008). Only 1 CT study was found in a 2015 systematic review of
randomised controlled trials investigating the effect of exercise on anxiety in individuals with

elevated anxiety symptoms or an anxiety disorders (Stonerock et al. 2015). Indeed, Hovland
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(2013) reported a significant decrease in symptoms of anxiety following 12-weeks of CT in 36
adults with an anxiety disorder (Hovland et al. 2013). Given the current research landscape,
more studies are needed to clarify the effect of CT on anxiety, particularly within apparently

healthy adults at high-risk of anxiety due to low levels of physical activity.

Australian academics experience higher psychological strain compared to other university staff
(Winefield et al. 2003), indicating the need to evaluate interventions that may reduce anxiety
in this population. CT interventions in other workers with low levels of physical activity have
reported mixed results for anxiety. The study by Atlantis et al. (2004) did not show a change
in symptoms of anxiety following 24 weeks of CT (P=0.23) (Atlantis et al. 2004). Furthermore,
Saavedra et al. (2021) did not report a change in anxiety symptoms after 12-weeks of CT in 47
desk-based workers (P>0.05) (Saavedra et al. 2021). However, the 10 month CT intervention
by Genin et al. (2018) resulted in a significant decrease in symptoms of anxiety (P<0.001)
(Genin et al. 2018). Lucibello et al. (2019) showed that endurance training only reduced anxiety
in participants with elevated symptoms at baseline (Lucibello, Parker & Heisz 2019). However,
this fails to explain the previous contrasting findings as participants had normal scores for
anxiety symptoms at baseline in all studies (Atlantis et al. 2004; Genin et al. 2018; Saavedra et
al. 2021). These mixed results justify further research into the effect of CT on symptoms of

anxiety in inactive workers such as academics.

Summary of the Literature

The desk-based workplace involves lower amounts of physical activity compared to other
workplaces (Prince et al. 2019). Physical activity is negatively correlated with risk factors for
cardiometabolic and mental health disorders, including fat mass (Shibata et al. 2016), insulin

resistance (Whitaker et al. 2019), systemic inflammation (Hamer et al. 2012) and components
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of MetS. Further, physical activity is negatively associated with symptoms of depression
(Dishman, McDowell & Herring 2021; Zhang et al. 2017), anxiety (Stubbs, Koyanagi, et al.
2017), and stress (Stults-Kolehmainen & Sinha 2014). However, physical activity is positively
associated with protective factors including lean mass and aerobic capacity (Kim et al. 2018;
Mundwiler et al. 2017). Desk-based workers participating in low levels of physical activity
may be at increased risk of developing depression, CVD and type 2 diabetes compared to other,
more active workers (Kang et al. 2016). Academics are a particularly high-risk population due
to the long work hours and higher job stress compared to other desk-based workers (Fetherston
et al. 2020; Fontinha, Easton & Van Laar 2019). These variables may have a compounding
effect on risk of depression and cardiometabolic disease because they are associated with both
decreased physical activity and increased symptoms of depression (Fransson et al. 2012; Kirk
& Rhodes 2011; Rugulies, Aust & Madsen 2017; Virtanen et al. 2018). Although academics
may be at high-risk of depression, type 2 diabetes and CVD, no studies have measured risk

markers for these disorders in this population.

The long work hours and high levels of stress experienced by academics may represent barriers
to increasing physical activity (Kirk & Rhodes 2011; Stults-Kolehmainen & Sinha 2014).
Interventions aimed at increasing physical activity in this population will likely need to be
easily accessible and conducted during work hours to facilitate adherence (Jakobsen et al.
2015). CT has been previously implemented within the workplace and provides concurrent
adaptations to endurance and resistance training (Coffey & Hawley 2016; Hunter et al. 2020;
Wilson et al. 2012), resulting in improvements in body composition (Schroeder et al. 2019),
aerobic capacity (Slentz et al. 2011), components of MetS (Ostman et al. 2017) and symptoms
of depression and stress (Atlantis et al. 2004). Consequently, individuals participating in

regular CT have a reduced risk of both depression and type 2 diabetes (Bennie et al. 2019;
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Grontved et al. 2012). A supervised CT program within the academic workplace may help to
improve cardiometabolic and mental health risk factors, and subsequently decrease the risk of
chronic disease in this high-risk population. However, limited research has investigated the
effect of CT on a range of risk factors for mental and cardiometabolic disorders in academics,

or the interrelationships between these risk factors in inactive populations.
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Chapter 3

Study 1

The Cardiometabolic and Mental Health of Inactive Academics in an Australian

University.
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Abstract

Academics experience high job stress, which can increase the risk of both cardiometabolic and
mental disorders, including depression and cardiovascular disease. This cross-sectional study
describes the cardiometabolic and mental health of academics and investigates relationships
between mental and cardiometabolic health variables, including stress, depression and
metabolic syndrome (MetS). Full-time, inactive academics (n=59; n=17 male, n=42 female)
were recruited from an Australian University and completed questionnaires to measure effort-
reward imbalance (ERI) and symptoms of stress, anxiety, distress and depression.
Cardiometabolic health was assessed via blood pressure, body composition (Dual Energy X-
ray Absorptiometry [DEXA]), peak oxygen consumption (VOzpeax) and metabolic syndrome
criteria. Comparisons were made between sex and academic level, respectively, by way of
welch’s one-way analysis of variance. Quantile regressions at the median were used to
investigate associations between cardiometabolic and mental health risk factors. Results
indicate that 20% of participants met the criteria for MetS and 48% were overweight or obese.
22% reported moderate to severe symptoms of anxiety, stress and/or depression. Further, lower
ranking academics experienced greater feelings of distress, depression and stress compared to
their more senior colleagues (P<0.05). There were no differences in mental health outcomes
between males and females (P>0.05). Regression analyses showed ERI was positively
associated with depression (P=0.002), and depression was positively associated with MetS
(P=0.037). In conclusion, inactive academics present with mental and cardiometabolic health
characteristics which are shown to relate to an increased risk of depression and MetS. Future
research should investigate the efficacy of preventative strategies known to improve both

mental and cardiometabolic health in academics.
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Introduction

Occupations that involve high volumes of office-based work, such as university academics, are
often associated with low levels of physical activity and high job-related stress (Cooper &
Barton 2016; Dedele et al. 2019; Gillespie et al. 2001). The academic workplace is often desk-
based and includes competing teaching, administrative and research demands that can
contribute to long work hours, high sedentary time and job-related stress (Kinman 2016;
Siegrist 1996). Such inactive and stressful working environments may increase the risk of
negative cardiometabolic and mental health outcomes, including reduced aerobic capacity and
a higher likelihood of obesity (Bradbury et al. 2017; Zeiher et al. 2019), metabolic syndrome
(MetS) (Laaksonen et al. 2002), cardiovascular disease and depression (Rugulies, Aust &
Madsen 2017; Sara et al. 2018). However, further insights of the consequences of inactivity

and stress on the cardiometabolic and mental health of academics remain to be fully explored.

Currently, separate studies from China and the United Kingdom have investigated the
cardiometabolic health of University academic staff. Using the International Activity
Questionnaire, Cooper and Barton (2016) found less than 30% of academics engaged in high
levels of physical activity, and over 20% reported low physical activity levels. Moreover,
Alkhatib (2015) reported that academics were predominately overweight, with male academics
presenting with higher Body Mass Index (BMI) and blood pressure compared to females.
CheSerek et al. (2014) also reported that nearly 5% of academic staff from a Chinese university
met the criteria for MetS (Cheserek et al. 2014). Notwithstanding, there is limited research
reporting more detailed risk factors of chronic disease, such as aerobic capacity, fat mass and
markers of MetS within academics, particularly within the Australian University environment.

Furthermore, given that inactivity is associated with depression in employees (Kang et al.
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2016), it is prudent to investigate both cardiometabolic and mental health within inactive

academics.

In regard to the mental health of academics, University employees experience greater feelings
of stress, anxiety and depression compared to the general population (Mark & Smith 2012).
Further, full-time academics report higher psychological strain compared to other university
staff, including administrative and technical staff (Winefield et al. 2003). The poorer mental
health of academics has been attributed to the increased work hours and job demands (Kinman
& Jones 2008; Tytherleigh et al. 2005). Indeed, a high effort output (e.g. heavy workload) with
a low reward input (e.g. low recognition) is associated with an increased risk of depression in
the workplace (Rugulies, Aust & Madsen 2017; Siegrist 1996), though evidence from academia
is limited (Kinman 2019). Interestingly, preliminary findings show lower ranking academics
(ie. Lecturers or Assistant Professors) report significantly higher stress compared to more
senior colleagues (i.e. Professors) (Abouserie 1996; Gmelch, Wilke & Lovrich 1986).
Furthermore, while female academics report similar stress levels to males (Abouserie 1996;
Barkhuizen & Rothmann 2008; Mudrak et al. 2017), they experience significantly higher
psychological strain (Akhtar Malik 2018; Catano et al. 2010; Hogan et al. 2015), indicating
worse mental health. Regardless, higher job stress, or an increased effort-reward imbalance
(ERI) can increase the risk of developing both mental and cardiometabolic disorders (Rugulies,
Aust & Madsen 2017; Sara et al. 2018). Given the stressful and often inactive academic
workplace, further research on the interrelationship of cardiometabolic and mental health of

academics is warranted.

The primary aim of this study is to describe the cardiometabolic and mental health of inactive

full-time academics within an Australian University and compare cardiometabolic and mental
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health risk factors by sex and academic level. A secondary aim is to report relationships
between risk factors of metabolic disease and depression in academics. It is hypothesised that
females and lower ranking academics will experience higher levels of depression compared to
males and higher-ranking academics, respectively. Additionally, a bidirectional relationship is

expected between mental and cardiometabolic health markers.

Methods

Participants

This study reports baseline data from a larger research project aiming to investigate the impact
of concurrent exercise training on the cardiometabolic and mental health of inactive academics,
hence only inactive participants were recruited. Recruitment and testing commenced in June
2019 (before COVID-19) following university ethics approval (HREC ETH18-3093). Fifty-
nine full-time academics from a single Australian University centrally based in a metropolitan
city were recruited via local advertising and email to staff within all Science, Technology,
Engineering, and Mathematics (STEM) and Humanities, Arts, and Social Sciences (HASS)
disciplines. Participants attended a familiarisation session to provide verbal and written
informed consent prior to completing a health pre-screening questionnaire (Exercise and Sport
Science Australia adult pre-exercise screening tool). Inclusion criteria included; 1) Physically
inactive (Active Australia criteria; verbal and questionnaire-based assessment of <150
min/week of weighted physical activity, where vigorous activity minutes are doubled); 2) aged
between 35 and 65 years; and 3) working a minimum of 35 h per week at the university as an
academic. Exclusion criteria included 1) pregnancy; 2) previous diagnoses of metabolic disease
or severe musculoskeletal disorders; 3) anti-inflammatory and/or pharmacological treatment

that may interfere with metabolic blood markers and mental health measures.
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Overview

Eligible participants undertook a 60 min testing session for mental and cardiometabolic health
parameters and a 2-week period of data collection on lifestyle related wvariables.
Cardiometabolic and mental health testing was conducted in a climate-controlled exercise
physiology laboratory in July and August 2019. Mental health data were collected and managed
using Research Electronic Data Capture (REDCap, version 8.11.3) hosted at the University of
Technology Sydney (Harris et al. 2009). After an overnight fast (10-12 h) participants arrived
at the testing facility between 6:00 and 9:00 am. Participants were required to avoid
consumption of alcohol and refrain from exercise in the previous 24 h, wear basic exercise
attire, void their bladder, and remove jewellery and metal objects. Participants undertook a
series of tests; 1) mental health questionnaires, resting heart rate (RHR) and blood pressure in
a private room; 2) body composition measurements via a Dual Energy X-ray Absorptiometry
(DEXA) scan; 3) venous blood sample collection, and; 3) aerobic capacity measured via a
graded exercise test. Further, work hours and sociodemographic variables (research discipline,
academic level, number of years employed as an academic, age, sex) were recorded by
participants on their smartphones or electronic devices using a downloaded software

application (MetricWire Inc. 2019).

Measures

Psychological Distress

Psychological distress was measured using the Kessler Scale (K10) (Kessler et al. 2002). Each
response is scored on a 5-point scale ranging from 1 = “none of the time” through to 5 = “all
of the time”, where the scores are summed to provide an overall score of distress experienced

over the past four weeks (Kessler et al. 2002). Scores range from 10-50 with higher scores
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indicative of greater levels of psychological distress. The K10 has previous evidence of strong

psychometric properties (Cairney et al. 2007; Furukawa et al. 2003; Kessler et al. 2002).

Depression, Anxiety and Stress

The Depression, Anxiety and Stress Scales-21 (DASS-21; Lovibond & Lovibond, 1995) was
used to measure depression, anxiety and stress. The questionnaire includes 21-items (7 items
per dimension) measured on a 4-point scale ranging from 0 = “never” to 3 = “almost always”.
Scores are summed to provide a quantitative measure of severity of depression, anxiety and
stress, and risk of further problems (Lovibond & Lovibond 1995). For the depression domain,
scores of 0-4 are considered normal, 5-6 mild, 7-10 moderate, 11-13 severe, and >14 extremely
severe. For anxiety, 0-3 is considered normal, 4-5 mild, 6-7 moderate, 8-9 severe, and >10
extremely severe. For stress, 0-7 is normal, 8-9 mild, 10-12 moderate, 13-16 severe, and >17
extremely severe. The psychometric properties of the DASS-21 have been comprehensively
evaluated, and it has been found to be valid, consistent, and responsive to treatment within

adults (Henry & Crawford 2005; LeBouthillier & Asmundson 2017; Sinclair et al. 2012).

Job Stress

Job stress was measured using the 16-item version of the ERI questionnaire (Siegrist 1996).
Participants responded to items via a 4-point Likert scale ranging from 1 = “strongly disagree”
to 4 = “strongly agree”. The scores for overcommitment (6 items) were summed, and an ERI
score was calculated from effort (3 items) and reward (7 items) items according to instructions
(Siegrist, Li & Montano 2014). Previously, the ERI questionnaire has shown good internal
consistency, discriminant validity and criterion validity for all scales and the ERI ratio

(Leineweber et al. 2010; Siegrist, Li & Montano 2014).
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Daily Work Hours

Daily work hours were reported via the MetricWire software application (MetricWire Inc.
2019). Participants responding to the item; “how many hours did you work from (work/home)
today” before night-time sleep, every night for 2-weeks. To assist with compliance, alert
notifications were programmed into the software application to remind participants to respond
to the questions in the evening at 21:00, with a reminder notification 15 min later if the
participant had still not completed the items. Participants were included in analysis if they
responded on at least 4 weekdays. Hours worked from home and from the workplace between
Monday and Friday (i.e. weekdays only) were then summed and averaged to indicate daily

work hours.

Blood Pressure and Heart Rate

Blood pressure and RHR were measured using the automated office blood pressure method.
This required participants to rest in a seated position for at least 10 min, alone in a quiet room
(Armstrong et al. 2015). An automated blood pressure device (Omron 907, Omron Healthcare,
Australia) measured blood pressure three times, at 1-min intervals (SPRINT Research Group
et al. 2015). The mean of the three readings was recorded. Participants were blinded to the
measurement result, thereby avoiding any acute stress responses to the measure (Muldoon et

al. 1995).

Anthropometry and Dual Energy X-ray Absorptiometry

Height was recorded using a stadiometer (Seca Asia-Pacific, Kuala Lumpur, Malaysia) and

body mass was measured using a calibrated electronic scale (A&D Weighing, Sydney,
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Australia) in minimal clothing and footwear removed. The resulting measurements were used
to calculate body mass index (BMI). Waist Circumference was measured from the top of the
iliac crest, at the end of normal expiration (NHLBI Obesity Education Initiative 2000).
Measurements were repeated twice. If the difference between the two measurements was
greater than 1cm, the two measurements were repeated and the mean calculated (World Health

Organization 2011).

Provided no x-ray or nuclear medicine scans were undertaken in the preceding 7 days,
participants underwent a whole-body DEXA scan in the supine position (Lunar Prodigy, GE
Healthcare, Madison, WI, USA) (Shiel et al. 2017). The DEXA scan was used to measure
whole-body total fat mass and lean mass (Shiel et al. 2017). DEXA scans have previously been
found to produce valid and reliable measures of fat mass and lean mass (Freda et al. 2009;
Glickman et al. 2004; Norcross & Van Loan 2004; Tavoian et al. 2019). DEXA calibration was
performed before each testing round according to the manufacturer’s guidelines. Scanning
mode was set to manufacturer defaults based on participant size, at a resolution of 4.8 x 13

mm.

Venous Blood Collection

Approximately 8 mL of fasting venous blood was collected in a serum separator tube (SST).
Following clotting, tubes were centrifuged at 1300 g for 10 min at 18 °C. Serum was
immediately stored at —80°C until further analysis of lipid profile, LDL-C and glucose were
measured using the enzymatic colour test and hexokinase method, respectively (Beckman
Coulter AU5800; Beckman Coulter Inc., Brea CA, USA). Cholesterol hazard ratio was

calculated as the total cholesterol divided by high-density lipoprotein cholesterol (HDL-C).

Aerobic Capacity
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Aerobic capacity was assessed via the measurement of peak oxygen consumption (VO2peak)
during a graded exercise test on a mechanically-braked cycle ergometer (Watt-bike Pro,
Nottingham, United Kingdom). Participants commenced the test at 25 watts (W) and increased
power output by 25 W each minute until volitional exhaustion. The mean of the highest three
consecutive periods (10 s) of oxygen consumption was used to determine VOazpeak. Oxygen

consumption was determined by measuring O, and CO, concentrations with a metabolic gas

analyser (Medgraphics Ultima System, Saint Paul, USA). The metabolic cart was calibrated
according to the manufacturer’s instructions, involving a pneumotachometer calibration via a
3 L syringe, analysis of ambient air, and gas calibration with a gravimetric gas mixture of

known concentrations [CO2 5 (0.02)%; O2 12 (0.02)%].

Metabolic Syndrome Classification

Metabolic syndrome was defined according to recognised criteria (Alberti et al. 2009). MetS
was identified if participants presented with at least 3 of the following 5 elements: 1) elevated
waist circumference (Waist circumference; male > 94 cm, female > 80 cm); 2) elevated
triglycerides (Triglycerides; > 1.7 mmol/L); 3) reduced high density lipoprotein cholesterol
(HDL-C; < 1.0 mmol/L in males; < 1.3 mmol/L in females); 4) elevated blood pressure (BP)

(systolic > 130 and/or diastolic > 85 mm Hg) or 5) elevated fasting glucose (>5.6 mmol/L).

Statistical Analysis

All data are reported as mean + SD. Normality and equal variance of data was assessed using
the Shapiro-Wilk and Levenes test, respectively. Participant mental and cardiometabolic health
variables were calculated and categorised by sex (male or female) and separately by academic
level; 1) A/Lecturer and Lecturer; 2) Senior Lecturer, and; 3) A/Professor (ie. “Reader”) and

Professor. Due to unequal sample size between groups and unequal variance of data a Welch’s
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one-way analysis of variance was used to detect a group effect between academic levels. If
there was a significant group effect Games-Howell post-hoc test was used to identify

differences between groups.

To assess the second aim, a quantile regression model at the median (q 0.5) determined the
associations between mental health (stress, depression, anxiety, distress) as dependent
variables with ERI, overcommitment, work hours, VOapeax (mLkg!'min'), MetS (binary
groups) and fat mass (%) as independent variables when adjusting for age, sex and VOzpeak (not
included when independent variable was VOzpeak). Quantile regressions (q 0.5) were further
conducted to assess the association between cardiometabolic health (VOapeak, fat mass) as the
dependent variables with ERI, stress, depression, anxiety and distress as independent variables
when adjusting for age, sex and VOzpear. Chi-square tests were used to compare categorical
variables (MetS and BMI groupings) between males and females. Data are reported as a
coefficient with 95% Confidence Interval (95%CI). Binary logistic regressions were used to
measure relationships between participants without MetS and with MetS (reference group),
with ERI, stress, depression, anxiety and distress as independent variables when adjusting for
age, sex and VOapeak. The Hosmer-Lemeshow test was used to assess the goodness of fit of the

models. Data are reported as an odds ratio (OR) with 95%CI.

Analyses were performed using SPSS Software, version 26 (IBM Corporation, Armonk, NY)
and missing data were treated as missing data in analyses. Significance was accepted as p<0.05
and confidence was set at the 95% interval. A priori sample size calculation was performed on
G*Power software (Version 3.1.9.3) (Faul et al. 2007) using VO2max because of its importance
as a dependent, independent and confounding variable. Based on previously published data on

differences in VOamax between age groups and sex of inactive adults (Aspenes et al. 2011),
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sample size calculation was performed with an effect size of 0.45, alpha error of 0.05, and a

power of 0.80. It was determined that a sample size of 51 participants would be required.

Results

Population Characteristics

The participants (n=59) were 71% female (n=42) and 29% male (n=17) with a mean age of
49.1 £+ 8.6 y and self-reported workday of 8.5 £ 1.7 h (Table 3.1). The mean duration of
employment in academia was 11.2 £ 7.0 y. The sample included participants from all academic
levels (Associate lecturer: 5%, Lecturer: 39%, Senior lecturer: 29%, Associate Professor: 8%,
Professor: 19%) with comparable representation from STEM (n=27) and HASS (n = 28)
disciplines. Overall, 48% of participants were overweight (n=18, 31%) or obese (n=10, 17%)
and 20% (n = 12) met the criteria for MetS (Tables 3.1 and 3.2). Twenty-two percent (n=13)
of participants indicated moderate to severe symptoms of depression (n=4), anxiety (n=4)
and/or stress (n=11). In relation to job stress, the mean scores for effort-reward imbalance and

overcommitment indicate more effort outputs for each reward input.
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Table 3.1. Sociodemographic Variables, Fitness and Body Composition of Inactive Academics.

A/Lecturer & Senior A/Professor
Variables Pooled Male Female P value Lecturer Lecturer & Professor P value

26, 17, 16,
" > v + ) M=4,F=22  M=6,F=11 M=7, F=9 )
Age (years) 49.14+8.6 48.5+8.9 49.348.6 0.751 46.3+ 8.5%* 49.6+8.3 53.4+7.6 0.034
Daily work (hours) 8.4+1.6 8.6%+1.5 8.45+1.7 0.685 8.4+1.7 7.9+1.3 9.1£1.5 0.101
Employed in academia
(years) 11.2+6.9 11.6+8.7 11.1£6.2 0.822 9.9+6.3 12.56+6.7 11.948.3 0.411
VOopeak (mL'kg'min') 28.5+6.54  33.5+5.1 26.4+5.9 <0.001 28.13+6 91 29.96+£5.36  27.66+7.14 0.510
RHR (bpm) 68+8 64.6+82  70.1+7.4 0.024 7177 63+9 7177 0.017
BMI (kg/m2) 25.78+5.10 24.81+4.22 26.18+5.41 0.356 25.90+5.81 24.18+¢3.63  27.31+4.99 0.127
WC (cm) 93.3£11.5 93.6£11.5 93.1+11.6 0.877 92+11.8 90.6+10.4 98.3£11.2 0.119
Fat mass (kg) 26.49+11.02 21.57+7.57 28.48+11.64 0.020 26.83+12.92 23.57+£8.40  29.04+9.98 0.242
Fat mass (%) 34.7£8.6 26.745 38+7.6 <0.001 35.9£9.0 32.3£7.9 35.4+8.7 0.372
Lean mass (kg) 45.17£8.00  54.248 41.51+4.28  <0.001 42.5245.16 45.50+8.43  49.13+9.92 0.049

Note. All data reported as mean + SD. Abbreviations: VOapeak, peak volume of oxygen consumed during graded exercise test; RHR, resting heart
rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumference

* Significantly different from A/Professor & Professor (P<0.05)

" Significantly different from Senior Lecturer (P<0.05)
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Table 3.2. Components of the Metabolic Syndrome in Inactive Academics.

Variables Pooled Males Females P value A/Lecturer Senior A/Professor P value
& Lecturer Lecturer & Professor

MetS (n) 12 5 7 0.457 7 0 5 -
SBP (mmHg) 121£16 128+19 118+14 0.035 122420 1167 125+13 0.072
DBP (mmHg) 75+11 80+13 74410 0.082 77+13 70+6* 79+10 0.006
Glucose (mmol/L) 5.25+0.52 5.284+0.54 5.23+0.52 0.744 5.16+0.63 5.33+0.41 5.31+0.42 0.585
Total cholesterol

5.584+0.96 5.36+1.06 5.68+0.91 0.284 5.45+0.86 5.38+1.10 5.96+0.95 0.196
(mmol/L)
Triglycerides

1.2440.59 1.434+0.72 1.15+0.51 0.127 1.26+0.70 1.15+0.45 1.26+0.55 0.791
(mmol/L)
HDL-C (mmol/L) 1.47+0.30 1.27+0.19 1.56+0.31 <0.001 1.49+0.29 1.50+0.37 1.4240.29 0.701
LDL-C (mmol/L) 3.5440.85 3.4440.93 3.58+0.82 0.578 3.37+0.86 3.354+0.89 3.954+0.70 0.050
C:HDL (mmol/L) 3.91+0.88 4.28+0.93 3.74+0.81 0.045 3.79+0.92 3.66+0.75 4.294+0.81 0.087

Note. All data reported as mean + SD. Abbreviations: HDL-C, high density lipoprotein; LDL-C, low density lipoprotein; C:HDL, total cholesterol
to HDL-C ratio.
* Significantly different from A/Professor & Professor (P<0.05).
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Table 3.3. Mental Health Outcomes for Inactive Academics.

Variables Pooled Males Females P value A/Lecturer Senior A/Professor P value
& Lecturer Lecturer & Professor

Effort 9.71£2 9.47+1.7 9.814+2.12 0.757 9.77+1.84 9.29+2.57 10.06£1.57 0.585
Reward 19.93+3.7 19+£3.69 19.55+3.73  0.611 18+£3.38* 19.53+£3.26 21.5+3.78 0.018
ERI 1.22+0.40 1.23+0.42 1.22+0.4 0.933 1.33+£0.43 1.15+0.42 1.13+0.29 0.184
Overcommitment 16.42+3.38 16.41£3.02  16.43+£3.55 0.985 17.12+3.41  15.94+3.54 15.81+3.15 0.388
Distress 17.83+4.70 16.53+3.73  18.36+4.98 0.131 19.85+4.80* 16.65+4.76 15.81+3.15 0.008
Depression 2.59+2.80 2.59+3.32 2.6+£2.61 0.443 3.50+£3.57*  2.53+£2.10 1.19+0.98 0.004
Anxiety 2.10+2.08 1.41£1.37 2.38+2.26 0.184 2.62+2.19 1.65+2.26 1.75+1.57 0.261
Stress 6.37+£3.74 5.35+3.5 6.79+£3.79 0.174 8.38+3.76*T  5.59+3.00 3.94+2.59 <0.001

Note. All data reported as mean + SD. Abbreviations: ERI, effort reward imbalance.
* Significantly different from A/Professor & Professor (P<0.05)

" Significantly different from Senior Lecturer (P<0.05)
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Sex Differences

There were no significant differences for the prevalence of overweight and obesity between
males (41%) and females (50%; p=0.744). In regard to WC, over 85% (n=36) of females and
50% (n=9) of males were above the threshold for abdominal obesity based on MetS criteria,
with no significant difference between males and females on prevalence of MetS (P=0.457).
When compared to females, males had significantly lower HDL-C (P<0.001), RHR (P=0.024),
fat mass (kg; P=0.02) and fat mass (%; P<0.001). However, females had a lower VOzpeax
(P<0.001), lean mass (kg; P<0.001), total cholesterol to HDL-C ratio (P=0.045) and SBP
(P=0.035) compared to males. Other metabolic variables, age, work hours, years employed in
academia and BMI did not differ by sex (P>0.05). Additionally, there were no differences in
the values for mental health outcomes between males and females (P>0.05; Table 3.3). Of note,
12% of males and 26% of females had moderate to severe levels of stress (n=2 male, n=9
females), anxiety (n=0 male, n=4 females), depression (n=1 male, n=3 females), and/or distress

(n=1 male, n=3 females).

Academic Level Comparisons

A/Professors and Professors were significantly older than A/Lecturers and Lecturers
(P=0.025), though work hours and years employed in academia were not significantly different
between academic levels (P>0.05; Table 3.1). There were no significant differences between
academic rank for measures of VOopeak, lean mass and absolute (kg) and relative (%) fat mass
(P>0.05). Senior Lecturers had a lower RHR compared to A/Lecturers and Lecturers (P=0.018)
and A/Professors and Professors (P=0.033). Metabolic variables such as glucose, triglycerides
and cholesterol did not significantly differ between academic levels (P>0.05; Table 3.2).
A/Lecturers and Lecturers reported greater feelings of distress (P=0.006) and depression

(P=0.011), alongside lower reward (P=0.014) compared to A/Professors and Professors (Table

80



3.3). A/Lecturers and Lecturers were also significantly more stressed than Senior Lecturers
(P=0.027) and A/Professors and Professors (P<0.001). There were no significant differences

between groups in ERI, overcommitment, effort or anxiety between academic levels (P>0.05).

Relationships Between Cardiometabolic and Mental Health Outcomes

Results of the quantile regression analysis revealed that increased ERI was associated with
increased stress (P=0.013) and depression (P=0.002), but not anxiety or distress (P>0.05; Table
3.4). Overcommitment was associated with increased stress (P=0.043) and distress (P=0.029),
but not with anxiety or depression (P>0.05). VOzpeak, MetS and fat mass (%) were not
associated with any dependent mental health variables. Anxiety was negatively associated with
VO2peak (P=0.017; Table 3.5), but ERI, depression, stress and distress had no association with
VOzpeax o1 fat mass. The results of the binary logistic regressions showed that individuals with
higher depression scores (P=0.037) and distress (P=0.016) were more likely to have MetS

(Table 3.5). ERI, stress and anxiety were not associated with MetS (P>0.05).
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Table 3.4. Cardiometabolic Risk Factors and Job Stress in Association with Mental Health Outcomes.

ERI
Overcommitment
VO2peak
(mL'kg'min!)
MetS

Fat Mass (%)

Total work hours

Dependent Variables

Stress P Depression P Anxiety P Distress P
3.65 (0.80,6.50) 0.013 2.616(1.029,4.203)  0.002 0.280 (-1.077,1.637)  0.680 1.440 (-2.264,5.144) 0.439
0.355(0.012,0.699)  0.043 0.143 (-0.091,0.377)  0.226 0.054 (-0.098,0.206)  0.482 0.474 (0.051,0.897) 0.029
0.086 (-0.144,0.317)  0.454 0.000 (-0.141,0.141) 1.000 -0.078 (-0.176,0.021) 0.120 -0.214 (-0.485,0.057)  0.120
-3.418 (-7.656,0.820) 0.112 -1.000 (-3.042,1.042) 0.330 -1.137(-2.682,0.407) 0.145 -0.704 (-4.479,3.071) 0.710
-0.005 (-0.221,0.212)  0.966 0.000 (-0.132,0.132) 1.000 0.020 (-0.077,0.118)  0.678 -0.035 (-0.290, 0.220)  0.785
-0.032 (-0.974,0.910) 0.946 0.000 (-0.650,0.650) 1.000 0.127(-0.273,0.526)  0.527 -0.028 (-1.12,1.064) 0.959

Note. Quantile regressions are reported as coefficients (95% confidence intervals) at the median (q 0.5). Mental health outcomes are reported as

dependent variables and independent variables are adjusted for age, sex and VOazpeak, While VOopeak is adjusted for age and sex only. Final sample

n=59
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Table 3.5. Mental Health Variables in Association with Cardiometabolic Health Outcomes.

Goodness
VOzpeak (MLkg'min!) P Fat Mass (%) P MetS
of fit
ERI -0.362 (-5.044, 4.320) 0.877 -1.029 (-6.880, 4.823) 0.726 0.848 (0.115, 6.232) 0.009 0.871
Stress 0.008 (-0.500,0.517) 0.974 0.127 (-0.474,0.728) 0.673 1.251 (0.959, 1.632) 0.679 0.098
Depression 0.095 (-0.551,0.740) 0.770  0.393 (-0.472,1.258) 0.366 1.406 (1.020, 1.938) 0.189 0.037
Anxiety -1.062 (-1.927, -0.197) 0.017 0.333(-0.757,1.422)  0.543 1.555(0.970, 2.492) 0.445 0.067
Distress -0.124 (-0.509, 0.261) 0.521 0.380(-0.169, 0.929) 0.171 1.634 (1.096, 2.436) 0.737 0.016

Note. Quantile regressions are reported as coefficients (95% confidence intervals) at the median (q 0.5). Cardiometabolic health outcomes are
reported as dependent variables and independent variables are adjusted for age, sex and VOapeak, While VOopeak is adjusted for age and sex only.
Final sample n=59.

Binary logistic regressions are reported as Odds Ratios (95% confidence intervals) and goodness of fit was determined by the Hosmer-
Lemeshow test. MetS (reference group) is reported as the dependent variable and ERI, stress, depression, anxiety and distress as independent

variables when adjusting for age, sex and VOazpeak. Final sample n=59.
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Discussion

The main findings of this study reveal that 20% of inactive academics are classified as having
MetS and nearly half are overweight or obese, whilst one in five reports experiencing moderate
to severe symptoms of anxiety, stress and/or depression. In particular, lower ranking academics
(A/Lecturers and Lecturers) experience significantly greater feelings of distress, depression
and stress compared to their more senior colleagues. Furthermore, higher job stress was
associated with higher depressive symptoms, and higher distress and depressive symptoms
were associated with an increased likelihood of MetS. These results indicate that inactive
academics experience poor cardiometabolic and mental health, with lower ranking academics

reporting worse mental health compared to their higher ranked colleagues.

There were no significant sex differences in mean scores for job-specific and general stress,
which supports previous research in academics from Universities in the United Kingdom
(Abouserie 1996), Czech Republic (Mudrak et al. 2017), and South Africa (Barkhuizen &
Rothmann 2008). Furthermore, A/Lecturers and Lecturers had similar ERI to higher ranking
academics, which is surprising given the higher stress reported by A/Lecturers and Lecturers.
Notwithstanding, ERI had a positive association with stress and depression, which concurs
with a previous meta-analysis of prospective studies on workplace mental health in the US,
Europe and Canada (Rugulies, Aust & Madsen 2017). In contrast, previous research within the
academic population has reported limited support for a relationship between ERI and mental
health as measured by the General Health Questionnaire (Kinman 2019). These contrasting
results may be explained by the measurement scales used, as psychological strain measured by
the General Health Questionnaire does not exclusively incorporate symptoms of depression
(Goldberg 1988). Indeed, other components of mental health that are measured by the General

Health Questionnaire such as anxiety and distress were not associated with ERI. Regardless,
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inactive academics indicated more effort outputs for reward input, and this effort-reward

imbalance was associated with greater feelings of depression.

We found no significant sex differences in mean scores for depression, anxiety or stress. These
findings contrast with those from Irish, Finnish, Pakistani and Canadian Universities, in which
female academics had poorer mental health compared to male academics (Akhtar Malik 2018;
Catano et al. 2010; Hogan et al. 2015). Interestingly, in studies where academic and support
staff have been pooled for analysis, mixed results for sex differences in mental health outcomes
have been reported (Hogan, Carlson & Dua 2002; Tytherleigh et al. 2007; Winefield et al.
2003; Winefield & Jarrett 2001). This indicates that sex differences in mental health are
contextual, being influenced by occupation (e.g. support vs academic staff) and work
environment (e.g. socio-cultural setting) (Emslie et al. 2002). A/Lecturers and Lecturers
reported more feelings of stress, depression and distress compared to higher ranking academics,
which supports findings of lower ranked academics reporting higher self-reported stress at
Universities in the United States (Gmelch, Wilke & Lovrich 1986) and United Kingdom
(Abouserie 1996). The sources of stress that contribute to this disparity are still to be elucidated,
however, frequently cited academic stressors include heavy workload, organisational structure,
and administration and bureaucracy (Kinman 2001). Reducing job stress is important given
the positive association between ERI and depression, and the finding of a bidirectional
relationship between depression and MetS in a previous meta-analysis (Pan et al. 2012).
Although participants were not clinically diagnosed with depression, the current study found
higher symptoms of depression and distress were associated with increased likelihood of MetS.
However, our hypothesis was only partially supported, as the relationship was not bidirectional.
Notwithstanding, there are shared risk factors which may underlie the relationship between

depression and MetS, including systemic inflammation (Dowlati et al. 2010; Wang et al. 2013),
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low aerobic capacity and high adiposity (Alshehri et al. 2019; Laaksonen et al. 2002). These
findings are novel given that associations between these cardiometabolic and mental health

variables have not been previously explored in academics.

Consistent with previous studies, females had higher fat mass and lower lean mass and VOzpeax
compared to males (Imboden, Swartz, et al. 2017; Imboden, Welch, et al. 2017; Kaminsky et
al. 2017), but no differences were evident between academic levels. Previous research within
academics has used BMI as measure of body composition, which is unable to differentiate fat
and lean mass (Muller et al. 2012). Nonetheless, Alkhatib (2015) reported BMI values (26
kg/m?) from 23 UK academics that are comparable to the present study. However, in contrast
with our findings, the study reported a significantly higher BMI in male compared to female
academics, and no sex-based differences in VOapeak (Alkhatib 2015). The inactive status of the
current cohort likely explains the high prevalence of overweight and obese classifications and
may not be completely representative of the wider Academic cohort. Regardless, 48% of
participants were overweight or obese and over 75% exceeded the WC threshold for abdominal
obesity. These indicators of adiposity represent an increased risk of developing chronic

diseases including type 2 diabetes and depression (Lee et al. 2009; Luppino et al. 2010).

Low physical activity and aerobic capacity and high adiposity are risk factors for both
depression and MetS (Laaksonen et al. 2002; Schuch et al. 2018). Indeed, the current study
found that 20% of academics met the MetS criteria, which contrasts with the 13% of individuals
without diabetes diagnosed with MetS in the general Australian population (Cameron et al.
2007), and with the results from a large cross-sectional study of staff from a University in
China, where 5% of academics were diagnosed with MetS (Cheserek et al. 2014). Furthermore,

the mean distress scores place this cohort in the 75" percentile of distress in Australian adults
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(Slade, Grove & Burgess 2011). Despite the concomitant high scores of distress and prevalence
of MetS, there was no relationship between depression and known cardiometabolic risk factors
for MetS, such as low aerobic capacity or high adiposity. However, anxiety was negatively
associated with VOzpeax, Which is contrary to previous cross-sectional and longitudinal research
showing a negative association between aerobic capacity and depression, and no relationship
between aerobic capacity and anxiety (Shigdel et al. 2019). Regardless, the association between
symptoms of depression and MetS, and symptoms of anxiety and aerobic capacity, provide
evidence of a unidirectional association between mental and cardiometabolic health risk

factors.

Limitations

A limitation of this study is the generalizability of the findings, given the relatively low sample
size and selective bias of only inactive academics from a single Australian University. Indeed,
the mental and cardiometabolic health of academics may vary depending on the work
environment and culture (Akhtar Malik 2018; Cheserek et al. 2014). However, recruitment of
academics from a single university facilitated the more detailed and objective measurement of
various cardiometabolic health markers alongside mental health. The cross-sectional nature of
the study allows us to identify associations between mental and cardiometabolic health
variables, but causation cannot be implied. Future longitudinal research with larger cohorts will
help in understanding causation. Within the current cohort, the unequal distribution of males
and females between academic levels may have influenced cardiometabolic health
comparisons between groups given the effect of sex on fat mass, lean mass and aerobic
capacity. Another general limitation of MetS and mental health research are the different

diagnostic criteria’s causing difficulties when comparing studies. Nevertheless, the quantitative
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measurements utilised in the current study enabled a detailed analysis of the cardiometabolic

and mental health of inactive academics, and the relationship between these variables.

Conclusions

We found evidence of a poor mental and cardiometabolic health profile among inactive
academics. Lower ranking academics had worse mental health compared to higher ranking
academics, though reasons for this remain equivocal (Kinman 2001). Our results indicate that
inactive academics experience an ERI, and that increased ERI was associated with increased
symptoms of depression. Further, increased symptoms of depression were associated with an
increased likelihood of MetS. Given the absence of known metabolic disease, there is a high
prevalence of MetS, overweight and obesity in currently healthy inactive academics. Future
research should investigate the efficacy of preventative interventions such as exercise, which

is known to improve mental and cardiometabolic health.
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Chapter 4

Study 2

Effects of Concurrent Exercise Training on Body Composition, Systemic
Inflammation and Components of Metabolic Syndrome in Inactive Tertiary

Academics; a Randomised Controlled Trial.
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Abstract

The low levels of physical activity in the academic workplace may increase the risk of
cardiometabolic disease. This randomised controlled trial investigated the effect of 14-weeks
of concurrent exercise training (CT) on components of metabolic syndrome, body composition,
insulin resistance and markers of systemic inflammation in inactive full-time academics. Fifty-
nine inactive academics from an Australian university were randomised into CT (n=29) or
control (n=30) groups. CT performed supervised exercise training at an onsite facility 3 times
per week for 14 weeks, whilst control maintained their normal lifestyle. Pre- and post the
intervention period, Dual Energy X-ray Absorptiometry measured fat mass, lean mass and
central adiposity. Fasting blood samples were analysed for interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-a), Homeostatic Model Assessment for Insulin Resistance (HOMA-IR),
glucose, and lipid profile. Results showed a decrease in fat mass (%) in CT (P<0.001) but not
in control (P=0.937). Android fat mass decreased in CT (P=0.042), without change in control
(P=0.105). Visceral adipose tissue decreased in CT (P=0.021) but not in control (P=0.199).
Waist circumference increased in control (P=0.001) but did not change in CT (P=0.474). Lean
mass increased in CT (P<0.001) and did not change in control (P=0.413). Aerobic capacity
also increased in CT (P<0.001) but not in control (P=0.769). There were no changes in IL-6,
TNF-a, HOMA-IR, glucose or lipid profile in CT or control groups (P>0.05). Changes in
insulin resistance were positively associated with interleukin-6 in the control group only. In
conclusion, CT is effective in improving aerobic capacity, lean mass and total and central fat
mass in the academic workplace, thereby improving some of the risk factors associated with

low levels of physical activity.
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Introduction

Tertiary academia is a predominantly desk-based workplace, wherein over 66% of academics
report low-moderate levels of physical activity (Cooper & Barton 2016). Low levels of physical
activity can increase risk-factors associated with cardiometabolic disease, such as increased fat
mass (Leskinen et al. 2009; Shibata et al. 2016), chronic systemic inflammation (Hamer et al.
2012) and insulin resistance (Tsenkova 2017), whilst reducing protective factors such as lean
mass and aerobic capacity (Aspenes et al. 2011; Fukumoto et al. 2018; Shephard et al. 2013).
Furthermore, there appears to be an underlying association between risk factors, whereby
markers of chronic systemic inflammation such as interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-a) have been associated with increased insulin resistance and fat mass
(Hivert et al. 2008; Park, Park & Yu 2005), and decreased muscle mass (Tuttle, Thang & Maier
2020). Accordingly, increasing physical activity in inactive academics may decrease the risk
of MetS (Zhang et al. 2017) and the onset of cardiometabolic disease (Kraus et al. 2019; Smith

et al. 2016b).

Many workplaces assist employees to counter inactive lifestyles via exercise interventions to
increase moderate to vigorous physical activity and improve aerobic capacity (Prieske et al.
2019), body composition (de Sevilla et al. 2021) and components of MetS (Cuddy, Ramos &
Dalleck 2019). Onsite exercise interventions may be particularly effective within the academic
workplace, where the engagement in moderate to vigorous physical activity is minimal (Safi
et al. 2021), and long work hours can limit the leisure-time available for exercise (Fetherston
et al. 2020; Kirk & Rhodes 2011). However, despite the health consequences of low physical
activity, the effectiveness of exercise training programs within tertiary academic populations

remains to be fully explored.
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Workplace exercise interventions often consist of endurance or resistance exercise, that result
in distinct physiological benefits (Fyfe, Bishop & Stepto 2014; Grgic et al. 2019). Combining
the modes as concurrent training (CT) can provide combined health benefits within previously
inactive adults (Willis et al. 2012). Indeed, CT increases aerobic capacity and muscle strength
(Donges et al. 2013), and decreases body fat (Timmons et al. 2018), total cholesterol and
triglycerides within inactive adults (Libardi et al. 2012). However, there are conflicting results
on the impact of CT on systemic inflammation in healthy adults (Donges et al. 2013; Thalainen
et al. 2018; Libardi et al. 2012), whereby only individuals with higher chronic systemic
inflammation at baseline have significant reductions in response to exercise (Lakka et al. 2005).
Regardless, CT is known to improve insulin resistance and body composition (Slentz et al.
2011), warranting an investigation into the association between changes in these variables and
alterations in IL-6 and TNF-a. Whilst CT has been shown to increase VOapeax and strength, and
decrease fat mass in university staff (e.g. academics, technical and professional staff) (Hunter
et al. 2020); the protective effects of a CT intervention within the academic workplace remain

to be explored in more detail.

The primary aim of this study is to determine the effect of a 14-week concurrent exercise
training program on components of MetS, insulin resistance, body composition and markers of
systemic inflammation in inactive full-time academics from an Australian University. A
secondary aim is to investigate associations between changes in systemic inflammation with
changes in insulin resistance and body composition. We hypothesised that body composition,
insulin resistance, systemic inflammation and components of MetS will improve with CT
compared to control. Furthermore, positive associations are expected between changes in

inflammatory cytokines with changes in body composition and insulin resistance.
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Methods

Participants and study design

Participants from an Australian metropolitan university were recruited via local advertising and
email to all academic staff. Potential participants attended a familiarisation session to provide
verbal and written informed consent prior to completing a health pre-screening questionnaire
(Exercise and Sport Science Australia adult pre-exercise screening tool). Inclusion criteria
included 1) Physically inactive (Active Australia criteria; verbal and questionnaire-based
assessment of <150 min/week of weighted physical activity); 2) aged between 35 and 65 years;
and 3) working a minimum of 35 h per week at the university as an academic. Exclusion criteria
included 1) pregnancy; 2) previous diagnoses of metabolic disease or musculoskeletal
disorders; 3) pharmacological treatment for depression, diabetes, cardiovascular disease or

inflammation; and 4) contraindications to exercise as identified in the health pre-screening.

Participants (n=59) were stratified by age, gender and peak oxygen consumption (VOzpeak), and
matched to the nearest neighbour. Matched participants were randomised in parallel groups of
CT (n=29), or non-exercise control (n=30) at a 1:1 ratio. An independent third party generated
a series of numbers via a computerized random number generator and another third party
allocated matched participant codes according to the random number sequence (Urbaniak &
Plous 2019). The study was approved by the Human Research Ethics Committee at the
University of Technology Sydney (HREC REF: ETH18-3093) and registered with the
Australian New Zealand Clinical Trials Registry (ACTRN12619000608167). Recruitment and
testing commenced in June 2019 and was completed in December 2019. Schematic diagram of

recruitment, retention and follow-up is shown in Figure 4.1.
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Overview

Participants undertook a 60 min testing session for cardiometabolic health parameters and a 2-
week period of data collection on lifestyle related variables before (July and August 2019) and
after (November 2019) the 14-week intervention. Testing was conducted in a climate-
controlled exercise physiology laboratory and outside of the primary teaching session. All
assessors who measured key outcomes were blinded to group allocation. Participants arrived
in a fasted state (10-12 h) at the testing facility between 6:00 and 9:00 am. Participants were
required to avoid consumption of alcohol and refrain from exercise in the previous 24 h, wear
basic exercise attire, void their bladder, and remove jewellery and metal objects. Participants
then performed a series of tests, including 1) self-reported physical activity, blood pressure and
resting heart rate (RHR); 2) body composition via a Dual Energy X-ray Absorptiometry
(DEXA) scan and anthropometry; 3) fasting venous blood sample collection, and; 4) aerobic
capacity measured via a graded exercise test (GXT). Further, sociodemographic variables
(research discipline, academic level, number of years employed as an academic, age, sex) were
completed by participants on their smartphones or electronic devices using a downloaded

software application (MetricWire Inc. 2019).

Procedures

Leisure-time Physical Activity

Leisure-time physical activity (including the CT sessions) was measured using the Godin
Leisure-Time Exercise Questionnaire (GLTEQ), which is reported to have appropriate validity
and reliability (Godin & Shephard 1997). The GLTEQ includes 3-items used to measure the
frequency of mild, moderate, and strenuous exercise during a normal 7-day period. Each
exercise intensity is weighted and multiplied by how often it is performed and then scores are

summed to provide a total weekly leisure activity score.
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Blood Pressure and Heart Rate

Participants rested in isolation in a seated position for at least 10 min (Armstrong et al. 2015).
An automated blood pressure device (Omron 907, Omron Healthcare, Australia) then measured
the respective means of RHR and blood pressure from 3 separate measures recorded at 1-min
intervals (SPRINT Research Group et al. 2015). Participants remained blind to the

measurement result, thereby avoiding any acute stress responses to the measure.

Anthropometry and Dual Energy X-ray Absorptiometry

Height was recorded using a stadiometer (Seca Asia-Pacific, Kuala Lumpur, Malaysia) and
body mass was measured using a calibrated electronic scale (A&D Weighing, Sydney,
Australia) in minimal clothing and without footwear. The resulting measurements were used
to calculate body mass index (BMI). Waist Circumference (WC) was measured from the top
of the iliac crest, at the end of normal expiration (NHLBI Obesity Education Initiative 2000),
and repeated twice. If the difference between the two measurements was greater than 1 cm, the

two measurements were repeated and the mean calculated (World Health Organization 2011).

Provided no x-ray or nuclear medicine scans were undertaken in the preceding 7 days,
participants underwent a whole-body DEXA scan in the supine position (Lunar Prodigy, GE
Healthcare, Madison, WI, USA) (Shiel et al. 2017). The DEXA scan is a valid and reliable
measure (Glickman et al. 2004; Norcross & Van Loan 2004), and was used to report absolute
(kg) and relative (%) total body fat mass, android and gynoid fat mass and absolute (kg) total-
body lean mass. Standardized body landmarks were used for reference and scans were analysed
using enCORE software version 16 (GE Healthcare, Milwaukee, USA). Specifically, the

android region of interest was set to 20% of the distance from the iliac crest to the base of the
g
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skull (Olarescu et al. 2014). VAT volume (cm?®) was estimated by manufacturer software as
previously described (Olarescu et al. 2014). DEXA calibration was performed before each
testing round according to the manufacturer’s guidelines. Scanning mode was set to

manufacturer defaults based on participant size, at a resolution of 4.8 x 13 mm.

Venous Blood Collection

Approximately 16 mL of fasting venous blood was collected in a serum separator tube (SST)
and ethylenediaminetetraacetic acid (EDTA) tube. EDTA tubes were immediately centrifuged
at 1300 g for 10 min at 18 °C whilst SST tubes clotted for 30 min before being centrifuged in
the same manner. Serum and plasma were immediately stored at -80°C until analysis. Serum
was used to measure lipid profile, including total cholesterol, HDL-C, Non-HDL-C, low-
density lipoprotein cholesterol (LDL-C) and triglycerides via the enzymatic colour test
(Beckman Coulter AU5800; Beckman Coulter Inc., Brea CA, USA). Cholesterol hazard ratio
was calculated as the total cholesterol divided by HDL-C. Glucose was measured using the
hexokinase method (Beckman Coulter AU5800; Beckman Coulter Inc., Brea CA, USA).
Plasma concentrations of IL-6, TNF-o and insulin were measured with chemiluminescent
immunoassay (Magpix, Luminex Corporation, Texas, USA). For quality assurance, samples
used for insulin, IL-6 and TNF-o measurement were analysed in duplicate with the derived
mean used as the index value. Quality controls 1 and 2 were within the range of manufacturer
recommendations. Insulin resistance was assessed via the Homeostatic Model Assessment

(HOMA-IR) model-1 (Matthews et al. 1985).

Aerobic Capacity

Aerobic capacity was assessed via the measurement of peak oxygen consumption (VO2zpeak)

during a graded exercise test (GXT) on a mechanically-braked cycle ergometer (Watt-bike Pro,
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Nottingham, United Kingdom). Participants commenced the test at 25 watts (W) and increased
power output by 25 W each minute until volitional exhaustion. The average power output (W)
was recorded at the completion of each 25W increment to determine peak power output (PPO).
The mean of the highest three consecutive periods (10 s) of oxygen consumption was used to

determine VOazpeak. Oxygen consumption was determined by measuring O, and CO,

concentrations with a metabolic gas analyser (Medgraphics Ultima System, Saint Paul, USA).
The metabolic cart was calibrated according to the manufacturer’s instructions, involving a
pneumotachometer calibration via a 3 L syringe, analysis of ambient air, and gas calibration

with a gravimetric gas mixture of known concentrations [CO2 5.0 (0.02)%; O2 12.0 (0.02)%].

Metabolic Syndrome classification

Metabolic syndrome was defined according to recognised criteria (Alberti et al. 2009). MetS
was defined if participants present with 3 or more of the following 5 elements: 1) elevated WC
(male > 94 cm, female > 80 cm); 2) elevated triglycerides (> 1.7 mmol/L); 3) reduced HDL-C
(HDL-C; < 1.0 mmol/L in males; < 1.3 mmol/L in females); 4) elevated BP (systolic > 130

and/or diastolic > 85 mm Hg) or 5) elevated fasting glucose (>5.6 mmol/L).

Training and control conditions

The CT group trained for 60 min, three times per week for 14-weeks, with options of training
before (6-9 am), during (11-1 pm) and after (4-7 pm) working hours. Training was conducted
in small groups (2-6 participants) within a private, climate-controlled exercise facility at the
University campus and was performed under supervision by trained non-academic instructors.
The control group were instructed to maintain their normal lifestyle as determined using the

GLTEQ (Godin & Shephard 1997).
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Exercise was prescribed in line with CT programs that have previously resulted in
improvements in mental and cardiometabolic health. These included progressive overload of
compound resistance exercises of the upper and lower body, and continuous moderate intensity
endurance exercise (AbouAssi et al. 2015; Atlantis et al. 2004). The first week of training
educated participants on the correct technique when completing exercises and familiarised
participants with the training facility. Table 4.1 shows the concurrent exercise training program
including resistance and aerobic portions. Resistance training progressed to involve 3 sets of
8-12 repetitions, and load was increased once a participant could complete the required number
of repetitions with the correct technique on all sets over two consecutive training sessions. Rest
periods and repetition velocity were self-determined with consultation from training
instructors. Training data (resistance training; sets, repetitions, weight. Endurance training;
time, distance, power) were recorded in a customised training diary to monitor progressive
overload. All training sessions started with a 5-7 min warm-up involving 3 min of low to
moderate intensity aerobic exercise on rower and cycle ergometers, and resistance exercises at
50% working weight. After each session, static stretching of the primary muscle groups (15 s
per muscle group) was undertaken. Importantly, resistance exercise was completed prior to
endurance exercise to minimise any potential interference effects, and maximise training

adaptations (Eddens, van Someren & Howatson 2017).
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Table 4.1. Concurrent Training Program.

Variables used to monitor

Week 1 Week 2 Week 3 Weeks 4 to 7 Weeks 8 to 14 progressive overload
Resistance exercises 2 sessions x 1 set x 2 sessions X 2 sets x 8- 3 sessions x 2 sets x 8- 3 sessions x 3 sets x 8- 3 sessions x 3 sets x Training volume = session frequency
8-12 reps: 12 reps: 12 reps: 12 reps: 8-12 reps: x sets x reps x weight (kg)
Leg press Leg press Leg press Leg press Leg press
Split squat Split squat Split squat Split squat Split squat
Seated hamstring curl ~ Seated hamstring curl ~ Seated hamstring curl ~ Seated hamstring curl ~ Hip thrust
Chest press Chest press Chest press Chest press Chest press
Lat pulldown Lat pulldown Lat pulldown Lat pulldown Cable row
Resistance Exercise 8653 + 3770 46389 + 2436 77612 + 40467 Week 4; 217562 + Week 8; 223072 =+
Volume * 106421 118699
Week 7; 304189 + Week 14; 244459 +
124982 115950
Resistance Exercise 15+7 19+9 23+11 Week 4; 28 + 14 Week 8; 28 £ 15
Weight (kg) ' Week 7;39 + 15 Week 14;39 + 11
Endurance exercise 7.5 min each: 7.5min each: 7.5min each: 8 to 9min each: 9 to 11min each: Duration, distance (km) and average

Row ergometer
Cycle ergometer

Row ergometer
Cycle ergometer

Row Distance (km)* 2514 +522 2817 +£474
Row Power (W)©  67+42 90 = 46
Bike Distance (km)* 5.7 +0.9 6.2+0.9

Row ergometer
Cycle ergometer
4387 + 660

99 + 45

93+1.2

Row ergometer
Cycle ergometer
Week 4; 4698 + 741
Week 7; 5390 + 729

Week 4; 106 + 44
Week 7; 110 + 42

Week 4;11.4+ 6.4
Week 7; 11.0+ 1.4

Row ergometer

Cycle ergometer
Week 8; 5403 + 741
Week 14; 4814 + 1587

power output (W)

Week 8; 115 + 42
Week 14; 116 + 33

Week 8; 10.7+ 1.5
Week 14; 8.8 +£2.6

All data reported as mean + SD.
* Week 7 significantly higher than week 1 (p<0.001)
TWeek 14 significantly higher than week 8 (p<0.05)
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Statistical analysis

A per-protocol analysis was performed, whereby participants were excluded if their exercise
adherence was more than 1SD below the mean (<55%). All normally distributed data are
reported as mean =+ standard deviation (SD) and skewed data are reported as median
(interquartile range, IQR; difference between the third and first quartile). Normality and equal

variance of data was assessed using the Shapiro-Wilk and Levenes test, respectively.

Non-parametric analysis was completed on skewed variables (insulin, HOMA-IR, IL-6, TNF-
a, android fat mass, VAT, total weekly leisure activity, SBP, and RHR) and parametric analysis
was completed on log transformed (PPO, DBP, BMI, total fat mass (kg), total lean mass (kg),
triglycerides, Non HDL-C and LDL-C) and all remaining normally distributed variables.
Parametric analysis included a 2-way (time * group) repeated measures analysis of variance
(ANOVA). If a significant time * group interaction effect was identified, paired t-tests were
performed to determine within-group changes. Non-parametric analysis included a Mann-
Whitney U test to assess between-group differences in change data, and the Wilcoxon signed-
rank test analysed within-group differences. Effect sizes (ES) were determined using partial
eta square for parametric analysis (0.01 = small; 0.06 = moderate; 0.14 = large), and a
standardised effect size for nonparametric analysis using Z/VN (0.1 = small; 0.3 = moderate;

0.5 = large).

For the secondary aim, quantile regressions were used due to the non-normal distribution of
the residuals in an ordinary least squares linear regression model. Quantile regressions at the
median (q 0.5) were used to identify associations between body composition and insulin
resistance as independent variables, and markers of systemic inflammation as dependent

variables. Model 1 was adjusted for age, sex, height, group and independent variable * group

101



interaction. Model 2 was further adjusted for fat mass (kg). Regression models were conducted
within each intervention group when there was a significant group interaction effect. Data are
presented as a coefficient with 95% confidence interval (95% CI) and significance was

accepted at P<0.05.

Analyses were performed using SPSS Software, version 26 (IBM Corporation, Armonk, NY)
and missing data were treated as missing in analyses. A priori sample size calculation was
based on the smallest effect size of interest and performed using G*Power software (Version
3.1.9.3) (Faul et al. 2007). A small effect of a 24-week CT intervention on TNF-a in apparently
healthy adults has been previously shown (Thalainen et al. 2018). Therefore, 45 participants per
group were required to detect effect size f of 0.15, alpha error of 0.05, and a power of 0.80.
However, given resource constraints and a finite recruitment period, 59 participants were

recruited.
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Results

Participant and Training Characteristics

Participants (n=50) were 66% female (n=18) and 33% male (n=9) in control and 70% female
(n=16) and 30% male (n=7) in CT. The age of participants in control and CT were 49.8 + 7.9
y and 48.7 £ 9.1 y. CT participants completed a mean of 32 + 10 of the 40 training sessions (79
+ 24%), and 3 participants were excluded from analysis due to non-adherence. There was a
significant interaction effect for total weekly leisure activity (P=0.024, ES=-0.326), showing

an increase in CT (P<0.001) and no change in control (P=0.096).

Metabolic Syndrome, Insulin Resistance and Systemic Inflammation

There were 5 participants with MetS in CT (22%) and control (19%) at baseline, and 3 in CT
(13%) and 6 in control (22%) following the intervention. Overall, there was a significant
interaction effect for non-HDL-C (P=0.013, ES=0.138), C:HDL (P=0.013, ES=0.139) and
glucose (P=0.047, ES=0.091). However, post-hoc analysis reported no within-group changes
for non-HDL-C (CT P=0.099; control P=0.067), C:HDL (CT P=0.094; control P=0.071), and
glucose (CT P=0.120; control P=0.157). There was a significant interaction effect for WC
(P=0.002, ES=0.184), which showed an increase in control (P=0.001) and no change in CT
(P=0.474). No significant interaction effects were reported for HOMA-IR, insulin, IL-6, TNF-

a, triglycerides, total cholesterol, HDL-C, LDL-C, DBP or SBP (Table 4.2, P>0.05).
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Table 4.2. Components of the Metabolic Syndrome, Systemic Inflammation and Insulin Resistance Before and After the Exercise Intervention.

Variables Concurrent Training Control Time by Group
n Pre Post Change n Pre Post Change P value (Effect Size)
MetS, n (%) 23 5(22) 3(13) 209 27 5(19) 6 (22) 1(4)
SBP (mmHg) 23 121 (15) 114 (14) -39 27 117 (16) 113 (22) -4 (8) 0.891 (-0.019)
DBP (mmHg) 23 74 (10) 70 (14) -3(7) 27 70 (17) 72 (12) -1 (6) 0.155 (0.042)
WC (cm) 23 92.7+£9.9 92.3+10.2 -03+22 27 93.8+122 95.7+12.3 1.8+2.4 0.002 (0.184)"
Glucose (mmol/L) 19 5.27+0.46 5.17+0.37 -0.10+0.27 25 5.13+041 5.24+0.40 0.12+0.40 0.047 (0.091)
Triglycerides (mmol/L) 19 1.2 (0.6) 1.1 (0.5) 0.0(0.4) 25 1.1(0.6) 1.1 (0.9) 0.0 (0.6) 0.587 (0.007)
HDL-C (mmol/L) 19 1.53+£0.31 1.58+0.38 0.05+0.21 25 1.44+0.32 1.44+0.29 -0.01 £0.16 0.322 (0.023)
Total Cholesterol (mmol/L) 19 5.78 +0.78 5.64 +0.83 -0.14 £ 0.52 25 535+1.15 549+1.03 0.14 +0.48 0.070 (0.076)
Non-HDL-C (mmol/L) 19 4.1(1.2) 4.1(1.0) -0.1 (0.6) 25 3.8(2.0) 4.0 (1.8) 0.1(0.5) 0.013 (0.138)
LDL-C (mmol/L) 19 3.5(1.1) 3.4(0.7) -0.1 (0.6) 25 3.2(L)) 3.4 (1.5) 0.1(0.5) 0.051 (0.088)
C:HDL (mmol/L) 19 3.90+0.86 3.73+0.92 -0.17 £ 0.43 25 3.81+0.89 3.95+1.01 0.14+£0.36 0.013 (0.139)
Insulin (uIU/ml) 18 5.18(6.31) 4.05 (6.57) -0.95 (1.92) 25 5.29(10.42) 5.20 (14.02) -0.28 (3.11) 0.375 (0.135)
HOMA-IR 18 1.29(1.69) 0.95 (1.61) -0.23 (0.56) 25 1.20(2.39) 1.15(3.34) 0.00 (0.85) 0.115 (0.240)
IL-6 (pg/ml) 15 0.77 (14.24) 1.28 (14.27) 0.05 (1.37) 22 5.30(16.54) 4.82 (24.35) -0.30 (4.93) 0.143 (-0.244)
TNF-o. (pg/ml) 18 1.57(1.31) 1.74 (1.55) 0.02 (0.29) 25 1.93(1.04) 1.67 (0.93) -0.04 (0.58) 0.796 (-0.039)

Data are reported as median (IQR) or mean + SD. Abbreviations: MetS, metabolic syndrome; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist
circumference; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; C:HDL, cholesterol hazard ratio, HOMA-IR, homeostatic model

assessment of insulin resistance; IL-6, Interleukin-6; TNF-o, tumor necrosis factor-alpha.
THigher in control compared to intervention
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Body Composition and Aerobic Fitness

Body composition and aerobic capacity results are shown in Table 4.3. In response to CT, there
was a significant interaction effect for absolute (P=0.019, ES=0.109) and relative total fat mass
(P=0.001, ES=0.218) with a decrease in CT (kg P=0.008, % P=<0.001) and no change in
control (kg P=0.765, % P=0.937). A significant interaction effect was shown for android fat
mass (kg; P=0.017, ES=0.337; % P=0.032, ES=0.093), whereby a within-group decrease in
absolute android fat mass was found for CT (kg P=0.042, % P=0.075), without change in
control (kg P=0.105, % P=0.229). There was an interaction effect for VAT (P=0.009,
ES=0.369) which decreased in CT (P=0.021) and did not change in control (P=0.199). There
was also an interaction effect for lean mass (P=0.002, ES=0.185) which increased in CT
(P<0.001) and did not change in control (P=0.413). There were no significant interaction

effects for gynoid fat mass or BMI following the intervention (P>0.05).

A significant interaction effect was evident for RHR (P=0.042, ES=0.294), with a decrease in
CT (P=0.002) and no change in control (P=0.302). An interaction effect was also found for
PPO (P<0.001, ES=0.433) with an increase in CT (P<0.001) and no change in control
(P=0.737). An interaction effect was evident for VOzpeak (P<0.001, ES=0.296), which increased

in CT (P<0.001) and did not change in control (P=0.769).
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Table 4.3. Body Composition, Aerobic Capacity and Physical Activity Measures Before and After the Intervention.

Variables Concurrent Training Control Time by Group
n Pre Post Change n Pre Post Change P value (Effect Size)
BMI (kg/m?) 23 24.36 (3.46) 24.72 (3.45) 0.12 (0.69) 27 26.08 (5.24) 25.57 (5.79) 0.12 (0.80)  0.874 (0.001)
Height (cm) 23 170.73 + 8.46 170.75 + 8.53 0.02 +0.74 27 170.60 = 7.40 170.39 + 7.32 -0.21+£0.63  0.241 (0.028)
Weight (kg) 23 73.09 + 14.68 73.56 + 14.80 0.46 + 1.44 27 7494+ 14.71 75.19 + 14.35 025+1.77  0.646 (0.004)
Total Fat Mass (kg) 23 24.00 (8.35) 22.53 (9.14) -0.63 (1.27) 27 2570 (14.74) 26.01 (14.83) 0.18 (1.25)  0.019 (0.109)
Total Lean Mass (kg) 23 41.38(11.00) 42.86 (12.41) 1.35 (1.86) 27 4428 (8.17) 44.63 (8.05) 0.17 (1.81)  0.002 (0.185)
Total fat mass (%) 23 343+76 33.0+8.1 -13+1.4 27 344+9.1 344+93 0.0+1.1 0.001 (0.218)*
Android (kg) 23 1.97(0.69) 1.80 (0.92) -0.06 (0.27) 27 2.14(1.38) 1.93 (1.44) 0.04(0.17)  0.017 (0.337)*
Android (%) 23 17+18 75+1.8 02+04 27 82+19 83+1.9 -0.1+0.4 0.032 (0.093)
Gynoid (kg) 23 4.58+1.59 4.49+1.63 -0.10 +0.27 27 4.68+224 4.65+2.15 -0.03+0.27 0.36(0.017)
Gynoid (%) 23 183+33 18.4+3.4 0.1+£0.5 27 17.4+28 17.4+2.7 0.0+0.6 0.367 (0.017)
VAT volume (cm®) 23 663 (685) 553 (715) -66 (110) 27 779 (761) 759 (1093) 37 (167) 0.009 (0.369)
VOzpeak (mLkg'min') 22 28.9+57 32.9+6.9 4.0+3.1 25 29.5+6.1 293+£5.6 -0.2+3.4 <0.001 (0.296)"
PPO (watts) 23 151(72) 174 (97) 22 (31) 25 153 (49) 154 (54) -1(8) <0.001 (0.433)"
RHR (bpm) 23 69 (10) 64 (12) -5(9) 25 67(9) 65 (12) 0 (10) 0.042 (0.294)*
Total weekly leisure 2 1727 41 (20) 21(19) 26 21(22) 24 (40) 4(28) 0.024 (-0.326)"

activity

Data are reported as median (IQR) or mean + SD. Abbreviations: BMI, body mass index; VAT, visceral adipose tissue; VOapeak, peak volume of oxygen consumed during
graded exercise test; PPO, peak power output; RHR, resting heart rate.

" Higher in intervention compared to control

T Lower in intervention compared to control
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Associations between Body Composition, Insulin Resistance and Systemic Inflammation

Regression models showed a significant group interaction effect for changes in HOMA-IR
(P=0.006) and fasting insulin (P=0.006) in association with IL-6 (Table 4.4). Post-hoc analysis
showed that changes in HOMA-IR and fasting insulin had a significant positive association
with IL-6 in the control group (P<0.001) and this association remained following adjustment
for changes in fat mass (P<0.001, Table 4.4). No significant associations or group interaction
effects (P>0.05) were evident between change in body composition variables and change in

markers of systemic inflammation.
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Table 4.4. Associations Between Changes in Insulin Resistance and Body Composition and Changes in Systemic Inflammation.

A Fat Mass (kg)

A Lean mass (kg)

A Android Mass (kg)

A Gynoid Mass (kg)

A VAT Volume (cm?®)

A HOMA-IR
Intervention
Control

A Fasting Glucose

(mmol/L)

A Fasting Insulin

(ulU/ml)
Intervention

Control

Dependent Variables

Model 1

Model 2

A TL-6 (pg/ml)

0.997 (-4.045, 6.038)
0.097 (-0.229, 0.423)
2.165 (-28.597, 32.927)
3.237 (-20.226, 26.699)
-0.004 (-0.051, 0.043)
-7.957 (-17.157, 1.243)
-0.650 (-7.521, 6.222)
6.604 (4.150, 9.058)

-0.763 (-22.644, 21.119)

-1.262 (-3.192, 0.667)

0.115 (-2.227, 2.457)
1.926 (1.378, 2.473)

P
0.689
0.549
0.887
0.780
0.863
0.088*
0.837
<0.001

0.944

0.192*

0.915
<0.001

A TNF-a (pg/ml)

-0.283 (-0.727, 0.161)
0.340 (-5.167, 5.846)
-1.637 (-4.302, 1.027)
-0.727 (-2.867, 1.412)
-0.002 (-0.005, 0.002)
0.085 (-0.653, 0.822)

0.418 (-0.956, 1.791)

-0.028 (-0.217, 0.162)

P

0.204
0.901
0.221
0.495
0.345
0.817

0.541

0.769

A TL-6 (pg/ml)

0.652 (-5.658, 6.962)
1.953 (-26.927, 30.832)
1.169 (-18.547,20.884)
0.003 (-0.040, 0.045)
-4.955 (-13.173, 3.264)
-0.114 (-8.373, 8.145)
5.957 (2.961, 8.953)

1.618 (-14.404, 17.641)

-1.090 (-2.955, 0.775)

0.619 (-1.896, 3.134)
1.787 (1.137, 2.437)

0.834
0.891
0.904
0.898
0.227*
0.976
<0.001

0.838

0.242*

0.591
<0.001

A TNF-a (pg/ml)

0.167 (-0.183,0.517)
-3.433 (-6.922, 0.056)
-1.543 (-3.790, 0.705)
-0.001 (-0.006, 0.003)
0.304 (-0.632, 1.239)

1.052 (-0.192, 2.295)

-0.024 (-0.219, 0.171)

P

0.340
0.054
0.172
0.620
0.515

0.095

0.804

Quantile regressions are reported as coefficients (95% confidence intervals, CI) at the median (q 0.5)

Model 1: adjusted for age, sex, height, group and group interaction

Model 2: adjusted for age, sex, height, fat mass (kg), group and group interaction.

*  Interaction effect for group

Final sample n=43.
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Discussion

Our findings support the use of CT to improve various cardiometabolic risk factors within
inactive academic employees. Specifically, 14-weeks of CT decreased central adiposity and
increased lean muscle mass and aerobic capacity. However, there were no changes in systemic
inflammation or insulin resistance. Although there were no associations between changes in
fat mass and changes in systemic inflammation, there was a positive association between
changes in insulin resistance and changes in IL-6 in the control, but not the training group.
Given the adherence (79%) to the intervention, our results indicate that an onsite CT program
is an effective method to combat inactivity within the academic workplace and reduce some of

the risk factors associated with the development of type 2 diabetes and cardiovascular disease.

To our knowledge, this is the first study to investigate the impact of CT on the cardiometabolic
health of inactive academics. Despite the observed reduction in the number of participants with
MetS in the CT group, the sample size was too small to statistically compare effects between
groups. Furthermore, despite an interaction effect for components of MetS (ie. fasting glucose,
non HDL-C and C:HDL), there were no significant within-group changes in these risk markers,
likely due to the limited study power. Comparative data on exercise training in academics is
minimal, but other CT interventions within similar inactive adults have shown no changes in
fasting glucose or lipid profile (Azarbayjani et al. 2014; Ho et al. 2012; Langleite et al. 2016;
Schroeder et al. 2019). HOMA-IR also remained unchanged in the current academic cohort,
whilst other studies in adults without pre-existing diabetes have reported mixed results
(AbouAssi et al. 2015; Brunelli et al. 2015; Jamka et al. 2021). It is suggested that these
outcomes may be influenced by exercise adherence, intensity and intervention duration, but the
training variables that have the largest effect remain equivocal (Conn et al. 2014; Kim, Kim,

et al. 2019). Furthermore, given our participants had not been previously diagnosed with
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metabolic disease, there may have also been a ceiling effect on improvements to metabolic
blood markers. Indeed, exercise has been shown to have a larger effect on insulin sensitivity,
LDL-C and total cholesterol in individuals with pre-existing metabolic conditions (Battista et
al. 2021; Lin et al. 2015). Regardless, the interaction effects we report in fasting glucose and
the lipid profile prompt further research with larger samples into the impact of CT on

components of MetS in inactive academics.

Previous prospective research has reported that regular CT reduces the risk of developing MetS
(Bakker et al. 2017). Our results highlight the potential of CT to protect against risk factors of
MetS through a decrease in total and central adiposity. Other workplace studies have reported
significant improvements in total body fat mass following CT (Hunter et al. 2020; Karatrantou
et al. 2020; Pedersen et al. 2009), but few have reported changes in regional body fat
distribution. The decrease in central adiposity (VAT and android fat mass) is particularly
important given its strong association with proinflammatory cytokine activity and insulin
resistance (Pou et al. 2007; Preis et al. 2010). Further, we found large increases in lean mass
alongside increases in aerobic capacity, indicating concurrent adaptations to both endurance
and resistance training (Coffey & Hawley 2016). Though research within academics is limited,
CT studies in other untrained populations have reported mixed results for a change in lean mass
(Donges et al. 2013; Schroeder et al. 2019), which may be due to low statistical power given
the small group sizes. Regardless, BMI did not change, likely owing to the contrasting changes
in fat mass and lean mass, emphasising the limitation of BMI to differentiate between these
variables (Lee et al. 2018). Overall, we show that CT is effective in countering the detrimental
effects of low physical activity on body composition and fat mass distribution in the academic
workplace. These adaptations are vital for reducing the risk of MetS and type 2 diabetes, which

have detrimental impacts on workplace productivity (Magliano et al. 2018; Schultz & Edington
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2009). In turn, our findings may have important implications for the tertiary education sector

given the crucial teaching and research roles performed by academics in universities.

Systemic inflammation did not change in response to CT, which is similar to previous studies
completed in inactive apparently healthy adults (Donges et al. 2013; Libardi et al. 2012). This
lack of change may be due to participants being free of pre-existing cardiometabolic disease at
baseline. Indeed, exercise decreases IL-6 in individuals with type 2 diabetes (Hayashino et al.
2014), but has mixed effects on IL-6 and no effect on TNF-a in apparently healthy inactive
adults (Cronin et al. 2017). Notwithstanding, previous findings show a positive association
between fat mass and IL-6 and TNF-a (Park, Park & Yu 2005). Thus, regular CT may prevent
inactive academics from low-grade chronic systemic inflammation and concomitant risk of

metabolic disease through modulation of fat mass (Kaptoge et al. 2014; Spranger et al. 2003).

There were no relationships between changes in body composition and markers of systemic
inflammation. This is surprising given that CT decreased fat mass and VAT, which are primary
sources of IL-6 and TNF-a production (Fain et al. 2004; Fontana et al. 2007; Winkler et al.
2003). Regardless, other CT research has also reported decreases in measures of fat mass
without concomitant decreases in IL-6 and TNF-a (Ihalainen et al. 2018; Langleite et al. 2016).
However, prospective studies have found that measures of fat mass at least partially account
for the positive association between IL-6 and TNF-a and metabolic disease (Kaptoge et al.
2014; Spranger et al. 2003; Wang et al. 2013). It is also likely that changes in other variables,
such as adipose tissue macrophage phenotype, adipose tissue type, and insulin resistance are
associated with changes in IL-6 and TNF-a (Hotamisligil 2017b; Villarroya et al. 2018).
Indeed, we found that changes in fasting insulin and HOMA-IR were positively associated with

IL-6 in the control group, which was independent of fat mass. Whilst this independent
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relationship has been found in other inactive populations (Abbatecola et al. 2004; Kern et al.
2001), it was not evident in our CT group, indicating that CT may attenuate the association
between insulin resistance and IL-6. Indeed, IL-6 is a complex cytokine with various effects
dependent on the location of its release and mode of action (Hunter & Jones 2015), which can
be influenced by exercise (Pedersen 2011). Although we did not investigate the reasons for the
lack of association in CT, our findings prompt further investigation into how exercise can

influence the association between insulin resistance and [L-6.

Limitations

This study shows the benefits of CT for apparently healthy inactive academics but limits the
generalisability of our findings to other inactive workplaces and the wider academic
population. Indeed, exercise has a greater impact on systemic inflammation, insulin resistance
and other metabolic blood markers in individuals with pre-existing metabolic conditions, which
may also clarify associations between changes in these variables. Multiple testing may have
increased the risk of type I error, and our sample size was underpowered to detect changes in
inflammatory markers, though they were the smallest effect sizes of interest. Future research
should utilise a larger multicentre longitudinal design and investigate the impact of CT on

academics with and without metabolic disease.

Conclusions

This study reports that a 14-week CT program with strong adherence (79%) is effective in
improving fat mass, fat distribution, lean mass and aerobic capacity in inactive academics.
However, there were no changes to insulin resistance or systemic inflammation in this
apparently healthy cohort. The study also prompts further research into the relationship

between insulin resistance and IL-6 given the positive association evident in the control group,
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but not CT. Overall, this study conveys the effectiveness of combined endurance and resistance
training in reducing the risk factors associated with low levels of physical activity in the

academic workplace.
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Chapter 5

Study 3

Effect of Concurrent Exercise Training on Stress, Depression and Anxiety in

Inactive Academics
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Abstract

The high job stress and low levels of physical activity experienced by academics may increase
their risk of depression and other mental disorders. This randomised controlled trial
investigated the effect of concurrent training (CT) on the mental health of inactive academics
and examined associations between changes in stress, depressive symptoms and systemic
inflammation. Inactive academics from an Australian university (n=59) were randomly
assigned to a CT (n=29) or control (non-exercise) group (n=30). CT performed supervised
group training at an onsite facility 3 times per week for 14-weeks. Symptoms of depression,
anxiety, and stress (job specific and general), and systemic inflammation (Interleukin-6 and
Tumor necrosis factor-a) were measured pre and post intervention, and ecological momentary
assessment of wellness measures was conducted before and during the last 2-weeks of the
intervention. Results showed an effort-reward imbalance was evident before (CT, 1.26 + 0.37;
control; 1.22 +0.47) and after (CT, 1.16+0.31; control; 1.2140.35) training, with no interaction
effect (P>0.05). Following CT, there was a significant decrease in symptoms of depression in
the CT group (P=0.009) and no change in control (P=0.463). There were no changes in stress,
anxiety, daily wellness measures or systemic inflammation (P>0.05). There were no significant
associations between changes in stress and changes in depressive symptoms or systemic
inflammation (P>0.05). CT can decrease symptoms of depression in inactive academics despite
the continued presence of an effort-reward imbalance. These findings may be important for
universities aiming to improve the mental health of currently inactive academics via onsite

exercise programs.
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Introduction

Academia is an occupation combining high-stress with low physical activity (Cooper & Barton
2016; Gillespie et al. 2001), which may increase the risk of common mental disorders such as
depression and anxiety (Schuch et al. 2019; Schuch et al. 2018). Academics experience higher
job stress and psychological strain compared to other professions (Fontinha, Easton & Van
Laar 2019; Winefield et al. 2003). This increased job stress may be due to an imbalance in
effort output (e.g. work demands and obligations) and reward input (e.g. salary and job
security) from academic work (Siegrist 1996). Workers with high effort-reward imbalance
(ERI) have a 1.5-fold increased risk of developing depression compared to those with a low
ERI (Rugulies, Aust & Madsen 2017), though there is currently limited evidence of this
relationship within academia (Kinman 2019). Notwithstanding, the effectiveness of

interventions known to reduce stress should be assessed within the academic workplace.

Like job stress, low levels of physical activity increase the risk of incident depression and
anxiety (Schuch et al. 2019; Schuch et al. 2018). Low physical activity is associated with
increased stress and is often evident in desk-based occupations such as academia (Prince et al.
2019; Stults-Kolehmainen & Sinha 2014), wherein long work hours and periods of sitting can
reduce physical activity and increase the likelihood of symptoms of anxiety and depression
(Hallgren et al. 2020; Kirk & Rhodes 2011). Increasing exercise engagement can reduce
symptoms of stress and depression within previously inactive workplaces (Atlantis et al. 2004;
Norvell & Belles 1993). However, results for symptoms of anxiety are mixed (Atlantis et al.
2004; Norvell & Belles 1993), with larger improvements reported in individuals with higher
baseline anxiety (Lucibello, Parker & Heisz 2019). Given the combination of high-stress and
low physical activity in the academic workplace, investigations into the impact of exercise

interventions on improving the mental health of academics is warranted.
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Resistance and endurance training have been shown to respectively decrease symptoms of
depression and anxiety in healthy populations (Gordon et al. 2018; Gordon et al. 2017; Norris,
Carroll & Cochrane 1990). However, preliminary observational research reports that adults
participating in concurrent training (CT), ie. combined resistance and endurance training, have
the lowest prevalence of depressive symptoms (Bennie et al. 2019). Although studies of CT
within workplace environments are limited, Atlantis et al. (2004) report a decrease in
symptoms of stress and depression, but not anxiety, in response to 24 weeks of CT and
behaviour modification on inactive casino employees (Atlantis et al. 2004). Further exploratory
research on the independent impact of CT on mental health is required, with specific focus on

the academic workplace given the low physical activity and high stress in this population.

There is preliminary evidence of a relationship between chronic stress, systemic inflammation
and depression (Lee. 2020). Chronic stress is associated with an increase in circulating
cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a)

(Rohleder 2019), and individuals with depression present with higher levels of both markers
(Dowlati et al. 2010). Chronic systemic inflammation is also associated with increased risk of
developing cardiovascular disease and type 2 diabetes (Kaptoge et al. 2014; Wang et al. 2013),
which may partly explain why individuals with depression are at greater risk of these metabolic
disorders (Golden et al. 2008). However, the relationship between systemic inflammation,
stress and depression remains equivocal and requires further investigation (Slavich & Irwin
2014). Given that CT has mixed effects on systemic inflammation (Donges et al. 2013;
Ihalainen et al. 2018), but can improve stress and depression within healthy inactive workers
(Atlantis et al. 2004), further investigation is required into the relationship between stress,

inflammation, and depression following exercise training.
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The primary aim of this study was to determine the effect of a 14-week CT program on
symptoms of depression, stress and anxiety in healthy inactive full-time academics within an
Australian University. A secondary aim is to investigate the associations between changes in
stress, depression and systemic inflammation. We hypothesise that the CT intervention will
improve symptoms of depression, anxiety and stress relative to control, and that the
improvements in stress will be associated with a reduction in markers of chronic systemic

inflammation and symptoms of depression.

Methods

Participants and study design

This is a secondary analysis of a 14-week randomised (1:1), parallel-group, stratified (VOzpeax,
age, sex) and matched superiority trial comparing CT to a control group. The study was
approved by the Human Research Ethics Committee at the University of Technology Sydney
(HREC REF: ETH18-3093) and registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12619000608167). Recruitment and testing commenced in June 2019 and
was completed in December 2019. Schematic diagram of recruitment, retention and follow-up

is shown in Figure 4.1 (pg 94).

Participants from a single Australian university based in a metropolitan city were recruited via
local advertising and email to all academic staff. Potential participants attended a
familiarisation session to provide verbal and written informed consent prior to completing a
health pre-screening questionnaire (Exercise and Sport Science Australia adult pre-exercise
screening tool). Inclusion criteria included 1) Physically inactive (Active Australia criteria;

verbal and questionnaire-based assessment of <150 min/wk of weighted physical activity); 2)
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aged between 35 and 65 years; and 3) working a minimum of 35 h per week at the university
as an academic. Exclusion criteria included 1) pregnancy; 2) previous diagnoses of metabolic
disease or severe musculoskeletal disorders; 3) pharmacological treatment for depression,
diabetes, cardiovascular disease, or inflammation; and 4) contraindications to exercise as
identified in the health pre-screening. Eligible participants undertook baseline testing and fifty-
nine were then stratified (age, sex, VOzpeak,) and matched to the nearest neighbour. An
independent third party generated a series of random numbers via a computerized random
number generator and another third party allocated matched participant codes using a 1:1 ratio
into either a concurrent training (CT) group (n=29), or non-exercise control group (n=30),

according to the random number sequence (Urbaniak & Plous 2019).

Overview

Eligible participants undertook a 60 min testing session for cardiometabolic and mental health
parameters and a 2-week period of data collection on lifestyle related variables before and after
the training intervention. Testing was conducted in a climate-controlled exercise physiology
laboratory before (July and August 2019) and after (November 2019) the 14-week intervention,
and outside of the primary teaching session. Mental health assessments were collected and
managed using Research Electronic Data Capture (REDCap, version 8.11.3) hosted at the
University of Technology Sydney (Harris et al. 2009). Participants arrived at the testing facility
between 6:00 and 9:00 am after an overnight fast (10-12 h) and 24 h of no alcohol consumption
or exercise. Further, over a 2-week period daily wellness measures and sociodemographic
variables (research discipline, academic level, age, sex) were completed by participants on their
smartphones or electronic devices using a downloaded software application (MetricWire Inc.

2019).
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Procedures

Psychological Distress

Psychological distress was measured using the Kessler Scale (K10) (Kessler et al. 2002). Each
response is scored on a 5-point scale ranging from 1 = “none of the time” through to 5 = “all
of the time”, where the scores are summed to provide an overall score of distress experienced
over the past four weeks (Kessler et al. 2002). Scores range from 10-50 with higher scores
indicative of greater levels of psychological distress. The K10 has previous evidence of strong

psychometric properties (Cairney et al. 2007; Furukawa et al. 2003; Kessler et al. 2002).

Depression, Anxiety and Stress

The Depression, Anxiety and Stress Scales-21 (DASS-21; Lovibond & Lovibond, 1995) was
used to measure depression, anxiety and stress. The questionnaire includes 21-items (7 items
per dimension) measured on a 4-point scale ranging from 0 = “never” to 3 = “almost always”.
Scores are summed to provide a quantitative measure of severity of depression, anxiety and
general stress, and risk of further problems (Lovibond & Lovibond 1995). For the depression
domain, scores of 0-4 are considered normal, 5-6 mild, 7-10 moderate, 11-13 severe, and >14
extremely severe. For anxiety, 0-3 is considered normal, 4-5 mild, 6-7 moderate, 8-9 severe,
and >10 extremely severe. For general stress, 0-7 is normal, 8-9 mild, 10-12 moderate, 13-16
severe, and >17 extremely severe. The psychometric properties of the DASS-21 have been
comprehensively evaluated, and it has been found to be valid, consistent, and responsive to
treatment within adults (Henry & Crawford 2005; LeBouthillier & Asmundson 2017; Sinclair

etal. 2012).

120



Job Stress

Job stress was measured using the 16-item version of the ERI questionnaire (Siegrist 1996).
Participants responded to items via a 4-point Likert scale ranging from 1 = “strongly disagree”
to 4 = “strongly agree”. The scores for overcommitment (6 items) were summed, and an ERI
score was calculated from effort (3 items) and reward (7 items) items according to instructions
(Siegrist, Li & Montano 2014). Previously, the ERI questionnaire has shown good internal
consistency, discriminant validity and criterion validity for all scales and the ERI ratio

(Leineweber et al. 2010; Siegrist, Li & Montano 2014).

Daily Wellness Measures and Work Hours

The MetricWire software application was used to attain Ecological Momentary Assessment
(EMA) of daily wellness measures in the 2-weeks following the initial testing session (but
before training commenced), and during the final 2-weeks of the intervention period.
Participants responded once-daily in the morning to a 6-item questionnaire assessing sleep
duration, fatigue, sleep quality, stress and mood. Participants also responded to three items
regarding work hours and perceived workload once-daily before night-time sleep. To assist
with compliance, alert notifications were programmed into the software application to remind
participants to respond to the questionnaire in the morning at 07:00 and evening at 21:00, with
a reminder notification 15-min later if the participant had still not completed the items.
Additionally, questions were presented in random order to avoid ordering effects (Groves et

al. 2011).

The fatigue and mood items were adapted from the profile of mood states (POMS)

questionnaire (McNair, Loor & Droppleman 1981). Participants responded to the question:

“How fatigued [unhappy] do you feel right now?”, using a 5-point scale ranging from 1 (‘not
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at all’) to 5 (‘extremely’). The sleep quality item from the consensus sleep diary was used to
assess sleep quality (Carney et al. 2012), with responses ranging from 1 (‘very poor’) to 5
(‘very good). Additionally, total sleep time was estimated based on the difference in the two
items adapted from the consensus sleep diary; 1) “What time did you try to go to sleep last
night?”, and 2) “What time did you get out of bed for the day?” (Carney et al. 2012). Daily
stress was measured through a single item; “What is your current level of stress (i.e. feeling of
being overwhelmed or out of control)”. The brief definition of stress was based on previous
recommendations to define stress as a context where predictability and controllability are in
question (Koolhaas et al. 2011). Response options were those previously used in a large cohort

study; low=1, medium=2, high=3, extremely high=4 (Iso et al. 2002).

For work hours, participants responded to the item; “how many hours did you work from
(work/home) today”. Hours worked from home and from the workplace between Monday and
Friday (i.e. weekdays only) were summed and averaged to indicate daily work hours. Perceived
daily workload was measured on a response scale from 1 (‘much lighter than normal’) to 5
(‘much heavier than normal’). Perceptual scales were quantified by weighting responses on a
4 (e.g. stress) or 5-point (e.g. mood/fatigue) scale. These values were then summed and

averaged, with higher values representing higher perception of the variable.

Aerobic Capacity

Aerobic capacity was assessed via the measurement of peak oxygen consumption (VO2peak)
during a graded exercise test (GXT) on a mechanically-braked cycle ergometer (Watt-bike Pro,
Nottingham, United Kingdom). Participants commenced the test at 25 watts (W) and increased
power output by 25 W each minute until volitional exhaustion. The mean of the highest three

consecutive periods (10 s) of oxygen consumption was used to determine VOazpeak. Oxygen
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consumption was determined by measuring Oy and CO) concentrations with a metabolic gas

analyser (Medgraphics Ultima System, Saint Paul, USA). The metabolic cart was calibrated
according to the manufacturer’s instructions, involving a pneumotachometer calibration via a
3 L syringe, analysis of ambient air, and gas calibration with a gravimetric gas mixture of

known concentrations [CO2 5 (0.02)%; Oz 12 (0.02)%].

Leisure-time Physical Activity and Body Mass Index

The Godin Leisure-Time Exercise Questionnaire (GLTEQ) was used to assess leisure-time
physical activity (including the CT sessions) (Godin & Shephard 1997). 3-items measure the
frequency of mild, moderate, and strenuous exercise during a standard 7-day period. Each
exercise intensity is weighted and then multiplied by its frequency. The individual scores are

then summed to provide a total weekly leisure activity score.

Weight (kg) was measured using a calibrated electronic scale (A&D Weighing, Sydney,
Australia) and height (m) using a stadiometer (Seca Asia-Pacific, Kuala Lumpur, Malaysia),
wearing minimal clothing and no footwear. Body mass index (BMI) was calculated via the

formula kg/m?.

Venous Blood Collection

Fasting (10-12 h) venous blood (~16 mL) was collected in an ethylenediaminetetraacetic acid
(EDTA) tube, immediately centrifuged at 1300 g for 10 min at 18 °C and stored at -80°C until
analysis. Concentrations of IL-6 and TNF-o were quantified via chemiluminescent
immunoassay (Magpix, Luminex Corporation, Texas, USA) according to manufacturer

instructions.
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Training and control conditions

The intervention was designed to be adaptable, easily implementable and low cost. The CT
group trained for 60 min, three times per week for 14-weeks, with options of training before
(6-9am), during (11-1pm) and after (4-7pm) working hours. Training was conducted in small
groups (2-6 participants) within a private climate-controlled exercise facility at the University
campus and was performed under supervision by trained instructors with a typical
instructor:participant ratio of 1:2. The control group were instructed to maintained their normal
exercise behaviour as determined by the Godin Leisure-Time Exercise Questionnaire
(GLTEQ) (Godin & Shephard 1997), and were offered the CT program following the study to

encourage compliance.

The first week of training was used to instruct participants on the proper technique when
completing exercises and familiarised participants with the training facility. As shown in Table
4.1 (pg. 100), resistance training progressed to involve 3 sets of 8-12 repetitions, and load was
increased once a participant could complete the required number of repetitions with proper
technique on all sets over two consecutive training sessions. Rest periods and repetition
velocity were self-determined with consultation from training instructors. Exercise intensity
was not directly measured to increase the ease of implementation. However, verbal
encouragement was provided to each participant and training data were recorded in a
customised training diary to monitor progressive overload, and included sets, repetitions and

weight for resistance exercises, and duration, distance and power for endurance exercises.

All training sessions started with a 5-7 min warm-up involving 3 mins of low to moderate

intensity aerobic exercise on rower and cycle ergometers, and resistance exercises at 50%

working weight. After each session, static stretching of the primary muscle groups (15 s per
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muscle group) was undertaken. Importantly, resistance exercise was completed prior to
endurance exercise to avoid any potential interference effects, and maximise training

adaptations (Eddens, van Someren & Howatson 2017).

Statistical analysis

A per-protocol analysis was performed, whereby participants were excluded if their exercise
adherence was below 1SD below the mean (< 55%). Additionally, participants were only
included in the EMA analysis if they responded to items on at least 4 weekdays. All normally
distributed data are reported as mean =+ standard deviation (SD) and skewed data are reported
as median (interquartile range, IQR; difference between the third and first quartile). Normality
and equal variance of data was assessed using the Shapiro-Wilk and Levenes test, respectively.
Skewed variables included distress, depression, anxiety, stress, overcommitment, IL-6, TNF-
a, BMI, daily sleep quality, daily fatigue, daily mood, total work hours, and total weekly leisure
activity. Distress and BMI were the only skewed variables that were successfully log
transformed. A 2-way (time * group) repeated measures analysis of variance (ANOVA) was
used to assess interaction effects for all normally distributed outcome variables. If a significant
time * group interaction effect was identified, paired samples t-tests were performed to
determine within-group changes. Non-parametric analysis was performed on skewed data that
could not to be transformed. The Mann-Whitney U test was used to assess between-group
differences in change data, and the Wilcoxon signed-rank test analysed within-group

differences.

For the second aim, quantile regressions at the median (q 0.5) were conducted due to the non-

normal distribution of the residuals in an ordinary least squared linear regression model.

Measures of general stress, daily stress and ERI were regressed against the following dependent
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variables: IL6, TNF-a, depression, unhappy score and K10. All models were adjusted for age,
sex, group and stress (general, daily or ERI) * group interaction. Data are presented as a

coefficient with 95% confidence interval (95% CI).

Analysis was performed using SPSS Software, version 26 (IBM Corporation, Armonk, NY)
and missing data were treated as missing in analyses. Significance was accepted as p<0.05.
Effect sizes (ES) were determined using partial eta square for parametric analysis (0.01 = small;
0.06 = moderate; 0.14 = large), and a correlation coefficient () for nonparametric analysis
using the formula; Z/AN (0.1 = small; 0.3 = moderate; 0.5 = large) (Fritz, Morris & Richler
2012). This study is a secondary analysis of a randomised controlled trial and a retrospective
sample size calculation was performed using G*Power software (Version 3.1.9.3) (Faul et al.
2007). Based on previously published data on the effect of concurrent exercise training on
stress in apparently healthy adults (Atlantis et al. 2004), sample size calculation was performed
with an effect size f of 0.4, alpha error of 0.05, and a power of 0.80. It was determined that a

minimum sample size of 20 participants per group would be required.
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Results

Participant and Training Characteristics

Baseline characteristics are reported in Table 5.1, and most participants were within normal
ranges for BMI, distress, depression, stress and anxiety. The mean baseline scores for ERI were
1.26 £ 0.37 and 1.22 + 0.47 for CT and control, indicating more effort outputs for each reward
input. Adherence to CT was 79 + 24% with a mean of 32 + 10 of the 40 training sessions

attended.

Depression, Anxiety, Stress and Daily Wellness Measures

Table 5.2 shows the results for symptoms of depression, anxiety and stress. There was a
significant interaction effect for depression (P=0.021, ES=0.33), which decreased in CT
(P=0.009) and did not change in control (P=0.463). There were no significant interaction
effects for anxiety, distress, general stress or job stress (P>0.05). Daily wellness measures are
shown in Table 5.3. There were no significant interaction effects for total sleep time, sleep

quality, fatigue, daily stress, mood, work hours or perceived workload (P>0.05).

Cardiometabolic Health Measures
There were no significant interaction effects for BMI, IL-6 or TNF-a (P>0.05; Table 5.2).
There was an interaction effect for VOapeak (P<0.001, ES=0.296) which increased in CT

(P<0.001) and did not change in control (P=0.769).

Regressions
Regression analysis between stress, depression and inflammation markers are shown in Table
5.4. Quantile regression results indicated no significant association between changes in stress

and systemic inflammation, or changes in stress and symptoms of depression (P>0.05).
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Table 5.1. Baseline Characteristics of Participants in Intervention and Control Groups.

Characteristics

Intervention (n=23)

Control (n=27)

Age (years), mean + SD
Female Sex, n (%)
VOzpeak, mean £ SD

Leisure-Time Physical Activity Score,

median (IQR)*

Body Mass Index (kg/m?), n (%)
Underweight (<18.5)
Normal (18.5-24.9)
Overweight (25.0-29.9)
Obese (=30)

Academic Discipline, n (%)

HASS
STEM
Academic Level, n (%)
Associate Lecturer
Lecturer
Senior Lecturer
Associate Professor (Reader)
Professor

Daily Work Hours, median (IQR)

ERI, Mean = SD
Overcommitment, median (IQR)

DASS Depression Domain, n (%)

Normal (0-4)

Mild (5-6)

Moderate (7-10)

Severe (11-13)

Extremely Severe (>14)
DASS Anxiety Domain, n (%)

Normal (0-3)

Mild (4-5)

Moderate (6-7)

Severe (8-9)

Extremely Severe (>10)
DASS Stress Domain, n (%)

Normal (0-7)

Mild (8-9)

Moderate (10-12)

Severe (13-16)

Extremely Severe (>17)
K10 Distress, n (%)

Normal (<20)

Mild (20-24)

Moderate (25-29)

Severe (=30)

49+ 9
16 (70)
28.9+5.7
17 (27)

14
13 (57)
7 (30)
209

13 (56)
10 (44)

1(4)

9 (39)

8 (35)
1(4)
4(17)

8.8 (1.2)
1.26 +0.37
17 (7)

18 (78)
3(13)
0(0)
1(4)
1(4)

19 (83)
1(4)
209
1(4)
0(0)

15 (65)
3(13)
303)
209
0(0)

15 (65)
5(22)
3(13)
0(0)

50+ 8
18 (66)
29.5+6.1
21(22)

1(4)
12 (44)
9 (33)
5(19)

16 (59)
11 (41)

1(4)

12 (44)

7 (26)
2(7)
5(19)

8.7 (2.1)
122 +0.47
16 (2)

21 (78)
5(19)
1(4)
0(0)
0(0)

25 (93)
2(7
0(0)
0(0)
0(0)

17 (63)
5(19)
3(11)
2(7)
0(0)

20 (74)
7 (26)
0(0)
0(0)

Abbreviation: VOopeak, peak volume of oxygen consumed during graded exercise test; HASS; Humanities, Arts,
and Social Sciences; STEM, Science, Technology, Engineering, and Mathematics; ERI, Effort Reward Imbalance;
DASS-21, Depression, Anxiety and Stress Scales-21; K10, Kessler Scale

* Measured using the GLTEQ
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Table 5.2. Depression, Anxiety, Stress, VO2peak, BMI and Inflammation Before and After the Intervention.

Variables CT CON

Pre Post Change Pre Post Change Time by Group

P value (ES)

Depression 2(3) 1(2) -1(3) 2(3) 1(4) 0(1) 0.021 (0.327)"
Anxiety 2 (1) 1(3) -1(3) 1(3) 1(3) 0(2) 0.123 (0.218)
Stress 6 (6) 4+(5) -2(4) 6(4) 5(6) 0(6) 0.328 (0.138)
Distress 18 (9) 15(3) -2(5) 16 (6) 15 (4) -1(3) 0.144 (0.044)
ERI 1.26 £0.37 1.16 £ 0.31 -0.10+0.41 1.22 £0.47 1.21+0.35 -0.01 £0.39 0.416 (0.014)
Overcommitment 17 (7) 16 (5) -1(2) 16 (2) 16 (3) -1(3) 0.473 (0.102)
Total weekly leisure activity 17 (27) 41 (20) 21(19) 21 (22) 24 (40) 4 (28) 0.024 (-0.326)"
VOzpeax (mLkg'min™) 289+5.7 32.9+6.9 4.0+3.1 295+6.1 293+£5.6 -02+34 <0.001 (0.296)"
BMI (kg/m?) 24.36 (3.46) 24.72 (3.45) 0.12 (0.69) 26.08 (5.24) 25.57 (5.79) 0.12 (0.80) 0.874 (0.001)
IL-6 (pg/ml) 0.77 (14.24) 1.28 (14.27) 0.05 (1.37) 5.30 (16.54) 4.82 (24.35) -0.30 (4.93) 0.143 (-0.244)
TNF-o. (pg/ml) 1.57 (1.31) 1.74 (1.55) 0.02 (0.29) 1.93 (1.04) 1.67 (0.93) -0.04 (0.58) 0.796 (-0.039)

Data are reported as median (IQR) or mean + SD. Abbreviations: ERI, effort-reward imbalance; BMI; body mass index; VOzpeuk, peak volume of oxygen consumed during

graded exercise test; IL-6, Interleukin-6; TNF-o, tumor necrosis factor-alpha.

All mental health variables and BMI report at n = 23 for CT and n = 27 for control. VOzpea reports at n =22 for CT and 25 for control. IL-6 reports at n = 15 for CT and n =22

for control. TNF-a reports at n = 18 for CT and n = 25 for control.

" Decrease in intervention compared to control

*Increase in intervention compared to control
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Table 5.3. Daily Wellness Measures Before and During the Intervention.

Variables CT CON
Pre During Change Pre During Change Time by Group
P value (ES)
Total Sleep Time (hours) 7:47 £ 0:43 7:35+0:38 -0:11 £ 0:33 8:08 £ 0:49 8:01 £0:38 -0:06 + 0:34 0.641 (0.006)
Sleep Quality 3.2(0.4) 3.2(0.7) 0.1 (0.6) 3.1(1.3) 3.0(1.1) -0.1 (0.9) 0.097 (-0.259)
Fatigue 2.3(0.7) 2.1(0.8) -0.1 (0.4) 2.2(0.9) 2.3 (1.3) -0.0 (0.6) 0.601 (0.082)
Daily Stress 1.7£0.5 1.7+0.5 0.0+ 0.6 1.7+0.5 1.8+0.6 0.1+0.6 0.679 (0.004)
Mood (Unhappy) 1.8 (0.9) 1.5 (0.6) -0.4 (0.7) 1.6 (0.9) 1.7 (1.1) 0.1 (1.0) 0.099 (0.257)
Total Work Hours 8.8(1.2) 8.3(2.7) -0.1(2.4) 8.7(2.1) 7.5 (1.0) -1.0(1.4) 0.062 (0.010)
Perceived Workload 3.0+0.6 32+0.7 0.1+0.6 32+0.5 3.0+0.7 -0.1+£0.9 0.295 (0.026)

Data are reported as median (IQR) or mean + SD. All daily wellness measures report at n =22 for CT and n = 19 for control
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Table 5.4. Associations Between Changes in Stress with Changes in Depression and Systemic Inflammation.

Dependent Variables
A TL-6 (pg/ml) P A TNF-a (pg/ml) P A Depression P A Daily Mood P A K10 P
0.027 (-1.804, -0.062 (-0.185, 0.250 (-0.235, 0.069 (-0.113, 0.500 (-0.277,
A Stress 0.976 0.317 0.305 0.448 0.201
1.857) 0.062) 0.735) 0.250) 1.277)
3.397 (-7.715, -0.378 (-1.207, 0.608 (-3.794, 0.205 (-0.656, 4.313 (-1.498,
A Daily Stress 0.533 0.358 0.781 0.632 0.141
14.509) 0.451) 5.009) 1.066) 10.124)
-4.662 (-17.521, -0.191 (-1.239, 5.031 (-0.910, -1.082 (-3.094, 6.345 (-3.228, 0.188
A ERI 0.465 0.714 0.095 0.282
8.198) 0.857) 10.973) 0.929) 15.918)

Quantile regressions are reported as coefficients (95% confidence intervals, CI) at the median (q 0.5)
The model has been adjusted for age, sex, group and stress (general, daily or ERI) * group interaction. No group interaction effects were evident p>0.05.

Final sample n=43.
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Discussion

This study reports a decrease in symptoms of depression within previously inactive academics
following 14-weeks of CT. However, no changes in anxiety, stress or daily wellness measures
were evident following the training program. Additionally, there were no associations between
changes in stress and changes in systemic inflammation or symptoms of depression. Our results
show that despite continued high job stress, represented by an effort-reward imbalance, CT can

decrease symptoms of depression in inactive academics.

To our knowledge, this is the first study to investigate the effects of CT on the mental health
of inactive academics. CT significantly improved symptoms of depression without altering
anxiety (as assessed by the DASS-21), consistent with studies of CT in other inactive workers
(Atlantis et al. 2004). Whilst previous research combined CT with a behavioural intervention,
confounding the explicit effect of CT on mental health (Atlantis et al. 2004), we highlight the
independent and moderate effect of CT on symptoms of depression. The lack of change in
symptoms of anxiety is unsurprising given the low levels at baseline, which has also been
shown in previous studies (Lucibello, Parker & Heisz 2019). Regardless, increased physical
activity can protect against incident depression and anxiety (Harvey et al. 2018; Schuch et al.
2019), indicating that CT may help to maintain the mental health of currently healthy inactive
academics. Moreover, our results show that CT improves symptoms of depression, without
change in ERI, which is notable given the ERI experienced in the current academic cohort has
been previously shown to increase the risk of depression (Rugulies, Aust & Madsen 2017).
This may have implications for the university sector, given previous research showing a
decrease in productivity in workers with higher depressive symptoms (McTernan, Dollard &

LaMontagne 2013).
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The CT intervention did not affect general stress, daily stress or job stress within academics.
This contrasts with previous findings of a decrease in general stress after CT within inactive
workers, which may be explained by differences in baseline stress levels (Atlantis et al. 2004).
Indeed, in the study by Atlantis et al. (2004), “moderate” stress (via DASS-21) was reported at
baseline compared to a “normal” stress level for the current sample (Lovibond & Lovibond
1995). As with symptoms of depression and anxiety (Lucibello, Parker & Heisz 2019; Rethorst,
Wipfli & Landers 2009), higher baseline symptoms of stress are associated with greater
improvements following exercise interventions (Atlantis et al. 2004; King, Taylor & Haskell
1993). The above findings may also be explained by the lack of change in daily stress as
measured via EMA, suggesting a consistency in perceived stress throughout the study that was
not abated by exercise. Whilst previous EMA research has revealed that increased self-reported
physical activity is associated with an acute decrease in subsequent stress (Schultchen et al.
2019), the type and timing of measures differs between studies. The current study did not
measure stress directly after training sessions, and any acute, transient changes in perceived
stress following exercise were not evident in the daily morning questionnaire during the CT
intervention. Regardless, whilst other EMA research has investigated the impact of habitual
daily physical activity on stress (Schultchen et al. 2019), our pre-post exercise intervention

comparison offers a novel understanding of the impact of an exercise program on daily stress.

There was no change in the job stress measures of ERI and overcommitment following CT.
Whilst other studies on the effect of CT on ERI and overcommitment are limited, Michishita
et al. (2017) reported improvements in certain aspects of job stress (as measured by the brief
job stress questionnaire) after an exercise intervention within various white- and blue-collar
workplaces (Michishita et al. 2017). However, the different assessments and definitions of job

stress can significantly influence results and are important to consider when interpreting
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findings (Hassard et al. 2018; Houdmont, Cox & Griffiths 2010). Within academia, increases
in promotion prospects and decreases in workload are suggested to improve ERI and
overcommitment (Kinman 2016). Accordingly, the nature of job stress indicates that effort-
reward imbalances may be meaningfully impacted by changes to the work environment, rather

than external exercise interventions.

There was no change to perceived sleep quality or self-reported total sleep time during CT,
which supports other research of CT within active, healthy adults (Jurado-Fasoli et al. 2020;
Kuusmaa-Schildt et al. 2019) and inactive, obese adults (Leonel et al. 2020). Cross-sectional
research reports that individuals meeting both endurance and resistance training guidelines are
less likely to have poor sleep quality, alongside short (4 to 6 h) or long (10 to 12 h) sleep
durations (Bennie, De Cocker & Duncan 2021). The current cohort were already within the 7-
9 h of recommended sleep at baseline (Hirshkowitz et al. 2015), potentially resulting in a
ceiling effect for further changes in self-reported sleep duration when there was no specific
focus on sleep behaviour. Given symptoms of depression have been previously associated with
sleep health (Bowman et al. 2021), our results indicate that despite decreasing depressive
symptoms, CT does not have an impact on self-reported sleep duration or quality in inactive

academics already meeting sleep duration guidelines.

We also found no evidence of an effect of CT on daily perception of unhappy mood and fatigue.
Similar to daily stress, previous research has reported improvements in mood following acute
exercise, but the effects are transient, peaking shortly after exercise and declining thereafter
(Reed & Ones 2006; Wichers et al. 2012). The current study may have been unable to detect
any acute, post-exercise improvements in mood because it was not assessed immediately

following training sessions. Other studies investigating the acute effect of exercise on
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perceived fatigue have reported mixed results (Gauvin, Rejeski & Reboussin 2000; Thogersen-
Ntoumani et al. 2015; Vetrovsky et al. 2021). These may be due to the high heterogeneity
between exercise studies assessing the acute effects of exercise, wherein differences in
population (clinical vs non clinical), exercise intensities (walking vs running) and assessment
tools can have a significant influence on mental health outcomes (Reed & Ones 2006) and

make study comparisons difficult.

There were no associations between changes in stress and changes in systemic inflammation
or depression, despite previous cross-sectional studies reporting positive associations (Fan et
al. 2015; Gouin et al. 2012; Howren, Lamkin & Suls 2009). There is a theoretical pathway
from stress to inflammation to depression (Slavich & Irwin 2014), though recent studies have
reported mixed support for this hypothesis, and investigations into the relationship between
changes in these variables is lacking (Lee. 2020; Piantella et al. 2021). Paolucci et al. (2018)
reported a concurrent decrease in perceived stress, depressive symptoms and TNF-a following
6-weeks of moderate intensity endurance training in 55 healthy adults (Paolucci et al. 2018).
However, associations between these improvements were not formally analysed. Hartmann et
al. (2021) showed a positive correlation between TNF-a and general stress following 6-weeks
of endurance training in inactive adults with a mental illness (n=13) and without (n=13), but
no association with depression was evident (Hartmann et al. 2021). Given the numerous types
of perceived stress (e.g. job, general and daily) and depressive symptoms (e.g. general and
daily) measured in the current study, our findings justify further research to clarify these

associations and develop targeted interventions to improve these risk factors.

Limitations
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The study included healthy inactive academics from a single Australian university, with access
to supervised training at an onsite facility. In turn, the findings may be hard to generalise to the
broader academic population and other inactive workplaces. Future studies should investigate
the impact of CT on a diverse sample of academics from multiple universities. Furthermore,
though most EMA items were sourced from previously validated questionnaires, the ability to
measure mental health may be limited given they were only single items. Notwithstanding,
EMA provides a unique insight into the day-to-day perception of mental health variables and
may reduce the bias associated with recall-based mental health questionnaires (Scollon, Prieto
& Diener 2009). The complexity of stress provides another limitation, particularly when
comparing research. Indeed, there are many ways to characterise stress, for example, acute or
chronic (Rohleder 2019), physical or perceived (Koolhaas et al. 2011), and job specific or
general (Bergmann, Gyntelberg & Faber 2014), and each type of stress may respond differently
to exercise interventions. However, this is also a strength of the current study, wherein
measurements of various types of stress enabled more comprehensive results and comparisons

with systemic inflammation and symptoms of depression.

Conclusions

This study reports a significant decrease in symptoms of depression after 14-weeks of CT in
inactive academics. This emphasises the benefits of regular CT for non-clinical populations at
higher risk of mental disorders. However, due to the low baseline values, a ceiling effect may
have been present for symptoms of anxiety and stress. Further, CT did not affect ERI or work
hours. No associations were found between changes in stress and changes in systemic
inflammation or depressive symptoms, highlighting that CT can decrease symptoms of

depression without affecting the effort-reward imbalance experienced by the current cohort.
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This may have implications for universities wanting to decrease the risk of depression in

Inactive academics.
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Chapter 6

Discussion



Overview, Aims and Key Findings

The desk-based workplace, long workhours and high job stress are associated with lower levels
of physical activity, and may at least partly explain why 66% of academics report low to
moderate levels of physical activity (Cooper & Barton 2016; Kirk & Rhodes 2011; Prince et
al. 2019). Competing teaching, administrative and research demands may underlie the higher
job stress and psychological strain experienced by academics compared to other professionals
(Fontinha, Easton & Van Laar 2019; Kinman 2016; Siegrist 1996; Winefield et al. 2003).
Prolonged high stress and low levels of physical activity are both associated with depression
and MetS (Chandola, Brunner & Marmot 2006; Hammen et al. 2009; Schuch et al. 2018; Zhang
et al. 2017). Furthermore, mental and cardiometabolic health may be interrelated via shared
risk factors, including low grade systemic inflammation (Moazzami et al. 2019), increased fat
mass and insulin resistance (Kan et al. 2013; Lee et al. 2018; Speed et al. 2019). Interventions
that can improve these risk factors, increase physical activity, and decrease stress in the
academic workplace are warranted. Separately, CT has been shown to improve
cardiometabolic risk factors and symptoms of stress and depression within other inactive
workplaces (Atlantis et al. 2004; Karatrantou et al. 2020); however, the effectiveness of CT on
systemic inflammation, insulin resistance, stress and depression within academics has not been

assessed.

Given that high stress and low levels of physical activity are associated with mental and
cardiometabolic health disorders (Kraus et al. 2019; Rugulies, Aust & Madsen 2017), this
thesis firstly aimed to describe the cardiometabolic and mental health of inactive full-time
academics within an Australian University and compare cardiometabolic and mental health
risk factors by sex and academic level (study 1). Secondly, this thesis aimed to determine the

effect of a 14-week CT program on components of the metabolic syndrome (MetS), insulin
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resistance, body composition, aerobic capacity and markers of systemic inflammation in
inactive full-time academics from an Australian University (study 2). Thirdly, this thesis aimed
to evaluate the effect of 14-weeks of CT on symptoms of depression, stress and anxiety in
inactive full-time academics within an Australian University (study 3). Lastly, this thesis aimed
to investigate the relationships between metabolic risk factors (e.g. fat mass, insulin resistance

and systemic inflammation), stress and symptoms of depression (study 1, 2 and 3).

Study 1 reported that one in five inactive academics had MetS and nearly half (48%) were
overweight or obese. 22% experienced moderate to severe symptoms of anxiety, stress and/or
depression and lower ranking academics (A/Lecturers and Lecturers) experienced significantly
greater feelings of distress, depression and stress compared to their more senior colleagues.
There were no differences in mental health variables between males and females. Regression
analyses revealed that higher job stress (ERI) was associated with increased symptoms of
depression and higher anxiety was associated with lower aerobic capacity. There was a
relationship between mental and cardiometabolic health, whereby higher distress and

depressive symptoms were associated with an increased likelihood of MetS.

Study 2 showed a decrease in total body and central adiposity, alongside increases in aerobic
capacity and lean mass following 14 weeks of CT, which indicates concurrent adaptations to
both endurance and resistance training. However, no changes in systemic inflammation or
insulin resistance were evident. Overall, there was a decrease in the number of participants
with MetS in CT (pre=5, post=3) compared to an increase in control (pre=5, post=6), though
adequate power to statistically compare the groups achieved. A positive association was found
between changes in insulin resistance (fasting insulin/HOMA-IR) and changes in IL-6 in the

control group.
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Study 3 reported a significant decrease in symptoms of depression after 14 weeks of CT,
despite a consistent high level of job stress (ERI). However, there were no changes observed
in anxiety, general stress or daily wellness measures. Furthermore, no associations were found

between changes in stress and changes in systemic inflammation or symptoms of depression.

Cardiometabolic Health of Inactive Academics and the Effect of Concurrent Training
State of Cardiometabolic Health in Inactive Academics

Study 1 found that 20% of the inactive academics in our sample met the MetS criteria, in
comparison to 13% of non-diabetic individuals in the general Australian population (Cameron
et al. 2007). Our results contrast with findings from a large cross-sectional study of staff from
a University in China, where 5% of academics met the criteria for MetS (Cheserek et al. 2014).
Acknowledging MetS calculations vary between studies, the relatively high prevalence of
MetS in the current cohort is likely associated with their low levels of physical activity, given
previous findings of a positive association between low physical activity and MetS (Zhang et
al. 2017). In turn, these descriptive findings support the importance of increasing physical
activity in inactive academics to improve components of MetS and reduce the risk of

subsequent cardiometabolic disease (Pattyn et al. 2013).

The prevalence of MetS in our cohort may partly be explained by the observation that 75%
exceeded the WC threshold for abdominal obesity, which is a key criterion for MetS. Further,
in our study females had higher fat mass and lower lean mass compared to males, which is
commonly observed in cross-sectional studies in adult populations (Imboden, Swartz, et al.
2017; Imboden, Welch, et al. 2017). Despite the age difference (=7 years), A/Professors and

Professors had similar lean mass and body fat compared to A/Lecturers and Lecturers. This
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could be explained by a higher proportion of females in the lower ranking academic group, and
sex-based differences outlined above that may have countered the contrasting effects of age on
body composition (Imboden, Swartz, et al. 2017; Imboden, Welch, et al. 2017). Whilst other
research reporting fat mass and lean mass in academics is limited, BMI has been reported as a
surrogate of body composition. Alkhatib (2015) reported comparable mean BMI values from
23 UK academics (2644 kg/m? vs 26+5 kg/m? in our study), but in contrast to our findings, the
study also reported a significantly higher BMI in male compared to female academics
(Alkhatib 2015). Collectively, the current data highlight the high prevalence of overweight and
obesity in inactive academics, which is known to increase the risk of developing metabolic and
mental disorders (Lee et al. 2009; Luppino et al. 2010), thus warranting investigation into

preventive strategies.

Despite the high prevalence of abdominal obesity, mean measures of other individual
components of MetS including blood pressure, glucose, HDL-C and triglycerides were below
MetS cut-off values (Alberti et al. 2009). This was to be expected given the participants had
not been previously diagnosed with metabolic disease. Our findings compare to research within
the broader Australian adult population, which reported mean values for SBP (129 mmHg vs
121 mmHg in our study), DBP (70 mmHg vs 75 mmHg in our study), HDL-C (1.42 mmol/L
vs 1.47 mmol/L in our study) and triglycerides (1.28 mmol/L vs 1.24 mmol/L in our study)
(Barr et al. 2007). Studies within academic populations have also reported normotensive values
for SBP (120+18 mmHg) and DBP (75+13 mmHg) (Alkhatib 2015). However, comparisons
must be made with caution given the current cohort was inactive, yet free of known metabolic
diseases and is not completely representative of the wider academic or Australian population.

Regardless, our cohort exhibits low levels of physical activity and a high prevalence of
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overweight and obesity (48%), which have been associated with increased risk of future onset

of cardiometabolic diseases (Kraus et al. 2019; Smith et al. 2016a).

Aerobic capacity has also been positively associated with physical activity (Zeiher et al. 2019),
and negatively associated with cardiovascular disease (Kodama et al. 2009). The mean VO2peak
in the current cohort was 34+5 mLkg!'min"! for males and 26+6 mL'kg!'min’! for females.
Larger cross-sectional research testing VOzpeak On a cycle ergometer reported a VOzpeak 0f 20£5
mLkg!'min’! in females and 28+7 mLkg !'min! in males aged 40-49 y, though the cohort was
not grouped by physical activity level (Kaminsky et al. 2017). VO2peak can be affected by age,
gender and testing methodology, making it challenging to compare studies (Aspenes et al.
2011; Kaminsky et al. 2017). Notwithstanding, our results are comparable to UK academics,
wherein VOazpeak was 33+5 mLkg'min! in males and 32+9 mLkg!'min! in females (Alkhatib
2015). However, Alkhatib reported VOopeax did not differ by sex, which is contrary to our
findings which support larger cross-sectional studies showing larger aerobic capacity in males
compared to females (Kaminsky et al. 2017). Regardless, there were no differences observed
in VOzpeak between academic levels. Like fat mass and lean mass, this is likely due to the
nullification of the respective effects of age and sex on VOzpeak given the differences between
groups (Kaminsky et al. 2017). Increasing aerobic capacity can improve components of MetS
and decrease subsequent risk of cardiometabolic disease (Chow et al. 2016; Knaeps et al. 2018;
Kodama et al. 2009), which may have implications for inactive academics given the high

prevalence of MetS.

The low levels of physical activity, and high prevalence of MetS and overweight and obesity

are of concern given their association with increased risk of cardiometablic diseases and mental

disorders (Cleven et al. 2020; Lee et al. 2009; Luppino et al. 2010; Schuch et al. 2018).
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Accordingly, the findings of study 1 provide justification to investigate interventions known to
improve cardiometabolic risk factors, such as exercise training (de Sevilla et al. 2021) within

academics participating in low levels of physical activity.

The Effect of Concurrent Training on Aerobic Capacity

The aforementioned section outlines the predominance of various cardiometabolic risk factors
associated with low physical activity in inactive academics (Bradbury et al. 2017; Knaeps et
al. 2018). CT has previously resulted in improvements to body composition, components of
MetS and aerobic capacity in untrained adults (Brunelli et al. 2015; Coffey & Hawley 2016),
justifying a trial to determine its effectiveness within inactive academics. Following the 14-
week CT intervention, an increased VOapeak Was evident (214%), supporting previous research
within both university staff and the general population (Hunter et al. 2020; Thalainen et al.
2018). For example, Hunter et al. (2020) reported a 10+11% increase in VOapeak following a
16-week CT intervention in university staff (47% full-time academic staff), though specific
effects on the academic participants were not reported. Despite the benefits of resistance
training for body composition and cardiometabolic risk factors (Strasser, Siebert &
Schobersberger 2010), the improvements in aerobic capacity were likely due to the endurance
component of CT. Studies have found greater improvements in aerobic capacity following CT
and endurance training, compared to resistance training alone (AbouAssi et al. 2015; Schroeder
et al. 2019). Regardless, greater aerobic capacity is associated with a decreased risk of
developing type 2 diabetes and cardiovascular disease (Kodama et al. 2009; Lee et al. 2009),
indicating the importance of regular CT for inactive academics at risk of cardiometabolic

disorders.
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The relatively high training adherence (79+24%, range 23-100%) reported in this study may
also explain the improved aerobic capacity, with previous evidence reporting a dose-response
relationship between exercise and aerobic capacity (Bonafiglia et al. 2021). Other research has
reported between 73-80% adherence to supervised CT within workers without pre-existing
cardiometabolic conditions (Atlantis et al. 2004; Nurminen et al. 2002). However, a strength
of the current study is that it involved workplace-based supervised training, which has been
shown to increase adherence compared to home-based, and unsupervised training (Hunter et
al. 2020; Jakobsen et al. 2015). Overall, our results indicate that supervised work-based CT is
an effective method to increase moderate to vigorous physical activity and therefore aerobic
capacity in the inactive academic workplace. Increased aerobic capacity is associated with a
decreased risk of developing MetS and type 2 diabetes (Chow et al. 2016; Lee 2020), which
have been shown to have detrimental impacts on workplace productivity (Magliano et al. 2018;
Schultz & Edington 2009). Accordingly, CT may have positive workplace related implications
beyond the reported health improvements. Regardless, our findings support an onsite CT
program to improve aerobic capacity of inactive academics and show cause for future

integration into workplace wellness programs.

The Effect of Concurrent Training on Body Composition

Alongside an improvement in aerobic capacity, there was an increase in lean mass (=3%),
suggesting concomitant adaptations to both endurance and resistance exercise. Though
research in academic populations is limited, our results contrast with studies in other inactive
populations reporting mixed effects of CT on lean mass (Amaro-Gahete et al. 2021; Donges et
al. 2013; Schroeder et al. 2019; Stewart et al. 2005). Indeed, Donges et al. (2013) found
significant improvements in aerobic capacity, but not lean mass in response to 12-weeks of CT

in 47 inactive males (Donges et al. 2013). In comparison, Schroeder et al. (2019) reported
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concurrent increases in aerobic capacity and lean mass in response to 8-weeks of CT in 69
inactive adults (Schroeder et al. 2019). However, the mixed results may be due to the small

samples sizes with different training program duration and stimuli apparent in these studies.

Muscle hypertrophy and consequent increases in lean mass are primarily due to the resistance
training component of CT given the divergent molecular pathways stimulated by endurance
and resistance exercise (Coffey & Hawley 2016; Grgic et al. 2019). Resistance training volume
is particularly important as there is a dose-response effect on muscle hypertrophy (Figueiredo,
de Salles & Trajano 2018). In turn, methods used to progressively increase resistance training
volume within CT studies may significantly influence outcomes for lean mass. Donges et al.
(2013) trained participants 3 times per week for 12 weeks and initially performed 1.5 sets of
10 repetitions of 9 resistance exercises at 75% 1RM in weeks 1 to 4, which progressed to 2 sets
of 8 repetitions at 80% 1RM in weeks 5 to 12. However, Schroeder et al. (2019) trained
participants 3 times per week for 8 weeks, performing 2 sets of 8 resistance exercises until
repetition failure. Other CT studies have also increased resistance training volume subjectively
through repetition failure (Brunelli et al. 2015; Langleite et al. 2016; Libardi et al. 2012) or
relative to 1RM (Krasilshchikov, Shaw & Shaw 2009). Indeed, previous research suggest
lifting to failure is an important principle in hypertrophy training (Mitchell et al. 2012), though
this may not be an appropriate stimulus for inactive populations. Our exercise prescription
method was similar to that used in the STRRIDE studies (AbouAssi et al. 2015; Bateman et al.
2011; Slentz et al. 2011), wherein resistance was increased when a participant could perform
12 repetitions with correct technique for all sets during 2 consecutive training sessions. This
method of progressive overload is easily implementable and ensures progressions are
individualised and volume is increased regularly without safety or technique concerns.

Regardless, assuming a sufficient training stimulus was provided, the observed increases in

146



lean mass may have important implications for inactive academics, due to its relationship with

a reduced risk of developing MetS (Kim et al. 2018).

CT resulted in decreases in total fat mass, android fat mass and VAT, supporting other
workplace study findings of significant improvements in fat mass following CT (Hunter et al.
2020; Karatrantou et al. 2020; Pedersen et al. 2009). Indeed, Karatrantou (2020) reported a
significant decrease in whole body fat mass (= 8%) following 6 months of CT in 36 inactive
office workers, wherein CT was performed for 15 to 20 min twice per day for 5 days each
week. Furthermore, Pedersen et al. (2009) showed a decrease in fat mass (%) in CT following
6 months of CT in 549 office employees, with training being conducted 3 times per week for
20 min (Pedersen et al. 2009). Within the current study, reductions in fat mass are likely due
to adaptations to the endurance component of CT. Indeed, endurance training results in
significantly larger improvements in fat mass compared to resistance training (Schwingshackl
et al. 2013), highlighting the importance of combining resistance and endurance training for
dual body composition benefits. Regardless, the effect of CT on fat mass in academics has not
been investigated, and few studies have measured the impact of CT on fat distribution within
inactive workers. The reduction in central adiposity (android fat mass and VAT) in the current
cohort is particularly important given its positive association with proinflammatory cytokine
activity and insulin resistance (Pou et al. 2007; Preis et al. 2010). Indeed, for every kilogram
increase in VAT the risk of T2DM is doubled in males and quadrupled in females (Gupta et al.
2019). In turn, the decrease in total body and central adiposity indicates the potential for CT to
help protect against the onset of cardiometabolic disease in inactive academics, though further

research is required.
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Previous prospective research has reported that participating in regular CT can significantly
lower the risk of developing MetS (Bakker et al. 2017). The potential of CT to protect against
cardiometabolic disease was also highlighted in the interaction effect for WC, which was
unchanged in CT but increased in the control group. Despite being a less sensitive measure of
central adiposity compared to VAT, increases in WC are associated with increased risk of
incident type 2 diabetes (Vazquez et al. 2007), indicating the importance of CT for preventing
a further increase in central obesity. CT interventions in other inactive populations have
resulted in significant reductions in WC (Stewart et al. 2005; Tseng et al. 2013), although,
research within academics is limited. For example, Tseng et al. (2013) reported a decrease in
WC (=9%) in the training group following 12-weeks of CT in 40 obese male adults (Tseng et
al. 2013). Additionally, Stewart et al. (2005) showed a significant decrease in WC (=3%) in
the CT following 6 months of training in 104 inactive older adults (Stewart et al. 2005).
Interestingly, despite significant decreases in fat mass, there was no change in BMI in the
current study, again highlighting the inability of BMI to differentiate between lean or fat mass
(Lee et al. 2018). Regardless, CT can improve lean mass, total fat mass and central adiposity
in inactive academics, which is important given the high prevalence of overweight and obesity
reported in study 1 and ensuing risk of MetS (Atlantis et al. 2009; Kwon, Kim & Kim 2017,
Lee 2020). These findings support a work-based CT program for inactive academics to improve

cardiometabolic risk markers associated with low levels of physical activity.

The Effect of Concurrent Training on Lipid Profile, Insulin Resistance and Inflammation

Fasting lipid profile is an important component of MetS and an indicator of cardiovascular
disease risk (Alberti et al. 2009; Virani et al. 2021). Following CT, there was a significant
interaction effect for non HDL-C and C:HDL, but no within-group changes. Further, CT did

not alter triglycerides, total cholesterol, HDL-C or LDL-C. Though research within academics
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is limited, CT interventions within other apparently healthy inactive adults have also not altered
lipid profiles (Azarbayjani et al. 2014; Ho et al. 2012; Langleite et al. 2016; Schroeder et al.
2019; Stewart et al. 2005). For example, Ho et al. (2012) reported no changes in lipid profile
after 12 weeks of CT in 64 inactive, overweight or obese adults (Ho et al. 2012). Results from
meta-analyses suggest that lipid outcomes may be influenced by exercise adherence, intensity
and intervention duration, but further research is required (Kim, Kim, et al. 2019). Indeed, we
showed no changes in lipid profile, despite 79% adherence to the 14-week CT intervention,
and implementation of various methods to maintain training intensity (e.g., exercise
progression protocols and training load monitoring). Irrespective of the limitations of our
sample size, the results may also be due to a ceiling effect on improvements given the current
cohort were free of known pre-existing cardiometabolic disease and below lipid thresholds
according to the MetS criteria (Alberti et al. 2009). Indeed, exercise results in larger
improvements to lipid profile in individuals with pre-existing metabolic conditions (Lin et al.
2015). Subgroup analysis within the meta-analysis by Lin et al. (2015) reported that exercise
improves total cholesterol and LDL-C in individuals with at least one cardiometabolic
abnormality (type 2 diabetes, hypertension, hyperlipidaemia or MetS), but has no effect in
individuals with none of those conditions (Lin et al. 2015). Regardless, the interaction effects
we report for non HDL-C and C:HDL prompt further research into the impact of CT on lipid

profile using larger cohorts of academics.

Fasting glucose and insulin, and HOMA-IR indicate risk of MetS and type 2 diabetes (Gayoso-
Diz et al. 2013; Ruijgrok et al. 2018). We showed an interaction effect for fasting glucose
following CT, but no within-group changes. Furthermore, CT had no effect on fasting insulin
and HOMA-IR. Interestingly, other CT interventions in inactive adults with no known

cardiometabolic disease report no changes to fasting glucose, but mixed effects for insulin and
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HOMA-IR (AbouAssi et al. 2015; Azarbayjani et al. 2014; Brunelli et al. 2015; Stewart et al.
2005). Indeed, AbouAssi et al. (2015) reported a significant decrease in fasting insulin, but no
change in glucose or HOMA-IR following 8 months of CT in 88 inactive with
overweight/obese adults and mild to moderate dyslipidaemia (AbouAssi et al. 2015). In
comparison, Stewart et al. (2005) reported no differences in measures of insulin resistance
between intervention and control groups following 6 months of CT in 104 inactive older adults
(Stewart et al. 2005). These mixed findings may be due to variance in CT characteristics and
exercise adherence, but further research is required to determine which training factors are
most effective in improving insulin resistance (Conn et al. 2014). Indeed, compared to the
79+£24% adherence to our CT program, AbouAssi et al. (2015) reported 79+18% and Stewart
et al. (2005) reported 88+10% adherence to their interventions (AbouAssi et al. 2015). Other
CT studies in adults without pre-existing conditions have shown no changes in measures of
insulin resistance with adherence between 67-91% (Ho et al. 2012; Jamka et al. 2021; Langleite
etal. 2016). Additionally, meta-analyses have reported that exercise intervention duration does
not affect fasting insulin or glucose (Lin et al. 2015). Whilst the type and distribution of
endurance and resistance training within CT may have an impact on insulin resistance
(AbouAssi et al. 2015; Jorge et al. 2011), the effect of key CT characteristics on insulin
resistance are equivocal and require further research. Regardless, the current cohort may have
also experienced a ceiling effect for improvement given exercise has a larger effect on insulin
resistance within individuals with pre-existing conditions (Battista et al. 2021; Lin et al. 2015).
Indeed, the meta-analysis by Lin et al. (2015) reported that exercise significantly deceased
fasting insulin in individuals with at least one of type 2 diabetes, hypertension,
hyperlipidaemia, or MetS, but not in individuals with none of these conditions (Lin et al. 2015).

Notwithstanding, increased physical activity reduces the risk of developing type 2 diabetes
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(Smith et al. 2016a), indicating the importance of work-based CT for inactive academics with

high prevalence of MetS (study 1).

Systemic inflammation has been positively associated with insulin resistance (Hivert et al.
2008; Kern et al. 2001), and IL-6 and TNF-a are cytokines of particular interest due to their
contribution to a low-grade chronic systemic inflammatory state that is evident with obesity
and MetS (Park, Park & Yu 2005; Zafar et al. 2019). There were no changes to IL-6 and TNF-
a following CT, which is comparable to previous research in healthy inactive adults (Donges
et al. 2013; Libardi et al. 2012). For example, Libardi et al. (2012) found no changes in IL-6
(0.73 pg/ml vs 0.77 pg/ml in our study at baseline) or TNF-a (2.94 pg/ml vs 1.57 pg/ml in our
study at baseline) following 16 weeks of CT in 47 inactive males (Libardi et al. 2012). Brunelli
et al. (2015) also showed no changes in IL-6 (< 2pg/mL at baseline) or TNF-a (<2.5 pg/ml at
baseline) after 24 weeks of CT in 30 inactive obese males (Brunelli et al. 2015). However,
most studies investigating the effect of CT on IL-6 and TNF-a in apparently healthy
participants were performed in males only (Donges et al. 2013; Thalainen et al. 2018; Langleite
et al. 2016), despite the detrimental impact that low-grade systemic inflammation can have on
females (Hu et al. 2004; Pai et al. 2004). Furthermore, our study is the first in inactive
academics, who may be at greater risk of low-grade systemic inflammation due to the low
physical activity, high effort-reward imbalance and high prevalence of MetS reported in study
1 (Almadi, Cathers & Chow 2013; Gouin et al. 2012; Moazzami et al. 2019). Regardless, whilst
CT studies are often underpowered to detect small changes in inflammatory markers, meta-
analyses have reported no change in IL-6 and TNF-a in individuals with CVD (Swardfager et
al. 2012), and significant decreases in IL-6 in individuals with type 2 diabetes following aerobic
exercise (Hayashino et al. 2014). However, Cronin et al. (2017) reviewed the effects of acrobic,

resistance and concurrent training on systemic inflammation in healthy, inactive individuals
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and reported no alterations in TNF-a for any exercise type, but mixed results for only aerobic,
or resistance exercise on IL-6 (Cronin et al. 2017). Overall, it appears that exercise
predominantly improves systemic inflammation in individuals with high baseline
concentrations (Lakka et al. 2005). Consequently, given the absence of cardiometabolic

diseases in the current cohort, improvements in IL-6 and TNF-a may have been limited.

Summary of Effects of Concurrent Training on Cardiometabolic Health

In summary, CT resulted in improvements in aerobic capacity, lean mass, total body fat mass
and central adiposity, despite no change in systemic inflammation or insulin resistance in
inactive academics. Given the prevalence of MetS and overweight and obesity found in study
1, these findings have important implications for inactive academics. Indeed, increases in lean
mass and aerobic capacity are associated with a reduced risk of developing MetS (Kim et al.
2018; Lee 2020), whilst decreased fat mass and central adiposity are associated with a lower
risk of incident MetS (Kwon, Kim & Kim 2017). Given the relatively high adherence, the
current workplace CT program was an effective intervention to improve cardiometabolic risk

factors that exist in academics participating in low levels of physical activity.

Mental Health of Inactive Academics and the Effect of Concurrent Training

State of Mental Health in Inactive Academics

University staff are reported to have worse mental health compared to the general population
(Mark & Smith 2012). Furthermore, academics experience worse mental health than other
university staff, indicating they may be at an increased risk of mental illness (Winefield et al.
2003). Given low levels of physical activity are also associated with poor mental health in the
general population and within employees (Dishman, McDowell & Herring 2021; Kang et al.

2016), an investigation into the mental health status of inactive academics was warranted.
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Study 1 assessed the mental health status of inactive academics and reported an ERI score of
1.2+0.4 in the present cohort, indicating that these inactive academics experience more effort
output than reward input. This finding contrasts with Kinman (2019) who reported an ERI of
0.8+0.6 in a sample of 458 academics from universities in the UK (Kinman 2019). However,
job stress differs by occupation and country (Siegrist, Li & Montano 2014), and comparisons
must consider differences in sample size and the type of ERI questionnaire used (i.e. long vs
short version). Though not a clinical threshold, an ERI score >1.0 theoretically represents a
failure in social reciprocity at work, leading to stress and negative feelings (Siegrist 2012;
Siegrist, Li & Montano 2014). Whilst we did not investigate the reasons for the imbalance in
effort and reward, commonly cited sources of job stress in Australian academics include high
workload and responsibility, alongside a lack of funding, support services, leadership,

promotion and recognition (Gillespie et al. 2001).

Within the current cohort, A/Lecturers and Lecturers reported similar ERI values, but higher
general stress compared to higher ranking academics, which contrasts with other research
reporting inconsistent differences in general stress between academic levels (Abouserie 1996;
Darabi, Macaskill & Reidy 2017; Gmelch, Wilke & Lovrich 1986). Notwithstanding, lower
ranking academics may experience greater exposure to stressors related to workload, work
relationships, bureaucracy, social recognition and status (Sliskovi¢ & SersSi¢ 2011), which may
increase general stress, though such associations do not indicate cause and effect. In regard to
sex, there were no differences in mean scores for job-specific and general stress, in line with
previous research in academics from universities in the UK (Abouserie 1996; Darabi,
Macaskill & Reidy 2017), Czech Republic (Mudrak et al. 2017), and South Africa (Barkhuizen

& Rothmann 2008). Given previous research has shown that higher ERI and stress are
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associated with greater risk of developing depression (Hammen et al. 2009; Rugulies, Aust &

Madsen 2017), it is pertinent to investigate strategies to minimise stress in inactive academics.

Despite mean mental health scores in the “normal” range according to DASS-21 and K10
definitions, 22% of inactive academics had moderate to severe symptoms of stress, anxiety or
depression. Furthermore, the mean distress score places this cohort in the 75" percentile of
distress in Australian adults (Slade, Grove & Burgess 2011). Similarly, Mark & Smith (2012)
reported increased feelings of anxiety and depression in university staff compared to the
general population, and Winefield et al. (2003) found that within university staff, academics
had higher psychological strain compared to other employees (e.g. administrative and technical
staff) (Winefield et al. 2003). This suggests that inactive academics may be at greater risk of

mental disorders compared to other populations.

In the current study, we found no significant sex differences in mean scores for depression or
anxiety, which is in line with findings from a sample of UK academics (Darabi, Macaskill &
Reidy 2017), but contrasts with research from Irish, Finnish, Pakistani and Canadian
Universities, wherein female academics had poorer mental health compared to male academics
(Akhtar Malik 2018; Catano et al. 2010; Hogan et al. 2015). However, sex differences in mental
health outcomes are likely influenced by occupation (e.g. support vs academic staff) and work
environment (e.g. socio-cultural setting) (Emslie et al. 2002), which must be considered when
comparing research. Although we did not investigate specific causes of anxiety and depression,
the association between ERI and depression highlights that the workplace characteristics that
affect effort and reward may also influence other mental health outcomes. Regardless, previous
research has reported a positive association between stress and symptoms of depression (Fan

et al. 2015; Hammen et al. 2009). Our study shows that A/Lecturers and Lecturers reported
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more feelings of depression and distress compared to higher ranking academics, which may
explain the higher levels of general stress experienced by A/Lecturers and Lecturers. Overall,
these results indicate that inactive academics experience increased symptoms of distress, with
greater feelings of distress and depression in lower ranking academics. Accordingly, the
efficacy of interventions known to improve symptoms of distress and depression, such as

exercise (Bellon et al. 2021), should be assessed within the inactive academic workplace.

In summary, study 1 provides evidence of poor mental health within an inactive Australian
academic cohort. Specifically, 1 in 5 individuals in our cohort experienced moderate to severe
symptoms of stress, anxiety or depression, and the mean ERI of 1.2 indicated an imbalance
between effort input and reward output. In turn, higher stress and low physical activity have
previously shown to increase the risk of developing mental disorders such as depression
(Hammen et al. 2009; Rugulies, Aust & Madsen 2017; Schuch et al. 2018). Given that exercise
has been shown to decrease symptoms of depression and stress within other inactive
workplaces (Atlantis et al. 2004), an investigation into the impact of exercise on mental health

in the inactive academic workplace was warranted.

The Effect of Concurrent Training on Depression and Anxiety

Due to the prevalence of poor mental health in inactive academics shown in study 1, we
examined the effect of a 14-week CT intervention on symptoms of depression, anxiety and
stress in this population. CT resulted in significant improvements in symptoms of depression
(as assessed by the DASS-21). Previous studies in academics are lacking, Atlantis et al. (2004)
reported a decrease in symptoms of depression (via DASS-21) following 24 weeks of CT and
behaviour modification in inactive casino employees (Atlantis et al. 2004), though independent

effects of CT were not assessed. Although CT adherence was similar between studies (80% vs
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79% in our study), our intervention resulted in a moderate effect size for improvements in
depression compared to the small effect size in the study by Atlantis et al. (2004). A larger
effect may have been expected in the Atlantis et al. (2004) study as the mean depression score
(via DASS-21) at baseline was “moderate” compared to the median of “normal” in ours, and
higher baseline scores of depression are associated with larger improvements following
exercise (Atlantis et al. 2004; King, Taylor & Haskell 1993; Rethorst, Wipfli & Landers 2009).
These collective findings highlight the impact that CT can have on symptom of depression,
independent of other behavioural interventions. The importance of combined endurance and
resistance training for depressive symptoms has also been emphasised in cross-sectional
research, wherein the lowest prevalence of depressive symptoms were found in adults
participating in regular endurance and resistance training, in contrast to either exercise mode
alone, though analysis was not adjusted for total weekly exercise volume (Bennie et al. 2019).
Consequently, the moderate effect that CT had on symptoms of depression may have
implications for the future mental health of inactive academics, particularly given that
increasing physical activity has been associated with a decreased risk of developing depression

(Harvey et al. 2018).

Increased physical activity has also been shown to decrease anxiety by a small effect in non-
clinical populations (Rebar et al. 2015). However, our CT intervention did not alter symptoms
of anxiety, which may be unsurprising given the low levels at baseline. While limited research
has been conducted in academics, CT interventions within other inactive workplaces have also
reported no changes in anxiety when baseline anxiety has been within normal ranges (as
measured by the DASS-21) (Atlantis et al. 2004). Lucibello et al. (2019) showed that 9-weeks
of endurance exercise reduced state anxiety in participants with high, but not low baseline

anxiety (Lucibello, Parker & Heisz 2019). This highlights the ceiling effect on improvements
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for individuals with low baseline anxiety, whilst reaffirming that exercise may still protect
against an increase in anxiety. Increased physical activity has been shown to reduce the risk of
incident anxiety disorders (Schuch et al. 2019), indicating a role of CT in maintaining the

mental health of inactive academics.

Overall, CT was effective in decreasing symptoms of depression in inactive academics, despite
no effect on anxiety. This is important given the prevalence of moderate to severe symptoms
of depression, anxiety or stress reported in study 1. These results indicate that CT may counter
the increased risk of depression associated with the effort-reward imbalance evident in the
current cohort (Rugulies, Aust & Madsen 2017). Such a decrease in depressive symptoms may
not only be relevant to inactive academics, but also the university sector given previous
research has shown a significant decrease in productivity in workers with higher depressive
symptoms (McTernan, Dollard & LaMontagne 2013), however, research into the impact of CT

on productivity in inactive academics is required.

The Effect of Concurrent Training on Stress

Perceived stress is an important risk factor for depression (Hammen et al. 2009), and has
previously shown to be higher in academics compared to other workers (Fontinha, Easton &
Van Laar 2019). In our study, CT did not affect general stress, which contrasts with other
research within inactive workplaces that report a significant decrease in stress (via DASS-21)
following CT (Atlantis et al. 2004). However, Atlantis et al. (2012) reported a “moderate” level
of stress at baseline, compared to the “normal” scores in the current cohort. As with symptoms
of depression and anxiety (Lucibello, Parker & Heisz 2019; Rethorst, Wipfli & Landers 2009),
higher baseline symptoms of stress are associated with greater decreases following exercise

interventions (Atlantis et al. 2004; King, Taylor & Haskell 1993), and must be considered when
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comparing post-training results. Regardless, increased physical activity is associated with
decreased stress (Burg et al. 2017; Ng & Jeffery 2003), which is important given the association
between stress and depression reported in study 1 and other cross-sectional research (Fan et al.
2015; Hammen et al. 2009). Hence, increasing moderate to vigorous physical activity via CT
may have important implications for managing stress in inactive academics, despite the lack of

change observed here following exercise training.

Separate from recall-based measures of stress (e.g. via DASS-21), the daily reporting of stress
(via EMA) can provide a unique insight into the day-to-day fluctuations in stress (Scollon,
Prieto & Diener 2009). The CT intervention did not affect daily stress within academics, which
may explain why general stress questionnaire responses were not significantly different
following training. Previously, a 7-day study employing EMA found that self-reported physical
activity was associated with a decrease in acute stress over the following several hours
(Schultchen et al. 2019). Moreover, Burg et al. (2017) reported a significant negative
association between perceived end-of-day stress and a 30-min bout of objectively measured
physical activity during the day (Burg et al. 2017). However, there were substantial individual
differences in responses, with no relationship between stress and physical activity reported
within most individuals (Burg et al. 2017). Regardless, the type and timing of stress measures
differs between studies and must be considered when inferring conclusions. For example,
Schultchen et al. (2019) measured stress 6 times per day using 2 items from the perceived stress
scale (Schultchen et al. 2019), whilst Burg et al. (2017) measured stress once in the evening
with a single arbitrary item (Burg et al. 2017). In the current study, stress was not measured
directly after exercise sessions, and any acute or transient changes in perceived stress following

exercise were not apparent in the daily morning questionnaire during the CT intervention.
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Study 1 and other research within academics have reported high stress and poor mental health
within the profession (Winefield et al. 2003), and study 3 is the first to assess the impact of an
exercise intervention on ERI and overcommitment. In turn, our results indicate the limited
impact exercise had on job stress. Previous research has shown that exercise can influence the
perception of general stress (Atlantis et al. 2004), but variables such as workload, job-specific
work outcomes, support services and promotion prospects are more likely to have a meaningful
impact on job stress given its job-specific nature (Gillespie et al. 2001). Research in other
workplaces has reported improvements in certain aspects of job stress (as measured by the brief
job stress questionnaire) following 8 weeks of CT within various white- and blue-collar
workplaces (Michishita et al. 2017). However, the different assessments and definitions of job
stress may significantly influence results and are important to consider when interpreting
findings (Hassard et al. 2018; Houdmont, Cox & Griffiths 2010). For example, the brief job
stress questionnaire used in the study by Michishita et al. (2017) identifies job-related stress
via various job stressors, including job demands and control (Shimomitsu 2000), suggesting a
unique definition and measurement of job stress compared to the ERI questionnaire.
Furthermore, a review of 18 nationally representative surveys suggested that case definitions
affect job stress outcomes (Houdmont, Cox & Griffiths 2010). Notwithstanding, the
association of ERI with depression (Rugulies, Aust & Madsen 2017), and the imbalance in
effort and rewards found in study 1, highlights the importance to investigate strategies other

than exercise to decrease ERI in inactive academics.

The Effect of Concurrent Training on Daily Wellness Measures
Given the various biases associated with recall based questionnaires (Choi & Pak 2005), EMA
provides a more sensitive measure of mental health indices (Solhan et al. 2009). In turn, EMA

was used to measure daily perceptions of fatigue, stress, mood and workload, alongside sleep
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quality and duration in study 3. Previously, the poor mental health experienced by academics
compared to other professions has been associated with sleep disturbances (Winefield et al.
2002), and the decreases in symptoms of depression in the current study may have been
associated with improvements in sleep (Bowman et al. 2021). However, we found no changes
in daily measures of perceived sleep quality or self-reported total sleep duration in response to
CT, which is in line with other CT intervention studies within inactive obese (Leonel et al.
2020), and apparently healthy adults (Jurado-Fasoli et al. 2020; Kuusmaa-Schildt et al. 2019).
For example, Leonel et al. (2020) reported no changes in subjective measures of sleep quality
and duration following 16 weeks of CT in inactive obese adults (Leonel et al. 2020).
Additionally, Jurado-Fasoli et al. (2020) found no interaction effects for perceived sleep quality
or objectively measured total sleep time between CT and control groups following a 12-week
intervention in inactive healthy adults (Jurado-Fasoli et al. 2020). Though unable to determine
causality, cross-sectional research has reported that individuals adhering to both endurance and
resistance training guidelines are less likely to have poor sleep quality or short (4 to 6 h) or
long (10 to 12 h) sleep duration (Bennie, De Cocker & Duncan 2021). However, a meta-
analysis found that exercise-induced changes in sleep quality and quantity were predominantly
reported in older populations, or those with pre-existing conditions (Kovacevic et al. 2018).
The current academic cohort were free of known pre-existing conditions and within the
recommended 7-9 h of sleep at baseline according to self-report data (Hirshkowitz et al. 2015),
which may have resulted in a ceiling effect on any improvements in sleep quality and duration.
Notwithstanding, our research provides a novel assessment of perceived sleep quality within
academia and shows that CT did not have an impact on subjective measures of sleep despite

decreases in depression in our sample.
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No changes in daily mood were evident during CT despite a decrease in symptoms of
depression (via DASS-21), highlighting the low agreement often apparent between EMA and
retrospective assessments (Solhan et al. 2009). Although exercise research in academics is
lacking, other studies have found improvements in mood after acute exercise, but the impact is
transient, peaking shortly after exercise and returning to baseline thereafter (Reed & Ones
2006; Wichers et al. 2012). Wichers et al. (2012) found that positive affect significantly
increased for up to 3 h following usual physical activity in 474 female adults, however, negative
affect did not change (Wichers et al. 2012). The current study may have missed any acute, post-
exercise improvements in mood because it was not assessed immediately following training
sessions. Furthermore, we measured mood via a single item representing negative affect, for
which the effect of exercise is mixed (Liao, Shonkoff & Dunton 2015). Nevertheless, our
research indicates that despite improving recall-based measurement of depressive symptoms,

the daily measurement of mood was not influenced by CT.

Despite previous research reporting a positive association between depression and fatigue (Lim
et al. 2005), we found that CT significantly improved symptoms of depression with no changes
in perceived fatigue. Although research in academics is limited, other studies investigating the
effect of exercise on perceived fatigue have reported mixed results (Gauvin, Rejeski &
Reboussin 2000; Thogersen-Ntoumani et al. 2015; Vetrovsky et al. 2021). The study by
Gauvin, Rejeski and Reboussin (2000) reported no effect of physical activity on self-reported
fatigue in 84 females (Gauvin, Rejeski & Reboussin 2000). However, Vetrovsky et al. (2021)
found that exercise was associated with a significant decrease in acute perceptions of fatigue
the following morning during a 3-week study (Vetrovsky et al. 2021). The variance in results
may be due to the high heterogeneity between exercise studies, wherein differences in

population (clinical vs non clinical), exercise intensities (walking vs running) and assessment
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tools can have a significant influence on perceptual mental health outcomes (Reed & Ones
2006), making study comparisons difficult. Despite no significant effect of CT on fatigue in
the current study, fatigue can significantly influence productivity within the workplace (Ricci
et al. 2007) and should be managed in academics given their vital role in the tertiary education

system (Marginson 2007; Taylor 2001).

Overall, 14-weeks of CT resulted in a significant decrease in symptoms of depression in
inactive academics, without changes to stress, anxiety or daily wellness measures. Despite the
“normal” baseline scores for symptoms of stress, anxiety and depression in the current cohort,
CT may counter the mental health risks associated with the low levels of physical activity and
high job stress in the inactive academic workplace. Furthermore, the relatively high adherence
to CT provides evidence of its feasibility in the academic workplace, and our findings warrant

further research into the impact of CT on productivity within tertiary academics.

The Interrelationships Between Risk Factors for Cardiometabolic and Mental Health
Associations Between Stress, Depression, and Inflammation

The inter-relationship of physical and mental health is of growing interest, with previous cross-
sectional research reporting positive associations between stress, systemic inflammation and
symptoms of depression (Fan et al. 2015; Gouin et al. 2012; Howren, Lamkin & Suls 2009).
However, few studies report inter-related changes over time, which is important to facilitate
the prescription of more targeted and effective interventions to improve these risk factors.
Previous research has shown concomitant improvements in stress and depressive symptoms
following CT (Atlantis et al. 2004), but mixed effects on systemic inflammation in apparently
healthy populations (Donges et al. 2013; Thalainen et al. 2018). Accordingly, further

investigation into the association between these risk factors was warranted.
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The cross-sectional analysis in study 1 reported that ERI had a positive association with stress
and depression, which concurs with a previous meta-analysis of prospective studies on
workplace mental health in the US, Europe and Canada (Rugulies, Aust & Madsen 2017).
Indeed, Rugulies, Aust & Madsen (2017) showed that a greater ERI was associated with a 1.5-
fold increased risk of depression (Rugulies, Aust & Madsen 2017). In contrast, Kinman (2019)
reported limited evidence for a relationship between ERI and mental health as measured by the
General Health Questionnaire in academics. The study found a positive correlation between
ERI and mental ill health, but subsequent regression analysis found the association only existed
for certain types of reward within the ERI ratio (e.g. esteem rewards) (Kinman 2019). These
results may contrast with ours due to the measurement scales used, as psychological strain
measured by the General Health Questionnaire not only incorporates symptoms of depression,
but also anxiety and distress (Goldberg 1988), which were not associated with ERI in the
current study. Regardless, the association between ERI and depression in study 1 prompted
further investigation into this relationship in study 3. Indeed, previous research has reported a
decrease in symptoms of depression following CT in inactive workers (Atlantis et al. 2004),

and we wanted to investigate whether such improvements were associated with changes in ERI.

Despite a significant decrease in symptoms of depression, there was no change in ERI and no
association between changes in either variable following the CT intervention (study 3). This
contrasts with the cross-sectional results in study 1 and from prospective research indicating a
positive association between ERI and depression (Rugulies, Aust & Madsen 2017). However,
the lack of significant changes in ERI in the current study may have limited the power of the
regression analysis, as there was minimal variation in the independent variable. There was no

interaction effect of group, indicating that allocation to the training or control group did not
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influence the association between ERI and symptoms of depression. In turn, our results suggest
that while CT can decrease symptoms of depression, this occurs without concomitant changes
in job stress. Consequently, for universities wanting to improve the mental health of inactive
academics, CT offers an effective alternative to other, potentially more costly methods that
target depressive symptoms through improvements in ERI i.e. reductions in workload or
increases in wages. However, our results must be interpreted in relation to the sample size of
the current study which is significantly smaller than longitudinal studies and thus has less

statistical power to detect associations between variables.

Study 1 found that higher symptoms of depression and distress were associated with greater
likelihood of MetS, though the relationship was not bidirectional. In comparison, a previous
meta-analysis found evidence of a bidirectional association between depression and MetS (Pan
et al. 2012), wherein MetS significantly predicted incident depression (OR=1.49,
95%CI=1.19,1.89), and vice versa (OR=1.52, 95%CI=1.20,1.91). This relationship between
cardiometabolic and mental health may be founded on the similar risk factors that underlie the
development of both cardiometabolic disease and mental illness. Indeed, stress and low-grade
systemic inflammation are positively associated with both depression and MetS (Dowlati et al.
2010; Esser et al. 2014; Hammen et al. 2009; Kuo et al. 2019). Furthermore, chronic stress is
associated with increased systemic inflammatory markers, such as IL-6 and TNF-a (Rohleder
2019), and thus a theoretical pathway has been suggested to exist between stress to
inflammation and in turn depression (Slavich & Irwin 2014). However, to date this relationship
has received mixed support (Lee. 2020; Piantella et al. 2021), and further exploration is

required.
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Given that stress has been previously associated with depression (Hammen et al. 2009), and
the inflammatory markers IL-6 and TNF-a (Gouin et al. 2012; Rohleder 2019), we investigated
whether changes in stress would be associated with changes in systemic inflammation or
depression following CT. However, there was no association between changes in any type of
stress and changes in depression with systemic inflammation. Previously, Paolucci et al. (2018)
reported concomitant improvements in stress, depression and TNF-a following 6-weeks of
moderate intensity endurance training in 55 healthy adults (Paolucci et al. 2018). However,
analysis of the relationship between changes in these variables was not performed. Regardless,
Hartmann et al. (2021) found a positive correlation between TNF-o and general stress (r=0.44,
P=0.026), but not depression, following 6-weeks of endurance training (Hartmann et al. 2021).
Lee et al. (2020) reported an association (B=0.11, 95% CI=0.10, 0.13, n=941) between general
stress and symptoms of depression from longitudinal data (6 years), but no cross-sectional
association between general stress and IL-6 (Lee. 2020). This contrasts with a cross-sectional
study of 2,528 adults that reported job stress and depressive symptoms were positively
associated with IL-6 in females only, and job stress was positively associated with symptoms
of depression (Piantella et al. 2021). These results allude to the complexity of stress and its
relationship with mental and physical health (Koolhaas et al. 2011), and indicate the need for

further research into the associations between these variables.

Overall, our results reveal that despite a positive cross-sectional association between job stress
and symptoms of depression (study 1), changes in depressive symptoms following CT were
not associated with changes in ERI (study 3). Furthermore, changes in general, daily, and job-
specific stress were not associated with changes in symptoms of depression or systemic
inflammation (study 3), suggesting that CT decreases symptoms of depression without

concomitant changes in stress or systemic inflammation. Acknowledging the limitations of our
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low sample size and small variations in the predictor variable, our analysis of change data
provides a unique perspective from cross-sectional studies on the association between mental

and physical health in an academic cohort.

Associations Between Body Composition, Insulin Resistance and Systemic Inflammation

The positive association between systemic inflammation and mental and cardiometabolic
disorders such as depression and type 2 diabetes (Dowlati et al. 2010; Spranger et al. 2003;
Wang et al. 2013), highlights the importance in investigating relationships between systemic
inflammation and other risk markers of these disorders. Indeed, IL-6 and TNF-a have been
positively associated with other metabolic risk factors including fat mass and insulin resistance
(Kunz et al. 2021). Given exercise is known to improve body composition and insulin
resistance (Battista et al. 2021), study 2 reports the associations between changes in these
variables and changes in systemic inflammation. Despite significant reductions in fat mass,
there were no concomitant decreases in systemic inflammation following CT. Furthermore,
regression analyses did not find an association between changes in fat mass and changes in IL-
6 or TNF-a, which is surprising because VAT and fat mass are primary sources of IL-6 and
TNF-a production (Fain et al. 2004; Fontana et al. 2007; Winkler et al. 2003). Other exercise
interventions have also resulted in decreases in measures of fat mass without alterations in IL-
6 and TNF-a (Thalainen et al. 2018; Langleite et al. 2016). Alternatively, prospective studies
have found that measures of fat mass at least partially account for the positive association
between IL-6 and TNF-a and cardiometabolic disease (Kaptoge et al. 2014; Spranger et al.
2003; Wang et al. 2013), indicating an association between fat mass and systemic

inflammation. There is complexity surrounding the production and effects of cytokines and it
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is likely that changes in other variables such as adipose tissue macrophage phenotype, adipose
tissue type, and insulin resistance are associated with changes in IL-6 and TNF-a (Hotamisligil

2017b; Villarroya et al. 2018).

Previous cross-sectional research has reported a positive association between insulin resistance
and systemic inflammation, independent of fat mass (Hivert et al. 2010). However, few studies
have assessed whether a change in insulin resistance is associated with a change in markers of
systemic inflammation. We show changes in fasting insulin and HOMA-IR were positively
associated with IL-6 in the control group and remained significant even after adjustment for
fat mass. However, no such association existed in the CT group, suggesting that CT may
attenuate the relationship between systemic IL-6 and insulin resistance. Indeed, IL-6 can have
varied effects depending on location of release and mode of action (Hunter & Jones 2015),
which can be influenced by exercise (Pedersen 2011). For example, acute increases in IL-6
release from muscle tissue following exercise can result in insulin sensitising effects, whilst
chronic expression of IL-6 from adipose tissue can induce insulin resistance (Kunz et al. 2021;
Pedersen 2017). However, the lack of association between insulin resistance and IL-6 in the
CT group of the current study remains to be explained and requires further research.
Regardless, our findings in the control group support other research conveying a positive
association between IL-6 and insulin resistance, independent of adiposity (Abbatecola et al.
2004; Kern et al. 2001). Though we did not explore the underlying causes for the lack of
association in the training group, our findings prompt further research into the effect that CT

has on the relationship between insulin resistance and systemic inflammation.

Limitations
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Despite our study being the first to evaluate the impact of CT on cardiometabolic and mental
health in inactive academics, there are limitations that need to be recognised. We recruited
inactive, apparently healthy academics from a single Australian university, with access to
supervised training at an onsite facility. Therefore, results are difficult to generalise to the
broader academic population and other inactive workplaces. Indeed, the mental and
cardiometabolic health of academics may differ by country and demographics (Akhtar Malik
2018; Cheserek et al. 2014), and universities may vary in regard to workplace culture and
support services. Furthermore, exercise has a more pronounced effect on cardiometabolic (e.g.
insulin resistance and cholesterol) and mental (e.g. symptoms depression and anxiety) health
in participants with pre-existing conditions (Lin et al. 2015; Rethorst, Wipfli & Landers 2009)
and it is recognised such participants were excluded from the current studies. Future research
should employ a multicentre longitudinal design and investigate the impact of CT on the mental
and cardiometabolic health of academics with and without pre-existing conditions. However,
the obvious resource constraints associated with such research make it difficult to collect the

detailed and objective measurements of cardiometabolic and mental health in the current study.

The complexity of some of the mental and cardiometabolic health variables measured in the
research is another limitation. For example, the prevalence of MetS can differ depending on
the defining criteria, which makes study comparisons difficult (Cameron et al. 2007). This
issue is also found in stress research, wherein stress can be characterised as acute or chronic
(Rohleder 2019), physical or perceived (Koolhaas et al. 2011), and job specific or general
(Bergmann, Gyntelberg & Faber 2014), and each type may respond differently to exercise
interventions. In turn, various types of stress were measured in the current study to enable more

comprehensive conclusions and comparisons to be made within inactive academics.
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There were also more specific limitations within each study. Regarding study 1, though
associations between mental and cardiometabolic health variables were evident, its cross-
sectional nature does not allow causation to be determined. Furthermore, the unequal
distribution of females and males between academic levels may have influenced between-
group comparisons especially the effects of sex on fat mass, lean mass and aerobic capacity. In
study 2 and 3, the sample size was inadequate to detect small changes in systemic
inflammation, and thus results should be interpreted with caution. Furthermore, the number of
participants with MetS was too small to statistically compare between groups in study 1 and 2,
despite a decrease in the number of participants with MetS in the CT group in study 2. A
limitation of study 3 was the single items used to measure complex variables such as stress and
fatigue during daily EMA. Although sourced from previously validated questionnaires, these
items are often amalgamated with others to more thoroughly assess mental health (McNair,
Loor & Droppleman 1981). Notwithstanding, the use of EMA provided a unique insight into
the day-to-day perceptions of inactive academics, and was an important complementary
measure of mental health given the biases associated with recall-based questionnaires (Scollon,

Prieto & Diener 2009).
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Chapter 7
Summary, Practical
Applications and

Future Directions



Summary and Conclusions

This thesis examined the mental and cardiometabolic health status of inactive academics (study
1), and then assessed the effectiveness CT on risk factors for cardiometabolic and mental
disorders in inactive academics (study 2 and 3). More specifically, the primary aims were to:

1. Describe the cardiometabolic and mental health of inactive full-time academics within
an Australian university and compare cardiometabolic and mental health risk factors by
sex and academic level (study 1).

2. Evaluate the effect of 14-weeks of CT on insulin resistance, body composition, body
fat distribution, markers of systemic inflammation and components of MetS in inactive
full-time academics from an Australian university (study 2).

3. Determine the effect of a 14-week CT program on symptoms of depression, stress and
anxiety in inactive full-time academics from an Australian university (study 3).

A secondary aim of the thesis was to investigate relationships between:

e Risk markers of mental (e.g. ERI, depressive symptoms) and cardiometabolic (VOzpeak,
MetS) disorders (study 1).

e Changes in systemic inflammation and changes in insulin resistance and body
composition (study 2).

e Changes in different types of stress (job specific, general, daily) and changes in

symptoms of depression and systemic inflammation (study 3).

Key Findings
Study 1:
e 20% (n=12) of inactive academics met the criteria for MetS.

e 48% of inactive academics were overweight (n=18, 31%) or obese (n=10, 17%).
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22% (n=13) of inactive academics had moderate to severe symptoms of depression
(n=4), anxiety (n=4) and/or stress (n=11).

Inactive academics had a mean ERI score of 1.22 +0.40 indicating more effort outputs
for each reward input.

Mental health outcomes did not differ between males and females.

A/Lecturers and Lecturers reported greater feelings of distress and depression
compared to A/Professors and Professors and were significantly more stressed than
Senior Lecturers and A/Professors and Professors.

Job stress (ERI) was positively associated with depressive symptoms, and higher
depressive symptoms and distress were associated with an increased likelihood of

MetS.

Study 2:

There were significant increases in lean mass and aerobic capacity in CT compared to
control.

There were significant decreases in fat mass and central adiposity (VAT and android
fat mass) in CT compared to control.

CT did not affect HOMA-IR, insulin, systemic inflammation, triglycerides, total
cholesterol, HDL-C or LDL-C.

Changes in insulin resistance were positively associated with changes in IL-6 in the

control group, but not in CT.

Study 3:

There was a significant decrease in symptoms of depression in CT compared to control.

CT did not affect anxiety, distress, general stress, job stress or daily wellness measures.
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e There were no associations between changes in stress and changes in depressive

symptoms or systemic inflammation.

We found evidence of poor mental and cardiometabolic health in inactive academics. However,
CT was effective in countering the negative effects of high stress and low levels of physical
activity on body composition, aerobic capacity, and symptoms of depression in the inactive
academic workplace. Our findings also emphasise the benefits of CT for non-clinical
populations at higher risk of mental and cardiometabolic health disorders. Given the
detrimental impact that chronic conditions like depression and cardiometabolic diseases can
have on health and productivity, our findings may have important implications for both inactive

academics and the broader university sector.

Practical Applications
Based on the key findings of this thesis, there are subsequent practical applications for both the
university sector and exercise professionals:

e For the university sector, there is a need to attend to the cardiometabolic and mental
health of inactive academics. This is evident by the high prevalence of MetS, rates of
moderate to severe levels of stress, anxiety and/or depression, and experience of an
effort-reward imbalance.

e Lower ranking academics experience worse mental health compared to their more
senior colleagues. In turn, interventions to improve mental health should place a
particular emphasis on this sub-group of inactive academics.

e For the university sector, embedding a concurrent exercise training program into the

inactive academic workplace may counter the detrimental impact of low amounts of
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physical activity and an effort-reward imbalance on mental and cardiometabolic health,
without altering effort-reward imbalance.

Given the positive cross-sectional association between ERI and depression, and
depression and MetS, it is important to consider both mental and cardiometabolic health
outcomes when developing interventions to improve one of these variables.

For exercise professionals, CT is an effective exercise mode to provide concomitant
improvements in aerobic capacity, fat mass and lean mass in untrained populations.
Despite the absence of pre-existing conditions, CT can still improve the mental and
cardiometabolic health of inactive academics and reduce the risk factors associated with

future onset of cardiometabolic diseases and mental disorders.

Directions for Future Research

There are multiple recommendations for future research based on the results and limitations of

the current thesis:

The current cohort were apparently healthy inactive academics from a single Australian
university. This makes it difficult to generalise findings to the broader academic
population, and those with pre-existing conditions. Future research should be multi-
centred and investigate the impact of exercise (CT or otherwise) on academics with and
without pre-existing conditions.

Various types of CT interventions have been used within inactive adults, and future
research should investigate which components of a CT intervention have the largest
impact on cardiometabolic and mental health outcomes. These may include the types
and ratio of endurance and resistance training, progressive overload method, and

duration, frequency and intensity of training.
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Despite previous cross-sectional research showing a positive association between fat
mass and systemic inflammation, we did not find that change in fat mass was associated
with alterations in systemic inflammation. Furthermore, we show a positive association
between changes in insulin resistance and IL-6 in the control group, with no relationship
evident in the CT group. In turn, further research is required to clarify associations
between fat mass, insulin resistance and inflammation, and explain the impact of CT
on any of these relationships.

Despite no association between changes in stress (daily, general or job-specific) and
changes in systemic inflammation or depressive symptoms, these relationships have
been reported previously. Evidently, further research into the association between
different types of stress, inflammatory markers and symptoms of depression is

warranted.
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Appendix A — Ethics Approval

Dear Applicant

Thank you for your response to the Committee's comments for your project titled,
"Concurrent exercise training for physical and mental health in the academic workplace;
bilateral benefits for employer and employee". The Committee agreed that this application
now meets the requirements of the National Statement on Ethical Conduct in Human
Research (2007) and has been approved on that basis. You are therefore authorised to
commence activities as outlined in your application, subject to any conditions detailed in this
document.

You are reminded that this letter constitutes ethics approval only. This research project must
also be undertaken in accordance with all UTS policies and guidelines including the Research
Management Policy (http://www.gsu.uts.edu.au/policies/research-management-policy.html).

Your approval number is UTS HREC REF NO. ETH18-3093.

Approval will be for a period of five (5) years from the date of this correspondence subject to
the submission of annual progress reports.

The following special conditions apply to your approval:
* GCP training should be undertaken by all members of the research team, and evidence of
attainment should be provided to the Ethics Secretariat when obtained.

The following standard conditions apply to your approval:

* Your approval number must be included in all participant material and advertisements. Any
advertisements on Staff Connect without an approval number will be removed.

* The Principal Investigator will immediately report anything that might warrant review of
ethical approval of the project to the Ethics Secretariat (Research.Ethics@uts.edu.au).

* The Principal Investigator will notify the UTS HREC of any event that requires a
modification to the protocol or other project documents, and submit any required
amendments prior to implementation. Instructions can be found

at https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integri
ty/Animal%?20care%20and%20ethics/Post-Approval/post-approval.aspx.

* The Principal Investigator will promptly report adverse events to the Ethics Secretariat
(Research.Ethics@uts.edu.au). An adverse event is any event (anticipated or otherwise) that
has a negative impact on participants, researchers or the reputation of the University. Adverse
events can also include privacy breaches, loss of data and damage to property. Any cases of
serious adverse event (SAE), adverse drug reaction (ADR), or serious unexpected suspected
adverse reaction (SUSAR) must be reported to the Sponsor within 24 hours of becoming
aware of the event, and to the CTSC within 72 hours of becoming aware of the event, using
the appropriate reporting form. Refer

to https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integri
ty/Human%?20research%20ethics/Clinical%20trials/clinical-trials.aspx#tab4 for more
information.

* The Principal Investigator will report to the UTS HREC annually and notify the HREC
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when the project is completed at all sites. The Principal Investigator will notify the UTS
HREC of any plan to extend the duration of the project past the approval period listed above
through the progress report.

* The Principal Investigator will obtain any additional approvals or authorisations as required
(e.g. from other ethics committees, collaborating institutions, supporting organisations).

* The Principal Investigator will notify the UTS HREC of his or her inability to continue as
Principal Investigator including the name of and contact information for a replacement.

I also refer you to the AVCC guidelines relating to the storage of data, which require that
data be kept for a minimum of 5 years after publication of research. However, in NSW,
longer retention requirements are required for research on human subjects with potential
long-term effects, research with long-term environmental effects, or research considered of
national or international significance, importance, or controversy. If the data from this
research project falls into one of these categories, contact University Records for advice on
long-term retention.

You should consider this your official letter of approval. If you require a hardcopy please
contact Research.Ethics@uts.edu.au.

If you have any queries about your ethics approval, or require any amendments to your
research in the future, please do not hesitate to contact Research.Ethics@uts.edu.au.

Yours sincerely,

Professor Meera Agar

Chairperson

UTS Human Research Ethics Clinical Trials Subcommittee
C/- Research Office

University of Technology Sydney

T:(02) 9514 9772

F: (02) 9514 1244

E: Research.Ethics@uts.edu.au

I: https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integri
ty/research-ethics-and-integrity.aspx

P: PO Box 123, BROADWAY NSW 2007

[Level 14, Building 1, Broadway Campus]
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Appendix B — Participant Information Sheet and Consent Form

Participant Information Sheet

Interventional Study - Adult providing own consent

University of Technology Sydney

Title Concurrent exercise training for physical and mental health
in the academic workplace; bilateral significance for
employer and employee

Coordinating Principal Professor Rob Duffield/ Samuel Higham
Investigator/ Principle

Investigator

Location University of Technology Sydney

HREC approval number ETH18-3093

Part 1 What does my participation involve?

1 Introduction

You have been approached because you meet the criteria for participation in this research.
You have indicated that you are; 1) aged 35-65y; 2) working as a full-time academic; 3) free
from known disease; 4) eligible for Medicare; and 5) currently inactive. Furthermore, you; 1)
are not pregnant; 2) have not been diagnosed with a metabolic disease (e.g. diabetes) or
severe musculoskeletal disorder (e.g rheumatoid arthritis); and 3) are not receiving specific
types of anti-inflammatory or pharmacological treatment, Your contact details were obtained
from respective faculty contact lists.

This Participant Information Sheet tells you about the research project. It explains the tests
and intervention involved. Knowing what is involved will help you decide if you want to take
part in the research.

Please read this information carefully. Ask questions about anything that you don’t
understand or want to know more about. Before deciding whether or not to take part, you
might want to talk about it with a relative, friend or your local doctor.

Participation in this research is voluntary. If you don’t wish to take part, you don’t have to.

If you decide you want to take part in the research project, you will be asked to sign a
consent form. By signing it you are telling us that you:

* Understand what you have read

» Consent to take part in the research project

» Consent to have the tests and intervention that are described

» Consent to the use of your personal and health information as described.

You will be given a copy of this Participant Information and Consent Form to keep.
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2 What is the purpose of this research?

The aim of this research is to examine the effects of concurrent exercise (which includes
both endurance and resistance training) on mental and physical health in full-time
academics. Body composition and fitness measures as well as a range of risk factors for
common mental disorders and metabolic disease (e.g. diabetes) will be measured in
response to exercise training. An additional analysis will be performed to determine the
applicability of the exercise program in the real-world (cost-effectiveness). The research will
contribute to the growing interest in the mental and physical health of desk-based
employees, particularly within the Higher Education sector, and how exercise can influence
outcomes for both employees and employers.

The results of this research will be used by the PhD candidate, Samuel Higham, to obtain
his PhD Thesis in Sport and Exercise Science.

3 What does participation in this research involve?

If you choose to take part in this study, you will be invited to:

e Attend a brief 30-minute health screening and information session

e Participate in a 14-week training program (1 hour, 3 times per week) at the UTS Private
Gym in the city campus or Resistance Training Room at Moore Park, involving aerobic
and resistance training.

e Attend a 60-minute testing session before and after the training period at the UTS
Exercise Physiology Laboratory in Moore Park, involving:

o Questionnaires in relation to symptoms of depression, anxiety and stress, and
sickness at work, absenteeism and quality of life. Your gross hourly wage will
be used in productivity calculations.

o Dual-energy x-ray absorptiometry (DEXA) scan to determine body
composition, involving a full-body non-contact scan.

r‘;

o Measures of height, mass, and blood pressure
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o A small blood sample (6mL) will be obtained from the forearm to measure
disease indicators related to chronic diseases like diabetes and depression.

o Measurement of aerobic fitness via the VOamax cycling test (cycling at
increasing intensities until exhaustion).

T——y
e Provide additional information for 1-2 weeks before and in the final weeks of the
training period, involving:

o Responding daily (1-minute) for 2 weeks to short questions on feelings of
fatigue, sleep quality, stress, mood, and work load on a freely downloadable
application for smart phones and other electronic devices

o An online dietary intake assessment (30-minutes) on 3 non-consecutive days

e Provide ratings of perceived exertion after each training session.

You will be participating in a randomised controlled research project. Sometimes we do not
know which treatment is best for treating a condition. To find out we need to compare different
treatments. We put people into groups and give each group a different treatment. The results
are compared to see if one is better. To try to make sure the groups are the same, each
participant is put into a group by chance (random). Following the baseline testing period, you
will be randomly allocated to either a; concurrent training group, or control group. Please note:
if you are allocated to the control group you will be offered the same supervised training as
the concurrent training group at the completion of the study.

This research project has been designed to make sure the researchers interpret the results
in a fair and appropriate way and avoids study doctors or participants jumping to
conclusions.

There are no additional costs associated with participating in this research project, nor will
you be paid. All services and equipment required as part of the research project will be
provided to you free of charge, except for parking if you choose to drive.

4 Do | have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take part, you do not
have to. If you decide to take part and later change your mind, you are free to withdraw from
the project at any stage.

If you decide not to participate, it will not affect your relationship with the researchers or the
University of Technology Sydney. If you wish to withdraw from the study once it has started,
you can do so at any time. We may ask why you are withdrawing; however, you do not have
to provide a reason. You can withdraw from the study by contacting:

Prof Rob Duffield (Rob.Duffield@uts.edu.au - 02 9514 5294),
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Sam Higham (Samuel.M.Higham@student.uts.edu.au — ) or
Shiree Miert (shiree.vanmiert@uts.edu.au - 02 9514 5206)

If you do decide to take part, you will be given this Participant Information and Consent Form
to sign and you will be given a copy to keep.

5 What are the possible benefits of taking part?

By participating in this research, you will receive 14 weeks of exercise training under the
guidance and supervision of trained instructors and exercise scientists. Further, you will
receive a comprehensive health screening, including information about fitness, body
composition, mental health and disease risk profiles. Finally, following the completion of the
study, the research team will offer optional further health/exercise consultation

6 Are there any risks/inconveniences?

Yes, there are some risks/inconveniences. Exercise training of this nature carries an
inherent risk of muscle soreness and fatigue; however, the investigators will design and
implement training in a manner that minimises these risks to participants. You may also be
asked sensitive questions. However, you are under no obligation to respond to any
questions.

Cardiorespiratory Fitness testing

The fitness testing protocols used in this study are strenuous and fatiguing; however, you
are free to terminate the test at any time and we ask only that you continue until you feel you
can no longer meet the demands of the test protocol.

Venous blood collection

Venous blood collection may cause some temporary discomfort or even minor bruising.
Accordingly, only trained researchers will perform this procedure, and will do so in a way that
minimises your discomfort. Further, steps will be taken to ensure safety and cleanliness at
all times, including sterilisation of venepuncture sites, use of protective gloves, and
appropriate disposal of sharp and/or contaminated items.

Procedures involving ionising radiation

This research project involves exposure to a very small amount of radiation during the DEXA
scan. As part of everyday living, everyone is exposed to naturally occurring background
radiation and receives a dose of about 2 millisieverts (mSv) each year. The effective dose
from this project is about 0.004mSv. At this dose level, no harmful effects of radiation have
been demonstrated and the risk is very low.

7 What will happen to my test samples?

With your consent, the investigators will extract approximately 12mL of blood using
venepuncture at both the beginning and end of the study. These samples will be stored and
later analysed to detect changes in disease biomarkers. The identities of the individuals
associated with data will be known only to the researchers and will not be made public. No
photographs or video of you will be taken without your consent, and these will be used for
research dissemination purposes only.
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8 What if | withdraw from this research project?

If you decide to leave the research project, we will not collect additional personal information
from you, although personal information already collected will be retained to ensure that the
results of the research project can be measured properly and to comply with law. You should
be aware that data collected up to the time you withdraw will form part of the research
project results.

9 What happens when the research project ends?

Following the completion of the study, the research team will collate and analyse all data.
You will have access to your individual results if you so choose. You will also be invited to
attend a brief informal meeting to discuss the results (both individual and anonymized group
data) and you will be welcome to ask questions. Additionally, upon request the research
team can provide guidelines for you to continue exercising after the study has finished.

Part 2 How is the research project being conducted?

10 What will happen to information about me?

By signing the consent form you agree to the collection and use of personal information
about you for the study project and any future follow-up projects. Future projects may
include follow-up studies linking the physical and mental health results to exercise
adherence.

Layered security will be used to protect personal information relating to physical and mental
health, absenteeism and presenteeism. Indeed, confidential information will be anonymized
via coding of participant names and stored on UTS eResearch storage within a complex of
password-protected documents. Only Sam Higham and Rob Duffield will have access to this
information, ensuring that your data will be used only for research purposes and will not
affect your employment or relationship with UTS.

It is anticipated that the results of this study will be published in a variety of forums. In any
publication or presentation, information will be presented such that you cannot be identified,
except with your express permission.

You have the right to request access to the information collected by the study team about
you. Please contact the study team if you would like to access your information.

Any information obtained for the purpose of this research project and for future follow-up
projects that can identify you will be treated as confidential and securely stored. It will be
disclosed only with your permission, or as required by law.

11 What if something goes wrong?

If you suffer any injuries or complications as a result of this study, you should contact the
study team as soon as possible, who will assist you in arranging appropriate medical
treatment. If you suffer any distress or psychological injury as a result of this study, contact
the study team for support and/or referral to a health professional. A safety protocol is in
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place for any adverse events that occur during testing or training. In the unlikely event of an
injury or complication, first aid will be provided, and further medical assistance will be
available. Counselling services will be available for any psychological distress. Incidents will
be documented and reviewed, and adjustments to the study procedure and safety protocols
will be made if appropriate.

During the health screening and information session, any “yes” responses in stage 1 of the
ESSA pre-exercise screening tool indicate that you may be at risk of adverse events during
exercise. In this case, you will be emailed and advised to seek guidance from a GP or
appropriate allied health professional before taking part in the study. In order to participate,
you will require a signed medical clearance letter from a GP or allied health professional,
clearing you for participation in the exercise training study.

Following study completion, physical and mental health data will be analysed. The results
may indicate that you are at risk of chronic disease. If so, you will be contacted, informed of
the risk factor/s and advised to consult with an appropriate GP, psychologist or allied health
professional for further information.

12 Who has reviewed the research project?

All research in Australia involving humans is reviewed by an independent group of people
called a Human Research Ethics Committee (HREC). The ethical aspects of this research
project have been approved by the HREC of the University of Technology Sydney

This project will be carried out according to the National Statement on Ethical Conduct in
Human Research (2007). This statement has been developed to protect the interests of
people who agree to participate in human research studies.

13 Further information and who to contact

If you have concerns about the research that you think I, Sam Higham
(Samuel.M.Higham@student.uts.edu.au — ) or my supervisor A/Prof Rob
Duffield (Rob.Duffield@uts.edu.au - 02 9514 5294) can help you with, please feel free to
contact us. Alternatively, if you would like speak to a third party, please contact Shiree Miert
(shiree.vanmiert@uts.edu.au - 02 9514 5206)

Complaints and concerns contact

If you have any complaints about any aspect of the project, the way it is being conducted or
any questions about being a research participant in general, then you may contact:

Local HREC Office contact

Name Ethics Secretariat
Telephone +61 2 9514 2478
Email Research.Ethics@uts.edu.au
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