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Abstract 

Introduction: Train and truck drivers experience a myriad of unique occupational 

workplace factors, such as monotonous driving conditions, long hours spent sitting, the 

necessity of strict mental alertness, workplace social isolation and the potential for 

“person under vehicle” events. These conditions have been postulated to contribute to 

a high incidence of health conditions such as depression, anxiety and cardiovascular 

disease (CVD) amongst this population. Although often occurring independently of one 

another, the link between depression and cardiovascular risk is well established.  

Methods: 120 professional drivers (60 truck drivers, 60 train drivers) were recruited 

from the local community. Participants complete a battery of mood state questionnaires 

to assess levels of negative mood states such as depressive and anxious 

symptomology, and questionnaires to quantitate lifestyle and workplace risk factors. 

Participants then completed a baseline (resting) and active (driving) task while 

concurrent ECG data was collected to obtain HRV parameters.  

Results: Truck drivers reported significantly more risk factors for chronic diseases, 

such as smoking, alcohol use, sedentary activity levels and stress, than the train 

driving cohort. Truck drivers also reported higher levels of all negative states, including 

depressive and anxious symptomology, stress, fatigue and anger.  

Conclusion: This study highlights important workplace factors that may be linked with 

negative mental states, and their potential implications within the workplace. The 



Taryn Chalmers   |  3 

promotion of improved mental health within this occupation would not only improve the 

health of the individual drivers but may also mitigate mental health associated 

absenteeism and improve commuter safety. Buddy driving systems, regular workplace 

ToolBox talks and forums and a commitment to mental awareness are strategies that 

have been successfully employed in other industries. Given the societal responsibility 

of professional drivers, protecting and promoting the psychosocial health of these 

individuals is paramount to not only a healthy workforce, but a safe community. This 

study is important, as the psychophysiological health of Australia’s professional drivers 

has been somewhat overlooked in the past. Given the large number of workers 

employed within this industry, and the potential personal and public implications of a 

suddenly unwell driver, it is vital that policies and workplace practices are designed to 

optimise the health of these individuals. Collectively, the findings from the present 

study provide a novel perspective on the physiological and psychological health of 

Australian professional drivers.  
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Chapter One – Introduction 

1.1 Professional driving in Australia 

Professional driving plays a fundamental role in the affluence of Australia. From the 

movement of commuters from regional to metropolitan areas, to the transport of goods 

and produce between cities, professional driving within Australia is central to the 

country’s competitive economic prosperity. For the purpose of this study, professional 

driving will be considered to encompass truck and train driving for both private and 

commercial use.  

1.1.1 Truck Driving in Australia 

Australia’s unique landscape and the large distances between metropolitan hubs have 

facilitated the recent exponential expansion of the road freight industry. With long 

distances between cities and a low population density, Australia’s road freight has 

evolved into the primary means by which goods are transported within this country. 

Australia’s distinctive infrastructure and inimitable road freight trades are fundamental 

assets, which expedite competitive national and international trading. Australia’s road 

transports activities generates 137.2 billion dollars in economic output, accounting for 

1.73% of the national Gross Domestic Product (Australian Bureau of Statistics, 2018). 

Road freight contributed 47.6 billion dollars to Australia economy in the 2019-2020 

financial year, accounting for 81% of the revenue generated by the freight transport 

sector (IBISWorld, 2020). Road transport is the primary means of transporting freight 
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between businesses, with 72% of the freight in total transported in Australia being 

conveyed via the road freight system (Bureau of Infrastructure Transport and Regional 

Economics, 2009). Australia’s road systems span over 810,000 kilometres, with the 

person per kilometre of road ratio amongst the smallest in the western world (Figure 

1) (ABS, 2012). As a result, Australia is the greatest employer of road freight when

measured by tonnes moved per kilometre per capita (Austroads, 2000) (Figure 2). 
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Figure 2 Road freight tonne-km per capita 

Figure 2 depicts a graphical representation of the road freight tonne-kilometre per capita ratios of the 

seven highest ratio countries in the world; Australia, United States of America, France, Sweden, 

Canada, the United Kingdom and Japan. Note that Australia has the highest tonne-km per capita ratio 

in the world. Adapted from pg. 2, Austroads (2000). 

Key: 

km = kilometres 

UK = United Kingdom 

USA = United States of America 

The road transport sector commands the ‘transport and storage’ industry within 

Australia, employing 131,920 individuals which accounts for 48.7 percent of the total 

employment in the ‘transport and storage’ sector (IBISWorld, 2020, Australian Bureau 

of Statistics, 2012a).  
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The utilisation of road freight has dramatically increased in recent decades, with a 

growth from 27 billion tonne kilometres in 1971 to 184 billion tonne kilometres in 2006 

(Figure 3) (Bureau of Infrastructure Transport and Regional Economics, 2011). New 

South Wales remains the largest employer of interstate road freight (totalling 33% of 

state allocated road freight), however Queensland utilises the greatest intrastate road 

freight transport (24.4%) within Australia  (Table 1) (Bureau of Infrastructure Transport 

and Regional Economics (BITRE), 2010).  
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Figure 3 Total road freight by commercial vehicle type, 1971 - 2006 

Figure 3 presents billion tonne per kilometre of freight moved by commercial vehicle type between the 

years 1971 and 2006. Note that all road freight has increased from 27 billion tonne kilometres in 1971 

to 184 billion tonne kilometres in 2006. Adapted from Bureau of Infrastructure Transport and Regional 

Economics (2011). Statistics elucidated from Australian Bureau of Statistics (2008). 

Key: 
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Table 1 Road freight by Australian state measures in billion tonne kilometer for 

2011. 

Interstate Intrastate      Total 

From To Through Total 

NSW 15.89 14.69 9.02 39.60 27.18 66.78 

Victoria 8.60 9.07 0.69 18.37 24.19 42.56 

Queensland 3.32 3.04 0.00 6.36 29.41 35.77 

SA 3.31 3.46 1.06 7.83 7.92 15.75 

WA 2.19 1.52 0.00 3.72 26.58 30.30 

Tasmania 0.00 0.00 0.00 0.00 3.50 3.50 

Australia 77.00 120.30 197.30 

 

Road freight within Australia, although concentrated around metropolitan hubs, does 

extend between cities and states. Figure 4 depicts Australia’s major domestic road 

freight movements in 2006-07 (Bureau of Infrastructure Transport and Regional 

Economics (BITRE), 2010).  

Table 1 presents the road freight movements in 2011 by Australian state. Note that New South Wales 

(NSW) controls the most total freight. Adapted from Bureau of Infrastructure, Transport and Regional 

Economics (2010). 
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Figure 4 Australia’s major domestic road freight movements 2006-07 

A recent ABS release found road freight vehicles on Australian roads totalled 

4,047,667, accounting for 20.4% of vehicles on Australian roads (Australian Bureau of 

Statistics, 2020). The trucking industry, as a whole, represents an acute gender bias, 

as 97.5% of truck drivers in Australia are male (Table 2) (Australian Government, 

2012a).  

Figure 4 depicts Australia’s major road domestic freight movements in 2006-07. Note that the line 

widths are relative to the freight volume (tonnes) and percentages indicate the share of the total modal-

specific mass-distance freight task. Adapted from Bureau of Infrastructure Transport and Regional 

Economics (2011). Information elucidated from Bureau of Infrastructure Transport and Regional 

Economics (2010). 
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Table 2 The statistically typical Australian truck driver in comparison with a 

statistically typical Australian employee 

Truck Driver All Occupations 

Average age 43 years 39 years 

Average hours work per week 46.8 hours 39.7 hours 

Percentage full-time 92.6% 71.3% 

Percentage male 97.5% 54.9% 

Studies have found that one in every five persons injured in a workplace environment 

in Australia is employed as a truck driver (Safe Work Australia, 2011). The 

occupational fatality rate is fourteen times greater than Australia’s average industry 

occupational deaths (Table 3) (Safe Work Australia, 2011).  

Table 2 depicts a statistically typical Australian truck driver in comparison with a statistically typical 

Australian employee averaged from all other occupations. Note that a typical Australian truck driver 

works 7.1 hours longer per week than the average weekly hours worked in all other occupations and 

97.5 percent of truck driver are male. Adapted from pg. 14, Australian Government (2012a). 
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Table 3 Working fatalities: fatality numbers by occupation, Australia, 2003–08 

Table 3 displays the industry allocation of occupational fatalities for the years 2003 through to 2009 

and includes fatalities where occupation was not stated. Note that truck drivers have the highest 

number of fatalities for all years stated. Adapted from SafeWork (2011). 

Key: 

* = Includes deaths where occupation was not stated

Occupation 2003-

04 

2004-

05 

2005-

06 

2006-

07 

2007-

08 

2008-

09 

Truck drivers 58 49 50 71 71 59 

 Farm, forestry & garden workers 26 22 17 17 26 21 

Automotive & engineering workers 10 12 12 9 10 20 

Construction trades workers 10 7 9 25 11 16 

Farmers & farm managers 35 34 28 9 30 20 

Professionals 22 18 27 25 27 21 

Community & personal service 7 18 9 11 6 11 

Clerical & administrative workers 1 3 4 5 6 8 

Sales workers 8 2 7 5 9 8 

TOTAL * 264 252 288 300 293 286 
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1.1.2 Train Driving in Australia 

The Australian Rail industry provides a vital mechanism by which goods, services and 

individuals are transported between cities and metropolitan centres. Contributing over 

$9 billion dollars to Australia’s Gross Value Added (GVA), the Australian Rail industry 

is also responsible for the employment of over 480,000 individuals each year 

(Australian Bureau of Statistics, 2018). This industry is also experiencing steady 

employment growth, with an increase in overall employment of almost 4.1% between 

2008-09 and 2009-10 (Australian Bureau of Statistics, 2012a). During the 2009-10 

year, approximately 770 million journeys were undertaken in Australia using the rail 

system (Australian Bureau of Statistics, 2012a), and given that Australia has one of 

the lowest person per square kilometre ratios in the world (Australian Bureau of 

Statistics, 2017a) there is a well-documented inherent reliance of Australia’s Rail 

system (Table 4). 
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Table 4 Australia’s rail passenger journeys (million) and passenger kilometers 

(billion) 2005-10 

Year Passenger Journeys (million) Passenger-Kilometres (billion) 

05-06 643.36 11.36 

06-07 677.09 12.31 

07-08 724.70 13.27 

08-09 773.11 13.95 

09-10 769.95 14.13 

Rail within Australia, although concentrated around metropolitan hubs, does extend 

between cities and states. Figure 5 depicts Australia’s major domestic rail movements 

in 2006-07 (Bureau of Infrastructure Transport and Regional Economics (BITRE), 

2010).  

Table 4 depicts both the passenger journeys (million) and passenger-kilometers (billion) within 

Australia from 2005-10. Note that passenger-kilometres are the aggregate of the product of the number 

of passengers carried over each journey and the journey distance. Adapted from Australian Bureau of 

Statistics (2012b). 
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Figure 5 Australia’s major domestic rail movements 2006-07 

 

Comparable to the demographic profile of Australian truck drivers, a recent Australian 

study has suggested that approximately 97.4% of the industry is male, indicating an 

extreme gender bias in this industry (Mina and Casolin, 2007).  

Figure 5 depicts Australia’s major rail movements in 2006-07. Note that the line widths are relative to 

the freight volume (tonnes) and percentages indicate the share of the total modal-specific mass-

distance freight task. Adapted from Bureau of Infrastructure Transport and Regional Economics (2011). 

Information elucidated from Bureau of Infrastructure Transport and Regional Economics (2010).
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1.2 Cardiovascular disease in Australia 

Cardiovascular disease (CVD) is the primary cause of death in Australia, with CVD 

resulting in approximately 45,000 deaths annually (Australian Heart Foundation, 

2012). Cardiovascular disease is responsible for the death of one Australian every 12 

minutes (Australian Heart Foundation, 2012).  Cardiovascular disease is one of 

Australia's principal health implications. Despite improvements in medical fields over 

recent decades, it is still one of the principal burdens on the Australian health economy. 

Cardiovascular disease includes stroke as well as diseases of the heart and blood 

vessels, and affects one in six Australians or approximately 3.7 million people annually 

(Australian Heart Foundation, 2012). Cardiovascular disease resulted in 482,000 

hospitalisations in 2009-10 and was attributed to have had a secondary role in almost 

800,000 hospitalisations, resulting in 45,600 fatalities in Australia (31% of all deaths) 

in 2011. Those within lower socioeconomic groups, Aboriginal and Torres Strait 

Islander people and those living in geographically remote areas report the greatest rate 

of hospitalisations and fatalities resulting from CVD in Australia (Australian Heart 

Foundation, 2012). 

Coronary heart disease affects around 1.4 million Australians each year and was 

implicated in 14% of all Australia deaths in 2011. Heart attacks are estimated to affect 

approximately 380,000 Australians at some point in their lifetime, claiming the lives of 

9,811 Australian in 2011 (Australian Heart Foundation, 2012).  
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1.2.1 Cardiovascular Disease in Truck Drivers 

 

Heavy vehicle drivers experience frequent occupational stress to adhere to challenging 

delivery schedules, and experience a range of concerning health implications that 

directly relate to the inherent stressors of their professional industry (Boyd, 2003), such 

as diabetes (Marcinkiewicz and Szosland, 2010), cancer (Young et al., 2009), lower 

back pain (Village et al., 1989), fatigue (Sabbagh-Ehrlich et al., 2005), affective 

disorders such as depression (Hilton et al., 2009a) and cardiovascular disease 

(Hartvig, 1983b). Consequently, the association between truck driving and cardiac 

health has been investigated numerous times. Cardiovascular diseases (Hartvig, 

1983a), such as myocardial infarction (Bigert et al., 2003) and ischemic heart disease 

(Robinson and Burnett, 2005), have been recognised as significant health implications 

within the truck driving industry. An American study by the National Transportation 

Safety Board (1990) established that 9.2% of truck driver fatalities involved some form 

of cardiovascular incident. Additionally, a recent Australian institution has attained 

statistical evidence to suggest that a collapse from a cardiovascular incident accounts 

for approximately 15% of all crashes where the driver unexpectedly becomes unwell 

(VicRoads, 2012).  

 

Numerous studies have supported the notion that professional drivers find themselves 

at an elevated risk of hypertension and cardiovascular disease, when compared with 

other drivers from both the working or general population (Belkić et al., 1996, Van 

Amelsvoort, 1995). Of further concern is the prevalence of premature cardiovascular 

disease, whereby long-haul truck drivers find themselves overrepresented in the 

demographic grouping of young individuals who have suffered a heart attack. For 

instance, in a study conducted by Villarem and associates, of the 38 consecutive heart 
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attack patients examined from the general public, almost 20% were long-haul truck 

drivers (Villarem et al., 1982). Supporting this, an analysis of disease rates within 

United States workers found that truck drivers were ranked amongst the highest for 

prevalence of cardiovascular disease and heart attacks (Leigh, 1997). Gustavsson and 

team (1996) also found of the professional drivers (aged 30-74) that were assessed, 

the long-distance truck drivers (n=220) exhibited an increased relative risk (RR) of 

myocardial infarction for both geographical locations assessed (Stockholm RR= 1.31, 

Uppsala RR=1.24).  Similarly, a recent retrospective study of trucking industry workers 

(using computerized records from 1985) examined 54,319 men and 4,007 women 

within the industry (Hart et al., 2013). This study assessed the associations between 

increasing years of employment in the industry and risk of ischemic heart disease. The 

study found that there was a positive correlation between years employed in the 

industry, and identification of ischemic heart disease as the underlying cause of death.   

 

High rates of driver obesity have been frequently reported within this industry 

(Marcinkiewicz and Szosland, 2010, Korelitz, 1993, Turner and Reed, 2011), which is 

of concern when coupled with high rates of cardiovascular disease. Supporting these 

findings, Marcinkiewicz and Szosland (2010) found the incidence of obesity in the 

professional driving industry to be significantly greater than in the general population, 

with 45.3% and 17.4% of drivers being recorded as overweight (body mass index of 

25-30) and obese (body mass index of >30) respectively. Similarly, a study that was 

conducted in America (Korelitz, 1993) employing a cross-sectional survey of male 

(n=2,945) and female (n=353) truck drivers, found that a high percentage were 

overweight (50%), did not participate in frequent exercise (92%), smoked cigarettes 

(54%), had hypertension (66%) and engaged in alcohol dependent behaviour (23%) 

(Figure 6). Furthermore, a recent study conducted by Whitfield Jacobson and team 
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(2007) examined 92 long-haul truck drivers in America. The study found despite an 

overall positive attitude towards nutrition (as measured by the Nutrition Attitude 

Survey), only 17 of the 92 assessed consumed an adequate dietary intake of fruit and 

vegetables.  

 

Further, many truck drivers lead comparatively sedentary lifestyles (Korelitz, 1993), 

and find themselves subjected to a number of occupational factors, such a exposure 

to exhaust fumes (Hart et al., 2013) and an increased consumption of saturated fats 

and cholesterol (Gill and Wijk, 2004), which collectively contribute to the development 

of cardiovascular issues within this occupational field (Hartvig, 1983a, Siu et al., 2012, 

Robinson and Burnett, 2005, Korelitz, 1993). 
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1.2.2 Cardiovascular Disease in Train Drivers 

 

The prevalence of pre-existing cardiovascular disease or cardiovascular risk factors 

within the train driving industry of Australia is also of concern. Mina and Casolin (2007) 

assessed 743 train drivers between June and August 2005, on the basis of 

physiological and psychological health parameters. Cardiovascular disease risk 

factors, and cardiovascular disease itself, emerged as the primary health issues 

affecting train drivers’ fitness to work. Risk factors such as smoking (25.2%) were 

higher in the train driver population tested, than in the general Australian public 

(20.1%). Similarly, the presence of pre-existing heart conditions (3.1%) and 

hypertension (43.8%) were higher in the train driver population, than the general 

Australian population (2.4% and 32% respectively). In the study, cardiovascular 

disease (both diagnosed and suspected) resulted in 43 drivers being classified as unfit 

for work, with diabetes (a significant cardiovascular risk factor) being associated with 

22 drivers being graded as unfit for work. It should also be noted that rates of obesity 

(as measured by body mass index of ≥ 30) was found to be significantly higher in the 

train driver population (39.7%) than the general Australian population (19.3%) (Table 

5).  
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Table 5 Prevalence of health conditions within Australian train drivers (n = 743) 

Number (%) of drivers Population prevalence in Australian 

adults (prevalence in males) 

Smoking 187 (25.2%) 19.5% (2.4%) 

Body mass index (kg/m2) 

 < 25.0 143 (19.2%) 40.2% (32.5%) 

 25.0 – 29.9 305 (41.0%) 39.0% (48.2%) 

 ≤ 30.0 295 (39.7%) 20.8% (19.3%) 

Pre-existing cardiovascular disease 23 (3.1%) 1.9% (2.4%) 

Hypertension 326 (43.8%) 28.6% (32.0%) 

 

This study was the first of such a scale to be conducted in Australia and presents a 

worrying snapshot of the health of train drivers in our country. Subsequently, the only 

other study to have been conducted to assess the cardiovascular health of train drivers 

in Australia was conducted by Ng and team (2013). This was a retrospective, 

observational study assessing 317 train drivers from a private, de-identified South 

Australian train company. The study found that a number of cardiovascular risk factors 

were significantly higher in the train driver population that in the control group. These 

included higher resting systolic blood pressure (p<0.002) and smoking rates (p<0.001). 

Additionally, high density lipoprotein cholesterol (which plays a role in removing low 

density lipoproteins from the cardiovascular system (American Heart Association, 

2013)) was significantly lower in the train drivers than in the control population 

Table 5 presents the prevalent health conditions and risk factors within the Australian train driving 

community in comparison with the general Australian public. Note that a higher percentage of Australian 

train drivers exhibit a body mass index of greater than 30, when compared with the general Australian 

population (39.7% versus 19.3%). Also, higher rates of hypertension and pre-existing cardiovascular 

disease are greater in the Australian train driving community when compared to the general Australian 

public Mina and Casolin (2007). 
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(p<0.003). Although not distinctly assessing the rates of cardiovascular disease within 

this population, these results do provide statistics on the high rates of a number of risk 

factors for CVD within this population.  

 

Similar to Australia, the cardiovascular health of train drivers in other countries has 

been somewhat overlooked, with only one study having been conducted in recent 

years. This study, conducted by Loukzadeh and team (2013) in Iran, found that of the 

152 train drivers assessed, 13 had diabetes, 20 had hypertension and 2 were suffering 

from ischemic heart disease. Additionally, the study revealed that 133 (88%) did not 

engage in optimal levels of physical activity. Collectively, these two studies provide a 

concerning snapshot of the cardiovascular heath of individuals within this occupational 

field, and additionally are of concern in and of themselves, being the only two studies 

having been conducted to assess the health of train drivers. Another health issue within 

the truck and train driving industries that has received minimal attention is the affective 

disorder, depression.  
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1.3 Depression in Australia 

Depression is a prominent health issue, which The World Health Organisation defines 

as a mood disorder that manifests with depressed moods, feelings of guilt or low self-

worth, disturbed sleep or appetite, low energy, and poor concentration (World Health 

Organisation, 2012). Depressive disorder is the primary cause of disability worldwide 

when assessed using Years Lived with Disability (World Health Organisation, 2012). 

In 2000, depression was the fourth greatest contributor to the global burden of disease, 

and it has been forecast that by the end of the year 2020, it will be the second greatest 

contributor to this burden (World Health Organisation, 2012). Depression affects 

approximately 264 million individuals worldwide, and 11.6% of the Australian 

population (World Health Organization, 2020). Studies have shown that without 

effective treatment, depressive symptoms will reoccur in 50% of individuals (Bear et 

al., 2007). 

The most popular neurophysiological model of depression is the monoamine theory 

(Figure 7). Initially proposed by Joseph Schildkraut (1965), the theory states that 

depression is the result of underactive monoamines, in particular, serotonin and 

norepinephrine. This theory evolved from the early treatments of certain disorders with 

pharmaceuticals. In particular, the depression-eliciting effects of the drug Reserpine, 

which is a monoamine antagonist which was used to treat high blood pressure. 

Depression was observed as a common side effect of this drug, and as such, led to 

the biological conclusion that depression may result due to the reduced activity of 

monoamines, such as serotonin and norepinephrine (Goodwin and Bunney, 1971). 

One of these monoamines in particular, serotonin, is generally accepted to regulate 

mood and plays a part in policing social interactions (Young and Leyton, 2002) . As 
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A second theory of depression is the diathesis-stress theory (Nemeroff, 1998). This 

hypothesis originated through the notion that genetic vulnerabilities (diatheses) 

prejudice an individual to developing depression, when concomitant with a traumatic 

life event (Figure 8) (Abela and D'Alessandro, 2002, Monroe and Simons, 1991). It has 

been proposed that as a result of the attenuated effect of early childhood stressors 

and/or genetic diatheses, biological adaptations to the hypothalamic-pituitary-adrenal 

axis (HPA axis) occur, which results in altered activation of the hippocampal 

glucocorticoid receptors, leading to reduced inhibition of cortisol release (Bear et al., 

2007).  

Figure 8 The diathesis-stress theory of depression according to Nemeroff (1998) 

Figure 8 depicts the Diathesis-stress theory of depression. Early childhood stressors and/or genetic 

diatheses result in an increased vulnerability to lifetime stressors, which can result in biological and 

behavioural alterations. Adapted and modified from pg. 212, Barlow and Durand (2005). 

Genetic diathesis 

Vulnerable phenotype 

Biological alterations Behavioural alterations 

Early childhood stressor 

Stressful life event 
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1.3.1 Depression and Truck Driving 

A recent study by Hilton and his team (2009a) assessed 1324 heavy goods vehicle 

drivers for symptoms of psychological distress. The study found that 13.3% of 

Australian heavy vehicle truck drivers demonstrated some form of depression. This 

number is distinctly greater than the nation-wide rate of 11.6% (World Health 

Organization, 2020). Comparably, a study conducted by da Silva-Junior (2009) found 

that truck drivers were at a significantly greater risk of developing depressive 

symptoms (13.6%). The study also found that truck drivers who were “wage earners” 

had a significantly increased odds ratio (OR) of developing depression than those who 

were considered “self-employed” (2.72 compared to 1.0 respectively). Supporting this, 

a 2007 study found that 14.5% of truck drivers felt “more depressed” since beginning 

work within this occupational field (Wong et al., 2007). Recently, work stress has been 

profoundly implicated as an independent predictor of depressive symptoms (Wang, 

2005). As mentioned in earlier sub-chapters, truck drivers are regularly exposed to 

long working hours, intermittent work/rest cycles, workplace solitude and extreme 

occupational pressure. These commonplace occupational stress factors can result in 

individuals within this industry being viewed as a depression vulnerable population. 

Long working hours have recently been implicated in the development of depression, 

with a study conducted by Virtanen and colleagues (2012) assessing individuals who 

worked more than 11 hours a day. The study found that those who did work more than 

11 hours per day had a significantly higher OR of developing depression (2.52 

compared to 1.0). 

A major concern is the paucity of literature regarding the incidence of depression in the 

Australian truck driving industry. Excluding the aforementioned Hilton study (2009a), 
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the incidence of depression in Australian truck drivers has been overlooked in recent 

literature. Furthermore, the statistics regarding the probability of seeking the advice of 

a medical professional for the treatment of depression in Australia are of concern. A 

recent household survey administered by the Australian Bureau of Statistics 

(Australian Bureau of Statistics (ABS), 2007) found that only 35% of individuals in 

Australia who had experienced a psychological disorder in the prior 12-months had 

accessed appropriate medical services. Despite a higher incidence of depression 

amongst females in comparison with males in Australia (14.5% and 8.8% respectively 

(ABS, 2007)), a seemingly entrenched social stigma, which deters males from 

obtaining the advice of medical professionals, has resulted in significantly lower 

diagnostic rates of affective disorders among males (Klint and Weikop, 2004, van 

Praag, 1980). Due to the extreme gender bias of the Australian trucking industry 

(97.5% male), an underlying incidence of undiagnosed affective disorders may be 

present, further supporting the exploration and investigation of this primary health 

concern within this occupational field. These combined facts suggest a significant 

health issue, when the number of trucks on Australian roads, the possibility of high 

rates of undiagnosed depression in this male dominated occupational field and the 

social and economic burden of heavy vehicle road accidents to this country are 

considered.  
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1.3.2 Depression and Train Driving 

 

Despite the previously mentioned, well-documented high rates of depression amongst 

professional truck drivers, at present, there have been no epidemiological studies 

regarding the presence and effects of depression within Australia’s train driving 

industries. Although a National Standard for Health Assessment of Rail Workers 

(National Transport Commision, 2012) has been implemented within the rail industry, 

which assesses psychological disorders amongst a range of health conditions, the true 

prevalence of depression within this industry remains somewhat unclear. With train 

drivers in Australia frequently subjected to comparable working conditions to that of 

truck drivers (such as long working hours, monotonous driving conditions, etc.), it 

would stand to reason that there may be an elevated risk of depression in this 

profession. As such, elucidating the rates and effect of depression within this industry 

remains a priority in Australia. 

 

In Australia, rail suicide accounts for 6-8% of the nation’s death by suicide, totalling 

approximately 150 deaths per annum (Lifeline, 2012). This is a serious issue that has 

been known to result in extreme psychological distress that can progress in a number 

of psychological conditions such as depression (Cothereau et al., 2004b). A study 

conducted by Cothereau and associates in France (2004b) assessed 388 train drivers, 

either those having been exposed (n=202) and non-exposed (n=186) to a rail suicide 

whilst operating a train. The study found that those individuals in the exposed cohort 

had significantly higher rates of post-traumatic stress symptoms (p<0.0001), somatic 

symptoms (p<0.0001), anxiety and insomnia (p<0.001). 1.5% of the assessed drivers 

exhibited severe depression; with other affective disorders also being observed, such 

as generalised anxiety disorder (4.0%), dysthymia (1.0%), panic disorder (0.5%) and 
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manic episodes (0.5%). Collectively, these statistics provide a unique insight into the 

acute occupational stressors encountered by train drivers, and the psychological 

effects of these stressors on the individuals within this field.  

 

Another study, assessing the psychological health of train drivers, conducted by 

Loukzadeh and associates (2013), found that 15% of the 152 train drivers assessed 

exhibited scores on the Kessler Psychological Distress Scale (Anderson et al., 2013) 

of greater than 19, indicating that they were likely to have a mild, moderate or severe 

mental disorder. Although this study did not assess depression specifically, it does 

provide some evidence for the impaired psychological health of individuals within this 

field.  

 

It should be noted that the presence and effect of depression within the train driving 

industry has only been examined twice in recent years and has yet to be examined in 

Australia. When we consider the acute and chronic effects of depression on the quality 

of life on an individual, it is clear that elucidating the true prevalence of this affective 

disorder within this industry is vital to preserving the health of these individuals.  
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1.3.3 Depression and Driver Performance 

 

Depression has been increasingly correlated to a reduction in driver performance. A 

study by Hilton and associates (2009a) found that severe and extremely severe 

depression in truck drivers resulted in a significantly increased odds ratio (OR) (4.4 

and 5.0 respectively) for an accident or near miss. This study also found that driving 

performance (reaction time and steering control) was decreased by 5.7% in drivers 

suffering from depression in comparison to those experiencing no depressive 

symptoms. Furthermore, Blumash and team (2006b) found that individuals suffering 

from major depressive disorder demonstrated distinct decreases in steering reaction 

time, and a total reduction in driver performance when compared to a control sample. 

These collective findings provide substantiation for both the detection and 

management of depression in both the train and truck driving industries of Australia. 
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1.4 Depression and links to cardiovascular disease 

Behavioural cardiology is an emerging field of clinical practice, founded on the 

understanding that adversative lifestyle behaviours, emotional factors, and 

chronic stress, can all contribute to atherosclerosis and unfavourable cardiovascular 

events (Rozanski et al., 2005). The Australian Heart foundation also recognised 

depression as a modifiable biomedical risk factor for CVD, and has proposed that the 

associations between depression and impaired cardiovascular functioning warrant 

additional investigation (Australian Heart Foundation, 2008b). The associations 

between depression and cardiovascular impairments have been progressively 

examined in recent years. However, variable results have been attained regarding the 

effect of this psychological disorder on cardiovascular functioning and its impact on the 

development of cardiovascular disease. Penninx and team (2001) undertook a four-

year longitudinal study of 2,397 men and women who were free from cardiovascular 

diseases at baseline measurement. This study found that individuals who were 

experiencing minor and major depression at baseline displayed a greater relative risk 

of cardiovascular mortality (1.5 and 3.9 respectively) in comparison with non-

depressed controls. Supporting the findings of this study, Ariyo and team (2000) 

investigated 4,493 males and females who were free from cardiovascular impairment 

at baseline, for six years. The study found that the hazard ratio (HR) of developing 

coronary heart disease was greater in individuals experiencing depression (HR=1.15) 

than in those without depressive symptoms.  

There have been numerous mechanisms proposed to account for the potential 

cardiovascular vulnerability related to depression, including higher levels of circulating 

cortisol, hyperactivity of the hypothalamic-pituitary-adrenal axis (Nemeroff, 1996), 
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decreased efficacy of glucocorticoid receptors (Pariante and Miller, 2001) leading to 

reduced biological sensitivity to the inhibitory effects of the glucocorticoid 

dexamethasone on the production of adrenocorticotropic hormone and cortisol, 

augmented platelet activation (Roy et al., 1988) and variations in autonomic function 

(Figure 9). Patients suffering from depression frequently demonstrate alterations to the 

variability of their heart rate as assessed using an electrocardiogram (Gorman and 

Sloan, 2000).  
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Figure 9 Depression and the heart 
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Figure 9 depicts the suggested mechanisms for cardiac vulnerability seen in depressive patients. 

Adapted from pg. 749, Kemp (2003). 
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1.5 Heart rate variability 

The utilisation of the electrocardiogram as both a diagnostic and predictive 

cardiovascular instrument for the identification of depression has developed in recent 

years. Relying on the autonomic function of the peripheral nervous system, the 

utilisation of the electrocardiogram as a quantitative assessment of depression 

continues to be investigated in a clinical setting (Gorman and Sloan, 2000). 

The autonomic nervous system (ANS) of the human body is a division of the peripheral 

nervous system, which can be further classified into the sympathetic and 

parasympathetic branches (Figure 10). These two divisions of the ANS act 

synchronously and autonomously to preserve homeostatic bodily function in response 

to internal and external stimuli (Pumprla et al., 2002a, Robertson et al., 2012). The 

homeostatic effects of these subdivisions incorporate a broad range of visceral 

components, including cardiac control, secretory gland regulation and organ metabolic 

function (Furness, 2009).  
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Known as the “rest and digest” response, the parasympathetic nervous system (PNS) 

is principally associated with digesting food, relaxing and sleeping (Raven and 

Johnson, 2008). It involves the reduction of metabolic rates and increasing the 

secretions and activities of digestive organs (Raven and Johnson, 2008). The 

parasympathetic nervous system also acts to reduce the heart rate (Raven and 

Johnson, 2008). 

 

These two subdivisions of the ANS (SNS and PNS) can be examined using spectral 

analysis of heart rate variability (HRV) (Pumprla et al., 2002a). This non-invasive 

technique involves comprehensive and meticulous analysis of time fluctuations 

between sequential heart beats, and can be used to indirectly quantify autonomic 

control of the heart (Acharya et al., 2008). HRV is attained via a three-step sequence, 

the first of which involves attaining an electrocardiogram (ECG) recording (Figure 11). 

The period between sequential heartbeats is generally measured from one R peak on 

the ECG to the next. Variability in this heart rate has been shown to be indicative of 

the dynamic interaction between the SNS and the PNS (Acharya et al., 2008). 
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Figure 11 The electrocardiogram tachogram 

Figure 11 depicts a typical electrocardiogram recording. Heart rate variability is derived from the R-R 

interval. Adapted from pg. 223, Beers and Porter (2006). 

Key:  

P: Atrial depolarisation  
Q: Depolarisation of the interventricular septum 
R: Ventricular depolarisation  
S: Ventricular depolarisation 
T: Ventricular repolarisation  
U: Atrial repolarisation  
PR interval: The interval of time required for the impulse to reach the atrioventricular node from the 
sinoatrial node 

PR segment: This interval represents the time between the onset of atrial depolarization and the onset 
of ventricular depolarization 
QRS interval: The duration of the ventricular depolarization 
mm/mV: Millimetres per millivolt 
mm/sec: Millimetres per second 
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Figure 12 illustrates the 3-step method of deriving HRV parameters. The measurement 

of HRV is initially derived from the R-R intervals of an electrocardiogram (Figure 12a). 

Variances in the time interval between sequential R waves are then plotted on a time 

series graph (Figure 12b). A spectrogram is then derived from this time series graph 

using a non-parametric algorithm (the Fast Fourier Transform) and the total cyclical 

variability present at different frequencies can then be quantified (Figure 12c) (Malliani 

et al., 1991). 
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Figure 12 The method of deriving heart rate variability data from an 

electrocardiogram 

 

 

 

 

R-
R

Time 

(s)

Figure 12 displays the method of deriving heart rate variability from an electrocardiogram, modified 
from pg. 32, Pichon et al. (2006).  
a) A simplified electrocardiogram recording
b) Time series data reflecting the length of time between consecutive R-R intervals.
c) Time interval transformed using a fast Fourier Transform algorithm to produce the spectrogram.
Low Frequency = Blue. High Frequency = Red.

Key: 
ECG: Electrocardiogram 
Hz: Hertz 
ms2: Milliseconds squared 
s: Seconds 

High frequency 
Low frequency 

a) ECG recording

b) Time series

c) Spectrogram with frequency domains
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The sinus node of the heart, an intrinsic pacemaker that regulates the rhythm and rate 

of cardiac contraction, is innervated by both the SNS and the PNS (Figure 13) (Pumprla 

et al., 2002a). Each of these subdivisions employs unique innervation mechanisms, 

providing the basis for their complimentary action and the foundation of HRV analysis. 

Parasympathetic innervation of the heart is facilitated by the synaptic release of 

acetylcholine, which then acts upon the vagus nerve (Raven and Johnson, 2008, 

Pumprla et al., 2002a). This acetylcholine employs a uniquely short latency period and 

a fast rate of metabolism. Contrarily, sympathetic innervation is modulated by the 

synaptic release of noradrenaline, which employs a comparatively slow metabolism 

rate (Raven and Johnson, 2008, Pumprla et al., 2002a). As a result of these distinctive 

metabolism rates, variations in heart rate frequencies are observed, providing the 

foundation for HRV analysis (Pumprla et al., 2002a). Standards for bandwidth 

frequencies have further been recognised in order to provide quantitative frequencies 

at which each of these autonomic branches are innervated (Malik, 1996).  
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Figure 13 The electrical conduction pathways of the heart 

The two primary bandwidths of the HRV frequency domains are high frequency (HF) 

and low frequency (LF), indicating parasympathetic activity and sympathetic activity 

respectively (Table 6) (Tulppo and Huikuri, 2004). The bandwidth ranges for HF are 

0.15-0.40 Hertz (Hz) and 0.04-0.15 Hz for LF (Table 6) (Thayer et al., 2010). Minute 

cyclical variations in HRV are also detected at HF (generally around 0.25 Hz) in 

response to normal resting respiration (Pagani et al., 1986). Similarly, endogenous BP 

variances at rest have been shown to exert a minimal effect on HRV data, the effects 

of which have been observed predominantly at 0.10 Hz (Sleight et al., 1995). The ratio 

of LF to HF is reflective of the sympathovagal balance, which has been employed as 

a significant assessor of irregularities in autonomic activity (Pumprla et al., 2002a). 

Figure 13 depicts a diagrammatic representation of the electrical conduction pathways of the heart. 

Adapted from pg. 249, Belk (2009). 
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Table 6 Heart rate variability bandwidths in association with autonomic activity 

Bandwidth Frequency Associated autonomic activity 

Low frequency (LF) 0.04-0.15 Hz Sympathetic 

High frequency (HF) 0.15-0.40 Hz Parasympathetic 

LF:HF Sympathovagal balance 

 

 

The employment of HRV as an indicative measurement in clinical settings has provided 

the foundation for the practical functionality of this assessment. HRV is utilised in many 

clinical settings. A study conducted by Acharya and associates (2008) assessed 352 

patients for cardiac abnormalities using analysis of HRV. The study found that using 

the Fast Fourier Transform to analyse HRV resulted in the correct classification of 

cardiac classes for chronic heart failure, complete heart block and preventricular 

contraction 91.6%, 100% and 91.7% of the time respectively. The correct classification 

of a left bundle branch block and ischemic/dilated cardiomyopathy was determined in 

83.3% and 81.8% of the cases respectively. It should be noted, however, that reduced 

accuracy was identified for some cardiac conditions, as atrial fibrillation, ventricular 

Table 6 presents the frequency ranges for each of the heart rate variability parameters. The ratio of LF 

to HF denotes the balance between sympathetic and parasympathetic activity (sympathovagal 

balance). Modified from pg. 821, Malik (1996). 

Key: 

HF: High frequency 

Hz: Hertz 

LF: Low frequency 

LF:HF: Low frequency to high frequency ratio (sympathovagal balance) 
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fibrillation and sick sinus syndrome were only correctly classified using FFT analysis 

of HRV in 66.7%, 58.3% and 63.6% of the cases respectively.  

 

Additionally, the prognostic value of HRV after myocardial infarction has been 

identified. A prospective study was conducted by La Rovere and team (1998), 

assessing 1,284 patients who had suffered a recent (<28 days) myocardial infarction. 

A follow up was completed, with individuals being reassessed every 4 months for a 

minimum of 1 year and a maximum of 21 months. It was found that the univariate 

relative risk of cardiac mortality after a myocardial infarct when an individual presented 

low HRV was 5.3, providing evidence for the prognostic value of HRV analysis in 

determining relative risk of cardiac mortality in myocardial infarct patients. These varied 

applications emphasise the clinical significance of this important predicative measure 

based on cardiac activity. 

 

 HRV is decreased when sympathetic influence dominates parasympathetic influence 

(Klein et al., 1995, American College of Cardiology Cardiovascular Technology 

Assessment Committee, 1993, van Ravenswaaij-Arts et al., 1993). Reduced heart rate 

variability has been associated with a greater risk of ventricular arrhythmias and 

sudden death (van Ravenswaaij-Arts et al., 1993).  

 

This association between depression and an increased risk of developing CVD is of 

serious concern, especially when we consider the increased incidence of depression 

within the truck and train driving industries.  Additionally, the Australian Heart 

Foundation has indicated that additional research is required to assess the cardiac 

effects of depression (Australian Heart Foundation, 2008b). 
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1.5.1 Heart Rate Variability and Depression 

 

The link between heart rate variability (see section 1.5 for a detailed explanation of 

heart rate variability) and depression has been investigated increasingly in recent 

years. Despite numerous recent studies, the results attained from these have yielded 

varied results. The association between depression and an increased risk of 

developing CVD is of concern, especially when we consider the paucity of literature 

surrounding the topic. Depression has been linked to increased risk of cardiovascular 

mortality, however to exact mechanism is somewhat unclear.  Furthermore, the 

Australian Heart Foundation has indicated that additional research is required to 

assess the cardiac effects of depression, and whether it may be possible to link 

biomarkers such as HRV to the degree of depressive symptomology being 

experienced by the individual (Australian Heart Foundation, 2008a).  

 

Agelink and co-workers (2002) associated time and frequency domain HRV indices 

throughout a 5-min rest, deep breathing and Valsalva test, in 32 patients with suffering 

from major depression and 64 controls who exhibited no depressive symptoms. The 

Valsalva manoeuvre comprises forced exhalation against a closed glottis, resulting in 

an increase in intrathoracic pressure (Opotowsky et al., 2010). This clinical technique 

is used to assess cardiovascular health. The study found that individuals with severe 

depression displayed reduced HRV, specifically, a significantly reduced modulation of 

cardiovagal activity, when compared to non-depressed controls. The increase in 

cardiovascular mortality observed in patients exhibiting symptoms of severe 

depressive disorder may be somewhat attributed to the dislocation of the 

sympathovagal balance in favour of sympathetic modulation. Furthermore, severity of 
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depressive symptoms and cardiovagal activity were found to be inversely correlated, 

indicating that as depressive symptoms increased, cardiovagal activity decreased.  

 

Furthermore, a study by Koschke and associates (2009), supportive of these findings, 

compared 75 individuals experiencing recurrent major depressive disorder to 75 age 

and gender matched controls. HRV frequency domain results exhibited a significant 

shift of autonomic balance towards sympathetic dominance and a reduction in 

parasympathetic modulation. There was, however, no evidence to support prior studies 

that suggest the degree of autonomic imbalance relates to the severity of depressive 

symptoms.  

 

A study by Kemp and  team examined 73 patients diagnosed with Major Depressive 

Disorder and 94 age- and sex- matched controls (Kemp et al., 2012). The Hamilton 

Depression Rating Scale was used to assess the severity of clinical depression. The 

study found that HRV was reduced in patients diagnosed with Major Depressive 

Disorder when compared to their age- and sex-matched controls. An interesting 

identification was noted, in that patients exhibiting comorbid Generalised Anxiety 

Disorder were found to have a greater reduction in HRV than those exhibiting Major 

Depressive Disorder alone.  

 

Supporting these findings, Udupa and associates (2007) conducted a study, which 

found that individuals suffering from major depressive disorder exhibited higher 

sympathovagal balance (the ratio of low frequency (LF) to high frequency (HF) HRV) 

than non-depressed controls suggesting sympathetic predominance. The study 

assessed 40 individuals experiencing major depression when compared with 40 

gender and age matched controls. Resting HRV was obtained whilst individuals were 
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seated for fifteen minutes in a relaxed position. Active HRV was then obtained during 

a deep breathing and Valsalva test (see above for an explanation of the Valsalva 

manoeuvre). Results indicated that individuals with severe depression presented a 

reduction in HRV, indicative of an increase in sympathetic and decrease in 

parasympathetic modulation. 

 

In contrast, a study led by Henje Blom (2010) identified significant reductions in 

sympathetic modulation in female patients with major depressive disorder (n=11) when 

compared to their age and location matched controls (n=53). In contrast, a study by 

Bar and associates (2004) found no deviation in HRV when comparing patients 

exhibiting depressive symptoms (n=18) to their physiologically matched controls 

(n=18). This study associated HRV during a five-minute rest period with HRV data 

attained during a deep breathing exercise. There were no perceptible variations in HRV 

between the depressed and non-depressed control groups, although this could be 

attributed to artifacts during the short length of the HRV recording (5 minutes). HRV 

requires an adequate period of time (a minimum of 5 minutes of good quality ECG 

data) to allow for the detection of subtle autonomic variations that accompany 

depression (Berntson et al., 1997). Supporting this, a study by Yeragani (1991) found 

no significant variation in HRV between depressed individuals (n=19) and a control 

sample (n=20), although the study employed a small sample size, which may have 

skewed the obtained results. Table 7 summarises depression and HRV results from 

the various studies. 
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Table 7 Summaries of studies reporting changes in the components of heart rate 

variability in depressed subjects when compared with healthy controls 

 

  

Table 7 depicts heart rate variability data from different studies. The table compares sample size, effects 

on low and high frequency components of heart rate variability, LF:HF ratio and the presence of a 

relationship between severity of depressive symptoms and autonomic alterations. Each of the studies 

compared depressed patients with age-matched controls. Varied results are apparent, with two of the 

six studies reporting an increase in LF (sympathetic influence) (Agelink et al., 1991; Udupa et al., 2009), 

one reporting a decrease in LF (Henje Blom et al., 2010) and two reporting no change (Yeragani et al., 

1991; Bar et al., 2004). Similarly, the effects on HF (parasympathetic influence) were varied, with three 
studies reporting a decrease (Agelink et al., 2002; Udupa et al., 2007; Koschke et al., 2009) and three 

reporting no change (Yeragani et al., 1991; Bar et al., 2004; Henje Blom et al., 2010). Agelink (2002) 

was the only study to find a correlation between the severity of depressive symptoms and HRV. In the 

studies that tested more than 30 participants (Red) (Agelink et al., 2002; Udupa et al., 2007; Koschke 

et al., 2009), similar results were attained (decreased parasympathetic activity, increased sympathetic 

activity) providing some evidence of the impact of small sample sizes.  

Key:  

­ = Higher 

¯ = Lower 
HF = High frequency 
LF = Low frequency 
LF:HF = Low frequency to high frequency ratio (sympathovagal balance) 
n/c = No change 
- = no data

Study Sample size LF HF LF:HF Relationship between 

depression and HRV 

Henje Blom et al., 2010 11 ¯ n/c - Yes 

Bar et al., 2004 18 n/c n/c n/c No 

Yeragani et al., 1991 19 n/c n/c n/c No 

Agelink et al., 2002 32 ­ ¯ ­ Yes 

Udupa et al., 2007 40 ­ ¯ ­ Yes 

Koschke et al., 2009 
75 - ¯ - Yes 
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Studies that have examined the associations between HRV and depression have 

obtained varied results. Whilst some studies have reported a reduction in 

parasympathetic modulation (Rechlin et al., 1994, Guinjoan et al., 1995) others have 

reported no apparent variation (Yeragani et al., 1991, Moser et al., 1998, Bar et al., 

2004). Likewise, inconsistent results have been obtained concerning the influence of 

depression on the sympathetic branch of the ANS, with studies reporting an increased 

(Guinjoan et al., 1995, Udupa et al., 2007), decreased (Tulen et al., 1996) and 

unchanged (Moser et al., 1998) sympathetic control in individuals with depression. Of 

those that did report a confirmatory link between HRV and depression, there remains 

some ambiguity regarding the impact of the severity of symptoms on autonomic 

control. Some studies have suggested that cardiovagal modulation is conditional to 

symptom severity (Agelink et al., 2002), whilst others have reported that there is no 

evident association between the degree of autonomic imbalance and the acuteness of 

depressive symptoms (Koschke et al., 2009). Variations in the heterogeneity, sample 

size, exclusion criteria, length of ECG recording, and experimental design have all 

contributed to these inconsistencies. 
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1.6 Basis for Research 

1.6.1 Research question 

 

The distinct discrepancies in literature concerning the effects of depression and 

depressive symptomology on heart rate variability (refer to previous section 1.5) 

provides the basis for this study, leading to the aims and hypotheses detailed below. 

Additionally, the paucity of literature regarding the incidence of depressive 

symptomology in the trucking and train driving industries in Australia is concerning. A 

high incidence of both depression and impaired cardiovascular function within the truck 

and train driving industries presents a substantial health issue for Australia. Although 

epidemiological studies have yet to be conducted on the train driver population of 

Australia, it remains a serious concern as train drivers in Australia find themselves 

exposed to similar occupational factors that may also predispose them to high rates of 

depression. This study intends to address this scarcity of current literature regarding 

the incidence of depressive symptomology within these two cohorts, and the effects of 

depressive symptomology on HRV, in order to quantitate cardiovascular risks in the 

drivers in the train and trucking industry.  

 

Udupa and team (2007) have postulated that cardiac autonomic factors, including 

heart rate variability, associate depression with cardiovascular imbalance. Literature 

concerning these associations has tended to place emphasis principally on individuals 

experiencing cardiovascular impairment at baseline (Carney et al., 2001, 

Krittayaphong et al., 1997, Carney and Freedland, 2009, Carney et al., 2005). Of the 

studies that have examined the effects of depressive symptoms on heart rate variability 

in healthy cohorts, there have been inconsistent results (Agelink et al., 2002; Bar et 

al., 2004; Koschke 2009). Moreover, the association between depression and heart 
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rate variability is yet to be explored within the population of truck and train drivers and 

elucidating the links between these parameters may provide the foundation for 

improved management of depression within these occupations, and as such, a 

possible reduction in cardiac health implications. Previous studies have displayed 

limitations in experimental design, including small sample sizes (Yeragani et al., 1991; 

Bar et al., 2004; Henje Blom et al., 2010) and short HRV recording times (Bar et al., 

2004).  

 

To examine the association between depressive symptomology and altered cardiac 

function, an electrocardiogram was obtained in 60 truck drivers and 60 train drivers 

during a baseline resting and active driver simulator task. The electrocardiogram was 

analysed to derive heart rate variability parameters. Depressive symptomology 

(affective state) measures were obtained using the Profiles of Mood States 

Questionnaire (Beck et al., 1996a) and the Beck Depression Inventory Scale-II (Beck 

et al., 1996a). The incidence of depressive symptomology was assessed using the 

POMS and BDI, and potential contributing workplace factors identified using the 

SmartData Driver Package (Kanvanagh, 2007). Associations between cardiovascular 

function, occupational factors and affective measures were examined to the bio-

psycho-social-occupational relationship between affective states, workplace 

conditions and cardiovascular health (Figure 14). Assessing the prevalence of 

depressive symptomology, and its associations with impaired cardiovascular function 

in the previously unobserved population of train and truck drivers in Australia may 

provide quantitative evidence for the improved management of this prevalent disorder 

within these high-risk occupational industries.  
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Figure 14 The bio-psycho-social-occupational relationship to be examined. 

Figure 14 depicts a diagrammatic representation of the bio-psycho-social-occupational relationships to 

be examined in the present study. 

Biological 

Age, Gender, Blood 
pressure, Heart Rate 

Variability 

Occupational 

Year employed, Hours driving 
per week, Accidents and near 
misses during the previous year 

and during career 

Psychological 

Anger, aggression, confusion, 
vigour, anxiety, depression, 

stress 

Social 

Smoking, Alcohol use, 
Illicit drug use, Social 

interaction 



Taryn Chalmers   |  54 

1.6.2 Hypothesis 

1. There will be a higher incidence of depressive symptomology within the cohort

of professional drivers than in the general population.

2. There will be associations between depressive symptomology and

cardiovascular risk factors in train and truck drivers.

1.6.3 Aims 

1. To assess the incidence of depressive symptomology in truck and train drivers.

2. To assess the links between depressive symptomology and altered

cardiovascular function in train and truck drivers.
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1.6.4 Conclusion 

 

Literature has presented evidence to suggest that depression may impair 

cardiovascular modulation and increase the risk of developing cardiac impairment in a 

previous healthy cohort. There have been numerous mechanisms proposed to account 

for the potential cardiovascular vulnerability related to depression, most of which centre 

around an increase in sympathetic dominance reported in individuals suffering from 

depression. Given the reportedly high incidence of both negative mood states and 

cardiovascular disease within the professional driving community, investigation of the 

links between the two is of significant interest. Further, steps to improve the 

management of depression may in turn decrease cardiovascular risk  within these 

industries. This study will provide statistical data regarding the prevalence of 

depressive symptomology within a cohort of professional drivers, and the occupational 

factors that may contribute to this disorder. Further, this research will examine the 

association between depressive symptomology and cardiac risks in truck and train 

drivers. Finally, early driver safety intervention schemes could potentially be employed 

if depression can be conclusively associated with impaired HRV, and consequentially, 

reduced cardiovascular function. This will facilitate the potential reduction in the health, 

emotional and socioeconomic implications of both depression and CVD within the truck 

and train driving industries in Australia.   
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Chapter Two - Methodology 

 

2.1 Ethics Approval 

 

This study was granted University of Technology Sydney Human Research Ethics 

Committee approval (HREC: 2007-55A). Prior to the commencement of the study, 

participants were provided with a consent form, which comprehensively outlined the 

purpose and methods of the study (see section 2.4). The individual was advised that 

they may, at any time, leave the study without a need to provide a reason. The consent 

form also contained information regarding contact details of both the lead research and 

supervisor, and the HREC number. Finally, the participant was advised that full 

anonymity was provided, with all recorded information being stored under case 

numbers, which were only accessible by the lead researcher. If signed consent was 

given, the participant signed two copies of the consent form, one of which was retained 

by the researcher, and the other by the volunteer.  

 

2.2 Participant Recruitment 

 

Participants were recruited through local advertisement via a poster, recruitment 

though contacts established independently to this research, online forums and with the 

aid and endorsement of Australia Post Transport division, the Transport Workers 

Union, the Australian Trucking Association and Sydney Trains. 
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2.3 Participant Selection Criteria 

2.3.1 General requirements 

 

After an initial expression of interest from potential participants, a pre-study email was 

sent to the individual. This email provided information on a number of exclusion criteria, 

some of which were drawn from the Lifestyle Appraisal Questionnaire (LAQ) (Craig et 

al., 1996b). Participants were screened via email with the following exclusionary 

questions; “Do you take any drugs or medication other than tea, coffee and nicotine 

(such as sleeping tablets, anti-anxiety drugs such as Valium, antidepressants, 

hallucinogens, barbiturates, pain-killers, etc.?)”, which was adapted from question 8 of 

the LAQ. If the participant replied yes to this question, they were excluded from the 

study. This reduced the risk of known drugs or medication affecting the results attained 

from this study, as many drugs and medications have been associated with alterations 

to BP and heart rate variability. These include anti-depressants (Licht et al., 2010, Licht 

et al., 2011), anti-psychotics (Henderson et al., 2004), antihypertensive medication 

(Pavithran et al., 2010), anxiolytics (Papadopoulos et al., 2010) and steroids (Payne et 

al., 2004). If the participant answered no to question 8, they were then asked, “Do you, 

at present, suffer from any chronic disease or illness (such as cancer, heart disease, 

asthma, diabetes, arthritis, etc.?)”, which was adapted from question 18 of the LAQ. If 

the participant answered yes to this question, they were excluded from the study. This 

reduced the risk of known disease states affecting results. Furthermore, this exclusion 

criterion was in agreement with the University of Technology Sydney Human Research 

Ethics Committee (UTS HREC) requirements. Finally, drivers were permitted into the 

study only if they were not rostered to work on the day of testing, in order to reduce 

the impacts of varied shift work on physiological and psychometric data.  
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Upon preliminary inclusion in the study, the participant was invited to visit the University 

of Technology Sydney, where the study was to be conducted. Upon arrival, and after 

permitting consent, three pre-study BP readings were recorded. If systolic and diastolic 

BP readings were greater than or equal to 160/100 mmHg respectively, the participant 

was advised that they were unable to participate in the study, and the individual was 

offered assistance to visit the nearest medical centre. If a BP reading was recorded at 

greater than 140/90 mmHg and less than 160/100 mmHg, the participant was included 

in the study, however, they were advised to seek medical advice from their general 

practitioner. These steps were in accordance with the National Heart Foundation of 

Australia BP guidelines (2010) and the UTS HREC approved emergency protocol (see 

appendices). 

 

Finally, it was a requisite that participants smoke less than 10 cigarettes per day and 

not consume more than 16 alcoholic beverages per day. This information was obtained 

via part one of the LAQ. This was to reduce the possible confounding variables that 

may influence heart rate and BP readings.  

 

2.3.2 Requirement for Professional Drivers 

 

Specific inclusionary criteria for drivers were as follows; drivers were required to be 

employed full time, and heavy vehicle drivers were required to drive a vehicle over 4.5 

gross vehicle mass (the lower limit of GVM required to be classified as a heavy vehicle 

driver). Finally, drivers were only permitted participate in the study if they were not 

rostered to work on the day of testing.  

  



                                                                                                                                                Taryn Chalmers   |  59 

2.4 Experimental Protocol 

 

The study was conducted in a controlled laboratory environment, with temperature, 

auditory and visual interference being reduced as much as viably possible. Light 

sources were controlled, with laboratory blinds being drawn to reduce the impact of 

external light sources influencing physiological measurements. The study was 

comprehensively detailed to the subject upon arrival, with the opportunity for questions 

being presented. Upon confirmation of written consent, the study was commenced.  

 

2.4.1 Laboratory methodology 

 

Initially, a participant who had met the inclusion criteria was seated for five minutes of 

quiet relaxation. Three pre-study blood pressure measurements were obtained, with 

two minutes of seated rest between each reading. Following this, the participant was 

asked to complete a number of questionnaires. These included the Lifestyle Appraisal 

Questionnaire (Craig et al., 1996b) (assessing lifestyle behaviour and habits), the Beck 

Depression Inventory Scale-II (Beck et al., 1996a), the Beck Anxiety Inventory (Beck 

et al., 1988b), the Profile of Mood States questionnaire (McNair et al., 1971), the 

Professional Drivers Package (developed specifically for this study to assess driving 

history and information) and the Likert Fatigue scale (Lal and Craig, 2002). Next the 

participant was fitted with a three-lead electrocardiogram (ECG), attached to their 

chest. The measurement of the participants ECG was obtained using the FlexComp 

Infinity ECG (Thought Technology Ltd, Canada) along with the BioGraph Infinity 

computer software program (Thought Technology Ltd, Canada). According to 

Berntson and associates (1997), a three lead ECG recording is adequate to obtain 

well-defined R-R intervals, which are necessary for the analysis of HRV.  



                                                                                                                                                Taryn Chalmers   |  60 

 

Following this, the individual was seated and undertake the baseline phase of testing, 

which involved 20 minutes of quiet sitting, with their eyes open. Following this, the 

participant began the active phase of testing. For the truck drivers, this involved the 

participant being seated in the driving simulator, using the Logitech G7 Racing wheel 

to manoeuvre around the Standard Street One course of the Scania Truck Driver 

Simulator for twenty minutes whilst the ECG was used to collect heart rate data (Figure 

15). The train drivers were seated at the computer and commenced twenty minutes of 

stimulated train driving using the Trainz Classics (N3V Games, Queensland, Australia) 

driving simulator program. After this, the ECG electrodes were removed from the 

participant and three post-study BP readings were obtained with two-minute interval in 

between (as described in section 2.4.1.2). This research is based on a within-subject 

design, as participants serve as their own control by providing individual baseline 

scores prior to the stress intervention. This concluded the laboratory study. See 

Figures 16 and 17 for diagrammatic representations of the laboratory protocol.  
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Figure 15 Laboratory Truck Driving simulator 

Figure 15 depicts the laboratory setup for the active truck driving simulator using a Logitech G7 Racing 

wheel and the Standard Street One course of the Scania Truck Driver Simulator. Note that the driving 

simulator includes a driving seat comparable to common truck and car seats, accurate pedals and a 

steering wheel. Permission obtained from participant to reproduce image. 



Prior to testing, the participant is asked, 
“Do you take any drugs or medication other than tea, 

coffee and nicotine (such as sleeping tablets, anti-anxiety 
drugs such as valium, antidepressants, hallucinogens, 

barbiturates, pain-killers, etc.?)”.

Prior to testing, the participant is asked, 
“Do you, at present, suffer from any chronic disease or 

illness (such as cancer, heart disease, asthma, diabetes, 
arthritis, etc.?)”.

Two consent forms are signed; one is retained for the 
researcher, one for the participant.

Participant rests for five minutes in a seated position.

Three pre-study BP readings are recorded, allowing two-
minute rest periods in between each recording.

LAQ is administered, and height and weight are recorded.

Professional Driver Package, BDI-II and BAI 
Questionnaire administered.

POMS Questionnaire administered.

Likert fatigue scale administered.

Twenty minute baseline electrocardiogram recording 
taken.

Participant is seated at driver simulator, and three-lead 
ECG placed on participant. 

Participant undertakes driving simulator task.

Twenty minute active electrocardiogram recording taken.

Participant completes post-study Likert fatigue scale.

Three post-study BP readings are recorded, allowing two-
minute rest periods in between each recording.

Study completion (120 minutes in duration)
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Figure 16 Flowchart of experimental protocol 

YES 

YES 

Following a yes 
response, the individual 
is excluded from the 
study 

Following a yes 
response, the individual 
is excluded from the 
study 

Participant is excluded 
from the study and 
advised to consult their 
general practitioner. 

Participant is included in 
the study but advised to 
consult their general 
practitioner. 

>160/100 mmHg

>140/90 mmHg

Key: 

BDI-II = Beck Depression Inventory-II  

{Beck, et al. 1996} 

BAI = Beck Anxiety Inventory  

(Beck et al., 1988b) 

ECG = Electrocardiogram 

LAQ = Lifestyle Appraisal Questionnaire 

(Craig et al., 1996b) 

mmHg = Millimeter of mercury 

POMS = Profile of Mood States  

(McNair et al., 1971) 
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Figure 17 Study Protocol 
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2.4.2 Measurements of cardiovascular function 

Cardiovascular function was assessed using electrocardiogram and blood pressure 

measurements. Electrocardiogram data was used to derive heart rate variability 

parameters. 

2.4.2.1 Blood Pressure 

Upon commencement of the study, three pre-study BP readings were obtained. The 

volunteer was required to remain seated for five minutes prior to the BP readings being 

recorded, with a two-minute seated interval between each of the measurements. In 

accordance with the National Heart Foundation of Australia BP guidelines (2010) and 

the UTS Human Research Ethics Committee approved emergency protocol, a BP 

reading of greater than 160/100 mmHg resulted in the participant being excluded from 

the study. Furthermore, the participant was advised to seek urgent medical advice, 

and the offer was made to escort the individual to the nearest medical facility. A 

participant with a pre-study BP reading greater than 140/90 mmHg but lower then 

160/100 mmHg, whilst included in the study, was advised to consult their general 

practitioner regarding their elevated BP reading (Figure 18).  
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Figure 18 Stages of blood pressure readings from normal to hypertension 

Figure 18 presents a graphical representation of the systolic and diastolic blood pressure readings 

that denote the stages of hypertension. Adapted from the National Heart Foundation of Australia 

BP guidelines (2010). 
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BP was recorded three times using a validated and reliable BP monitor, the Livingstone 

OMRON IA1 (Japan) (Figure 19). The BP reading was taken from the left arm, as per 

the provided product instructions. Due to the known acute variability of BP (Hansen et 

al., 2009), the average of three BP readings was obtained. Heart rate, the number of 

heart beats per minute, was also recorded using the Livingstone OMRON IA1 (Japan). 

After satisfying the aforementioned inclusion criteria for BP assessment, the participant 

was then included in the study. 

Figure 19 The Livingstone BP monitor and measurement instructions 

Figure 18 depicts 1. The Livingstone Omron IA1 BP monitor used during the laboratory experiment. 2. 

BP was measured using the standardised method displayed on the cuff of the BP monitor Livingstone 

OMRON IA1 (Japan). 

1.                       2. 
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2.4.2.2 Electrocardiogram and Heart Rate Variability 

 

The measurement of the participants ECG was obtained using the FlexComp Infinity 

ECG (Thought Technology Ltd, Canada) along with the BioGraph Infinity computer 

software program (Thought Technology Ltd, Canada). According to Berntson and 

associates (1997), a three lead ECG recording is adequate to obtain well-defined R-R 

intervals, which are necessary for the analysis of HRV.  

 

Initially, the adhesion sites of the ECG on the participant’s skin were cleaned using an 

alcohol wipe (Liv-Wipe alcohol swab, 70% isopropyl alcohol, Livingstone International 

Pty Ltd Australia) in order to remove surface dirt and decrease the noise associated 

with an ECG signal. See Figure 15 for diagrammatic representation of the ECG lead 

placement sites. Following this, the ECG cup electrodes were loaded with highly 

conductive, multi-purpose electrode gel (Signa Gel, Parker Laboratories Inc, USA) 

using a 5mL syringe (BD Ltd, Singapore). The blue and yellow electrodes (active) were 

positioned at the intercostal space between the 4th and 5th ribs, two centimeters 

laterally from each side of the sternum (Figure 20). These two active electrodes were 

then secured to the chest, using microporous surgical tape (Liv-Pore microporous 

surgical tape, Livingstone International Pty Ltd Australia). The final reference electrode 

(black) was then secured underneath the shoulder.  
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Figure 20 Electrode placement (three-lead ECG) 

Figure 19 depicts the electrode placement for the three-lead electrocardiogram. The two active 

electrodes (blue and yellow) are placed two centimeters laterally of each side of the sternum, at the 

intercostal space between the 4th and 5th ribs. The reference electrode (black) is place underneath the 

distal end of the left clavicle. Adapted from Linggo (2012).  

Once the electrodes were successfully attached, the participant undertook the baseline 

and active phases of testing (see 2.4.1 for a detailed explanation of phases), whilst a 

concurrent ECG was recorded (Figure 21). 
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Figure 21 Labelled screenshot of the ECG recording 

Figure 21 depicts a screenshot obtained during the baseline resting electrocardiogram using Biograph 

Infiniti software (Thought Technology Ltd, Canada), with labels indicating R waves against the time and 

millivolts axes. The clear R-R intervals are sufficient for accurate HRV analysis. 

Key: ECG = Electrocardiogram; HRV = Heart rate variability 

Initially, using the QRS detector, the pre-processing step of HRV analysis included 

band pass filtering to decrease power line noise, baseline wander, muscle noise and 

any other interference components. The pass band at approximately 5 – 30 Hz is 

sufficient to cover most of the frequency content of QRS complex. After this pre-

processing had occurred, a set of decision rules were applied to define if a QRS 

complex had occurred. The decision rules included the average heartbeat period as 

well as the amplitude threshold, which were amended adaptively as the detection 
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process continued. The fiducial point was selected to be the R-Wave, and the time at 

which the R-Wave occurs was logged. Post R-Waves identification, and time of R-

Wave occurrence was determined, the HRV time series was derived. The R-R intervals 

were determined as the variances between successive R-Wave occurrence time 

periods. A power spectrum density (PSD) estimate was then used to calculate the R-

R interval series. The PSD estimation is performed using the Fast Fourier Transform 

based Welch’s periodogram method (Hann window was used). In the Welch’s 

periodogram method, the HRV sample is separated into overlapping segments (50% 

overlap). The spectrum was then acquired by calculating the average spectra of these 

segments. This method reduces the amount of variance of the FFT spectrum. The 

frequency bands derived for short-term HRV recordings were low frequency (LF, 0.04 

– 0.15 Hz) and high frequency (HF, 0.15 – 0.4 Hz). The absolute power values for each 

frequency band were derived through integration of the spectrum over the band limits.  

 

Other HRV time domain methods, geometric measures and non-linear methods 

require lengthier recording sectors than 20 minutes (such as 24-hour readings) (Task 

Force of The European Society of Cardiology and The North American Society of 

Pacing and Electrophysiology, 1996, Heart Rate Variability: Standards of 

Measurement and Use, 1996) and thus were inappropriate to include in the analysis. 

HRV data is inherently skewed (Macfarlane et al., 2011). In order to ensure statistical 

validity, logarithmic transformations were applied to frequency parameters (LF, HF, 

LF/HF, TP) (Tarkiainen et al., 2005, Macfarlane et al., 2011).  
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2.4.3 Mood Scales 

 

Affective and anxious states were assessed using a number of validated and reliable 

mood state questionnaires as detailed below. 

 

2.4.3.1 Profile of Mood States Questionnaire 

 

The Profile of Mood States questionnaire (POMS) (McNair et al., 1971) is composed 

of 65 items describing six mood subscales: tension-anxiety, depression-dejection, 

anger-hostility, vigour-activity, fatigue-inertia, and confusion-bewilderment. An overall 

measure of total mood disturbance is calculated for all six subscales by combining the 

scores obtained on the tension-anxiety, depression-dejection, anger-hostility, fatigue-

inertia and confusion-bewilderment scales minus the score on the vigour-activity scale. 

The depression-dejection subscale has been shown to be strongly predictive of the 

Beck Depression Inventory-II (BDI-II) (Beck et al., 1996a), which is often used in 

clinical practice to diagnose depression. The depression-dejection subscale of the 

POMS is consequently considered a useful short alternative to the BDI-II, since it also 

investigates other components of mood such as anxiety and aggression (Griffith et al., 

2005).  

 

The POMS questionnaire is a subjective measurement of well-being and is an 

assessment of an individual’s mood state during the previous week, including the day 

of participation. This questionnaire is a reliable, low cost, ergonomic mood state tool 

that has been highly validated by numerous previous studies (Norcross et al., 1984). 

The participant was asked to tick the box that corresponded to the intensity of each 

feeling stated, from “Not at all” to “Extremely” through a five-point progression from 0 
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to 4. For example, next to the feeling “Angry”, a participant may either mark “Not at all”, 

“A little”, “Moderately”, Quite a bit” or “Extremely”. After the completion of this 

questionnaire, the scores for each subscale, and a total mood disturbance score, were 

calculated. Table 8 displays the number of items included in each subscale of the 

Profile of Mood States Questionnaire and the possible ranges for each of these 

subscales. Numerous previous studies have utilised the POMS questionnaire to 

assess mood states within cohorts of professional divers (Xianglong et al., 2018, Feng 

et al., 2020, McGough, 2011, Angelika, 2018, Tamrin et al., 2014). Further, the POMS 

questionnaire has often been employed in studies assessing mood states and heart 

rate variability (Oldham, 2020, Fazackerley et al., 2019, Hattori et al., 2020, Farrow 

and Washburn, 2019, Bourdillon et al., 2021, Azam et al., 2019, Carrera Arias et al., 

2019). 

Table 8 The number of items included in each subscale of the Profile of Mood 

States Questionnaire and the possible ranges for each of these subscales 

Subscale Number of items Range Normative values (adult 
population) 

Tension-anxiety 9 0 – 36 7.1 ± 5.8 

Depression-dejection 15 0 – 60 7.1 ± 7.3 

Anger-hostility 12 0 - 48 7.3 ± 5.9 

Vigour-activity 7 0 - 32 7.5 ± 9.2 

Fatigue-inertia 8 0 – 28 5.6 ± 4.1 

Confusion-bewilderment 7 0 - 28 19.8 ± 6.8 

Total Mood Disturbance 58 -24 to 177 14.8 ± 32.9 
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Table 8 summarises the six mood subscales of the Profile of Mood States questionnaire (McNair et al., 

1971). Listed is the number of items in each mood subscale, the possible ranges for each of these 

subscales, and the normative data based on an adult population Nyenhuis, 1999  

 

2.4.3.2 Beck Depression-Inventory II  

 

The Beck Depression Inventory Scale (BDI-II) is a 21-item self-reported tool used to 

assess the severity of depression in adults and adolescents (aged >13) (Beck et al., 

1996a). This tool is widely used in the psychiatric profession, and take approximately 

5-10 minutes to complete (Ball et al., 1994). Scores range from 0-63, with 0-13 

indicating minimal depression, 14-19 indicating mild depression, 20-28 indicating 

moderate depression and 29-63 indicating severe depression (Beck et al., 1996a). The 

coefficient alpha of the BDI-II was found to be 0.93, indicating high internal 

consistency. The test-retest correlation of the BDI-II was found to be 0.93, which was 

significant (p=<0.001). As such, the BDI-II is a suitable mood state tool for the 

assessment of depressive symptoms within this study. Although a multitude of studies 

have suggested different cut-off scores for depression, the normative data that will be 

used throughout this study comes from research by Sprinkle and associates, who 

determined the cut-off score to be 16 (Sprinkle et al., 2002). This cut-off score was 

determined to have a sensitivity rate of 84% and a false-positive rate of 18% in 

identifying depressed mood. Numerous previous studies have utilised the Beck 

Depression Inventory to assess mood states within cohorts of professional divers (da 

Silva-Júnior et al., 2009b, Miyata et al., 2018, Bulmash et al., 2006a, Vakili et al., 

2010a, Kaul et al., 2019). Further, the Beck Depression Inventory has been frequently 

employed in research examining association between mood states and heart rate 

variability (Frasure-Smith et al., 2009, Karavidas et al., 2007, Pizzi et al., 2008, Su et 
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al., 2010, Song et al., 2011, Walter et al., 2019, Gao et al., 2019, Lesnewich et al., 

2019). 

 

2.4.3.3 Beck Anxiety Inventory 

 

The Beck Anxiety Inventory (Steer and Beck, 1997) is a 21 question, self-reported 

inventory that is utilized to assess anxious symptomology. It’s internal consistency is 

high (alpha = .92) (Steer et al., 1993), and it is used clinically to assess true clinical 

anxiety, and reduce the overlap with depressive symptoms. A total score of 0 - 7 is 

interpreted as a "Minimal" level of anxiety; 8 - 15 as "Mild"; 16 - 25 as "Moderate", and; 

26 - 63 as "Severe” (Steer and Beck, 1997). 

 

2.4.4 Other Questionnaires 

 

2.4.4.1 Lifestyle Appraisal Questionnaire  

The Lifestyle Appraisal Questionnaire (LAQ) (Craig et al., 1996a), a validated and 

clinically reliable questionnaire, was used to record demographic, lifestyle and 

psychological stress information from participants. The LAQ consists of two parts, with 

Part I consisting of 22 questions, with the highest obtainable score being 73. This 

information included family history of disease, smoking status, alcohol intake, exercise 

and diet regime, etc. Items in Part I are scored for level of risk. Most item scoring 

ranges from 0 (little or no risk) to 4 (high risk) whilst some are dichotomous (yes/no). 

Higher scores are associated with higher risks of chronic disease. Part II of the LAQ 

consists of 27 items,  each assessed on a four-point Likert scale ranging from 0 (almost 

never) to 3 (almost always) is used to assess the person’s cognitive appraisal of life 
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pressures and demands. Items are added directly, and high scores indicate higher 

perceived levels of stress (Craig et al., 1996a).  

 

2.4.4.2 SmartData questionnaire  

The SmartData questionnaire [29] provides demographical information regarding 

licensing, trucking history, employment status, nutrition, accident history and working 

conditions. This questionnaire was utilised as a basis for possible stratification of data, 

and to ascertain common conditions of truck driving in Australia. Following the 

administration of the SmartData questionnaire, the Likert Fatigue scale was completed.  

 

2.4.4.3 Likert Fatigue Scale  

The Likert scale is used to measure fatigue levels both prior and post the 

electrocardiogram (ECG) study [30]. The measure employs a rating scale of four 

points: not at all, slightly, moderately or markedly fatigued, and the participant circles 

the appropriate response, scored 0 – 3 respectively. The Likert scale of fatigue is 

scored 0 – 3 and produces a fatigue score (maximum score 3, with 0 indicating the 

participant is not at all fatigued, and 3 indicating marked fatigue). Fatigue has been 

shown to impact upon heart rate variability (HRV) and as such, this confounder is 

measured pre- and post-study to provide adequate information to allow for thorough 

identification of any areas of possible inter-individual variability.  
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2.5 Statistical methods 

 

The data that was analysed within this study included: 

- Lifestyle Appraisal Questionnaire (Craig et al., 1996) 

- SmartData Questionnaire (Kavanagh, 2007) 

- Profile of Mood States Questionnaire (McNair et al., 1971) 

- Likert (fatigue levels) (Lal and Craig, 2002) 

- Beck Depression Inventory (Beck et al., 1996b) 

- Beck Anxiety Inventory (Beck et al., 1988a) 

- Blood pressure and heart rate (HR) readings pre- and post-study 

- ECG recording and subsequent HRV-parameters linked to active and baseline 

phases 

 

2.5.1 Power analysis 

 

Power analysis was applied to determine the minimum sample size required to 

produce statistically reliable data (Thomas and Krebs, 1997). The minimum sample 

size required to undertake a multiple regression with 8 predictors, based on moderate 

effect, was 108 (Cohen, 2013, Soper, 2015). Statistical power increases with 

increasing sample size (Lachin, 1981, Thomas and Krebs, 1997). As such, with a total 

sample size of 120, sufficient power for statistical analysis was obtained.  
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2.5.2 Statistical Analysis  

 

The statistical analyses was conducted using the software program SPSS Version 22.0 

(IBM Corp., Released 2013) and comprised of dependent sample t-tests, Pearson’s 

correlations and regression analyses. Associations of significance are presented at a 

p value of <0.05. Detailed explanations of the statistical analysis performed are 

presented in the following subsections. 

 

2.5.2.1 Dependent and Independent sample t-test  

 

In this study, dependent sample t-tests were utilised to identify significant differences 

in heart rate and blood pressure data obtained both before and after the experimental 

session. Additionally, dependent sample t-tests were also used to assess the 

differences in HRV values between the baseline resting and active driving task. 

Further, independent sample t-tests were utilised to determine if there were significant 

differences in demographic variables, LAQ scores, POMS, BAI and BDI scores 

between the truck and train driving cohorts.  

 

2.5.2.2 Pearson’s Correlation 

 

Pearson’s correlation was applied to evaluate the relationship between mood states 

(derived from the part two of the LAQ, POMS questionnaire, BDI and BAI), lifestyle 

and workplace factors and BP and HRV data. A Pearson’s correlation is used to assess 

the strength of the linear relationship between two variables, by producing an r (rho) 
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value that ranges from -1 to 0. This value is indicative of the strength of the relationship 

between these two variables, with 0 indicating no relationship, and either -1 or 1 

indicating a perfectly synchronised relationship. An r-value of 1 indicates that as one 

variable increases, the other variable increases by an identical amount. This is known 

as a direct relationship. Conversely, an r-value of -1 indicated that as one variable 

increases, the other decreases by an identical amount. This is known as an inverse 

relationship.  

 

2.5.2.3 Regression analysis  

 

In the present study, multiple regression analysis was used to identify the most 

significant predictors of cardiac health (assessed by BP and HRV) and negative mood 

states (assessed by POMS, BDI and BAI). Extrapolating from the correlations 

performed, if three or more significant predictors were associated with a dependent 

(cardiovascular) variable, regression analysis was applied in order to assess the 

strongest predictors of cardiovascular function. Linear regression models were used. 

BDI score was examined as a numerical value. Confounders (age, BMI, gender, 

smoking) were controlled for in correlation and regression models, as discussed in the 

methods. Regression analysis is used to examine the nature of the linear relationship 

between dependent and independent variables (Peacock and Peacock, 2011). 

 

2.5.2.4 Bonferroni Correction 

 

Bonferroni corrections were applied to all correlations where two or more independent 

variables were correlated to a dependant variable. The Bonferroni correction technique 
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involves dividing the p-value by the number of variables being examined to make the 

p-value more conservative and reduces the risk of type 1 errors (false positives) (Bland 

and Altman, 1995). Three or more independent variables were required to fall equal to 

or less than the Bonferroni adjusted p-value to perform the linear regression. 

Correlations that did not fall equal to or below the Bonferroni-adjusted p value were 

not displayed in data tables. 

 

  



Taryn Chalmers   |  80 

Chapter Three – Results 

The following is a summary of the main findings of the study. This section presents key 

findings related to the aims and hypotheses. Expanded results are presented in each 

of the published papers in the following chapters. 

3.1 Subject Characteristics 

A total of 60 truck drivers and 60 train drivers were recruited for the present study, 

aged 21-56. The following section reports on the epidemiological and physiological 

results that were obtained.  

Table 9 depicts the general demographics for the truck drivers (n=60), train drivers 

(n=60), total sample (n=120). 

Table 9 General characetristics for the truck drivers (n=60), train drivers (n=60), total 
sample (n=120). 

Table 9 reports the mean values attained for age, body mass index and percentage male for all 
participants; truck drivers (n=60), train drivers (n=60) and total sample (n=120).  

Key: 
BMI: Body mass index 
n: Sample size 

Truck Drivers (n=60) Train Drivers (n=60) Total Sample (n=120) 

Age 35.8 ± 9.1 38.2 ± 10.1 37.0 ± 9.5 

BMI 28.3 ± 3.4 28.9 ± 5.3 28.6 ± 4.3 

% Male 91.67 95 93.34 
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The average age recorded for the truck driver sample was 35.8 ± 9.1 years, which was 

younger than the national average age of truck drivers (48 years) (Australian 

Government, 2017). The mean BMI was reported as 28.3 which is within the 

overweight category (25 – 30) (Heart Foundation of Australia, 2010). The present 

cohort of truck drivers was 91.67% males, which reflects the male dominance of the 

industry. 

 

The average age recorded for the train driver sample was 37.0 ± 9.5 years, which was 

younger than the national average age of train drivers (41 years). The mean BMI was 

reported as 28.9 which is within the overweight category (25 – 30) (Heart Foundation 

of Australia, 2010). The present cohort of truck drivers was 95% males, which reflects 

the male dominance of the industry. 

 

The average age recorded for the total sample was 35.8 ± 9.1 years, which was 

younger than the national average age of truck drivers (43 years). The mean BMI was 

reported as 28.6 ± 4.3 which is within the overweight category (25 – 30) (Heart 

Foundation of Australia, 2010). 

 

The truck driving, train driving and total sample all reported a BMI within the overweight 

category, and a higher BMI than the national average for males, which is 27 (Cancer 

Council Victoria, 2012).  

 

Using the LAQ, smoking status and frequency of smoking was recorded, and is 

presented in Table 10.  
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Table 10 Smoking rate for the present cohort of truck drivers (n=60), train drivers 
(n=60), total sample (n=120) and national percentage.  

Table 10 reports the percentage of the present cohort of truck drivers that were smokers, when 
compared with the percentage of the Australian population who presently smoke (AIHW, 2008a). 

Within the present cohort, 43% of truck drivers, 30% of train drivers, and 33% of the 

total sample currently smoked cigarettes, when compared with the 19% of the 

Australian population who smoke (AIHW, 2008a). 

Smoking 

status 

Truck drivers Train drivers Total sample Australian population 

No 57% 70% 63% 83% 

Yes 43% 30% 33% 19% 
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3.2 Mood disturbances 

3.2.1 Profile of Mood States 

The mean test scores of each of the six respective mood subscales (tension-anxiety, 

anger-aggression, fatigue-inertia, depression-dejection, confusion-bewilderment and 

vigor-activity) of the POMS questionnaire, a total mood disturbance scores, along with 

the normative values  (Nyenhuis et al., 1999) are listed in Table 11. 

Table 11 The average scores attained for the six mood subscales, the total mood 
disturbance score in truck drivers (n=60), train drivers (n=60), total sample (n=120) 
and the normative values for an adult male sample (Nyenhuis et al., 1999). 

Table 11 presents the average test scores attained for the six mood subscales, the total mood 

disturbance score and the possible ranges and normative values (Nyenhuis et al., 1999). 

Sub-scale 
Truck Driver 

mean score 

Train Driver 

mean score 

Total Sample 

mean score 

Normative values 

(Nyenhuis et al., 1999) 

Tension-Anxiety 12.0 ± 5.5 7.3 ± 6.5 9.5 ± 6.5 7.1 ± 5.8 

Anger-agression 10.1 ± 6.6 7.3 ± 7.8 8.7 ± 7.4 7.1 ± 7.3 

Fatigue-inertia 11.7 ± 6.5 8.8 ± 6.3 10.3 ± 9.5 7.3 ± 5.7 

Depression-dejection 13.5 ± 9.9 7.0 ± 7.7 10.3 ± 9.5 7.5 ± 9.2 

Confusion-bewilderment 9.4 ± 5.0 4.6 ± 3.2 7.0 ± 4.9 5.6 ± 4.1 

Vigor-activity 11.8 ± 5.7 16.6 ± 5.2 14.4 ± 5.9 19.8 ± 6.8 

TOTAL MOOD 

DISTURBANCE 

44.9 ± 28.4 18.4 ± 28.3 31.4 ± 31.9 14.8 ± 32.7 
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For the truck driving sample, the highest mean scores attained of the six possible mood 

subscales were the depression-dejection subscale (13.5 ± 9.9) followed by vigour-

activity (11.8 ± 5.7) and fatigue-inertia (11.7 ± 6.5). The mean test score attained for 

the total mood disturbance score was 44.6 ± 32.0.  

 

For the train driving sample, the highest mean scores attained for the six possible mood 

subscales were the vigor-activity subscale (16.6 ± 5.2) followed by fatigue-inertia (8.8 

± 6.3). The mean test score attained for the total mood disturbance score was 16.5 ± 

25.6.  

 

Tension-anxiety (p=<0.001), anger-aggression (p=0.002), fatigue-inertia (p=0.001), 

depression-dejection (p=<0.001), confusion-bewilderment (p=0.023) and total mood 

disturbance (p=<0.001) were all significantly higher in the truck driving sample than the 

train driving sample. Further, all negative mood states in the truck driving sample were 

higher than the normative data (Nyenhuis et al., 1999). 

 

3.2.2 Beck Depression Inventory 

 

The mean BDI-II test score for the truck (n=60), train (n=60) and total sample (n=120) 

are presented in Table 12, along with the cut-off for mild to moderate depression (Beck 

et al., 1996b). 31.6% of truck drivers (n=19) and 11.7% of train drivers (n=7) scores 

above the cut-off for mild to moderate depression (Beck et al., 1996b). 
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Table 12 Beck Depression Inventory scores for the truck drivers, train drivers 
and total sample. 

Truck drivers reported significantly higher scores on the BDI than both the train driving 

sample (p<0.001) and higher scores than the advised cut-off score for mild to moderate 

depression (Beck et al., 1996b). 

3.2.3 Beck Anxiety Inventory 

The mean BAI test score for the truck (n=60), train (n=60) and total sample (n=120) 

are presented in Table 13, along with the cut-off for mild anxiety (Beck et al., 1988a). 

38% of truck drivers (n=23) and 18% of train drivers (n=11) scored above the cut off 

for mild anxiety. 

Table 13 Beck Anxiety Inventory scores for the truck drivers, train drivers and 
total sample. 

Truck drivers reported significantly higher scores on the BAI than both the train driving 

sample (p<0.001) and higher scores than the advised cut-off score for mild anxiety 

(Beck et al., 1988a). 

Truck Drivers 

(n=60) 

Train Drivers 

(n=60) 

Total Sample 

(n=120) 

Cut-off for mild to moderate 

depression (Beck et al., 1996b) 

BDI Score 12.2 ± 9.3 7.5 ± 5.6 9.7 ± 7.9 10 

Truck Drivers 

(n=60) 

Train Drivers 

(n=60) 

Total Sample 

(n=120) 

Cut-off for mild anxiety (Beck 

et al., 1988a) 

BAI Score 11.2 ± 9.6 7.5 ± 5.6 4.3 ± 4.1 8 
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3.3 Cardiac parameters 

3.3.1 Blood pressure 

BP was recorded before and after the study for each volunteer. Table 14 reports the 

mean pre- and post-study systolic BP, diastolic BP and HR for the truck (n=60), train 

(n=60) and total sample (n=120).  

Table 14 The mean pre and post study blood pressure and heart rate for each 
sample group. 

Table 14 reports the sample means for the pre and post study blood pressure and heart rate readings. 

Key: 
DBP: Diastolic blood pressure 
HR: Heart rate 
SBP: Systolic blood pressure 
SD: standard deviation 
mmHg: millimeters mercury 
bpm: beats per minute 

Truck Drivers 

(n=60) 

Train Drivers 

(n=60) 

Total Sample 

(n=120) 

Pre-study SBP (mmHg) 135.9 ± 13.0 123.5 ± 10.8 128.8 ± 12.7 

DBP (mmHg) 82.7 ± 6.4 78.7 ± 7.6 80.4 ± 7.3 

HR (bpm) 70.7 ± 6.8 71.8 ± 10.6 71.2 ± 9.0 

Post-study SBP (mmHg) 139.8 ± 12.4 125.5 ± 11.0 129.9 ± 12.1 

DBP (mmHg) 87.4 ± 5.7 79.9 ± 6.8 81.1 ± 7.0 

HR (bpm) 72.9 ± 8.6 71.2 ± 10.2 71.8 ± 9.2 
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Using an independent sample t-test, it was found that truck drivers exhibited 

signifcantly higher pre (p<0.001) and post (p<0.001) SBP than the train driving sample. 

It was also found that truck drivers exhibited signifcantly higher pre (p=0.01) and post 

(p=0.003) DBP than the train driving sample. 

3.3.2 Heart rate variability 

3.3.2.1 Baseline phase 

The mean HRV (LF, HF, TP and LF:HF) for the truck (n=60), train (n=60) and total 

sample (n=120) during the baseline phase is displayed in Table 15. Refer to methods 

section 2.4.1 for detailed description of the baseline laboratory setup.  

Table 15 Mean HRV parameters for truck, train and total sample during the 
baseline task. 

HRV parameter Truck Drivers (n=60) Train Drivers (n=60) Total Sample 

(n=120) 

LF (ms2) 3.0 ± 2.8 3.5 ± 3.8 3.2 ± 3.2 

HF (ms2) 2.6 ± 2.6 3.2 ± 3.7 2.9 ± 3.3 

Low Total power (ms2) 3.5 ± 3.3 3.8 ± 4.2 3.7 ± 3.8 

LF:HF 1.6 ± 0.4 1.1 ± 0.5 1.4 ± 0.5 

Table 15 depicts the mean HRV parameters (low frequency, high frequency, total power) for the baseline 

task. 

Key: 
HF: High frequency 
HRV: Heart rate variability 
LF: Low frequency 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
ms2: Milliseconds squared 
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Truck drivers were found to have significantly higher sympathovagal balance (LF:HF) 

than the train driving sample (p=0.002). Total power was also found to be significantly 

lower in the truck driving sample than the train driving sample (p=0.03).  

 

Partial correlations, when controlling for gender, smoking status, age and BMI, were 

undertaken to assess associations between baseline HRV parameters, depression-

dejection scores and BDI scores are displayed in Table 16 (truck drivers) and Table 

17 (train drivers).   

 

Table 16 Correlations between Depression scores (Depression-dejection and 
BDI) and HRV parameters in cohort of truck drivers (n=60) during a baseline task. 

Table 16 displays depression-dejection and BDI correlations with HRV parameters during the baseline 

phase in truck drivers. Statistically significant correlations are seen in red. 

 

Key: 
BDI: Beck Depression Inventory 
HF: High frequency 
HRV: Heart rate variability 
LF: Low frequency 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
TP: Total HRV power 

p: Level of statistical significance  
r: Correlation coefficient 

 

 HRV parameter r p 

Depression-Dejection LF 0.34 0.043 

HF 0.35 0.036 

TP 0.35 0.038 

Ratio 0.43 0.009 

BDI LF 0.09 0.57 

HF 0.08 0.51 

TP 0.07 0.58 

Ratio 0.23 0.11 
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A number of statistically significant correlations between depression scores and HRV 

parameters (seen in red) were identified during the baseline task in truck drivers. 

Depression-dejection (as measured by the POMS) was found to be correlated with all 

HRV parameters. No signifcant correlations were identified between the BDI and HRV 

parameters. 

 

Table 17 Correlations between Depression scores (Depression-dejection and 
BDI) and HRV parameters in cohort of train drivers (n=60) during a baseline task. 

Table 17 displays depression-dejection and BDI correlations with HRV parameters during the baseline 

phase in train drivers. Statistically signifiant correlations are seen in red. 

 

Key: 
BDI: Beck Depression Inventory 
HF: High frequency 
HRV: Heart rate variability 
LF: Low frequency 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
TP: Total HRV power 

p: Level of statistical significance  
r: Correlation coefficient 

 

A number of statistically significant correlations between depression scores and HRV 

parameters (seen in red) were identified during the baseline task in train drivers. 

Depression-dejection (as measured by the POMS) was found to be correlated with 

 HRV parameter r p 

Depression-Dejection LF 0.05 0.71 

HF 0.03 0.81 

TP 0.59 0.000 

Ratio 0.13 0.34 

BDI LF 0.13 0.36 

HF 0.14 0.37 

TP 0.41 0.02 

Ratio 0.17 0.23 
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total power (r = 41, p = 0.02). The BDI was found to be correlated with total power (r = 

0.59, p = <0.001). 

 

3.3.2.2 Active phase 

 

The mean HRV (LF, HF, TP and LF:HF) for the truck (n=60), train (n=60) and total 

sample (n=120) during the active phase is displayed in Table 18. Refer to methods 

section 2.4.1 for detailed description of the active laboratory setup.  

 

Table 18 Mean HRV parameters for truck, train and total sample during the active 
task. 

HRV parameter Truck Drivers (n=60) Train Drivers (n=60) Total Sample 

(n=120) 

LF (ms2) 3.4 ± 3.1 3.5 ± 3.8 3.4 ± 3.5 

HF (ms2) 3.0 ± 3.4 3.5 ± 4.0 3.2 ± 3.7 

Low Total power (ms2) 3.6 ± 3.8 4.0 ± 4.4 3.8 ± 4.0 

LF:HF 1.2 ± 0.3 1.0 ± 0.7 1.1 ± 0.5 

Table 18 depicts the mean HRV parameters (low frequency, high frequency, total power) for the active 

task. 
 

Key: 
HF: High frequency 
HRV: Heart rate variability 
LF: Low frequency 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
ms2: Milliseconds squared 
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Truck drivers were found to have significantly lower HF than the train driving sample 

(p=0.001). Total power was also found to be significantly lower in the truck driving 

sample than the train driving sample (p=0.004).  

 

Partial correlations, when controlling for gender, smoking status, age and BMI, were 

undertaken to assess associations between baseline HRV parameters, depression-

dejection scores and BDI scores are displayed in Table 19 (truck drivers) and Table 

20 (train drivers).   

 

Table 19 Correlations between Depression scores (Depression-dejection and 
BDI) and HRV parameters in cohort of truck drivers (n=60) during an active task. 
 

Table 19 displays depression-dejection and BDI correlations with HRV parameters during the active 

phase in truck drivers. Statistically signifiant correlations are seen in red. 

 

Key: 
BDI: Beck Depression Inventory 
HF: High frequency 
HRV: Heart rate variability 
LF: Low frequency 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
TP: Total HRV power 

p: Level of statistical significance  
r: Correlation coefficient 

 

 HRV parameter r p 

Depression-Dejection LF 0.18 0.19 

HF 0.17 0.22 

TP 0.004 0.98 

Ratio 0.25 0.075 

BDI LF 0.28 0.048 

HF 0.24 0.08 

TP 0.04 0.79 

Ratio 0.33 0.02 
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A number of statistically significant correlations between depression scores and HRV 

parameters (seen in red) were identified during the active task in truck drivers. BDI 

score was found to be low frequency heart rate variability (r = 0.28, p = 0.048) and ratio 

(r = 0.33, p = 0.02). 

 

Table 20 Correlations between Depression scores (Depression-dejection and 
BDI) and HRV parameters in cohort of train drivers (n=60) during an active task. 

Table 20 displays depression-dejection and BDI correlations with HRV parameters during the active 

phase in train drivers. Statistically signifiant correlations are seen in red. 

 

Key: 
BDI: Beck Depression Inventory 
HF: High frequency 
HRV: Heart rate variability 
LF: Low frequency 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
TP: Total HRV power 

p: Level of statistical significance  
r: Correlation coefficient 

 

 

A number of statistically significant correlations between depression scores and HRV 

parameters (seen in red) were identified during the active task in train drivers. 

Depression-dejection (as measured by the POMS) was found to be correlated with 

high frequency (r = 0.45, p = 0.001), total power (r = 0.46, p = 0.001) and 

 HRV parameter r p 

Depression-Dejection LF 0.26 0.73 

HF 0.45 0.001 

TP 0.46 0.001 

Ratio 0.31 0.029 

BDI LF 0.17 0.23 

HF 0.17 0.23 

TP 0.22 0.13 

Ratio 0.21 0.14 



                                                                                                                                                Taryn Chalmers   |  93 

sympathovagal balance (ration) (r = 0.31, p = 0.029). No signifcant correlations were 

identified between the BDI and HRV parameters. 

 

3.2.3.3 Comparisons between baseline and active HRV 

 

Comparison between baseline and active mean HRV (LF, HF, TP and LF:HF) for the 

truck (n=60) and train (n=60) driving sample is displayed in Tables 15 and 16. 

 

Table 21 Comparison between baseline and active HRV for the truck driving 

sample (n=60).  

 Baseline Active p 

LF (ms2) 3 3.4 0.024 

HF (ms2) 1.8 3 0.013 

Total power (ms2) 3.5 3.6 0.215 

LF:HF 1.6 1.2 0.029 

Table 21 present a comparison between baseline and active HRV in the truck driving sample (n=60). 

 

Table 22 Comparison between baseline and active HRV for the train driving 

sample (n=60).  

 Baseline Active p 

LF (ms2) 3.5 3.5 0.982 

HF (ms2) 3.2 3.5 0.974 

Low Total power (ms2) 3.8 4 0.086 

LF:HF 1.1 1 0.327 

Table 21 present a comparison between baseline and active HRV in the train driving sample (n=60). 
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This results section provides a brief overview of the findings of the present study. A 

more comprehensive analysis of findings can be found in each of the individual results 

chapter papers.  
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Chapter Four – Discussion Papers 

 

4.1 Affective States in Professional Drivers 

 

As discussed in section 1.1, professional drivers in Australia experience a myriad of 

workplace factors that result in these individuals being viewed as depression 

vulnerable. The following chapter comprises of original research articles based on the 

prevalence of negative mood states within a population of Australian truck and train 

drivers. All of the following articles are published in press, have been accepted, or are 

currently under review. 
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4.1.1 Depression in Professional Truck drivers – Short Communication 

 

Under Review – Workplace Health and Safety 

 

 

 

Taryn Chalmers1 and Sara Lal1  

1Neuroscience Research Unit, School of Life Sciences, University of Technology 

Sydney; taryn.chalmers@uts.edu.au; sara.lal@uts.edu.au 

 

The purpose of this review was to elucidate the incidence of depression or depressive 

symptomology among individuals employed as professional truck drivers. At present, 

no review has been conducted to explore the prevalence of depression within this 

occupational group. The aim of this review was to first, identify previous literature that 

has reported the incidence of depression within this industry, and second, to identify 

gaps in literature which may provide the basis for future research. This review 

encompasses a number of subject areas, including the unique workplace conditions 

within this occupational field, the unique male dominance of this industry and its 

impacts upon appropriate access to medical services for affective disorders, and the 

consistently reported high levels of depression within this largely unexplored 

occupational population. This review will provide critical discussion of previous 

literature concerning depression within this industry, with the discussion geared 

towards emphasising the need for future directions and studies, as well as provide 

insights into the unique workplace conditions that may contribute to high levels of 

depression within this industry.  
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Introduction 

 

Many countries rely on heavy vehicles for the transportation of good and services 

between metropolitan hubs. The industry is a vital contributor to all aspects of logistics 

and transportation and can be a key determinate in a nation’s economic development.  

Recently, Boyce suggested that the health and wellbeing of truck drivers deserved 

more attention, due to a number of reasons including inefficient or ineffective supply 

chains, a shortage of truck drivers due to the perceived negative health effects 

associated with the industry, and the consistently high rates of illness and injury within 

this field (Boyce, 2016a). The health of these truck drivers is not only important for 

drivers themselves, but also for ensuring safe work practices, public safety and efficient 

operational functioning. Often, the physiological health of drivers is well quantitated 

and reported; however, to date the mental health of professional heavy vehicle drivers 

remains poorly investigated. It is well understood that workplace conditions can have 

adverse effects on mental health (Huntington et al., 2008). Despite a shifting 

perception in the understanding, awareness and acceptance of mental health issues 

within the collective social psyche, it has been shown that males are less likely to 

divulge information that may infer vulnerability (Courtenay, 2000b, Courtenay, 2000a). 

The heavy vehicle trucking industry is largely male dominated, which when considered 

alongside the paucity of literature regarding mental health in this field, is of concern, 

considering that males are less likely to seek appropriate medical advice regarding 

mental illness. The focus of this review is the affective disorder depression within the 

occupational fields of heavy vehicle truck and train driving.  

 

Depression 
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Depression is defined by The World Health Organisation (WHO) as a mood disorder 

that manifests with depressed moods, feelings of reduced self-esteem, impaired sleep, 

altered appetite, reduced energy and impaired concentration, and is a pressing global 

health issue (World Health Organisation, 2012). Depressive disorder is the leading 

cause of disability worldwide when assessed using Years Lived with Disability (World 

Health Organisation, 2012). In 2000, depression was the fourth greatest contributor to 

the global burden of disease, and it has been predicted that by the year 2020, it will be 

the second greatest contributor to this burden (World Health Organisation, 2012). 

Depression affects approximately 350 million individuals worldwide and studies have 

shown that without effective treatment, depressive symptoms will reoccur in 50% of 

individuals (Bear et al., 2007). 

 

Depression and driver performance 

 

Motor vehicle accidents have been identified as a leading cause of disability and 

premature mortality worldwide (World Health Organisation, 2009). Direct empirical 

evidence has identified numerous factors that may have a contributory impact on motor 

vehicle accidents risk, however the effects of mental illnesses, such as depression, on 

driving ability and risk, have received limited attention. 

 

A 2006 study assessed 4,448 Norwegian drivers who had reported a motor vehicle 

accident to their insurance company (Sagberg, 2006). The study assessed the relative 

crash involvement risk associated with diagnosed medical conditions, based on a self-

reported questionnaire. Relative risk was derived by comparing the odds of the driver 

being at fault, with the presence or lack of various medical conditions. When adjusted 

for age and annual driving distance, the study found that drivers who reported feeling 
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depressed had an increased odds ratio (OR=2.43) of being at fault in the accident. 

This indicated that drivers suffering from depression had a 2.5 times increased 

likelihood of being at fault in a motor vehicle accident than other drivers who reported 

no depression. The limitations of the study, however, were that the self-reported 

questionnaire was completed several months after the accident and required 

participants to retrospectively report the presence of depression. Furthermore, the 

response rate was only 30%, which may lend itself to some reporting bias.  

 

Hilton and associates conducted a survey of Australian heavy vehicle drivers, 

assessing the correlation between the presence and severity of depression and driver 

performance (Hilton et al., 2009a). The study found that severe and extremely severe 

depressive symptomology was associated with a four times greater risk (OR=4.4) of 

being involved in an accident whilst driving.  

 

Similarly, Bulmash and colleagues (Bulmash et al., 2006b) conducted a simulation 

study, in which the simulated driving performance of 29 control and 18 out-patients 

diagnosed with Major Depressive Disorder were compared in driving performance. 

Compared to the control group, the study determined that after controlling for age and 

sleepiness, the unmedicated out-patient group demonstrated reduced steering 

reaction time and an increased number of accidents. 

 

A case-control study by Meuleners (2015) examined health conditions of 100 

Australian heavy vehicle truck drivers who were involved in an accident during the 

study period, versus 100 heavy vehicle truck drivers who were not involved in an 

accident in the previous year. The study found that drivers who had reported being 
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diagnosed with depression were almost seven times as likely to have been involved in 

a crash as those who had not (OR=6.59). 

 

Collectively this evidence suggests that the driving performance of individuals suffering 

from depression may be negatively impacted. Research suggests that these 

individuals exhibit slower reaction times and problems with commonplace vehicular 

tasks such as divided attention. 

 

Depression: impact on economics in the workplace 

 

A recent Australian PricewaterhouseCoopers report estimated that Australian 

businesses will lose $10.9 billion each year for failing to appropriately manage mental 

health issues in the workplace (PricewaterhouseCoopers. beyondblue, 2014). 

However, corporations that take steps to manage mental health will, on average, see 

a return of $2.30 for every $1 invested in initiatives that promote improved mental 

health in the workplace. The transport industry was found to have an even higher 

return, with an average of $2.80 returned for every $1 invested 

(PricewaterhouseCoopers. beyondblue, 2014). Mental health in the workplace is not 

unique to Australia, with over 350 million individuals worldwide suffering from 

depression (World Health Organisation, 2012). In the US, lost productivity due to 

depression costs between $31-$52 billion annually (Stewart et al., 2003, Greenberg et 

al., 2003).  

 

Workplace risk factors for depression 

 



                                                                                                                                                Taryn Chalmers   |  101 

Truck drivers are regularly exposed to unique workplace conditions including long 

working hours, intermittent work/rest cycles, low job satisfaction (Ulhoa et al., 2010), 

workplace solitude, shift work, fatigue (Sabbagh-Ehrlich et al., 2005) and extreme 

occupational pressure. These commonplace occupational stress factors can result in 

individuals within this industry being viewed as a depression vulnerable population. 

Long working hours have recently been implicated in the development of depression, 

with a study conducted by Virtanen and colleagues (2012) assessing employees who 

worked for greater than 11 hours each working day. The study found that those 

workers who were employed for more than 11 hours each day had a significantly higher 

OR of developing depression (2.52 compared to 1.0). It has been estimated that up to 

26% of rotating shift workers will develop shift work disorder (Drake et al., 2004), which 

in turn, has been shown to increase the risk of developing depression (Kalmbach et 

al., 2015). Overall, studies have shown that shift workers report poorer mental health 

and reduce quality of life (Axelsson et al., 2004, Bambra et al., 2008, Bjorvatn et al., 

2012).  

 

Depression in the professional truck driving industry 

 

A study conducted in 2001, of 91 male truck drivers in Australia, used the Major 

Depression Inventory (Bech et al., 2001) to assess typical symptoms depression and 

the Externalising Symptoms Scale (adapted from the Masculine Depression Scale 

(Magovcevic and Addis, 2008)) to assess atypical depression symptoms. The study 

found that 21.97% of drivers met the retrospective criteria for a major depressive 

episode.  
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Wong and associates conducted a cross-sectional survey of 193 cross-border (China 

and Hong Kong border) truck drivers in 2004 (Wong et al., 2007). The study employed 

a 47-item multifaceted questionnaire and found that 14.51% reported feeling 

depressed.  

 

A recent study by Hilton and his team (2009a) assessed 1324 Australian heavy goods 

vehicle drivers for symptoms of psychological distress. The study used the well 

validated Depression, Anxiety and Stress Scale (Lovibond and Lovibond, 1995) to 

assess negative emotional states of depression, anxiety and stress. Using this scale, 

the study found that 13.3% of Australian heavy vehicle truck drivers exhibited some 

form of depression (mild (5.6%), moderate (4.4%), severe (1.5%) or extremely severe 

(1.8%).  

 

Comparably, da Silva-Junior (2009) conducted a descriptive-exploratory, cross-

sectional investigation examining risk factors for depression in truck drivers in 

Fortaleza, Brazil. The study assessed 300 licensed truck drivers after a minimum 

period of 12 hours rest. The study used the Major Depressive Episode section of the 

Mini International Neuropsychiatric Interview, and the Beck Depression Inventory 

Short Form to assess the incidence of depression. Statistical analysis revealed that 

13.6% of the truck drivers exhibited depression. The study also found that truck drivers 

who were “wage earners” had a significantly increased odds ratio (OR) of developing 

depression than those who were considered “self-employed” (2.72 compared to 1.0 

respectively). Multivariate analysis indicated that use of stimulants, low level of 

education and low wages, increased the risk for depression. 
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Vakili and team conducted a cross-sectional study of 400 male truck drivers in Yazd 

Province, Iran (Vakili et al., 2010b). The study used the Beck Depression Inventory 

Short Form to assess the prevalence of depression amongst the sample. The study 

found that 70.3% of drivers exhibited some form of depression, with 14.8% reporting 

major depression, 25.4% reporting moderate depression and 30.1% reporting mild 

depression. 

 

A population based random-digit-dialled survey of non-institutionalised Washington 

States workers ages 18 years and older was conducted in both 2006 and 2008 (Fan 

et al., 2012). The study used the Patient Health Questionnaire 8 (Kroenke et al., 2009) 

to measure current depression, and the Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition (American Psychiatric Association, 1994). 20.560 

Washington State workers were surveys, being stratified into 20 occupational groups. 

Of the 153 truck drivers assessed, 11.9% reported current depression. 

 

Shattell and associates (2012a) undertook a quantitative, cross-sectional, descriptive 

study to assess mental health disorders within a sample of 316 male truck drivers in 

North Carolina. The study employed the Healthy Trucker Survey (Apostolopoulos and 

Sonmez, 2010) to assess eight sections, including; “demographics, professional 

history, health, substance use, work, health care access and treatment history, 

attitudes toward health, and health information and promotion” (2012a). The study 

found that 26.9% of the truck drivers assessed reported either past or current 

depression. 

 

A case-control study of 100 long-haul heavy vehicle drivers who were involved in a 

police reported crash in Western Australia, and 100 long haul heavy vehicle drivers 
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recruited from Western Australia truck stops, who were not involved in a crash in the 

previous year was conducted by Meuleners and associates (2015). The study found 

that 12% of the case drivers, and 3% of the control drivers reported depression as 

diagnosed by a doctor under self-reported health conditions.  

 

Conclusion 

 

A major concern is the paucity of literature regarding the incidence of depression in the 

truck driving industry. The aforementioned impacts of depression on driving 

performance, and the high rates of depression reported amongst truck drivers in the 

few studies that have been conducted present a worrying snapshot of the industry at 

large. The consistency of high rates of depression within a truck-driving sample spans 

many countries, indicating that this is a ubiquitous global issue. This collective 

evidence suggests a significant health issue, when the number of trucks on roads 

worldwide, the possibility of high rates of undiagnosed depression in this male 

dominated occupational field and the social and economic burden of heavy vehicle 

road accidents are considered. Collectively, the few studies that have assessed the 

prevalence of depression amongst truck drivers have found consistently high rates of 

this mental illness. In order to adequately address and manage this debilitating mental 

illness, further research is warranted.  
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4.1.2 Prevalence of affective states in Australian Truck and Train Drivers 

 

In Press: Chalmers, T., & Lal, S. (2016). Prevalence of affective states in Australian 

truck and train drivers. Journal of the Australasian College of Road Safety, 27(1), 13. 

 

 

 

Abstract 

 

Within this exploratory preliminary study, data is presented regarding the prevalence 

of specific mood states within a sample of Australian truck and train drivers. A total of 

49 heavy vehicle truck drivers and 58 train drivers were recruited from the local 

community. Subjects completed a mood state questionnaire. Numerous mood states 

(tension-anxiety, depression-dejection, anger-aggression, fatigue-inertia, confusion-

bewilderment and total mood disturbance score) were found to be significantly higher 

(p<0.05) in the truck-driving sample than the train driving sample, and higher than the 

advised normative values. 

 

Keywords 

 

Depression, Truck driving, Train driving, Mental illness, Mood states 
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Introduction 

 

The professional driving industry plays a vital role in the movement of people and 

goods and in the prosperity of Australia. A combination of extensive distances 

between industries and a low population density has resulted in a large reliance upon 

road and rail freight. Occupational conditions within Australia’s heavy vehicle and 

train driving industries are often comparable, frequently requiring both physiological 

and psychological demands. Long hours spent sitting, workplace isolation, sporadic 

rest and work cycles, monotonous driving conditions, the pressure to meet delivery 

schedules and the need for continuous alertness are some of the common inherent 

occupational demands of these two industries, some of which may contribute to 

impaired driver health. Mood or affective disorders such as depression have been 

frequently reported in overseas epidemiological studies of mental health within the 

professional driving industries (da Silva, 2009), however the paucity of literature 

regarding the incidence of depressive symptomology within an Australian sample of 

professional drivers is concerning. Depression has been increasingly correlated to a 

reduction in driver performance, with recent studies having found that severe and 

extremely severe depression in truck drivers resulted in a significantly increased odds 

ratio (4.4 and 5.0 respectively) for an accident or near miss (Hilton, 2009). Studies 

have also found links between self-reported negative mood states and 

electroencephalography fatigue indicators (Lal, 2002). It is important to ascertain 

accurate statistics regarding the incidence of depression and other negative mood 

states within these professional drivers in order to provide the foundation for the 

improved management of these illnesses within these occupational fields. 

There is an increased incidence of the affective disorder, depression within the 

professional driving industry. A study conducted by Hilton and associates (Hilton, 
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2009) found that 13.3% of Australian heavy vehicle truck drivers demonstrated at least 

a mild form of depression (as measured by the Depression, Anxiety and Stress Scale 

(Lovibond, 2002) in contrast to the national rate of 11.6% (World Health Organisation, 

2009). In comparison, a study by da Silva-Junior and team (da Silva, 2009) found that 

13.6% of the truck drivers (n=300) suffered from depression (as diagnosed through 

the section Major Depressive Episode in the Mini International Neuropsychiatric 

Interview (Sheehan, 1998). Supporting this, Wong and team found that 14.5% of truck 

drivers felt more depressed once commencing work within the truck driving industry 

(Wong, 2007). Recently, work stress has been heavily implicated as an independent 

predictor of depression (Wang, 2005). The common workplace conditions mentioned 

previously imply that truck drivers can be viewed as a depression vulnerable 

population. Furthermore, the association of long working hours with increased 

incidence of depression has been supported by a study by Virtanen and colleagues 

which found that working more than 11 hours per day demonstrated an increased odds 

ratio for developing depressive symptomology (Virtanen, 2012). 

 

Despite the previously mentioned, well-documented high rates of depression amongst 

professional truck drivers, at present, there have been few epidemiological studies 

regarding the presence and effects of depression within truck and train drivers in 

Australia. Although a National Standard for Health Assessment of Rail Workers 

(National Transport Commission, 2012) has been implemented within the rail industry, 

which assesses psychological disorders amongst a range of health conditions, the true 

prevalence of depression within this industry remains somewhat unclear. With train 

drivers in Australia frequently subjected to comparable working conditions to that of 

truck drivers (such as long working hours, monotonous driving conditions, etc.), it 

would stand to reason that there may be an elevated risk of depression in both 
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professions. As such, elucidating the rates and effect of depression in drivers within 

these transport industries is an important safety issue in Australia. 

 

In Australia, rail suicide accounts for 6-8% of the nation’s death by suicide, totalling 

approximately 150 rail-related deaths per annum (Lifeline, 2012). Witnessing rail-

suicide is a serious issue that has been known to result in extreme psychological 

distress that can progress into a number of psychological conditions such as 

depression (Cothereau, 2004). A study conducted by Cothereau and associates in 

France (Cothereau, 2004) assessed 388 train drivers, either those having been 

exposed (n=202) or not-exposed (n=186) to a rail suicide whilst operating a train. The 

study found that those individuals in the exposed cohort had significantly higher rates 

of post-traumatic stress symptoms (p<0.0001), somatic symptoms (p<0.0001), anxiety 

and insomnia (p<0.001). A total of 1.5% of the assessed drivers exhibited severe 

depression; with other affective disorders also being observed, such as generalised 

anxiety disorder (4.0%), dysthymia (1.0%), panic disorder (0.5%) and manic episodes 

(0.5%). Collectively, these findings provide a unique insight into the acute 

occupational stressors encountered by train drivers, and the psychological effects of 

these stressors. Another study, assessing the psychological health of train drivers, 

conducted by Loukzadeh and associates (Loukzadeh, 2013), found that 15% of the 

152 train drivers assessed exhibited scores of greater than 19 on the Kessler 

Psychological Distress Scale (Anderson, 2013), indicating that they were likely to have 

a mild, moderate or severe mental disorder. Although this study did not assess 

depression specifically, it does provide some evidence for the impaired psychological 

health of individuals within this field. 
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When we consider the acute and chronic effects of depression on the quality of life 

of an individual, it is clear that elucidating the true prevalence of affective disorder 

within the rail and truck industries is vital to preserving the health of drivers in these 

industries. The effect of managing depression in these drivers would not only benefit 

the drivers but will also be beneficial to employers who employ these drivers. A recent 

PricewaterhouseCoopers report estimated that Australian businesses will lose $10.9 

billion annually for neglecting to address mental health in the workplace 

(PricewaterhouseCoopers, 2014). However, businesses that take action will, on 

average, experience a return of $2.30 for every $1 invested in initiatives that promote 

improved mental health in the workplace. The transport industry boasts an even 

higher return, with an average of $2.80 returned for every $1 invested 

(PricewaterhouseCoopers, 2014). 

 

However, of concern is the scarcity of studies regarding depression in the trucking and 

train driving industries in Australia. Aside from the aforementioned study conducted by 

Hilton and associates (Hilton, 2009), the rate of depression in Australian heavy vehicle 

drivers has been somewhat overlooked. Of further concern are the statistics regarding 

the adverse effects of depression on driver performance. Furthermore, the likelihood 

of seeking appropriate medical advice for the management of depression in Australia 

is disturbing; with a recent Australian Bureau of Statistics survey finding that only 35% 

of Australians who had experienced a mental illness in the prior 12-month period had 

sought to access appropriate medical assistance. Despite a higher incidence of 

depression amongst females when paralleled with males in Australia (14.5% and 8.8% 

respectively), (Australian Bureau of Statistics, 2007), a well-established social 

perception, which discourages males from seeking medical assistance, has resulted 

in lower diagnostic rates of affective disorders among males (Klint, 2004). Due to the 



                                                                                                                                                Taryn Chalmers   |  115 

severe gender bias of the truck and train driving industries, an underlying incidence of 

undiagnosed affective disorders may be present, supporting the investigation of this 

mental disorder within drivers in this occupation. 

 

Therefore, the aim of the present exploratory, preliminary study was to assess the 

presence of mood (affective) states within the Australian trucking and train driving 

community. By understanding and evaluating the presence and effect of depression 

in the Australian truck and train driver community, we would be able to provide the 

quantitative information required for management practices geared towards reducing 

the effects of these disorders on driving ability, and thus, contribute towards improving 

road safety in Australia, as well as extrapolate the benefit internationally. 

 

Methods 

 

Participants 

 

A total of 60 truck drivers (mean age 36.5 ± 9.67, n=45 males, n=4 females) and 60 

train drivers (mean age 39.16 ± 10.51, n=53 males, n=5 females) were recruited. 

Participants were recruited through local advertisement via a poster, recruitment 

through contacts established independently to this research, online forums and with 

the aid and endorsement of Australia Post Transport Division, Sydney Trains and the 

Australian Trucking Association. Participants were required to be employed as a truck 

driver, regularly driving a truck with a gross vehicle mass of over 4.5 tonne, or a 

currently employed train driver. 
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Procedure 

 

The study was comprehensively detailed to the subject upon arrival, with the 

opportunity for questions being posed. Upon receipt of written consent, the study was 

commenced. The following questionnaires were administered in the study. 

 

SmartData questionnaire 

 

The SmartData questionnaire (modified from a questionnaire developed in-house 

(Kavanagh, 2007) helps obtain demographical information regarding licensing, 

trucking history, employment status, nutrition, accident history and working 

conditions. This questionnaire was utilised as a basis for possible stratification of 

data, and to ascertain common conditions of professional  driving in Australia. 

 

Profile of Mood States questionnaire 

 

The Profile of Mood States questionnaire (POMS) (McNair, 1971) is composed of 65 

items describing six mood subscales: tension-anxiety, depression-dejection, anger-

hostility, vigour-activity, fatigue-inertia, and confusion-bewilderment. An overall 

measure of total mood disturbance is calculated for all six subscales by combining the 

scores obtained on the tension-anxiety, depression-dejection, anger-hostility, fatigue-

inertia and confusion-bewilderment scales minus the score on the vigour-activity 

scale. The depression-dejection subscale has been shown to be strongly predictive of 

the Beck Depression Inventory-(BDI-II) (Beck, 1996), which is often used in clinical 

practice to diagnose depression. The depression-dejection subscale of the POMS is 

consequently considered a useful short alternative to the BDI-II, since it also 
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investigates other components of mood such as anxiety and aggression (Griffith, 

2005). The POMS questionnaire is a subjective measurement of well-being and is an 

assessment of an individual’s mood state during the previous week, including the day 

of participation. This questionnaire is a reliable, low cost, ergonomic mood state tool 

that has been highly validated by numerous previous studies (Norcross, 1984). The 

participant was asked to tick the box that corresponded to the intensity of each feeling 

stated, from “Not at all” to “Extremely” through a five-point progression from 0 to 4. 

For example, next to the feeling “Angry”, a participant may either mark “Not at all”, “A 

little”, “Moderately”, Quite a bit” or “Extremely”. After the completion of this 

questionnaire, the scores for each subscale, and a total mood disturbance score, were 

calculated. Normative values for the POMS questionnaire were obtained from a study 

conducted by Nyenhuis and associates which prepared normative adult values using 

a sample of 400 individuals (Nyenhuis, 1999), who were age-, gender-, and race-

stratified according to 1990 census data. 

 

Results 

 

Using independent sample t-tests, it was ascertained that the train and truck driving 

samples were age (p = 0.12) and body mass index (BMI) matched (p = 0.28) (Table 

1). 
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Table 1. Descriptive statistics of current sample 

Sample Group Mean BMI Mean Age (years) 

Train Drivers 29.1 ± 4.86 39.16 ± 10.51 

Truck Drivers 28.5 ± 3.40 36.50 ± 9.67 

BMI = Body mass index (weight (kilograms)/height (m2)) 

 

Truck drivers presented significantly higher levels of negative mood states than train 

drivers (Table 2). Tension-anxiety (p = <0.0001), anger-aggression (p = 0.004), 

fatigue-inertia (p = 0.023), depression-dejection (p = <0.0001), confusion-

bewilderment (p = <0.0001) and total mood disturbance (p = <0.0001) were all 

significantly higher in the truck driving sample than in the train driving sample. It should 

also be noted that through single sample t-tests, it was ascertained that scores were 

higher for all negative mood states and lower for vigour activity in the truck driving 

sample than the advised normative values (Nyenhuis, 1999). The train driving sample 

presented scores comparative to normative values for all mood states, other than 

confusion-bewilderment and vigour-activity, which were significantly lower than 

advised normative values. 
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Table 2. The average scores attained for the six mood subscales, the total 
mood disturbance score in truck (n=49) and train drivers (n=58) and 
normative values. 

Sub-scale 
Truck driver mean score 

Train driver mean 

score 

Normative values 

(adult population) 

Tension-anxiety 12.8 ± 5.4*# 7.2 ± 6.3 7.1 ± 5.8 

Anger-aggression 10.2 ± 6.3*# 7.0 ± 7.1 7.1 ± 7.3 

Fatigue-inertia 13.0 ± 6.4*# 8.3 ± 6.2 7.3 ± 5.9 

Depression-dejection 15.3 ± 10.2*# 6.9 ± 7.3 7.5 ± 9.2 

Confusion-bewilderment 10.0 ± 4.9*# 4.4 ± 3.1# 5.6 ± 4.1 

Vigour-activity 11.1 ± 5.3*# 17.1 ± 4.7# 19.8 ± 6.8 

Total Mood Disturbance 50.2 ± 27.5*# 16.7 ± 25.3 14.8 ± 32.7 

 
Key: 
* = significantly different to train driving sample (p<0.05) 
# = significantly different to advised normative values (p<0.05) 
 

Discussion 

 

The present preliminary study identified a concerning trend of high levels of negative 

mood states within the Australian truck driving sample. Levels of all negative mood 

states in the truck drivers were both higher than the advised normative values, and the 

train driving sample scores. High levels of negative mood states have been 

consistently linked with a decrease in driver performance (Hilton, 2009; Lal, 2002), 

which when considered alongside the high levels of negative mood states reported 

within the truck driving sample, raises concerns about driving safety and warrants 

further investigation. 
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Tension-anxiety, anger-aggression, fatigue-inertia, depression-dejection, confusion 

bewilderment and total mood disturbance were all found to be significantly higher in 

the truck drivers compared to the train drivers. Impaired mental health in the 

workplace elicits negative impacts on both employees and employers and can 

compromise work performance and safety. From increased absenteeism 

(PricewaterhouseCoopers, 2014), to high numbers of approved compensation claims 

for mental or stress related illnesses (Safe Work Australia), neglecting to appropriately 

address psychological based illness can impact negatively on all parties involved. As 

previously mentioned, Australian businesses will lose $10.9 billion annually for 

neglecting to address mental health issues in the workplace 

(PricewaterhouseCoopers, 2014). However, the return for industries that invest in 

mental health schemes is both economically beneficial, and valuable to ensure 

employee health and transport safety. 

Conclusion 

 

Collectively, the findings from the present preliminary study provide a novel 

perspective on the mental health of Australian truck and train drivers. The present 

study addressed the gaps in research by assessing a number of mood states (tension-

anxiety, depression-dejection, anger-aggression, fatigue-inertia, confusion-

bewilderment and total mood disturbance score) within these understudied 

occupational industries. The preliminary study found that multiple mood states were 

significantly higher in the truck-driving sample than both the train driving sample, and 

the advised normative scores. This provides evidence for future research into the 

incidence of these negative mood states within these understudied industries. 
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There are a number of limitations within the current preliminary study. Sample size, 

whilst large enough to provide adequate sample power, should be increased for each 

sample group (truck and train drivers) in order to provide a representative distribution 

of the population, and ensure that results are able to be generalised across each of 

the occupations. Furthermore, drivers were recruited from the Sydney area, and thus, 

may not be representative of the entire Australian driver population for each sample. 

Future studies may benefit from recruitment of drivers from a number of suburbs and 

states across Australia. 

 

Drawing from preceding literature, reducing the incidence of these negative mood 

states could work to improve mental health within the truck driving industry, and in turn, 

increase driver performance, thereby improving road safety in Australia. It is vital, 

however, that future studies use larger sample populations and recruit professional 

truck and train drivers from a number of different suburbs and states across Australia 

to ensure an accurate representation of each of the occupational populations. 

 

These preliminary findings provide evidence for further investigation into the incidence 

of negative mood states within these two occupational fields. Considering that heavy 

vehicle accidents reportedly cost Australia approximately $2 billion each year (Bureau 

of Infrastructure Transport and Regional Economics, 2009), quantitating the presence 

of mental disorders, and improving the mental health profile of these individuals may, 

in turn, reduce the effects of disorders such as depression on driving ability. Road 

safety in Australia is a vital aspect of the transport industry that requires a holistic, well-

researched management approach. By incorporating mental health and psychological 

management schemes, the safety advantages in terms of improved driver ability and 
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performance, and reduction in both absenteeism and psychological disorders, would 

be highly beneficial. 
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4.2 Workplace factors and mental health 

 

As discussed previously (sections 1.1.1 and 1.1.2), workplace factors within the 

professional driving industry are unique, and pose distinctive challenges to the 

workforce. The purpose of the following original research articles is to elucidate 

workplace factors that may contribute to negative mental states such as depression, 

stress and anxiety, in a population of Australian truck and train drivers.  All of the 

following articles are published in press, have been accepted, or are currently under 

review. 
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4.2.1 Assessing associations between workplace factors and Depression and 

Anxiety in Australian heavy vehicle truck drivers 

 

 

In Press:  Chalmers, T., Maharaj, S., & Lal, S. (2021). Associations between workplace 

factors and depression and anxiety in Australian heavy vehicle truck drivers. Annals of 

work exposures and health, 65(5), 581-590. 

 

 

Abstract: Introduction: A number of health issues have been identified as prevalent 

within the Australian heavy vehicle driving population. Mental illnesses, such as 

depression and anxiety, are among those disorders that have been regularly reported, 

however, the contributing factors are yet to be elucidated. Methods: This study aimed 

to assess the associations between workplace factors such as years of employment, 

social interaction and shift length, with depressive and anxious symptomology in a 

cohort of 60 Australian heavy vehicle drivers. Results: Significant positive 

associations were identified between depression and alcohol use (p = 0.044), coffee 

consumption (p = 0.037), number of accidents during career (p = <0.004), and number 

of hours driving per shift (p = <0.001). Anxiety was found to be positively associated 

with number of hours driving per week (p = <0.001), and the number of accidents or 

near misses during driving career (p = 0.039). Conclusion: Several workplace factors 

were identified as being correlated to depression or anxiety within this cohort, 

suggesting potential changes to rostering systems and education regarding alcohol 

use may benefit the mental health of this driver population. 
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Keywords: Heavy vehicle, depression, anxiety, workplace factors, workplace, 

occupational safety, occupational health, mental health, safety, truck driver. 

 

 

Introduction: 

 

Countries with significant distances between metropolitan hubs, such as Australia, 

rely heavily on road freight for the movement of goods and people between major 

cities. Currently, heavy vehicles account for 19.5% of the total vehicles on Australian 

roads, and the freight and logistics sector accounts for 8.6% of the Australian Gross 

Domestic Product (Australian Bureau of Statistics, 2017b, Department of Infrastructure 

Regional Development and Cities, 2018). The demands within the trucking industry 

are vast, encompassing both physical and psychological stressors. Further, the 

average heavy vehicle driver is older and works longer hours than the average working 

population, and the industry is heavily male-dominated (Australian Government, 

2012b). These factors alone place heavy vehicle drivers at risk of developing 

numerous health issues, including mental illnesses. There are also a number of 

industry-specific workplace factors, such as monotonous driving conditions, 

intermittent rest and work cycles (Platek et al., 2016), long hours spent driving and 

workplace isolation (Mishra et al., 2018) that have been implicated in the development 

of health concerns such as anxiety and depression (Chalmers and Lal, 2016). 

 

Depression is a common mood disorder, affecting 9.3% of the Australian 

population. The links between depression and the heavy vehicle trucking industry have 

been examined previously, with studies supporting a positive association between the 

two. Studies have found that truck drivers exhibit higher rates of depression that the 
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general population (Hilton et al., 2009b), with additional occupational and lifestyle 

factors such as concomitant stimulus use, low educational level, and wage-earning 

further increasing the likelihood of depression within this occupational group (da Silva-

Júnior et al., 2009a). Anxiety is the most common behavioural condition, with 11.2% 

of the Australian population being diagnosed with this disorder (Australian Bureau of 

Statistics, 2015). Anxiety has been linked with heavy vehicle truck driving, with a recent 

large-scale study in Brazil finding that 14.5% of truck drivers exhibited anxiety (Shattell 

et al., 2012b). There appears to be, however, a paucity of literature regarding the 

prevalence and impact of anxiety within the heavy vehicle driving industry.  

 

Given that the literature reports a high incidence of depression and anxiety within 

this cohort, it is important to understand the risks associated with these mental health 

disorders within the truck driving industry. Anxiety and depression have been linked 

with impaired driving ability and increased risk of crashes and near misses (Long and 

Ruosong, 2019, Hill et al., 2017, Cunningham and Regan, 2016, Alavi et al., 2017). In 

fact, a diagnosis of severe depression has been associated with a four times greater 

risk of a motor vehicle accident (Hilton et al., 2009b).  

 

Collectively, the reportedly high baseline levels of depression and anxiety within 

this cohort, and the subsequent potential impacts of these disorders on driving ability 

and quality of life, presents a concerning profile of risk within the heavy vehicle industry. 

Further, it provides evidence for the necessity of interventions to ameliorate this risk. 

Considering the implication of potentially high levels of anxiety and depression among 

heavy vehicle drivers, it is important to elucidate the potential workplace factors that 

may contribute to the development of these diseases within this population, in 

particular in the context of risk reduction and harm minimization. Recent studies have 
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implicated workplace factors such as intermittent rest and work cycles (Zhai et al., 

2015), shift work, and long working hours (Virtanen et al., 2011) in the development of 

mental illnesses. There remains, however, a lack of literature surrounding workplace 

factors that may contribute to the development of these disorders. This exploratory 

study aimed to examine the relationship between workplace factors and depression 

and anxiety in a population of Australian heavy vehicle drivers. We hypothesize that 

factors such as shift length, accidents during career and alcohol use will be associated 

with higher depressive symptomology. We hypothesize that factors such as shift 

length, interaction during work and alcohol use will be associated with higher anxious 

symptomology. By elucidating modifiable contributing factors, and providing 

foundations for legislative and company policy changes, we may be able to reduce the 

impact of these factors on the development of anxiety and depression, in turn reducing 

their impact on road accidents. 

 

Materials and Methods: 

 

Study Design: 

 

This study was conducted as a part of a larger study analysing the cardiovascular 

health of professional drivers, and associations between affective states and 

autonomic cardiovascular impairment. Upon commencement of the study, the 

participant completed the inclusion and exclusion criteria questionnaire which 

determined their inclusion in the study. If requirements were met, participants were 

explained the study in detail, and were asked to complete a consent form. One copy 

was retained by the researcher, another by the participant.  
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Participants: 

 

A total of 60 heavy vehicle truck drivers, aged between 18 – 69 years, were 

recruited from the local Sydney community. Participants were recruited through local 

advertisement via a poster, through contacts established independently to this 

research, online forums and with the aid and endorsement of Australia Post Transport 

division and the Transport Workers Union.  The inclusion criteria were as follows; 

current employment as a truck driver, driving a truck with a gross vehicle mass of 

greater than 4.5 tonne, and fluent English literacy. The exclusion criteria were as 

follows; those currently consuming any prescription or non-prescription drugs 

(excluding caffeine and nicotine) or suffering from any chronic disease or illness were 

excluded from the study. Participants were required to abstain from food for 2 hours, 

nicotine and caffeine for 4 hours, and alcohol for 12 hours before the study. Blood 

pressure was obtained three times prior to, and post the administration of the 

questionnaires, in accordance with the HREC approved protocol. A participant with a 

pre-study BP reading greater than 140/90 mmHg but lower than 160/100 mmHg, whilst 

included in the study, was advised to consult their general practitioner regarding their 

elevated BP reading. Participants with blood pressure readings of greater than 160/100 

mmHg were excluded from the study and were offered to be accompanied by a 

researcher to the University medical clinic or advised to consult a general practitioner. 

4 participants were excluded from the study for reasons as follows; prescription drug 

use (carvedilol, 12.5mg OD), recent nicotine ingestion (<4 hours prior to study), type 2 

diabetes and alcohol less than 12 hours prior. 

 

The average age of participants was 35.8 years ± 9.1 years (Table 1). The cohort 

was 95% male, reflecting the male dominance of the heavy vehicle truck driving 
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industry. The mean BMI was 28.3 ± 3.4. The study was conducted in a precise 

laboratory environment, with light sources being controlled and consistent across all 

participants. The study was comprehensively detailed to the subject upon arrival, with 

the opportunity for questions being presented. Upon obtaining written consent, the 

study was commenced. 

 

Instruments: 

 

The questionnaire package included the Professional Driver Package, adapted 

from the SmartData Questionnaire (Kanvanagh, 2007), Lifestyle Appraisal 

Questionnaire (Craig et al., 1996a), the Beck Depression Inventory (Beck et al., 

1996b), the Beck Anxiety Inventory (Steer and Beck, 1997) and the Profile of Mood 

States Questionnaire (McNair, 1971). The Professional Driver Package provides 

demographical information regarding licensing, employment length, employment 

status, nutrition, accident or near-miss history and working conditions. The Lifestyle 

Appraisal Questionnaire (LAQ), a validated and clinically reliable questionnaire, was 

used to record demographic, lifestyle and psychological stress information from the 

participant. The LAQ consists of two parts, with Part I consisting of 22 questions, with 

the highest obtainable score being 73. This information included family history of 

disease, smoking status, alcohol intake, exercise and diet regime, etc. The higher the 

score obtained from Part I of the LAQ, the greater the risk of developing a chronic 

illness later in life. Part II of the LAQ consists of 27 items and assessed an individual’s 

“cognitive appraisal of pressure and demands”(Craig et al., 1996a).  

 

The Beck Depression Inventory Scale (BDI-II)(Beck et al., 1996b) is a 21-item self-

reported tool used to assess the severity of depression in adults and adolescents (aged 
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>13). Scores range from 0-63, with 0-13 indicating minimal depression, 14-19 

indicating mild depression, 20-28 indicating moderate depression and 29-63 indicating 

severe depression (Beck et al., 1996a). The coefficient alpha of the BDI-II was found 

to be 0.93, indicating high internal consistency. The test-retest correlation of the BDI-

II was found to be 0.93, which was significant (p = <0.001). As such, the BDI-II is a 

suitable mood state tool for the assessment of depressive symptoms within this study. 

The Beck Anxiety Inventory (Steer and Beck, 1997) is a 21 question, self-reported 

inventory that is utilized to assess anxious symptomology. It’s internal consistency is 

high (alpha = .92) (Steer et al., 1993), and it is used clinically to assess true clinical 

anxiety, and reduce the overlap with depressive symptoms. The Profile of Mood States 

questionnaire (POMS) (McNair, 1971) is composed of 65 items describing six mood 

subscales: tension-anxiety, depression-dejection, anger-hostility, vigour-activity, 

fatigue-inertia, and confusion-bewilderment. An overall measure of total mood 

disturbance is calculated for all six subscales by combining the scores obtained on the 

tension-anxiety, depression-dejection, anger-hostility, fatigue-inertia, and confusion-

bewilderment scales minus the score on the vigour-activity scale. The depression-

dejection subscale is strongly predictive of the Beck Depression Inventory-II (BDI-II) 

(Beck et al., 1996a), which is often used in clinical practice to diagnose depression. 

The depression-dejection subscale of the POMS is consequently considered a useful 

short alternative to the BDI-II, since it also investigates other components of mood 

such as anxiety and aggression (Griffith et al., 2005). 

 

Data Analysis: 

 

Statistical analysis was performed using SPSS, with partial correlations being 

performed after controlling for covariates (age, gender, smoking status, and body mass 
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index). The variables entered into the correlation analysis were Length of employment 

(years), Number of accidents during career, Number of accidents during previous 12 

months, Hours spent driving per shift, Social interaction during shift, Alcohol 

consumption, Coffee consumption. Multiple linear regressions were run for dependent 

variables - BDI, BAI, Depression/Dejection, and Tension/Anxiety. Cases were 

excluded pairwise, and significance was set at p<0.05. All regressions were run using 

SPSS for Windows (version 23; SPSS Inc; Chicago, IL, USA). 

 

 Ethics: 

 

All subjects provided informed consent for inclusion before they participated in the 

study. The study was conducted in accordance with the Declaration of Helsinki, and 

the protocol was approved by the UTS HREC (HREC number 2014000110). 

 

Results: 

 

3.1. Demographics                                                                 

        Average years employed as a heavy vehicle driver was 12.3 ± 8.4, and the 

average hours driving a work vehicle each week was 42.2 ± 10.3. Drivers reported 1.3 

± 1.7 accidents or near misses in the previous 12 months, and 7.9 ± 9.7 accidents or 

near misses in their career (Table 1).                                                           

 

Table 1: Demographics of truck driving sample  
 

Mean ± SD or % 

Age 35.8 ± 9.1 

Gender (Males) 91.67 
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3.2. Depression and Anxiety associations to Workplace and Lifestyle factors 

 

A number of significant partial correlations were identified between workplace/lifestyle 

factors and depression assessment scores, when controlling for covariates (age, 

gender, smoking status and body mass index). The depression/dejection subscale of 

the Profile of Mood States questionnaire identified significant positive correlations to 

the number of accidents or near misses during career (R = 0.29 p = 0.04), and the 

number of hours driving per week (R = 0.35, p = 0.012).  

 

The Beck Depression Inventory scores were positively correlated with the amount of 

coffee consumed each day (R = 0.29, p = 0.04), the number of accidents or near 

misses during career (R = 0.32, p = 0.0004), and the number of hours driving per week 

(r = 0.48, p = <0.000). 

 

A number of significant correlations were identified between workplace/lifestyle factors 

and anxiety assessment scores. The tension anxiety subscale of the Profile of Mood 

States questionnaire was significantly positively correlated to the amount of alcohol 

consumed each day (R = 0.28, p = 0.04), the number of hours driving per week (R = 

BMI 28.3 ± 3.4 

Years Employed 12.3 ± 8.4 

Hours Driving 42.2 ± 10.3 

Accidents in Previous Year 1.3 ± 1.7 

Accidents per Career 7.9 ± 9.7 

BMI: Body Mass Index 

SD: Standard deviation 
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0.43, p = 0.0001), and negatively correlated to the amount of human interaction a 

person perceived they had during working hours (R = -0.32, p = 0.03). The Beck 

Anxiety Inventory scores were positively correlated with the number of hours driving 

per week (R = 0.43, p = 0.001). No further significant correlations were identified. 

 

Table 2: Depression and Anxiety partial correlations to Workplace and Lifestyle factors 

p: Level of statistical significance  
POMS D/D: Depression/Dejection subscale of the Profile of Mood States Questionnaire 
POMS T/A: Tension/Anxiety subscale of the Profile of Mood States Questionnaire 
r: Correlation coefficient 
*: Indicates significance (p = <0.05)  
 

To determine which workplace variables uniquely contributed to depressive 

symptomology, only those variables that correlated significantly with the Beck 

Depression Inventory scores were entered into a multiple regression analysis. Table 3 

shows that this regression was significant (R .50, R2 .25, adjusted R2 .20, F 3,49, = 

5.37, p = 0.002) for three workplace variables (coffee, accidents during career and 

number of hours driving a work vehicle each week), which together explained 25% of 

the variance depressive symptomology, as measured by the Beck Depression 

Inventory score. However, the only individual factor that was significant in the 

regression was the number of hours driving a work vehicle each week (p = 0.004). 

 

 

Variable POMS D/D BDI POMS T/A BAI 

r p r p r p r p 

Alcohol 0.21 0.135 0.17 0.223 0.28 0.044* 0.19 0.183 

Coffee 0.24 0.085 0.29 0.037* 0.25 0.08 0.21 0.137 

Years Driving 0.07 0.606 0.13 0.349 0.09 0.54 0.05 0.735 

Accidents during career 0.29 0.039* 0.40 0.004* 0.10 0.055 0.13 0.365 

Accidents in previous 12 months 0.17 0.221 0.21 0.135 0.27 0.463 0.10 0.481 

Hours Driving 0.35 0.012* 0.48 <.0001* 0.43 0.001* 0.43 0.001* 

Interaction -0.24 0.099 -0.26 0.082 -0.32 0.03* -0.15 0.477 
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Table 3: Standard multiple regression BDI score and workplace variables  
 

b SE of 

b 

B SE of B t p 

(Constant) 
  

-12.81 6.06 -2.11 0.039 

 Coffee 0.14 0.14 3.44 3.47 0.99 0.327 

Accidents during career 0.04 0.13 0.28 0.79 0.35 0.73 

Hours Driving 0.42 0.14 0.44 0.15 3.01 0.004* 

b = Standardised coefficient 
B = Unstandardised regression coefficient 
p = Level of statistical significance  
R = Correlation coefficient 
SE of b = Standard error of standardised regression coefficient 
SE of B = Standard error of unstandardised regression coefficient 
Std. = Standard 
t = t statistic 
*: Indicates significance (p = <0.05)  
 

 

To determine which workplace variables uniquely contributed to depressive 

symptomology as measured by the Depression/Dejection subscale of the POMS, only 

those variables that correlated significantly with the Depression/Dejection variable 

were entered into a standard multiple regression analysis. Table 4 shows that this 

regression was significant (R .44, R2 .19, adjusted R2 .16, F 2,51 = 6.112, p = 0.004) 

for two workplace variables (number of accidents during career and number of hours 

driving a work vehicle each week), which together explained 16% of the variance in 

depressive symptomology (as measured by the Beck Depression Inventory score). 

However, the only individual factor that was significant in the regression was the 

number of hours driving a work vehicle each week (p = <0.000). 
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Table 4: Standard multiple regression – Depression/Dejection score and workplace 
variables   

b SE of b B SE of B t p 

(Constant) 
  

-2.80 5.30 -0.53 0.599 

Accidents during career <0.00 0.13 0.01 0.71 0.01 0.994 

Hours Driving 0.44 0.13 0.42 0.12 3.49 <0.000 

b = Standardised coefficient 
B = Unstandardised regression coefficient 
p = Level of statistical significance  
R = Correlation coefficient 
SE of b = Standard error of standardised regression coefficient 
SE of B = Standard error of unstandardised regression coefficient 
Std. = Standard 
t = t statistic 
*: Indicates significance (p = <0.05)  
 

In order to determine which workplace variables uniquely contributed to 

anxious symptomology as measured by the Tension/Anxiety subscale of the POMS, 

only those variables that correlated significantly with the Tension/Anxiety variable 

were entered into a standard multiple regression analysis. Both the model, and each 

individual variable were insignificant.  

Discussion: 

The present study identified a number of positive correlations between 

negative workplace or lifestyle factors, such as long working hours and regular 

alcohol consumption, and depression and anxiety. Historically, there has been a 

scarcity of literature surrounding the impact of the unique workplace conditions on 

heavy vehicle truck drivers’ mental health, despite a myriad of evidence suggesting 

that truck drivers are a depression vulnerable population. 
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When we examine the factors associated with high depression scores, the number 

of hours driven each week showed positive correlations across both the Profile of Mood 

states and the Beck Depression Inventory, indicating that as an individual spent more 

time driving their work vehicle, their level of depressive symptomology also increased. 

This parallels recent literature, with da Silva-Junior and team reporting an increased 

odds ratio (OR = 1.28) of depression in truck drivers who report work overload (long 

working hours) (da Silva-Júnior et al., 2009a). Research has also suggested that there 

is an inverse relationship between the number of hours spent driving a work vehicle, 

and job satisfaction (Raggatt, 1991). Some recent studies have suggested that the 

adjusted odds ratio of depression in individuals who work long hours each week may 

be as high as 9.9 (Tomioka et al., 2011). Long working hours may designate the 

unfavorable effects of work exposures and stress. There is some research to suggest 

that occupational overload is particularly associated to anxiety symptoms while 

reduced decision autonomy is more commonly correlated with depression (Broadbent, 

1985). 

 

Prolonged working hours have also been associated with raised salivary cortisol 

(Lundberg and Hellström, 2002), and there is a strong body of literature to suggest that 

raised cortisol levels may be associated with the depression (Handwerger, 2009). It 

has been hypothesized that the relationship between long working hours and anxiety 

and depression is due to self-selection, rather than causation; namely, employees with 

pre-existing affective and anxious disorders tend to work or have to work longer; or 

employees with mental disorders are forced to stay in unsatisfactory jobs, including 

those with longer working hours, because their potential for finding alternative 

employment is limited (Kleppa et al., 2008; Waghorn & Chant, 2005).  
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Similar to the number of hours spent driving, the number of accidents throughout 

an individual’s career was found to be higher as depressive symptomology increased. 

This is a novel finding among Australian heavy vehicle truck drivers. This supports 

previous literature from other countries, which suggests that depression is linked to a 

reduction in driver performance (Bulmash et al., 2006a), increased accident risk (Mann 

et al., 2010), greater risk-taking behaviour (Yu et al., 2004) and reduced reaction times 

(Bulmash et al., 2006a). It has been hypothesized that drivers with depressive 

symptoms exhibit more difficulty in attention division between competing driving related 

tasks (Deery and Fildes, 1999). Further, studies have shown that individuals with 

depression exhibit reduced arousal and activation of the somatic nervous system, 

which may translate to reduced driving performance as a result of lower central 

nervous system arousal (Wingen et al., 2006). Current Australian guidelines 

recommend commercial vehicle drivers are not to work more than 60 hours in a single 

week (Government of Western Australia, 2020). However, recent Australian studies 

have found that mental health begins to decline after 39 hours of work per week (Dinh 

et al., 2017). Given the disparity between these findings and the permitted 60 hours of 

weekly work allowed under current WHS guidelines, this population may benefit from 

a reduction in permitted weekly hours of work. 

 

Coffee consumption was also found to increase with increased depressive 

symptomology. Interestingly, a recent meta-analysis regarding the associations 

between coffee consumption and depression found that coffee may have a protective 

effect against the development of depression (Wang et al., 2016). The meta-analysis 

analysed the data from 330,677 participants from seven studies and found that coffee 

consumption reduced the relative risk of depression. The conflict between the present 

findings of this study and the data obtained from the meta-analysis may have been 
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influenced by the link between coffee consumption and hours spent driving a work 

vehicle. The amount of coffee consumed was positively correlated to hours spent 

driving a work vehicle, and due to the strong positive correlation between hours spent 

driving and depression, this may have masked the reported protective depression 

effects of coffee. Further, coffee consumption may be linked to fatigue, which has been 

shown to be linked with depressive symptoms (Jacobsen et al., 2003). 

 

When we examine the factors associated with high anxiety scores, alcohol 

consumption, and the number of hours spent driving a work vehicle each week were 

both positively correlated to an increase in anxious symptomology. Interestingly, 

perceived social interaction was found to be negatively correlated to anxiety scores, 

indicating that the more social interaction an individual experienced in the workplace, 

the lower their reported anxiety scores. Literature supports the positive association 

identified between alcohol and anxiety scores, with the “self-medication hypothesis” 

suggesting that the pharmacological and psychological effects of alcohol may be 

perceived to mediate anxiety symptoms, and thus is used as a coping mechanism in 

those individuals who experience anxious symptoms (Quitkin et al., 1972). Further, 

literature has also suggested a possible causal link between alcohol consumption and 

the promotion of anxiety disorders. Literature has suggested that the development of 

anxiety disorders may be a bio-psycho-social consequence of significant alcohol 

consumption (George et al., 1990). Mitigation of alcohol misuse in the professional 

driving industry in Australia has historically revolved around voluntary policy 

implementation by employers. Although commercial drivers must have a BAC of either 

0.00% or 0.02% (dependent on their state of employment), policies surrounding 

alcohol misuse outside of work have been largely sporadic in the past. There has, 

however, been some progression in recent years, with alcohol awareness policies 
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within commercial driving workplaces becoming more common. Further, VicRoads has 

created a free drug and alcohol policy builder for companies to utilize, in order to 

reduce and liabilities. By continuing to discuss alcohol use not only in the context of 

work BAC, but also ‘health at home’, companies may see an improvement in the 

psychosocial welfare of their employees. 

 

When we examine the factors associated with high anxiety scores, the number of 

hours driven each week showed positive correlations across both the Profile of Mood 

states tension/anxiety subscale and Beck Anxiety Inventory, indicating that as an 

individual spent more time driving their work vehicle, their level of anxious 

symptomology also increased. This parallels recent literature, with Virtanen and team 

reporting an increased odds ratio (OR = 1.74) of anxiety in truck drivers who report 

working for greater than 55 hours each week (Virtanen et al., 2011). One suggested 

mechanism for this relationship is the limbic-behavioural pathway, which suggests that 

as individuals work longer hours, they engage in more negative behaviours such as 

excessive alcohol use, a known contributor to the development of anxiety (Van der 

Hulst, 2003). Further, research suggests that the longer the working hours, the greater 

the stress placed on a worker, and as such, the greater the propensity to develop 

anxiety disorders (Warr, 1990). Long working hours are associated with reduced time 

periods spent with social support, which in itself is a predictor of anxious symptomology 

(White et al., 2003). Once again, it is clear that long working hours are implicated in 

negative mental health outcomes, and given these, the current limits of 60 hours work 

per week for individuals in the heavy vehicle driving industry should be modified in 

order to promote the biopsychosocial health of these individuals.  
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Finally, workplace social interaction was found to be inversely related to anxious 

symptomology, indicating that as an individual experienced greater social interaction 

at work, their levels of anxiety lowered. This parallels recent literature, which suggests 

that as social interaction increases, there is a biological suppression of the 

hypothalamic-pituitary-adrenal axis, resulting in a dampened cortisol effect, thus 

reducing the systemic effects of cortisol (Heinrichs et al., 2003). Further, long term 

social support has been found to have a significant anxiolytic effect, resulting in 

increased oxytocin release, and reduced cortisol release, thus providing evidence for 

the causal link between greater social support and reduction in anxious symptomology 

(Heinrichs et al., 2003). Currently, Australian companies are utilising a number of 

support initiatives aimed at increasing social interaction within the workplace. Toolbox 

talk training packages, delivered by the mental health service Beyond Blue, aim to 

“encourage conversations about mental health in the workplace, reduce workplace 

stigma and support staff who may be experiencing a mental health condition” (Heads 

Up, 2020). Studies have shown significant improvements in perceived morale, self-

reported mental health, and reductions in stress, subsequent to the introduction of 

socialisation initiatives such as these toolbox talks (Oakman et al., 2018, Bowers et 

al., 2018, Hanna et al., 2020, Campbell and Gunning, 2020). Given that this study is 

the first in Australia to identify social interaction as a potential contributory factor to 

anxious and depressive symptomology within a cohort of heavy vehicle drivers, these 

findings may provide the foundation for further employment of social interaction 

strategies in the workplace.  

 

There are some limitations of the present study. The use of self-reported mood state 

questionnaires may introduce some response bias; however, the effects of this bias 

were ameliorated through the use of participant identification numbers for all 
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responses, providing anonymity for the participant. While common in medical science 

analysis, univariate analysis has some limitations in predictive power, in particular as 

workplace variables rarely occur alone. However, we believe that a reasonable and 

commonly employed initial step is evaluating univariate associations, which allows the 

variables to be quantified prior to their inclusion in the later model. The initial objective 

is to include the “best” grouping of variables that increase predictive ability, whilst 

circumventing unnecessary complexity. Finally, it has been shown that males are less 

likely to divulge information that may infer vulnerability (Courtenay, 2002). The study 

design attempted to address this potential reporting bias by utilising multiple mood 

state questionnaires with high internal validity to allow for the assessment of 

congruency between questionnaires, and their validity and reliability ensure an 

accurate response. 

 

Conclusions 

 

Collectively, the findings from the present study support previous literature, which 

suggest that Australian heavy vehicle truck drivers find themselves at an increased risk 

of depression and anxiety and that there may be modifiable causative workplace 

factors that contribute to this increased incidence of mental health disorders. The 

findings of this study are highly pertinent to the safety and health of this industry and 

provide a unique insight into the workplace factors that may contribute to affective 

states. Given the high rates of depression and anxiety consistently reported within this 

population, and the impacts of these mood disorders on driving ability and overall 

wellbeing, the contributing factors must be elucidated and modified where possible. 

Acceptable reductions in shift length, and the introduction of the buddy-driving system 
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may improve mental health within this field and have the added benefit of reducing 

accidents and near misses. Research has shown the buddy system to be an effective 

management technique to reduce collisions and given this study found social 

interaction to be negatively related to depression and anxiety, this would also improve 

socialisation on-shift. Further, policies that prevent suppliers demanding unachievable 

timelines for deliveries may reduce occupational stress and the need for excessive 

shift length durations.  

 

Alcohol consumption was also shown to be associated with depressive 

symptomology. Further research is needed to elucidate the true relationship of these 

two variables, however, given previous research which suggests alcohol misuse can 

have a range of negative biopsychosocial impacts, workplace facilitated discussions 

surrounding alcohol use, and on-site, or subsidised counselling services, may prove 

beneficial in this cohort. 

 

The heavy vehicle trucking industry is vital to the prosperity of Australia, with 72% 

of the freight in this country conveyed via the road system. The heavy vehicle industry 

employs over 200,000 individuals each year, and the health and safety of this sector 

extends far beyond the individual workers. Safe work practices and a ubiquitous 

commitment to improving mental health within this sector are paramount to not only 

safe roads, but a healthy economy.   
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4.2.2 Evaluating associations between workplace factors and stress, depression 

and anxiety in Australian train drivers  
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Abstract: 

 

 Objectives: Australia’s unique landscape, and large distances between 

metropolitan hubs, has resulted in a heavy reliance of rail freight. Train drivers 

experience a myriad of unique workplace conditions that may predispose them the 

mental health conditions such as depression. This study aimed to assess associations 

between workplace factors and stress, depression and anxiety in a cohort of Australian 

train drivers. Methods: 60 full time train drivers were recruited to participate in the 

present study. A battery of lifestyle, workplace risk factor and mental health 

questionnaires were administered. Results: Stress and depression were linked with 

accidents or near misses during the previous 12 months, accidents or near misses 
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across the participants career, and inversely correlated with social interaction during 

shift. The strongest predictor of stress and depression, as determined by regression 

analysis was social interaction during shift. Conclusion: This study highlights 

important workplace factors that may be linked with negative mental states, and their 

potential implications within the workplace. The promotion of improved mental health 

within this occupation would not only improve the health of the individual drivers but 

may also reduce mental health associated absenteeism and improve commuter safety. 

Keywords: Train driver, depression, anxiety, workplace factors, occupational safety, 

mental health. 

 

 

 

Introduction:  

 

Rail freight in Australia remains a primary means of moving goods and people 

between suburbs, cities and states (Australian Bureau of Statistics, 2018). Given the 

large distances between major municipalities, and low person-per square kilometre 

ratio in Australia, rail freight has persisted as an important contributor to both the 

economic and societal stability of this country (Australian Bureau of Statistics, 2018). 

Train drivers present a unique workforce profile, one which is highly male dominated 

and largely older than the national population working average (Chalmers and Lal, 

2016). Further, drivers find themselves subjected to a myriad of occupational 

conditions which, in combination, are unique to this industry. These include long hours 

spent sitting (Chang and Ju, 2008), monotonous driving conditions (Lees et al., 2018), 
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intermittent rest and work cycles, shift work, the necessity of strict mental alertness, 

and consistent cabin vibrations (Forsberg, 2016).  

 

Further, train drivers find themselves at risk of experiencing unique negative 

psychological occurrences, such as ‘person-under-train’ events. International research 

has shown that almost 16% of drivers who experience a person under train event will 

develop post-traumatic stress disorder, and over 30% will develop an anxious or 

affective disorder such as depression or anxiety (Farmer et al., 1992). Mental illnesses 

such as anxiety and depression are common, not only in the general population, but 

also within professional driving industries. Studies have shown higher prevalence of 

depression (Tranah and Farmer, 1994, Chalmers and Lal, 2016) , anxiety (Chalmers 

and Lal, 2016) and posttraumatic stress disorder (Lemos and Patrão, 2018) among 

train drivers when compared with the general population.  

 

Although the physical health of train drivers has been increasingly investigated 

in recent years, the psychological health of these drivers remains somewhat elusive, 

as studies have generally focused on the assessment of drivers after a ‘person-under-

train’ event, rather than the general mental health of these individuals (Cothereau et 

al., 2004a, Limosin et al., 2006, Mehnert et al., 2012, Theorell et al., 1994).  Further, 

in order to guide beneficial changes to workplace factors and policies, it is important to 

elucidate those workplace factors, outside of ‘person-under-train’ events, that may 

contribute to negative mental health states within this population. Hence, this study 

aimed to assess workplace factors linked to depression and anxiety in a population of 

Australian professional train drivers.  
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Materials and Methods: 

 

Study Design: 

 

This study was conducted as a part of a larger study analysing the cardiovascular 

health of professional drivers, and associations between affective states and 

autonomic cardiovascular impairment. Upon commencement of the study, the 

participant completed the inclusion and exclusion criteria questionnaire, the lifestyle 

appraisal questionnaire part 1 (LAQP1) (Craig et al., 1996a), which determined their 

inclusion in the study. If inclusion requirements were met, participants were explained 

the study in detail, and were asked to complete a consent form, a copy of which was 

retained by the researcher, another by the participant.  

 

Participants: 

 

A total of 60 professional train drivers, aged between 18 – 69 years, were recruited 

from the Sydney Trains. Participants were recruited through advertisement via a poster 

which was displayed in the tearoom of the Central Station depot in Ultimo, New South 

Wales (NSW). This research was undertaken with the aid and endorsement of Sydney 

Trains.  The inclusion criteria were as follows; current employment as a train driver, 

and fluent English literacy. The exclusion criteria, as determined by the LAQP1, were 

as follows; those currently taking any prescription or non-prescription drugs (excluding 

caffeine and nicotine) or suffering from any chronic disease or illness, were excluded 

from the study. Participants were required to abstain from food for 2 hours, nicotine 

and caffeine for 4 hours, and alcohol for 12 hours before the study; to avoid influencing 

the physiological measures. Blood pressure was obtained three times prior to, and post 
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the administration of the questionnaires, in accordance with the institute’s ethics 

approved protocol. Participants with pre-study BP reading < 140/90 mmHg were 

included in the study. Participants with a pre-study BP (either systolic or diastolic or 

both) reading of greater than 140/90 mmHg, but lower than 160/100 mmHg, whilst 

included in the study, were advised to consult their general practitioner regarding their 

elevated BP reading. Participants with blood pressure readings of greater than 160/100 

mmHg were excluded from the study and were offered to be accompanied by the 

researcher to the University medical clinic or advised to consult a general practitioner. 

Three participants were excluded from the study for reasons as follows; 2 participants 

for prescription drug use (diazepam, 5mg, PRN/metformin 500mg, BD), and 1 

participant was excluded for having ingested nicotine less than 12 hours prior to the 

study. After excluding the three participants, 60 drivers were included in the final 

analysis (n = 63 – 3, = 60).  

 

The average age of participants was 38.2 years ± 10.1 years (Table 1). The cohort 

was 95% male, reflecting the male dominance of the train driving industry. The mean 

BMI was 28.9 ± 5.3. The study was conducted in a controlled laboratory environment, 

with light sources and temperature being consistent across all participants. The study 

was comprehensively detailed to the subject upon arrival, with the opportunity for 

questions were presented. Upon obtaining written consent, the study was commenced. 

 

Instruments: 

 

The questionnaire package included the Professional Driver Package, adapted from a 

in-house developed SmartData Questionnaire (Kanvanagh, 2007), Lifestyle Appraisal 

Questionnaire (Craig et al., 1996a), the Beck Depression Inventory (Beck et al., 
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1996b), the Beck Anxiety Inventory (Steer and Beck, 1997) and the Profile of Mood 

States Questionnaire (McNair, 1971). The Professional Driver Package provides 

demographical information regarding licensing, employment length, employment 

status, nutrition, accident or near-miss history and working conditions. The Lifestyle 

Appraisal Questionnaire (LAQ), a validated and clinically reliable questionnaire, was 

used to record demographic, lifestyle and psychological stress information from the 

participant. The LAQ consists of two parts, with Part I consisting of 22 questions, with 

the highest obtainable score being 73. This information included family history of 

disease, smoking status, alcohol intake, exercise and diet regime, etc. Items in Part I 

are scored for level of risk. Most item scoring ranges from 0 (little or no risk) to 4 (high 

risk) whilst some are dichotomous (yes/no). Higher scores are associated with higher 

risks of chronic disease. Part II of the LAQ consists of 27 items,  each assessed on a 

four-point Likert scale ranging from 0 (almost never) to 3 (almost always) is used to 

assess the person’s cognitive appraisal of life pressures and demands. Items are 

added directly, and high scores indicate higher perceived levels of stress (Craig et al., 

1996a).  

 

The Beck Depression Inventory Scale (BDI-II) (Beck et al., 1996b) is a 21-item 

self-reported tool used to assess the severity of depression in adults and adolescents 

(aged >13). Scores range from 0-63, with 0-13 indicating minimal depression, 14-19 

indicating mild depression, 20-28 indicating moderate depression and 29-63 indicating 

severe depression (Beck et al., 1996a). The coefficient alpha of the BDI-II was found 

to be 0.93, indicating high internal consistency. The test-retest correlation of the BDI-

II was found to be 0.93, which was significant (p = <0.001). As such, the BDI-II is a 

suitable mood state tool for the assessment of depressive symptoms within this study. 

The Beck Anxiety Inventory (Steer and Beck, 1997) is a 21 question, self-reported 
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inventory that is utilized to assess anxious symptomology. It’s internal consistency is 

high (alpha = .92) (Steer et al., 1993), and it is used clinically to assess true clinical 

anxiety, and reduce the overlap with depressive symptoms. The Profile of Mood States 

questionnaire (POMS) (McNair, 1971) is composed of 65 items describing six mood 

subscales: tension-anxiety, depression-dejection, anger-hostility, vigour-activity, 

fatigue-inertia, and confusion-bewilderment. An overall measure of total mood 

disturbance is calculated for all six subscales by combining the scores obtained on the 

tension-anxiety, depression-dejection, anger-hostility, fatigue-inertia, and confusion-

bewilderment scales minus the score on the vigour-activity scale. The depression-

dejection subscale is strongly predictive of the Beck Depression Inventory-II (BDI-II) 

(Beck et al., 1996a), which is often used in clinical practice to diagnose depression. 

The depression-dejection subscale of the POMS is consequently considered a useful 

short alternative to the BDI-II, since it also investigates other components of mood 

such as anxiety and aggression (Griffith et al., 2005). 

 

 

Data Analysis: 

 

Statistical analysis was conducted using SPSS for Windows (version 23; SPSS 

Inc; Chicago, IL, USA), with partial correlations being performed after controlling for 

covariates (age, gender, smoking status, and body mass index). The variables entered 

into the correlation analysis were Length of employment (years), Number of accidents 

during career, Number of accidents during previous 12 months, Hours spent driving 

per shift, Social interaction during shift, Alcohol consumption and Coffee consumption. 

Multiple linear regressions were run for dependent variables - BDI, BAI, 

Depression/Dejection, and Tension/Anxiety, based on significant correlations with 
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these dependent variables. Cases were excluded pairwise, and significance was set 

at p<0.05.  

 

 Ethics: 

 

All subjects provided informed consent for inclusion before they participated in the 

study. The study was approved by the UTS HREC (HREC number 2014000110). 

 

Results: 

 

3.1. Demographics                                                                 

         

Average years employed as a train driver was 7.5 ± 6.1, and the average hours 

driving a train as a worker each week was 33.7 ± 7.9. Drivers reported 0.9 ± 1.4 

accidents or near misses in the previous 12 months, and 4.2 ± 6.7 accidents or near 

misses in their career (Table 1).                                                           

 

Table 1: Demographic data of the train driving sample  (n = 60) 

Table 1 present demographic data for the train driving sample (n=60). 

Key: 

BMI: Body Mass Index 

 
Mean ± SD or % 

Age 38.2 ± 10.1 

Gender (Males) 95 

BMI 28.9 ± 5.3 

Years Employed 7.5 ± 6.1 

Hours Driving 33.7 ± 7.9 

Accidents/near misses in Previous Year 0.9 ± 1.4 

Accidents/near misses per Career 4.2 ± 6.7 
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SD: Standard deviation 

 

 

The mean test scores of each of the six respective mood subscales (tension-anxiety, 

anger-aggression, fatigue-inertia, depression-dejection, confusion-bewilderment and 

vigor-activity) of the POMS questionnaire, a total mood disturbance scores, along with 

the normative values  (Nyenhuis et al., 1999) are listed in Table 2. No individual mood 

subscales were significantly higher than the advised normative scores.  

 
Table 2 The average scores attained for the six mood subscales, the total mood 
disturbance score in train drivers (n=60) and the normative values for an adult male 
sample (Nyenhuis et al., 1999) of the Profile of Mood States Questionnaire. 

Table 2 presents the average test scores attained for the six mood subscales, the total mood disturbance 

score and the normative values (Nyenhuis et al., 1999)  
 

3.2. Stress, Depression and Anxiety associations to Workplace and Lifestyle factors 

 

A number of significant partial correlations were identified between 

workplace/lifestyle factors and perception of stress scores (as measured by LAQ-P2), 

when controlling for covariates (age, gender, smoking status and body mass index). 

Perception of stress scores were positively correlated with the number of accidents or 

Sub-scale Train Driver mean score Normative values 

(Nyenhuis et al., 1999) 

Tension-Anxiety 7.3 ± 6.5 7.1 ± 5.8 

Anger-agression 7.3 ± 7.8 7.1 ± 7.3 

Fatigue-inertia 8.8 ± 6.3 7.3 ± 5.7 

Depression-dejection 7.0 ± 7.7 7.5 ± 9.2 

Confusion-bewilderment 4.6 ± 3.2 5.6 ± 4.1 

Vigor-activity 16.6 ± 5.2 19.8 ± 6.8 

TOTAL MOOD DISTURBANCE 18.4 ± 28.3 14.8 ± 32.7 
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near misses during the previous 12 months (r = 0.33, p = 0.021), the number of 

accidents or near misses during career (r = 0.29, p = 0.042), and negatively correlated 

with social interaction during working shift (r = -0.31, p = 0.028). 

 

A number of significant partial correlations were identified between 

workplace/lifestyle factors and depression assessment scores, when controlling for 

covariates (age, gender, smoking status and body mass index). The Beck Depression 

Inventory scores were positively correlated with the number of accidents or near 

misses during the previous 12 months (r = 0.30, p = 0.0035), the number of accidents 

or near misses during career (r = 0.36, p = 0.011), and negatively correlated with social 

interaction during working shift (r = -0.28, p = <0.05). The Beck Anxiety Inventory 

scores were positively correlated with the amount of alcohol consumed each week (r 

= 0.33, p = 0.02). No further significant correlations were identified. Refer to table 3 for 

a list of these associations.  

 

Table 3: Depression and Anxiety partial correlations to Workplace and Lifestyle factors 

Table 3 present partial correlations between depression, anxiety and workplace and lifestyle factors.  

p: Level of statistical significance  
POMS D/D: Depression/Dejection subscale of the Profile of Mood States Questionnaire 
POMS T/A: Tension/Anxiety subscale of the Profile of Mood States Questionnaire 
r: Correlation coefficient 
*: Indicates significance (p <0.05)  
 

Variable LAQ P2 POMS D/D BDI BAI POMS T/A 

r p r p r p r p r p 

Alcohol 0.192 0.186 0.175 0.229 0.184 0.207 0.331 0.020* 0.092 0.529 

Coffee 0.108 0.460 -0.022 0.883 0.004 0.980 0.048 0.742 0.008 0.957 

Years Driving 0.161 0.270 0.093 0.525 0.150 0.304 0.13 0.372 0.037 0.800 

Accidents/CR 0.291 0.042* 0.156 0.284 0.360 0.011* 0.217 0.134 0.245 0.089 

Accidents/YR 0.330 0.021* 0.240 0.097 0.302 0.035* 0.203 0.161 0.233 0.108 

Hours Driving 0.161 0.268 0.038 0.739 0.083 0.569 0.069 0.637 0.104 0.479 

Interaction -0.314 0.028* -0.241 0.095 -0.282 0.050* -0.246 0.088 -0.273 0.058 
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To determine which workplace variables uniquely contributed to the perception of 

stress scores, as measured by the LAQ-P2, only those variables that correlated 

significantly were entered into a multiple regression analysis; to identify the strongest 

predictors. Table 4 shows that this regression was significant (R = .60, R2 = .35, 

adjusted R2 = .30, F = 6.9, df = 3,59, p = <0.001) for three variables (accidents during 

previous 12 months, accidents during career and social interaction during work shift), 

which together explained 35% of the variance in perception of stress scores. However, 

the only individual variable that was significant in the regression was the number of 

accidents during the previous 12 months (p = 0.048), making it the strongest predictor 

of perception of stress. 

 

Table 4: Standard multiple regression, perception of stress and workplace/lifestyle 
variables  
 

b SE of b B SE of B t p 

(Constant) 
  

20.1 3.08 6.5 <0.001 

Accidents during previous 12 

months 

0.433 0.14 3.15 1.53 2.06 0.047 

Accidents during career 0.061 0.18 0.13 0.45 0.29 0.77 

Social interaction during shift -0.272 0.11 -1.01 0.50 -2.04 0.048* 

b = Standardised coefficient 
B = Unstandardised regression coefficient 
p = Level of statistical significance  
R = Correlation coefficient 
SE of b = Standard error of standardised regression coefficient 
SE of B = Standard error of unstandardised regression coefficient 
Std. = Standard 
t = t statistic 
*: Indicates significance (p = <0.05)  
 

 

To determine which workplace variables uniquely contributed to depressive 

symptomology as measured by the Beck Depression Inventory, only those variables 

that correlated significantly with the BDI scores were entered into a standard multiple 



                                                                                                                                                Taryn Chalmers   |  163 

regression analysis. Table 5 shows that this regression was significant (R =.47, R2 

=.22, adjusted R2 =.18, F = 5.2, df = 3,56, p = 0.003) for three variables (accidents 

during previous 12 months, accidents during career and social interaction during work 

shift), which together explained 22% of the variance in depression, as measured by 

the BDI. However, the only variable that was significant in the regression was social 

interaction during shift (p = 0.025). 

 

Table 5: Standard multiple regression – Depression/Dejection score and workplace 
variables  
 

b SE of b B SE of B t p 

(Constant) 
  

9.07 1.53 -5.93 <0.001 

Accidents during previous 12 

months 

0.16 0.12 0.66 0.63 1.04 0.302 

Accidents during career 0.24 0.14 0.20 0.13 1.53 0.133 

Social interaction during shift -0.27 0.17 -0.57 0.25 -2.30 0.025* 

b = Standardised coefficient 
B = Unstandardised regression coefficient 
p = Level of statistical significance  
R = Correlation coefficient 
SE of b = Standard error of standardised regression coefficient 
SE of B = Standard error of unstandardised regression coefficient 
Std. = Standard 
t = t statistic 
*: Indicates significance (p = <0.05)  
 

Discussion: 

  

A number of lifestyle and workplace variables were found to be linked to 

negative mood states such as perception of stress, depression and anxiety. When 

examining the variables associated with stress, the number of accidents across both 

the previous 12 months and throughout career were found to be positively correlated 

to stress scores. Stress is a known risk factor for the development of other mental 

health conditions, such as anxiety and depression, in particular when chronic (Plieger 
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et al., 2015). Stress has also been linked with reduced driver performance and an 

increase risk of accidents or near misses (Matthews et al., 1998, Taylor and Dorn, 

2006, Matthews et al., 1991). Chronic stress is well accepted to interfere with normal 

bodily stress responses, those responses that would generally be considered 

advantages in times of stress. During times of chronic stress, an acute on chronic 

stress response results in impaired memory retrieval (Roozendaal, 2002, Kuhlmann et 

al., 2005), fine motor skills (Mancini et al., 2018, Mancini et al., 2019) and higher-order 

cognitive processes (Budsankom et al., 2015). As such, stress is known to be a 

contributing factor to reduced driver performance, and thus crash risk (Klauer et al., 

2006). This study is the first of its kind to link stress to increased crash or near miss 

risk in a population of Australian train drivers. Given this, further research would benefit 

from identifying stress inducing factors that have the potential to be mitigated within 

the workplace, thus reducing the potential contribution of stress to this risk. Further, 

social interaction during shift was found to be inversely related to stress. That is, the 

greater the social interaction reported by drivers during their shift, the lower the 

average stress levels. Social interaction is well recognized as a protective factor 

against stress levels. A study by Ozebay and team (2007) found that as social 

interaction increased, both acute and chronic stress reduced. The biopsychosocial 

theories behind socialisation as a protective factor for stress stem from the necessity 

of interaction as an evolutionary advantage. Social support may mitigate genetic and 

environmental vulnerabilities and provide resilience to stress, conceivably via its 

hormonal effects on the hypothalamic-pituitary-adrenocortical (HPA) axis, the 

noradrenergic system, and systemic oxytocin pathways (Ozbay et al., 2007). Given the 

identified links between stress, accidents throughout career and interaction that were 

elucidated in this study, further research is needed to identify factors that may mitigate 

stress within this population.  



                                                                                                                                                Taryn Chalmers   |  165 

 

Similar to perception of stress, depression was positively correlated with 

accidents or near misses, both in the previous 12 months and throughout career, and 

inversely correlated with social interaction during shift. Much like stress, depression 

has been strongly linked to a reduction on driver performance, with studies finding that 

individuals suffering from depression exhibit reductions in reaction times, steering 

control (Bulmash et al., 2006a) and attentive awareness (Vedhara et al., 2000). Given 

not only the implications of train carriage accidents, but the potential for large scale 

commuter danger should an accident occur, it is evident that further research must be 

undertaken to elucidate the direction of the relationship between accidents and near 

misses, and depression. While the present study did not identify levels of depression 

within this population that were higher than advised normative values, it is clear that 

the implications of this mental illness may be significant with regards to driver 

performance. Further, the inverse relationship identified between depression and 

social interaction during shift provides a unique insight into a possible contributory, or 

protective, aspect of this occupation. That is, increased social interaction may be a 

protective factor for the development of depression, just as social isolation during shift 

may contribute to the development of this mental health disorder. There may, however, 

be some selection bias regarding this association. That is, individuals who experience 

depression are more likely to avoid social interaction that those who do not. All the 

same, workplace procedures which encourage social interaction at work, such as 

ToolBox talks (Campbell and Gunning, 2020), regular mental health forums (Nexø et 

al., 2018) and buddy systems (Clark-Hitt et al., 2012) have been shown to improve 

employee mental health in many other industries.  

 



                                                                                                                                                Taryn Chalmers   |  166 

There are some limitations of the present study. Response bias may be present 

due to the use of self-reported questionnaires; however, we attempted to mitigate this 

bias by conveying to participants that all responses were deidentified and thus, 

anonymous. While common in psychometric studies, univariate analysis has 

limitations in its predictive power, in particular as workplace variables rarely occur in 

isolation of one another. However, we believe that a rational and well recognised 

preliminary step is to investigate univariate associations, which allows the variables to 

be quantified preceding their insertion into a later predictive model. The primary 

objective is to include the “best” group of variables that increase predictive capability, 

whilst ensuring no unnecessary complexity.  

 

Conclusion: 

 

The population of Australian train drivers has rarely been studied, in particular, 

the biopsychosocial health of these individuals remains elusive. This study aimed to 

assess workplace factors that may be linked with depression and anxiety within this 

population. Accident history was identified as an independent predictor of both stress 

and depression within this population. Further, reduced social interaction on shift was 

found to be the strongest predictor of both stress and depression. This study highlights 

important workplace factors that may be linked with negative mental states, and their 

potential implications within the workplace. The promotion of improved mental health 

within this occupation would not only improve the health of the individual drivers but 

may also reduce mental health associated absenteeism and improve commuter safety. 

Buddy driving systems (Clark-Hitt et al., 2012), regular workplace ToolBox talks and 

forums (Campbell and Gunning, 2020), and a commitment to mental awareness (Nexø 
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et al., 2018) are strategies that have been successfully employed in other industries. 

Given the societal responsibility of passenger train drivers, protecting and promoting 

the psychosocial health of these individuals is paramount to not only a healthy 

workforce, but a safe community.  

 

Author Contributions: T.C and S.L conceived the ideas; TC collected the data; TC 

analysed the data; TC led the writing; S.L provided feedback and final proofing of the 

manuscript. 

 

Acknowledgments: We acknowledge the driver participants for undertaking the 

study in the Neuroscience Research Unit at UTS. Thanks also go to Sydney Trains 

for assistance with recruitment of the study sample. Finally, we acknowledge the use 

of a modified version of the Smart Data Questionnaire (author Diarmuid Kavanagh). 

 

Conflict of Interest: Authors declare no Conflict of Interests for this article. 

 

Funding: The lead researcher, Taryn Chalmers, received an Australian Postgraduate 

Award Research Scholarship during her PhD. 

 

 

 

 

 

 

 



                                                                                                                                                Taryn Chalmers   |  168 

References: 

 

Australian Bureau of Statistics. (2018). Australian Transport Economic Account: An 

Experimental Transport Satellite Account. Retrieved from  

Beck, A. T., Steer, R. A., & Brown, G. K. (1996). BDI-II, Beck Depression Inventory: 

Manual, 2nd ed. Boston: Harcourt, Brace, and Company. 

Beck, A. T., Steer, R. A., & Brown, G. K. (1996). Beck depression inventory-II. San 

Antonio, 78(2), 490-498.  

Budsankom, P., Sawangboon, T., Damrongpanit, S., & Chuensirimongkol, J. (2015). 

Factors affecting higher order thinking skills of students: A meta-analytic 

structural equation modeling study. Educational Research and Reviews, 10(19), 

2639-2652.  

Bulmash, E. L., Moller, H. J., Kayumov, L., Shen, J., Wang, X., & Shapiro, C. M. (2006). 

Psychomotor disturbance in depression: assessment using a driving simulator 

paradigm. Journal of affective disorders, 93(1-3), 213-218.  

Campbell, M. A., & Gunning, J. G. (2020). Strategies to improve mental health and 

well-being within the UK construction industry. Proceedings of the Institution of 

Civil Engineers-Management, Procurement and Law, 173(2), 64-74.  

Chalmers, T., & Lal, S. (2016). Prevalence of affective states in Australian truck and 

train drivers. Journal of the Australasian College of Road Safety, 27(1), 13.  

Chang, H.-L., & Ju, L.-S. (2008). Effect of consecutive driving on accident risk: A 

comparison between passenger and freight train driving. Accident Analysis & 

Prevention, 40(6), 1844-1849.  

Clark-Hitt, R., Smith, S. W., & Broderick, J. S. (2012). Help a buddy take a knee: 

Creating persuasive messages for military service members to encourage 

others to seek mental health help. Health communication, 27(5), 429-438.  



                                                                                                                                                Taryn Chalmers   |  169 

Cohen, J. (2013). Statistical power analysis for the behavioral sciences: Routledge. 

Cothereau, C., De Beaurepaire, C., Payan, C., Cambou, J., Rouillon, F., & Conso, F. 

(2004). Professional and medical outcomes for French train drivers after 

“person under train” accidents: three year follow up study. Occupational and 

environmental medicine, 61(6), 488-494.  

Craig, A., Hancock, K., & Craig, M. (1996). The lifestyle appraisal questionnaire: A 

comprehensive assessment of health and stress. Psychology and Health, 11(3), 

331-343.  

Farmer, R., Tranah, T., O'Donnell, I., & Catalan, J. (1992). Railway suicide: the 

psychological effects on drivers. Psychological medicine, 22(2), 407-414.  

Forsberg, R. (2016). Conditions affecting safety on the Swedish railway–Train drivers’ 

experiences and perceptions. Safety science, 85, 53-59.  

Griffith, N. M., Szaflarski, J. P., Szaflarski, M., Kent, G. P., Schefft, B. K., Howe, S. R., 

& Privitera, M. D. (2005). Measuring depressive symptoms among treatment-

resistant seizure disorder patients: POMS Depression scale as an alternative to 

the BDI-II. Epilepsy &amp; Behavior, 7(2), 266-272.  

Kanvanagh, D. (2007). SmartData Package. Retrieved from  

Klauer, S. G., Dingus, T. A., Neale, V. L., Sudweeks, J. D., & Ramsey, D. J. (2006). 

The impact of driver inattention on near-crash/crash risk: An analysis using the 

100-car naturalistic driving study data.  

Kuhlmann, S., Piel, M., & Wolf, O. T. (2005). Impaired memory retrieval after 

psychosocial stress in healthy young men. Journal of Neuroscience, 25(11), 

2977-2982.  

Lees, T., Chalmers, T., Burton, D., Zilberg, E., Penzel, T., Lal, S., & Lal, S. (2018). 

Electroencephalography as a predictor of self-report fatigue/sleepiness during 



                                                                                                                                                Taryn Chalmers   |  170 

monotonous driving in train drivers. Physiological measurement, 39(10), 

105012.  

Lemos, I. d. C., & Patrão, I. (2018). Train accidents: Is there post-traumatic stress 

disorder in train drivers?  

Limosin, F., Loze, J.-Y., Cothereau, C., De Beaurepaire, C., Payan, C., Conso, F., . . . 

Rouillon, F. (2006). A prospective study of the psychological effects of “person 

under train” incidents on drivers. Journal of psychiatric research, 40(8), 755-

761.  

Mancini, V., Rigoli, D., Roberts, L., & Piek, J. (2019). Motor skills and internalizing 

problems throughout development: An integrative research review and update 

of the environmental stress hypothesis research. Research in developmental 

disabilities, 84, 96-111.  

Mancini, V. O., Rigoli, D., Roberts, L. D., Heritage, B., & Piek, J. P. (2018). The 

relationship between motor skills and psychosocial factors in young children: A 

test of the elaborated environmental stress hypothesis. British journal of 

educational psychology, 88(3), 363-379.  

Matthews, G., Dorn, L., & Glendon, A. I. (1991). Personality correlates of driver stress. 

Personality and Individual Differences, 12(6), 535-549.  

Matthews, G., Dorn, L., Hoyes, T. W., Davies, D. R., Glendon, A. I., & Taylor, R. G. 

(1998). Driver stress and performance on a driving simulator. Human factors, 

40(1), 136-149.  

McNair, D. M. (1971). Manual profile of mood states: Educational & Industrial testing 

service. 

Mehnert, A., Nanninga, I., Fauth, M., & Schäfer, I. (2012). Course and predictors of 

posttraumatic stress among male train drivers after the experience of ‘person 

under the train'incidents. Journal of psychosomatic research, 73(3), 191-196.  



                                                                                                                                                Taryn Chalmers   |  171 

Nexø, M. A., Kristensen, J. V., Grønvad, M. T., Kristiansen, J., & Poulsen, O. M. (2018). 

Content and quality of workplace guidelines developed to prevent mental health 

problems: results from a systematic review. Scandinavian journal of work, 

environment & health, 44(5), 443-457.  

Nyenhuis, D. L., Yamamoto, C., Luchetta, T., Terrien, A., & Parmentier, A. (1999). 

Adult and geriatric normative data and validation of the profile of mood states. 

Journal of clinical psychology, 55(1), 79-86.  

Ozbay, F., Johnson, D. C., Dimoulas, E., Morgan III, C., Charney, D., & Southwick, S. 

(2007). Social support and resilience to stress: from neurobiology to clinical 

practice. Psychiatry (Edgmont), 4(5), 35.  

Plieger, T., Melchers, M., Montag, C., Meermann, R., & Reuter, M. (2015). Life stress 

as potential risk factor for depression and burnout. Burnout Research, 2(1), 19-

24.  

Roozendaal, B. (2002). Stress and memory: opposing effects of glucocorticoids on 

memory consolidation and memory retrieval. Neurobiology of learning and 

memory, 78(3), 578-595.  

Steer, R. A., & Beck, A. T. (1997). Beck Anxiety Inventory.  

Steer, R. A., Ranieri, W. F., Beck, A. T., & Clark, D. A. (1993). Further evidence for the 

validity of the Beck Anxiety Inventory with psychiatric outpatients. Journal of 

anxiety disorders, 7(3), 195-205.  

Taylor, A. H., & Dorn, L. (2006). Stress, fatigue, health, and risk of road traffic accidents 

among professional drivers: the contribution of physical inactivity. Annu. Rev. 

Public Health, 27, 371-391.  

Theorell, T., Leymann, H., Jodko, M., Konarski, K., & Norbeck, H. E. (1994). ‘Person 

under train’incidents from the subway driver's point of view—A prospective 1-



                                                                                                                                                Taryn Chalmers   |  172 

year follow-up study: The design, and medical and psychiatric data. Social 

Science & Medicine, 38(3), 471-475.  

Tranah, T., & Farmer, R. D. (1994). Psychological reactions of drivers to railway 

suicide. Social Science & Medicine, 38(3), 459-469.  

Vedhara, K., Hyde, J., Gilchrist, I., Tytherleigh, M., & Plummer, S. (2000). Acute stress, 

memory, attention and cortisol. Psychoneuroendocrinology, 25(6), 535-549.  

  



                                                                                                                                                Taryn Chalmers   |  173 

4.3 Cardiovascular links to affective states 

 

The links between depression and reduced cardiovascular health is well identified in 

the literature. The Australian Heart foundation has also recognised depression as a 

modifiable biomedical risk factor for CVD, and has proposed that the associations 

between depression and impaired cardiovascular functioning warrant additional 

investigation (Australian Heart Foundation, 2008b). The following original research 

articles aim to address the gaps in literature surrounding the potential links between 

depression and impaired autonomic cardiovascular functioning in a cohort of 

Australian train and truck drivers. All of the following articles are published in press, 

have been accepted, or are currently under review.  
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4.3.1 Heart rate variability and depression: a general review 

 

Under Review: Psychopathology 

 

Taryn Chalmers1 and Sara Lal1  

1Neuroscience Research Unit, School of Life Sciences, University of Technology 

Sydney; taryn.chalmers@uts.edu.au; sara.lal@uts.edu.au 

 

The autonomic nervous system (ANS) of the human body is a division of the peripheral 

nervous system, which can be further classified into the sympathetic and 

parasympathetic branches. These two divisions of the ANS act synchronously and 

autonomously to preserve homeostatic bodily function in response to internal and 

external stimuli (Pumprla et al., 2002a, Robertson et al., 2012, Pumprla et al., 2002b).  

The homeostatic effects of these subdivisions incorporates a broad range of visceral 

components, including cardiac control, secretory gland regulation and organ metabolic 

function (Grassi, 1998)  

 

Colloquially referred to as the “fight or flight” response, the function of the sympathetic 

nervous system (SNS) is to accommodate for immediate requirements of metabolic 

stores (Raven and Johnson, 2008). Resulting physiological adjustments, such as the 

initiation of the stress response, dilation of the pupils, increased heart rate, adrenaline 

release, decreased digestive processes, depressed immune function and the dilation 

of the bronchioles, prepare the body for activity and reduce non-vital processes 

((Raven and Johnson, 2008) 
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Known as the “rest and digest” response, the parasympathetic nervous system (PNS) 

is principally associated with digesting food, relaxing and sleeping (Raven and 

Johnson, 2008). It involves the reduction of metabolic rates and increasing the 

secretions and activities of digestive organs (Raven and Johnson, 2008). The 

parasympathetic nervous system also acts to reduce the heart rate (Raven and 

Johnson, 2008). 

 

These two subdivisions of the ANS (SNS and PNS) can be examined using spectral 

analysis of heart rate variability (HRV) (Pumprla et al., 2002a). This non-invasive 

technique involves comprehensive and meticulous analysis of time fluctuations 

between sequential heart beats, and can be used to indirectly quantify autonomic 

control of the heart (Acharya et al., 2008). HRV is attained via a three-step sequence, 

the first of which involves attaining an electrocardiogram (ECG) recording. The period 

between sequential heartbeats is generally measured from one R peak on the ECG to 

the next. Variability in this heart rate has been shown to be indicative of the dynamic 

interaction between the SNS and the PNS (Acharya et al., 2008, Andrade et al., 2003). 

 

The employment of HRV as an indicative measurement in clinical settings has provided 

the foundation for the practical functionality of this assessment. HRV is utilised in many 

clinical settings. A study conducted by Acharya and associates assessed 352 patients 

for cardiac abnormalities using analysis of HRV (2008). The study found that using the 

Fast Fourier Transform (FFT) to analyse HRV resulted in the correct classification of 

cardiac classes for chronic heart failure, complete heart block and preventricular 

contraction 91.6%, 100% and 91.7% of the time respectively. The correct classification 

of a left bundle branch block and ischemic/dilated cardiomyopathy was determined in 

83.3% and 81.8% of the cases respectively. It should be noted, however, that reduced 
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accuracy was identified for some cardiac conditions, as atrial fibrillation, ventricular 

fibrillation and sick sinus syndrome were only correctly classified using FFT analysis 

of HRV in 66.7%, 58.3% and 63.6% of the cases respectively.  

 

Additionally, the prognostic value of HRV after myocardial infarction has been 

identified. A prospective study was conducted by La Rovere and team (1998) 

assessing 1,284 patients who had suffered a recent (<28 days) myocardial infarction. 

A follow up was completed, with individuals being reassessed every 4 months for a 

minimum of 1 year and a maximum of 21 months. It was found that the univariate 

relative risk of cardiac mortality after a myocardial infarct, when an individual presented 

low HRV was 5.3, providing evidence for the prognostic value of HRV analysis in 

determining relative risk of cardiac mortality in myocardial infarct patients. These varied 

applications emphasise the clinical significance of this important predicative measure 

based on cardiac activity. HRV is decreased when sympathetic influence dominates 

parasympathetic influence (Klein et al., 1995, American College of Cardiology 

Cardiovascular Technology Assessment Committee, 1993, van Ravenswaaij-Arts et 

al., 1993). Reduced heart rate variability has been associated with a greater risk of 

ventricular arrhythmias and sudden death (van Ravenswaaij-Arts et al., 1993). 

 

The link between heart rate variability and depression has been investigated 

increasingly in recent years. Despite numerous recent studies, the results attained 

from these have yielded varied results. Depression is a burdensome affective disorder, 

affective between 8-12% of the population worldwide. Depressive disorder is the 

primary cause of disability worldwide when assessed using Years Lived with Disability 

(World Health Organisation, 2012). In 2000, depression was the fourth greatest 

contributor to the global burden of disease, and it has been forecast that by the year 
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2020, it will be the second greatest contributor to this burden (World Health 

Organisation, 2012). Depression has been linked to an increase in cardiovascular 

mortality, with studies suggesting this risk may be as high as 400% in patients suffering 

from Major Depressive Disorder.(Nicholson et al., 2006) 

 

This association between depression and an increased risk of developing CVD is of 

serious concern, especially when we consider the paucity of literature surrounding the 

topic. Depression has been linked to increased risk of cardiovascular mortality, 

however to exact mechanism is somewhat unclear.  Furthermore, the Australian Heart 

Foundation has indicated that additional research is required to assess the cardiac 

effects of depression, and whether it may be possible to link biomarkers such as HRV 

to the degree of depressive symptomology being experienced by the individual 

(Australian Heart Foundation, 2008b). 

 

Agelink and co-workers (2002)  associated time and frequency domain HRV indices 

throughout a 5-min rest deep breathing and Valsalva test, in 32 patients with suffering 

from major depression and 64 controls who exhibited no depressive symptoms. The 

Valsalva manoeuvre comprises of forced exhalation against a closed glottis, resulting 

in an increase in intrathoracic pressure (Opotowsky et al., 2010). This clinical 

technique is used to assess cardiovascular health. The study found that individuals 

with severe depression displayed reduced HRV, specifically, a significantly reduced 

modulation of cardiovagal activity, when compared to non-depressed controls. The 

increase in cardiovascular mortality observed in patients exhibiting symptoms of 

severe depressive disorder may be somewhat attributed to the dislocation of the 

sympathovagal balance in favour of sympathetic modulation. Furthermore, severity of 
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depressive symptoms and cardiovagal activity were found to be inversely correlated, 

indicating that as depressive symptoms increased, cardiovagal activity decreased.  

 

A study by Koschke and associates (2009) supports these findings, compared 75 

individuals experiencing recurrent major depressive disorder to 75 age- and gender- 

matched controls. HRV frequency domain results exhibited a significant shift of 

autonomic balance towards sympathetic dominance and a reduction in 

parasympathetic modulation. There was, however, no evidence to support prior studies 

that suggest the degree of autonomic imbalance relates to the severity of depressive 

symptoms.  

 

A study by Kemp and  team examined 73 patients diagnosed with Major Depressive 

Disorder and 94 age- and sex- matched controls (Kemp et al., 2012). The Hamilton 

Depression Rating Scale was used to assess the severity of clinical depression. The 

study found that HRV was reduced in patients diagnosed with Major Depressive 

Disorder when compared to their age- and sex-matched controls. An interesting 

identification was noted, in that patients exhibiting comorbid Generalised Anxiety 

Disorder were found to have a greater reduction in HRV than those exhibiting Major 

Depressive Disorder alone. Supporting these findings, Udupa and associates 

conducted a study (2007) which found that individuals suffering from major depressive 

disorder exhibited higher sympathovagal balance (the ratio of low frequency (LF) to 

high frequency (HF) HRV) than non-depressed controls suggesting sympathetic 

predominance. The study assessed 40 individuals experiencing major depression 

when compared with 40 gender- and age- matched controls. Resting HRV was 

obtained whilst individuals were seated for fifteen minutes in a relaxed position. Active 

HRV was then obtained during a deep breathing and Valsalva test (see above for an 
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explanation of the Valsalva manoeuvre). Results indicated that individuals with severe 

depression presented a reduction in HRV, indicative of an increase in sympathetic and 

decrease in parasympathetic modulation. In contrast, a study led by Henje Blom 

identified significant reductions in sympathetic modulation in female patients with major 

depressive disorder (n=11) when compared to their age and location matched controls 

(n=53) (2010). 

 

In further contrast, a study by Bar and associates (2004) found no deviation in HRV 

when comparing patients exhibiting depressive symptoms (n=18) to their 

physiologically matched controls (n=18). This study associated HRV during a five-

minute rest period with HRV data attained during a deep breathing exercise. There 

were no perceptible variations in HRV between the depressed and non-depressed 

control groups, although this could be attributed to artifacts during the short length of 

the HRV recording (5 minutes). HRV requires an adequate period of time (a minimum 

of 5 minutes of good quality ECG data) to allow for the detection of subtle autonomic 

variations that accompany depression (Berntson et al., 1997). Supporting this, a study 

by Yeragani (1991) found no significant variation in HRV between depressed 

individuals (n=19) and a control sample (n=20) although the study employed a small 

sample size, which may have skewed the obtained results. 

 

Studies that have examined the associations between HRV and depression have 

obtained varied results. Whilst some studies have reported a reduction in 

parasympathetic modulation (Rechlin et al., 1994, Guinjoan et al., 1995), others have 

reported no apparent variation (Yeragani et al., 1991, Moser et al., 1998, Bar et al., 

2004). Likewise, inconsistent results have been obtained concerning the influence of 

depression on the sympathetic branch of the ANS, with studies reporting an increased 



                                                                                                                                                Taryn Chalmers   |  180 

(Guinjoan et al., 1995, Udupa et al., 2007), decreased (Tulen et al., 1996), and 

unchanged (Moser et al., 1998) sympathetic control in individuals with depression. Of 

those that did report a confirmatory link between HRV and depression, there remains 

some ambiguity regarding the impact of the severity of symptoms on autonomic 

control. Some studies have suggested that cardiovagal modulation is conditional to 

symptom severity (Agelink et al., 2002), whilst others have reported that there is no 

evident association between the degree of autonomic imbalance and the acuteness of 

depressive symptoms (Koschke et al., 2009). Variations in the heterogeneity, sample 

size, exclusion criteria, lengths of ECG recording and experimental design have all 

contributed to these inconsistencies. 
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4.3.2 Assessing cardiovascular associations to affective states in Australian 

truck drivers 

 

In Press: Chalmers, T., & Lal, S. (2014). Assessing cardiovascular associations to 

affective states in Australian truck drivers. Journal of the Australasian College of Road 

Safety, 25(3), 23. 

 

 

Abstract  

Within this exploratory study, data is presented regarding occupational and lifestyle 

factors that contribute to cardiovascular disease and depression within the truck driving 

industry, and subsequently contribute to reduced road safety in Australia. The study 

assessed associations between mood parameters, heart rate variability (HRV) and 

blood pressure in the unstudied population of Australian truck drivers. A total of 35 

heavy vehicle truck drivers were recruited from the local community. Electrocardiogram 

recordings were obtained during a baseline quite sitting, and active driving simulator 

task. HRV low and high frequency parameters were obtained from the ECG. Subjects 

completed the Profile of Mood States questionnaire and the Lifestyle Appraisal 

Questionnaire. Blood pressure was recorded before and after the study. Numerous 

mood states (anger-aggression, total mood disturbance score) were correlated to an 

increase in sympathetic activity (p<0.05). Diastolic blood pressure was positively 

correlated to a number of mood states, the most significant correlation being 

depression-dejection (p<0.001).  
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Introduction  

The trucking industry plays a fundamental role in the affluence of Australia. A 

combination of long distances between industries and a low population density results 

in a heavy dependence upon road freight. Working conditions in the truck driving 

industry commonly involve both physiological and psychological demands. Intermittent 

work and rest cycles, loading and unloading of heavy freight [1], intense cabin 

vibrations, irregular meal schedules, occupational stress [1], monotonous driving 

conditions and the necessity of intense mental alertness [2], all contribute to impaired 

truck driver health. As a result of these occupational lifestyle factors, truck drivers 

potentially elevate their risk of many physiological and psychological health conditions 

such as diabetes [3], cancer [4], pain [1], sleep apnoea [5], cardiovascular disease 

(CVD) [2, 6], and affective disorders such as depression [7]. Between June 2010 and 

June 2011, 211 deaths resulted from 185 crashes involving heavy rigid or articulated 

trucks in Australia [8]. Despite accounting for only 2.47% of the total vehicles on 

Australian roads, heavy vehicles have been implicated in 17.96% of the fatal road 

accidents [9]. The economic implications of these accidents are significant, reportedly 

costing Australia approximately $2 billion each year [10]. It has also been shown that 

approximately one in every five individuals who are injured in the workplace in Australia 

is a truck driver [11]. This fatality rate is fourteen times that of all other occupational 

deaths in Australia [11].  

Globally, CVD is the leading cause of premature death [12]. Cardiovascular disease 

[2], myocardial infarction and ischemic heart disease [6] have all been identified as 

serious health issues within the trucking industry. A study conducted by the National 

Transportation Safety Board [13] found that 9.2% of fatalities involving truck drivers in 

America involved some form of cardiac incident. Furthermore, a recent study found 
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that in Australia, a collapse from heart disease accounts for as much as 15% of all 

crashes where the driver suddenly becomes ill [14]. High rates of obesity, sedentary 

lifestyles [15], cigarette smoking [15], hypertension [15], saturated fat and alcohol 

dependent behaviour [15] have all been consistently reported within this occupational 

field, and as such, contribute to the development of cardiovascular disease within the 

trucking industry.  

Depression is a common affective disorder, which has been previously linked to the 

truck driving industry. A recent study conducted by Hilton and his team [7] found that 

13.3% of Australian heavy vehicle truck drivers exhibited at least a mild form of 

depression (as measured by the Depression, Anxiety and Stress Scale) in comparison 

to the reported national rate of 11.6% [16]. Similarly, a study by da Silva-Junior and 

associates [17] found that 13.6% of the sample cohort of truck drivers (n=300) suffered 

from depression (as diagnosed through the section Major Depressive Episode in the 

Mini International Neuropsychiatric Interview). Supporting these findings, a study in 

2007 found that 14.5% of truck drivers felt more depressed since beginning work within 

this occupation [18]. Recently, work stress has been heavily implicated as an 

independent predictor of depression [19]. As previously mentioned, truck drivers are 

frequently subjected to long hours, irregular work/rest cycles, isolation and intense 

occupational pressure. These common work stressors result in truck drivers being 

viewed as a depression vulnerable population. Additionally, the implication of long 

working hours in the development of depression has been further supported by a study 

conducted by Virtanen and colleagues [20], in which individuals who worked more than 

11 hours per day were at a significantly increased odds ratio (OR) of developing 

depression (2.52 compared to 1.0). Depression has been consistently associated with 

a decrease in driver performance. A recent study conducted by Hilton and his team [7] 
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found that severe and extremely severe depression in heavy vehicle truck drivers 

resulted in a significantly higher OR (4.4 and 5.0 respectively) for an accident or near 

miss. The study also found that self-reported performance at work was reduced by 

5.7% in drivers experiencing severe depression when compared to those with no 

depressive symptoms. Supporting this, Blumash and associates [21] found that 

individuals with major depressive disorder exhibited marked decreases in steering 

reaction time and an increased number of crashes when compared to a control sample. 

These findings provide evidence for the detection and management of depression in 

heavy vehicle truck drivers in Australia.  

Of concern is the scarcity of literature regarding depression in the trucking industry in 

Australia. Aside from the aforementioned study conducted by Hilton and associates 

[7], the rate of depression in Australian heavy vehicle drivers has been somewhat 

overlooked. Of further concern are the statistics regarding the adverse effects of 

depression on driver performance and the role of CVD in road accidents. Furthermore, 

the likelihood of seeking medical advice for the treatment of depression in Australia is 

worrisome, with a recent survey conducted by the Australian Bureau of Statistics [22] 

ascertaining that only 35% of Australian individuals who had suffered from a mental 

disorder in the previous 12-month period had accessed appropriate medical services. 

Despite a higher prevalence of depression amongst females when compared with 

males in Australia (14.5% and 8.8% respectively [22]), a seemingly entrenched social 

perception, which dissuades males from seeking medical advice, has resulted in 

significantly lower diagnostic rates of affective disorders among males [23]. Due to the 

extreme gender bias of the truck driving industry (97.5% male [24]), an underlying 

prevalence of undiagnosed affective disorders may be present, supporting the 

investigation of this health implication within this occupation.  
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Behavioural cardiology is a developing field of clinical practice based on the 

understanding that adversative lifestyle behaviours, emotive factors and chronic stress 

can collectively contribute to atherosclerosis and adverse cardiovascular events. The 

Australian Heart Foundation has recently identified depression as a modifiable 

biomedical risk factor for CVD and has suggested that the link between depression 

and cardiovascular impairment warrants further investigation [25]. At present, there 

have been varying results regarding the impact of this disorder on cardiac activity and 

the development of cardiovascular disease. The present study aimed to assess the 

presence and effect of a number of adverse lifestyle and mood states on the 

cardiovascular system in order to identify possible behavioural and environmental 

factors within the Australian trucking community that may contribute to the 

development of CVD. By understanding and evaluating the presence and effect of 

depression and cardiovascular disease in the Australian truck driving community, we 

may be able to provide the foundation for the implementation of management 

procedures to reduce the effects of these disorders on driving ability, and thus, improve 

road safety within Australia.  

 

Methods  

Participants  

A total of 35 heavy vehicle truck drivers were recruited from the local Sydney City 

community, aged between 18 and 69 inclusive. The ratio of males to females reflected 

the male dominance (97.5%) in the Australian trucking industry, with 33 males and 2 

females being recruited to participate. Participants were recruited through local 

advertisement via a poster, recruitment though contacts established independently to 
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this research, online forums and with the aid and endorsement of Australia Post 

Transport division and the Transport Workers Union. Participants were required to be 

employed as a truck driver, regularly driving a truck with a gross vehicle mass of over 

4.5 tonne, not be consuming any prescription or non-prescription drugs (excluding tea, 

coffee and nicotine) and not be suffering from any chronic disease or illness. 

Participants were required to abstain from food for two hours, nicotine and caffeine for 

four hours, and alcohol for 12 hours prior to the study.  

Procedure  

Participants were tested between 9.30 am and 3 pm in order to negate the variations 

in heart rate between 8 - 9am and 4 – 8pm recently identified by Chen [26]. 

Furthermore, by ensuring participants abstained from consuming food for two hours 

prior to testing, the effect of the post-prandial blood pressure dip was negated. The 

study was conducted in a controlled laboratory environment, with auditory and visual 

interference being reduced as much as viably possible. Light sources were controlled, 

with laboratory blinds being drawn to reduce the impact of external light sources 

influencing physiological measurements. The study was comprehensively detailed to 

the subject upon arrival, with the opportunity for questions being presented. Upon 

confirmation of written consent, the study was commenced.  

Blood pressure  

Upon commencement of the study, three pre-study blood pressure (BP) readings were 

obtained. The volunteer was required to remain seated for five minutes prior to the BP 

readings being recorded, with a two-minute seated interval between each of the 

measurements. In accordance with the National Heart Foundation of Australia BP 

guidelines [27] and the UTS HREC approved emergency protocol, a BP reading of 
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greater than 160/100 mmHg resulted in the participant being excluded from the study. 

Furthermore, the participant was advised to seek urgent medical advice and the offer 

was made to escort the individual to the nearest medical facility. A participant with a 

pre-study BP reading greater than 140/90 mmHg but lower then 160/100 mmHg, whilst 

included in the study, was advised to consult their general practitioner regarding their 

elevated BP reading. Three post-study BP readings were also obtained, again in 

accordance with the National Heart Foundation of Australia BP guidelines [27] and the 

UTS HREC approved emergency protocol.  

Lifestyle Appraisal Questionnaire  

The Lifestyle Appraisal Questionnaire (LAQ) [28], a validated and clinically reliable 

questionnaire, was used to record demographic, lifestyle and psychological stress 

information from participants. The LAQ consists of two parts, with Part I consisting of 

22 questions, with the highest obtainable score being 73. This information included 

family history of disease, smoking status, alcohol intake, exercise and diet regime, etc. 

The higher the score obtained from Part I of the LAQ, the greater the risk of developing 

a chronic illness later in life [28]. Part II of the LAQ consists of 27 items and assessed 

an individual’s “cognitive appraisal of pressure and demands” [28]. Following this, body 

mass index was objectively measured in the laboratory.  

SmartData questionnaire  

The SmartData questionnaire [29] provides demographical information regarding 

licensing, trucking history, employment status, nutrition, accident history and working 

conditions. This questionnaire was utilised as a basis for possible stratification of data, 

and to ascertain common conditions of truck driving in Australia. Following the 

administration of the SmartData questionnaire, the Likert Fatigue scale was completed.  
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Likert Fatigue Scale  

The Likert scale is used to measure fatigue levels both prior and post the 

electrocardiogram (ECG) study [30]. The measure employs a rating scale of four 

points: not at all, slightly, moderately or markedly fatigued, and the participant circles 

the appropriate response, scored 0 – 3 respectively. The Likert scale of fatigue is 

scored 0 – 3 and produces a fatigue score (maximum score 3, with 0 indicating the 

participant is not at all fatigued, and 3 indicating marked fatigue). Fatigue has been 

shown to impact upon heart rate variability (HRV) and as such, this confounder is 

measured pre- and post-study to provide adequate information to allow for thorough 

identification of any areas of possible inter-individual variability.  

Profile of Mood States Questionnaire  

The Profile of Mood States questionnaire (POMS) [31] is composed of 65 items 

describing six mood subscales: tension-anxiety, depression-dejection, anger-hostility, 

vigour-activity, fatigue-inertia, and confusion-bewilderment. An overall measure of total 

mood disturbance is calculated for all six subscales by combining the scores obtained 

on the tension-anxiety, depression-dejection, anger-hostility, fatigue-inertia and 

confusion-bewilderment scales minus the score on the vigour-activity scale. The 

POMS questionnaire is a subjective measurement of well-being and is an assessment 

of an individual’s mood state during the previous week, including the day of 

participation. This measurement is not used in this study to clinically diagnose 

depression in individuals, but rather, to elucidate mood states that may impact 

physiological parameters. This questionnaire is a well-validated, reliable, low cost, 

ergonomic mood state tool. 
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Heart rate variability  

Standardised attachment of a three-lead electrocardiogram was performed, with the 

active electrodes being positioned at the intercostal space between the fourth and fifth 

ribs, two centimetres laterally from each side of the sternum and the reference 

electrode being secured underneath the shoulder. Following this, the individual was 

seated and undertake the baseline phase of testing, which involved 20 minutes of quiet 

sitting, with their eyes open. Following this, the participant began the active phase of 

testing which involved the participant being seated in the driving simulator, using the 

Logitech G7 Racing wheel to manoeuvre around the Standard Street One course of 

the Scania Truck Driver Simulator for twenty minutes whilst the ECG was used to 

collect heart rate data. The driving simulator was employed in order to elicit a 

physiological stress response, and it should be noted that subjects were familiarised 

with the program prior to ECG recordings being obtained. Heart rate variability (HRV) 

data was then obtained from the R-R intervals of the ECG recordings using a non-

parametric algorithm (Fast Fourier Transform) and used as a quantitative 

measurement of the sympathetic (Low Frequency HRV) and parasympathetic nervous 

systems (High Frequency HRV).  

Heart rate variability analysis  

Initially, using the QRS detector, the pre-processing step of HRV analysis included 

band pass filtering to decrease power line noise, baseline wander, muscle noise and 

any other interference components. The pass band at approximately 5 – 30 Hz is 

sufficient to cover most of the frequency content of QRS complex [32]. After this pre-

processing had occurred, a set of decision rules were applied to define if a QRS 

complex had occurred. The decision rules included the average heartbeat period as 
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well as the amplitude threshold, which were amended adaptively as the detection 

process continued. The fiducial point was selected to be the R-Wave, and the time at 

which the R-Wave occurs was logged. Post R-Waves identification, and time of R-

Wave occurrence was determined, the HRV time series was derived. The R-R intervals 

were determined as the variances between successive R-Wave occurrence time 

periods. A power spectrum density (PSD) estimate was then used to calculate the R-

R interval series. The PSD estimation is performed using the Fast Fourier Transform 

based Welch’s periodogram method (Hann window was used). In the Welch’s 

periodogram method, the HRV sample is separated into overlapping segments (50% 

overlap). The spectrum was then acquired by calculating the average spectra of these 

segments. This method reduces the amount of variance of the FFT spectrum. The 

frequency bands derived for short-term HRV recordings were low frequency (LF, 0.04 

– 0.15 Hz) and high frequency (HF, 0.15 – 0.4 Hz). The absolute power values for each 

frequency band were derived through integration of the spectrum over the band limits.  

 

Results  

Significance testing was conducted using a standard confidence interval of 95%. 

Correlation analysis identified a number of statistically significant associations between 

BP and LAQ scores (Table 1). Pre-study systolic BP was positively correlated with both 

P1 (r = 0.34, p = 0.049) and P2 (r = 0.39, p = 0.02) of the LAQ. This positive correlation 

was also identified for pre-study diastolic BP with respect to P1 (r = 0.47, p = 0.004) 

and P2 (r = 0.38, p = 0.024) of the LAQ. Additionally, an increase in post-study systolic 

BP was associated with increased P1 (r = 0.43, p = 0.009) and P2 scores (r = 0.46, p 

= 0.006).  
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A number of statistically significant correlations between pre-study diastolic BP and the 

scores from the POMS questionnaire were identified. Those who presented with high 

pre-study diastolic BP readings, also reported higher tension-anxiety (r = 0.34, p = 

0.043), fatigue-inertia (r  = 0.35, p = 0.038), total mood disturbance (r = 0.38, p = 0.023) 

and the most significant association; depression- dejection (r = 0.43, p = 0.009) scores.  

 
Table 1. Blood pressure associations with Lifestyle Appraisal Questionnaire  

 

The regression analysis for pre-study diastolic BP had an overall significance (F = 2.42, 

df = 9, 25, p = < 0.039, R = 0.68, R2 = 0.47, Adjusted R2 = 0.27) for nine variables 

(age, BMI, LAQ P1, LAQ P2, tension-anxiety, anger- aggression, fatigue-inertia, 

depression-dejection, TMD) together accounting for 46% of the variance in pre-study 

diastolic BP. The regression analysis for post-study systolic BP was significant (F = 

3.9, df = 4,30, p = < 0.011, R = 0.59, R2 = 0.34, Adjusted R2 = 0.26) for four variables 

(age, BMI, LAQ P1 and LAQ P2) together accounting for 34% of the variance in post-

study systolic BP. The individual variable that was most predictive of post-study 

systolic BP variability was LAQ P2 (p = 0.03).  

A statistically significant positive correlation was identified between LF HRV measured 

during the active phase and anger-aggression (r = 0.38, p = 0.03) (Table 2). A 

  
r  p  

Pre-study systolic BP  LAQ P1  0.34  0.049  

LAQ P2  0.39  0.020  

Pre-study diastolic BP  LAQ P1  0.47  0.004  

LAQ P2  0.38  0.024  

Post-study systolic BP  LAQ P1  0.43  0.009  

LAQ P2  0.46  0.00  
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significant positive correlation between HF and anger-aggression (r = 0.42, p = 0.001) 

and a negative correlation with the vigour- activity score (r = -0.36, p = 0.004) was also 

identified.  

HF reactivity showed a positive correlation with the anger-aggression subscale (r = 

0.38, p = 0.023) and was negatively correlated with vigour-activity (r = -0.34, p = 0.048). 

No significant correlations were identified between POMS mood subscale scores and 

HRV data during the passive phase of testing. 

Table 2. Mood disturbance associations with HRV during an active task  

HRV parameter  POMS mood subscale  r  p  

LF (ms2) (Active)  Anger-aggression  0.38  0.03  

Vigour-activity  -0.31  0.07  

TMD  0.32  0.07  

HF (ms2) (Active)  Anger-aggression  0.42  0.01  

Confusion- bewilderment  0.32  0.06  

Vigour-activity  -0.36  0.04  

TMD  0.33  0.06  

 

 

 

 

Discussion  
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Although no previous literature has addressed the links between part 1 of the LAQ and 

BP measurements, the present study identified a positive correlation between adverse 

lifestyle factors and pre/post-study SBP and pre-study DBP. Collectively, it can be 

assumed that an individual engaging in a number of undesirable lifestyle habits, such 

as those assessed in part 1 of the LAQ, is likely to have high BP. High SBP and DBP 

have been strongly associated with an increased CVD risk [33], and as such, 

addressing these adverse lifestyle factors that contribute would be beneficial in 

reducing BP in truck drivers.  

Part 2 of the LAQ assesses an individual’s cognitive appraisal of pressures and life 

demands over the previous eight weeks [28]. It is used to assess an individual’s own 

assessment of the psychological pressures they are experiencing and produces a raw 

score from which their levels of perceived stress can be determined. It is widely 

accepted that there is a significant positive correlation between psychological stress 

and BP [34]. The present study supports these findings, with pre- and post-study SBP, 

and pre-study DBP found to be positively associated with perception of stress in the 

truck drivers. A number of mechanisms for this increase in BP, as a result of 

psychological stress, have been suggested. Individuals who experience prolonged 

periods of psychological stress have been shown to present higher circulating levels 

of cortisol, an essential glucocorticoid that controls catecholamines and a number of 

vasoactive agents that regulate vasculature tone [35]. Cortisol acts to enhance SNS 

activity by increasing the sensitivity of adrenergic receptors to catecholamine activation 

[36]. Furthermore, it has been suggested that due to the ability of cortisol to shift fluid 

from intracellular to extracellular compartments of the kidney, circulating blood volume 

may increase as a result, thereby increasing BP [37]. The hippocampus is the negative 

feedback mechanism for the control of circulating cortisol. Consistently elevated 
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cortisol levels, such as those seen in times of prolonged and cumulative stress, reduce 

the hippocampal neuronal integrity, causing dysregulation of the HPA-axis [38]. This 

altered function of the HPA-axis has been directly linked to elevations in BP [38].  

A number of studies found strong positive correlations between anxiety and BP [39]. 

The present study supports these findings to some degree, with pre-study DBP found 

to be positively correlated to Tension-anxiety scores attained from the POMS 

questionnaire. Unlike previous studies, however, no correlation was found between 

SBP and Tension-anxiety in the sample studied. This could be attributed to the 

predominantly male sample of the present study, as it has been reported that men will 

often underreport symptoms and severity of anxiety in surveys in which they are asked 

to assess their own psychological health [40]. The Tension-anxiety scores attained 

from the present sample (12.8 ± 5.4) were comparable to the normative values (12.9 

±6.8) [31]. Despite, this, due to the disinclination of men to report anxiety symptoms 

accurately on surveys, the true incidence of anxiety disorders within this cohort may 

actually be significantly higher.  

The link between fatigue and BP has been comprehensively investigated numerous 

times. A recent study found that individuals who scored high on the Epworth 

Sleepiness Scale (ESS) displayed an increased casual SBP and DBP, when compared 

with those who attained low ESS scores [41]. Furthermore, short sleep durations, an 

occupational condition that is often reported by truck drivers, has been consistently 

associated with an increased risk of hypertension [42]. The present study supports 

these findings, with a positive correlation identified between pre-study DBP and 

Fatigue-inertia. The mechanisms by which fatigue influences BP can be attributed to 

the natural diurnal pattern of BP changes. With the onset of sleep and actual sleep, 

BP progressively decreases until an individual awakens [43]. This awakening is 
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accompanied by a rapid increase in BP [42]. Sleeping fewer hours per night, as is 

reported by a large percentage of truck drivers would therefore act to increase average 

24-hour BP, an issue in truck drivers. Overall, it should be noted that the Fatigue- 

Inertia mean score reported from participants in the present study was 2.6 points 

higher than the reported normative scores, which may suggest that fatigue is an issue 

within the Australian truck driving industry.  

There have been a number of studies that have examined the links between 

depression and BP. While some found a positive association between depressive 

symptoms and BP [44], others identified a negative correlation [45]. It should be noted, 

however, that the inverse relationships found to be associated with depression were 

generally identified in geriatric populations [45]. The present study found that of all the 

POMS subscales, Depression-dejection scores had the strongest positive correlation 

with higher pre-study DBP. Furthermore, there was a trend towards significance with 

post-study SBP and higher Depression-dejection.  

As the present truck driver study sample had a highest individual age of 57, results 

parallel prevalent literature that suggest BP is positively correlated with depression in 

samples aged >65 years. This finding supports the initial hypothesis of the study, which 

stated that depression would be linked to increases in blood pressure. A number of 

mechanisms have been proposed to justify the increase in BP associated with 

depression and depressive symptoms. An increase in SNS activity, resulting in an 

exaggerated cardiovascular reactivity response, is one prominent theory [46]. Also, 

HPA axis dysregulation resulting in variable hypersecretion of cortisol has been 

hypothesised to result from depression [47]. It should also be noted that individuals 

within the present study presented an average Depression-Dejection score of 3.2 
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points higher than the reported normative, indicating that this condition may be of 

concern within this industry.  

The present study identified a positive correlation between low frequency (LF) 

(sympathetic activity) HRV during the active driving phase, and the Anger-aggression 

subscale of the POMS questionnaire. In previous studies, anger has been shown to 

have a positive relationship with LF activity, indicating an increased sympathetic 

outflow and sympathetic dominance, which has been identified as a predictive factor 

for the development of CVD [48]. It has been suggested that the increase in LF HRV 

in individuals exhibiting anger and aggression can be attributed to the sympatho-

adrenal system, which, when experiencing high levels of anger or aggressive 

behaviour, is over-stimulated, resulting in sympathetic dominance [49]. Furthermore, it 

has been observed that the application of norepinephrine to the paraventricular 

hypothalamic nucleus resulted in increases in circulating corticosteroids and glucose 

[50].  

It has been hypothesised that the close physical proximity of the hypothalamic regions 

involved in defence and those that stimulate the sympatho-adrenal system, may 

provide evidence for a functional interaction between the neural mechanisms for anger 

and aggression, and the sympatho- adrenal control of the body at the hypothalamic 

level [51].  

 

Conclusion  

A number of psychological states were assessed in relation to blood pressure. 

Psychological stress was associated with an increase in BP. This finding parallels the 
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literature, which suggests that psychological stress increases the levels of circulating 

cortisol, thereby increasing vasoconstriction and blood volume, resulting in elevated 

BP [35]. Within the present study, fatigue was also positively correlated to BP. This 

finding is well supported by the current literature [42]. Depression was also found to be 

associated with an increase in DBP. Although current literature has debated the 

impacts of depression on BP, the present study suggests that this negative mood state 

may be associated with an increase in BP and may subsequently result in an increased 

cardiovascular risk. The psychological health of Australian truck drivers has been 

somewhat overlooked, with only one study having assessed the psychological 

wellbeing of this cohort [7]. The Hilton study [7] assessed the prevalence of depression, 

anxiety and stress-related mood impairment within Australian truck drivers, although 

no comparisons were made to cardiovascular health. The present study assessed a 

more comprehensive range of mood states within this industry, including depression, 

anger, psychological stress, anxiety, confusion and fatigue. Findings from the present 

study suggest that a number of these negative mood states (psychological stress, 

tension-anxiety, depression- dejection and fatigue-inertia) are correlated to alterations 

in BP. As such, the identification and managements of these mood states would 

improve both the psychological and cardiovascular health of individuals within this 

industry.  

There is also varying evidence regarding the effects of a number of mood states on 

autonomic activity (as assessed by HRV analysis). The current study identified positive 

associations between LF HRV (sympathetic activity) and anger. In previous studies, 

anger has been shown to have a positive relationship with LF activity, indicating an 

increased sympathetic dominance, which has been identified as an indicator for the 

development of cardiovascular impairment [48].  
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Collectively, the findings from the present study provide a novel perspective on the 

physiological and psychological health of Australian truck drivers. The present study is 

the first assess to the effects of certain lifestyle and mood states on cardiac parameters 

(such as BP and HRV) in the cohort of Australian truck drivers. The present study 

addressed the gaps in research by assessing a number of mood states and their 

relationships with cardiac parameters. The study found that multiple lifestyle and mood 

parameters (BMI, psychological stress, anger and depression) were associated with 

altered cardiovascular function. Elucidating from previous literature, reducing the 

incidence of these factors would work to reduce both CVD and depression, in turn, 

increasing driver performance, thereby improving road safety in Australia. These 

findings also suggest that the improved awareness and management of these factors 

in the male dominated truck driving industry would improve both the short term 

psychological and long-term cardiovascular health of these individuals, in turn, 

reducing the socioeconomic burden associated with these affective disorders and 

cardiovascular disease in Australia. Considering that heavy vehicle accidents 

reportedly cost Australia approximately $2 billion each year [10], improving the 

psychological profile of these individuals would, in turn, reduce the effects of disorders 

such as depression on driving ability. Furthermore, identifying depression as a 

contributing factor to impaired cardiovascular function would provide the foundation for 

the management of this disease within the Australian truck driving industry. Road 

safety in Australia is a vital aspect of this industry that requires a holistic approach. By 

incorporating both physiological and psychological management schemes, the safety 

gains in terms of improved driver ability, and reduction in both absenteeism and 

cardiovascular related road crashes, would be beneficial.  
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4.3.3 Assessing cardiovascular links to depression in Australian Professional 

drivers  

 

In Press - Journal of Integrative Neuroscience 

Citation: Chalmers, T., & Lal, S. (2022). Assessing cardiovascular links to depression 
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Abstract: 

 

Introduction: Train and truck drivers experience a myriad of unique occupational 

factors, which have been postulated to contribute to a high incidence of health 

conditions such as depression anxiety and cardiovascular disease amongst this 

population. The present study aimed to identify associations between heart rate 

variability and negative mood states such as depression and anxiety in a cohort of 

Australian truck and train drivers. Methods: 120 professional drivers (60 truck drivers, 

60 train drivers) were recruited from the local community. Participants completed a 

battery of mood state questionnaires to assess levels of negative mood states such as 

depression and anxiety. Participants then completed a baseline (resting) and active 

(driving) task while concurrent ECG data was collected to obtain HRV parameters. 

Results: Anxiety and depression were found to be associated with increases in low 

frequency heart rate variability and sympathovagal balance, and a reduction in total 

power. Conclusion: The present study identified associations between negative mood 

states and heart rate variability parameters that are unique to this cohort.  
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Keywords: 

 

Heart rate variability; professional driver; truck driver; train driver; depression; anxiety. 

 

 

1. Introduction: 

 

Australia’s rail and road freight systems are primary means for the movement of freight 

and people between cities, states and territories. These industries employees over 1 

million individuals each year, and experience annual industry growth of approximately 

4% (Australian Bureau of Statistics, 2018). Given that Australia’s person per square 

kilometre of land ratio is amongst the lowest in the world (Australian Bureau of 

Statistics, 2017a), a reliance on road and rail freight has persevered despite 

advancements in commuter and transport technology.  

 

Train and truck drivers experience a myriad of unique occupational workplace factors, 

such as monotonous driving conditions, long hours spent sitting, the necessity of strict 

mental alertness, workplace social isolation and the potential for “person under vehicle” 

events. These conditions have been postulated to contribute to a high incidence of 

health conditions such as depression (Jeon et al., 2014, Farmer et al., 1992, Ro et al., 

2013, Ro and Shin, 2016, Zhou et al., 2015, Hatami et al., 2019, Vakili et al., 2010a), 

anxiety (Hickey and Collins, 2017, Mehnert et al., 2012, Cothereau et al., 2004a, 

Boyce, 2016b) and cardiovascular disease (CVD) (Mansur et al., 2015, Ronna et al., 

2016, Chapman et al., 2019) amongst this population.  
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Although often occurring independently of one another, the link between depression 

and cardiovascular risk is well established. The world health organisation recently 

identified depression as in independent risk factor for heart disease (Australian Institute 

of Health and Welfare, 2016). Individuals with depression are more likely to suffer from 

cardiovascular disease and are more likely to die from CVD related diseases than the 

general population (Hare et al., 2014). The mechanisms by which depression and 

cardiovascular disease are linked, however, remain somewhat elusive. Various 

pathophysiological mechanisms have been suggested, including increased 

inflammatory responses; hypercoagulability as a result of deleterious adaptions of the 

clotting cascade; upregulation of oxidative stress responses; hyperactivity of the 

hypothalamic-pituitary-adrenal axis; downregulation of systemic endothelial progenitor 

cells; decreased heart rate variability; and genetic diatheses (Penninx, 2017, 

Bucciarelli et al., 2020, Zuzarte et al., 2018, Shao et al., 2020). Recent studies have 

utilised heart rate variability (HRV), the analysis of minute fluctuations in successive 

heart beats, as a means of quantifying cardiovascular autonomic control. In particular, 

HRV can be used to measure parasympathetic nervous system activity and has been 

utilised as an indirect measure of cardiovascular function. Previous studies assessing 

the associations between depressive symptomology and HRV have yielded varied 

results, however limitations in sample size, psychometric assessment and potential 

reporting bias may have obscured results. 

 

Given the high rates of both depression and cardiovascular disease within the 

population of Australian truck and train drivers, this study aimed to identify associations 

between heart rate variability and negative mood states such as depression and 

anxiety in a cohort of Australian truck and train drivers. Quantitative assessment of the 

association between depression and cardiovascular function (as measured by HRV) 
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in the Australian professional driving community may provide the foundation for a dual 

mitigation approach within the workplace to manage both conditions within this 

community.  

 

 

2. Methods: 

 

Participants  

 

A total of 60 truck drivers (mean age 36.5 ± 9.67, n=45 males, n=4 females) and 60 

train drivers (mean age 39.16 ± 10.51, n=53 males, n=5 females) were recruited. 

Participants were recruited through local advertisement via a poster, recruitment 

through contacts established independently to this research, online forums and with 

the aid and endorsement of Australia Post Transport Division, Sydney Trains and the 

Australian Trucking Association. Participants were required to be employed as a truck 

driver, regularly driving a truck with a gross vehicle mass of over 4.5 tonne, or a 

currently employed train driver. 

 

 

Procedure: 

 

Participants were tested between 9.30 am and 3 pm in order to negate the variations 

in heart rate between 8 - 9am and 4 – 8pm (Llinares and Clifford, 2010). The inclusion 

criteria were as follows; current employment as a full-time truck or train driver, and 

fluent English literacy. The exclusion criteria, as determined by part one of the Lifestyle 

appraisal questionnaire (Craig et al., 1996a), were as follows; those currently taking 
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any prescription or non-prescription drugs (excluding caffeine and nicotine) or suffering 

from any chronic disease or illness, were excluded from the study. Participants were 

required to abstain from food for 2 hours, nicotine and caffeine for 4 hours, and alcohol 

for 12 hours before the study; to avoid influencing the physiological measures. The 

study was conducted in a controlled laboratory environment, with auditory and visual 

interference being reduced as much as viably possible. Light sources were controlled, 

with laboratory blinds being drawn to reduce the impact of external light sources 

influencing physiological measurements. The study was comprehensively detailed to 

the subject upon arrival, with the opportunity for questions being presented. Upon 

confirmation of written consent, the study was commenced.  

 

Questionnaires: 

 

The questionnaire package included the Professional Driver Package, adapted from 

the SmartData Questionnaire (Kanvanagh, 2007), Lifestyle Appraisal Questionnaire 

(Craig et al., 1996a), the Beck Depression Inventory (Beck et al., 1996b), and the 

Profile of Mood States Questionnaire (McNair, 1971). The Professional Driver Package 

provides demographical information regarding licensing, employment length, 

employment status, nutrition, accident or near-miss history and working conditions. 

The Lifestyle Appraisal Questionnaire (LAQ), a validated and clinically reliable 

questionnaire, was used to record demographic, lifestyle and psychological stress 

information from the participant. The LAQ consists of two parts, with Part I consisting 

of 22 questions, with the highest obtainable score being 73. This information included 

family history of disease, smoking status, alcohol intake, exercise and diet regime, etc. 

The higher the score obtained from Part I of the LAQ, the greater the risk of developing 

a chronic illness later in life. Part II of the LAQ consists of 27 items and assessed an 
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individual’s “cognitive appraisal of pressure and demands”(Craig et al., 1996a). The 

Beck Depression Inventory Scale (BDI-II) (Beck et al., 1996b) is a 21-item self-reported 

tool used to assess the severity of depression in adults and adolescents (aged >13). 

Scores range from 0-63, with 0-13 indicating minimal depression, 14-19 indicating mild 

depression, 20-28 indicating moderate depression and 29-63 indicating severe 

depression (Beck et al., 1996a). The coefficient alpha of the BDI-II was found to be 

0.93, indicating high internal consistency. The test-retest correlation of the BDI-II was 

found to be 0.93, which was significant (p = <0.001). As such, the BDI-II is a suitable 

mood state tool for the assessment of depressive symptoms within this study. The 

Profile of Mood States questionnaire (POMS) (McNair, 1971) is composed of 65 items 

describing six mood subscales: tension-anxiety, depression-dejection, anger-hostility, 

vigour-activity, fatigue-inertia, and confusion-bewilderment. An overall measure of total 

mood disturbance is calculated for all six subscales by combining the scores obtained 

on the tension-anxiety, depression-dejection, anger-hostility, fatigue-inertia, and 

confusion-bewilderment scales minus the score on the vigour-activity scale. The 

depression-dejection subscale is strongly predictive of the Beck Depression Inventory-

II (BDI-II) (Beck et al., 1996a), which is often used in clinical practice to diagnose 

depression. The depression-dejection subscale of the POMS is consequently 

considered a useful short alternative to the BDI-II, since it also investigates other 

components of mood such as anxiety and aggression (Griffith et al., 2005). 

 

Heart rate variability 

 

Standardised attachment of a three-lead electrocardiogram was performed, with the 

active electrodes being positioned at the intercostal space between the fourth and fifth 

ribs, two centimetres laterally from each side of the sternum and the reference 
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electrode being secured underneath the shoulder. Following this, the individual was 

seated and undertake the baseline phase of testing, which involved 20 minutes of quiet 

sitting, with their eyes open. Following this, the participant began the active phase of 

testing. For the truck drivers, this involved the participant being seated in the driving 

simulator, using the Logitech G7 Racing wheel to manoeuvre around the Standard 

Street One course of the Scania Truck Driver Simulator for twenty minutes whilst the 

ECG was used to collect heart rate data. The train drivers were seated at the computer 

and commenced twenty minutes of stimulated train driving using the Trainz Classics 

(N3V Games, Queensland, Australia) driving simulator program. The driving simulator 

was employed in order to elicit a physiological stress response, and it should be noted 

that subjects were familiarised with the program prior to ECG recordings being 

obtained. Heart rate variability (HRV) data was then obtained from the R-R intervals of 

the ECG recordings using a non-parametric algorithm (Fast Fourier Transform) and 

used as a quantitative measurement of the sympathetic (Low Frequency HRV) and 

parasympathetic nervous systems (High Frequency HRV). HRV reactivity was 

obtained by calculating the increase from baseline to active states in the various HRV 

parameters.  

 

Heart rate variability analysis  

 

Initially, using the QRS detector, the pre-processing step of HRV analysis included 

band pass filtering to decrease power line noise, baseline wander, muscle noise and 

any other interference components. The pass band at approximately 5 – 30 Hz is 

sufficient to cover most of the frequency content of QRS complex [32]. After this pre-

processing had occurred, a set of decision rules were applied to define if a QRS 

complex had occurred. The decision rules included the average heartbeat period as 
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well as the amplitude threshold, which were amended adaptively as the detection 

process continued. The fiducial point was selected to be the R-Wave, and the time at 

which the R-Wave occurs was logged. Post R-Waves identification, and time of R-

Wave occurrence was determined, the HRV time series was derived. The R-R intervals 

were determined as the variances between successive R-Wave occurrence time 

periods. A power spectrum density (PSD) estimate was then used to calculate the R-

R interval series. The PSD estimation is performed using the Fast Fourier Transform 

based Welch’s periodogram method (Hann window was used). In the Welch’s 

periodogram method, the HRV sample is separated into overlapping segments (50% 

overlap). The spectrum was then acquired by calculating the average spectra of these 

segments. This method reduces the amount of variance of the FFT spectrum. The 

frequency bands derived for short-term HRV recordings were low frequency (LF, 0.04 

– 0.15 Hz) and high frequency (HF, 0.15 – 0.4 Hz). The absolute power values for each 

frequency band were derived through integration of the spectrum over the band limits.  

3. Results: 

3.1. Demographics                                                                 

         

The average age recorded for the professional driver sample was 37.0 ± 9.5 years, 

which was younger than the national average age of employees (46 years). The mean 

BMI was reported as 28.6 which is within the overweight category (25 – 30) (Heart 

Foundation of Australia, 2010). The sample was 93.3% male, which reflects the male 

dominance of this industry. Average years employed as a professional driver was 9.3 

± 7.4, and the average hours driving a vehicle as a worker each week was 33.8 ± 9.7. 

Drivers reported 0.9 ± 1.5 accidents or near misses in the previous 12 months, and 4.7 

± 7.3 accidents or near misses in their career (Table 1).                                                           
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Table 1: Demographic data of the professional driving sample (n = 120) 

Table 1 present demographic data for the professional driving sample (n=120). 

Key: 

BMI: Body Mass Index 

SD: Standard deviation 

 

 

3.2 Mood State Questionnaires 

  

The mean test scores of each of the six respective mood subscales (tension-anxiety, 

anger-aggression, fatigue-inertia, depression-dejection, confusion-bewilderment and 

vigor-activity) of the POMS questionnaire, a total mood disturbance scores, along with 

the normative values  (Nyenhuis et al., 1999) are listed in Table 2. It should be noted 

that through single sample t-tests, it was ascertained that scores were significantly 

higher for tension-anxiety (p=0.003) anger-aggression (p=0.03), fatigue-inertia 

(p=<0.001), depression-dejection (p=0.004) and total mood disturbance (p=<0.001), 

and significantly lower for vigour-activity (=<0.001) than the advised normative values 

(Nyenhuis, 1999). 

 

 
Mean ± SD or % 

Age 37.0 ± 9.5 

Gender (Males) 93.34 

BMI 28.6 ± 4.3 

Years Employed 9.3 ± 7.4 

Hours Driving 33.8 ± 9.7 

Accidents/near misses in Previous Year 0.9 ± 1.5 

Accidents/near misses per Career 4.7 ± 7.3 
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Table 2 The average scores attained for the six mood subscales, the total mood 
disturbance score in professional driving sample (n=120) and the normative values for 
an adult male sample (Nyenhuis et al., 1999) of the Profile of Mood States 
Questionnaire. 

Table 2 presents the average test scores attained for the six mood subscales, the total mood disturbance 

score and the normative values (Nyenhuis et al., 1999). 

 

The mean BDI-II test score for the professional driving sample (n=120) are presented 

in Table 3, along with the cut-off for mild to moderate depression (Beck et al., 1996b). 

 

Table 3 Beck Depression Inventory scores for professional driving sample (n = 120) 

Table 3 presents the average test scores attained for the Beck Depression Inventory. 

 

There was no significant differences in BDI scores between the current sample of 

professional drivers (n=120) and the advised normative cut-off (Beck et al., 1996b). 

 

 

Sub-scale Total Sample mean 

score 

Normative values 

(Nyenhuis et al., 1999) 

Tension-Anxiety 9.5 ± 6.5 7.1 ± 5.8 

Anger-agression 8.7 ± 7.4 7.1 ± 7.3 

Fatigue-inertia 10.3 ± 9.5 7.3 ± 5.7 

Depression-dejection 10.3 ± 9.5 7.5 ± 9.2 

Confusion-bewilderment 7.0 ± 4.9 5.6 ± 4.1 

Vigor-activity 14.4 ± 5.9 19.8 ± 6.8 

TOTAL MOOD DISTURBANCE 31.4 ± 31.9 14.8 ± 32.7 

 Total Sample (n=120) Cut-off for mild to moderate depression (Beck et al., 1996b) 

BDI Score 9.7 ± 7.9 10 
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3.3 Baseline Task 

 

The mean HRV (LF, HF, TP and LF:HF) for the professional driving sample (n=120) 

during the baseline phase is displayed in Table 4.  

 
Table 4 Mean HRV parameters for the professional driving sample during the baseline 
task. 

HRV parameter Total Sample (n=120) 

LF (ms2) 3.2 ± 3.2 

HF (ms2) 2.9 ± 3.3 

Low Total power (ms2) 3.7 ± 3.8 

LF:HF 1.4 ± 0.5 

Table 4 depicts the mean HRV parameters (low frequency, high frequency, total power) for the baseline 

task. 
 

Key: 
HF: High frequency 
HRV: Heart rate variability 
LF: Low frequency 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
ms2: Milliseconds squared 

 

 

Partial correlations, when controlling for gender, smoking status, age and BMI, were 

undertaken to assess associations between baseline HRV parameters, profile of mood 

states scores and Beck Depression Inventory scores. Significant findings are displayed 

in Table 5.  
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Table 5 Correlations between Profile of Mood Sates scores, Beck Depression 
Inventory and HRV parameters in cohort of professional drivers during a baseline task. 

 

Table 5 displays Profile of Mood States and Beck Depression Inventory correlations with HRV 

parameters during the baseline phase. Statistically signifiant correlations are seen in red. 

 
Key: 
BDI: Beck Depression Inventory 
HF: High frequency (normalised units) 
HRV: Heart rate variability 
LF: Low frequency normalised units) 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
TP: Total HRV power 
p: Level of statistical significance  
r: Correlation coefficient 

 

 

A number of statistically significant correlations between depression scores and HRV 

parameters (seen in red) were identified during the baseline task in professional 

drivers. Tension-anxiety and anger-aggression (as measured by the POMS) were 

found to be correlated with LF, HF and Ration, and TP respectively. The BDI was found 

to be correlated with LF and TP.  

 

 

 

 

 HRV parameter r p 
Tension-anxiety LF 0.25 0.046 

HF -0.24 0.044 

Ratio 0.24 0.049 

Anger-aggression TP 0.26 0.041 

BDI LF 0.17 0.048 

TP -0.18 0.030 
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3.4 Active phase 

 

The mean HRV (LF, HF, TP and LF:HF) for the professional driving sample (n=120) 

during the active phase is displayed in Table 6.  

 

Table 6 Mean HRV parameters during the active task. 

HRV parameter Total Sample (n=120) 

LF (ms2) 3.4 ± 3.5 

HF (ms2) 3.2 ± 3.7 

Low Total power (ms2) 3.8 ± 4.0 

LF:HF 1.1 ± 0.5 

Table 6 depicts the mean HRV parameters (low frequency, high frequency, total power) for the active 

task. 

 

Key: 
HF: High frequency 
HRV: Heart rate variability 
LF: Low frequency 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
ms2: Milliseconds squared 

 

 

Partial correlations, when controlling for gender, smoking status, age and BMI, were 

undertaken to assess associations between active HRV parameters, profile of mood 

states scores and Beck Depression Inventory scores. Significant findings are displayed 

in Table 7.  
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Table 7 Correlations between Profile of Mood Sates scores, Beck’’s Depression 
Inventory and HRV parameters in cohort of professional drivers during an active task. 
 

Table 7 displays Profile of Mood States and Beck Depression Inventory correlations with HRV 

parameters during the active phase. Statistically signifiant correlations are seen in red. 

 

Key: 
BDI: Beck Depression Inventory 
HF: High frequency (normalised units) 
HRV: Heart rate variability 
LF: Low frequency normalised units) 
LF:HF Low frequency to high frequency ratio (sympathovagal balance) 
TP: Total HRV power 
p: Level of statistical significance  
r: Correlation coefficient 

 

 

A number of statistically significant correlations between depression scores and HRV 

parameters (seen in red) were identified during the active task. Confusion bewlderment 

was correlated with LF and HF. Total mood disturbance was correlated with LF and 

ratio. BDI was correlated with LF and HF.  

 

 

 

 

 

 HRV parameter r p 
Confusion-bewilderment LF 0.32 0.016 

 HF -0.29 0.024 

Total Mood Disturbance LF 0.24 0.049 

Ratio 0.27 0.038 

BDI LF 0.18 0.030 

HF -0.19 0.031 
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Discussion: 

 

Previous literature has suggested that professional drivers are at a high risk of a 

number of health conditions such as depression (Jeon et al., 2014, Farmer et al., 1992, 

Ro et al., 2013, Ro and Shin, 2016, Zhou et al., 2015, Hatami et al., 2019, Vakili et al., 

2010a), anxiety (Hickey and Collins, 2017, Mehnert et al., 2012, Cothereau et al., 

2004a, Boyce, 2016b) and cardiovascular disease (CVD) (Mansur et al., 2015, Ronna 

et al., 2016, Chapman et al., 2019). Given this, the current study aimed to assess 

associations between mood states and cardiovascular function as assessed by heart 

rate variability.  

 

Anxiety was found to be higher in the professional driving cohort than the advised 

normative values. This supports previous literature which suggests the inherent nature 

of professional driving lends itself to higher rates of anxiety  (Hickey and Collins, 2017, 

Mehnert et al., 2012, Cothereau et al., 2004a, Boyce, 2016b). In particular, perceived 

job stressors in the professional driving industry remain a primary source of anxiety 

(Naweed et al., 2017), as do the burden of passenger safety (Cothereau et al., 2004a), 

employment stability and income (Hege et al., 2019). Anxiety was also found to be 

positively associated with an increase in low frequency heart rate variability at baseline. 

Recent research suggests the LF bandwidth, while inclusive of sympathetic activity, 

may for accurately be describes as a combination of autonomic (PSNS and SNS) 

system, and the baroreceptor reflex (Bar-Haim et al., 2007). Nonetheless, increased 

LF has been associated with cardiac impairment, increase risk of cardiac event and 

mortality (Yadav et al., 2017). The ratio of LF to HF, which has been suggested to 

reflect sympathovagal balance, was found to be positively correlated to anxiety scores. 
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This indicates a parasympathetic nervous system withdrawal in the context of high 

resting anxiety levels. Further, high frequency (HF) HRV was found to be inversely 

related to anxiety symptoms. It is well accepted that HF is indicative of parasympathetic 

nervous system activity, and thus states of anxiety facilitate a parasympathetic 

withdrawal (Carney et al., 2000, Kemp et al., 2012). In times of acute stress, this 

provides an evolutionary benefit, allowing for the predominance of the sympathetic 

responses that enable an appropriate stress response. However, in the context of 

chronic stress, this sympathetic predominance is known to have deleterious effects on 

the heart. These include increases in circulating ionotropic and chronotropic 

catecholamines (Goldstein, 2003), suppression of vagal stimulation (Porges, 1995) 

and prolonged peripheral vasoconstriction resulting in elevated resting total peripheral 

resistance, and thus elevated blood pressure (Jern, 1991). These findings are novel 

within a population of Australian professional drivers and provide important insights 

into the potential associations between anxiety and cardiac health within this cohort. 

Steps to raise awareness, in particular in these males dominated industries, and the 

implementation of strategies to mitigate anxiety within this occupational group may 

improve not only the short-term psychological health of these individuals, but further, 

may improve their cardiovascular outcomes.  

 

Depression scores were found to be associated with reductions in total heart rate 

variability, increased low frequency and reduced high frequency values. Given the 

similarities between anxiety and depression with regards to neurobiological aetiology 

and the continued scholarly support for the neurovisceral integration theory, it stands 

to reason that similar biological mechanism may be responsible. Reduced total heart 

rate variability has been well established as an independent predictor of not only 

cardiac health, but cardiovascular mortality (Kemp et al., 2010). Reduced total heart 
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rate variability reflects a reduction in parasympathetic vagal outflow. The neurovisceral 

integration theory suggests efferent outputs from the pre-frontal cortex control vagal 

nerve inhibition of cardiac automaticity (Thayer and Lane, 2000). A reduction in this 

top-down control results in reduced cardiac control and is thus cardiopathogenic. The 

present study, in line with previous research, identified a link between depression and 

reductions in total HRV at baseline. Given this, steps to address mental health 

conditions, in particular depression and anxiety, within the population of professional 

drivers would be beneficial to both psychological outcomes, as well as cardiovascular 

health. Further, given the hypothesised bidirectionality of this relationship in the 

literature, interventions that have been shown to improve total HRV, such as exercise, 

should be encouraged amongst this population.  

 

There are some limitations of the present study. Response bias may be present due 

to the use of self-reported mood state questionnaires; however, participants were 

advised that responses were deidentified to provide anonymity and reduce this bias. 

While common in psychophysiological studies, univariate analysis has limitations in its 

predictive power, in particular as workplace variables rarely occur in isolation of one 

another. However, a rational and well recognised preliminary step is to investigate 

univariate associations, which allows the variables to be quantified preceding their 

insertion into a later predictive model. The primary objective is to include 

the “best” group of variables that increase predictive capability, whilst ensuring no 

unnecessary complexity.  
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Conclusions: 

 

Mental Health and links to cardiovascular parameters in Australian professional drivers 

have rarely been studied, which is of concern given the reportedly high levels of 

negative health states reported within this occupational group overseas. This study is 

the first to examine associations between mood states and cardiovascular functioning 

as measured by heart rate variability in Australian professional drivers. Anxiety and 

depression were both found to be associated with parasympathetic withdrawal, and 

sympathetic predominance, a known risk factor for cardiovascular disease. This is of 

major concern and should be considered when adopting holistic workplace health 

policies within this industry. Given the hypothesised bidirectionality of the relationship 

between mental health and cardiovascular function in the literature, it stands to reason 

that improvement of one state would symbiotically improve the other. That is, 

techniques to improve mental health states such as anxiety and depression may 

improve cardiovascular risk, and reciprocally, steps to improve cardiovascular 

variables such as reducing LF HRV may have beneficial effects on mental health. This 

study is important, as the psychophysiological health of Australia’s professional drivers 

has been somewhat overlooked in the past. Given the large number of workers 

employed within this industry, and the potential personal and public safety implications 

of a suddenly unwell driver, it is vital that policies and workplace practices are designed 

to optimise the health of these individuals.  
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Chapter Five – Discussion Summary 

 

The main findings of this research will be discussed in the following chapter, as a 

summary of the findings of the research papers.  

 

5.1 Links between workplace factors and mood states 

 

5.1.1 Heavy vehicle truck drivers 

The present study identified a number of positive correlations between negative 

workplace and lifestyle factors, such as long working hours and regular alcohol 

consumption, and negative mood states in truck drivers. Historically, there has been a 

scarcity of literature surrounding the impact of the unique workplace conditions on 

heavy vehicle truck drivers’ mental health, despite a myriad of evidence suggesting 

that truck drivers are a depression vulnerable population. 

When we examine the factors associated with high depressive symptomology, the 

number of hours driven each week showed positive correlations across both the Profile 

of Mood states and the Beck Depression Inventory, indicating that as an individual 

spent more time driving their work vehicle, their level of depressive symptomology also 

increased. This parallels recent literature, with da Silva-Junior and team reporting an 

increased odds ratio (OR = 1.28) of depression in truck drivers who report work 

overload (long working hours) (da Silva-Júnior et al., 2009a). Research has also 

suggested that there is an inverse relationship between the number of hours spent 

driving a work vehicle, and job satisfaction (Raggatt, 1991). Studies have also 
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suggested that the adjusted odds ratio of depression in individuals who work long 

hours each week may be as high as 9.9 (Tomioka et al., 2011). Long working hours 

may designate the unfavorable effects of work exposures and stress. There is some 

research to suggest that occupational overload is particularly associated to anxiety 

symptoms while reduced decision autonomy is more commonly correlated with 

depression (Broadbent, 1985). 

 

Prolonged working hours have also been associated with raised salivary cortisol 

(Lundberg and Hellström, 2002), and there is a strong body of literature to suggest that 

raised cortisol levels may be associated with the depression (Handwerger, 2009). It 

has been hypothesized that the relationship between long working hours and anxiety 

and depression is due to self-selection, rather than causation; namely, employees with 

pre-existing affective and anxious disorders tend to or have to work longer; or 

employees with mental disorders are forced to stay in unsatisfactory jobs, including 

those with longer working hours, as their potential for finding alternative employment 

may be limited (Kleppa et al., 2008; Waghorn & Chant, 2005).  

 

Similar to the number of hours spent driving, the number of accidents throughout an 

individual’s career was found to be higher as depressive symptomology increased. 

This is a novel finding among Australian heavy vehicle truck drivers. This supports 

previous literature from other countries, which suggests that symptoms of depression 

are linked to a reduction in driver performance (Bulmash et al., 2006a), increased 

accident risk (Mann et al., 2010), greater risk-taking behaviour (Yu et al., 2004) and 

reduced reaction times (Bulmash et al., 2006a). It has been hypothesized that drivers 

with depressive symptoms exhibit more difficulty in attention division between 

competing driving related tasks (Deery and Fildes, 1999). Further, studies have shown 
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that individuals with depression exhibit reduced arousal and activation of the somatic 

nervous system, which may translate to reduced driving performance as a result of 

lower central nervous system arousal (Wingen et al., 2006). Current Australian 

guidelines recommend commercial vehicle drivers are limited to 60 work hours per 

week (Government of Western Australia, 2020). However, recent Australian studies 

have found that mental health begins to decline after 39 hours of work per week (Dinh 

et al., 2017). Given the disparity between these findings and the permitted 60 hours of 

weekly work allowed under current WHS guidelines, this population may benefit from 

a reduction in permitted weekly hours of work. 

 

Coffee consumption was also found to increase with increased depressive 

symptomology. Interestingly, a recent meta-analysis regarding the associations 

between coffee consumption and depression found that coffee may have a protective 

effect against the development of depression (Wang et al., 2016). The meta-analysis 

analysed the data from 330,677 participants from seven studies and found that coffee 

consumption reduced the relative risk of depression. The conflict between the present 

findings of this study and the data obtained from the meta-analysis may have been 

influenced by the link between coffee consumption and hours spent driving a work 

vehicle. The amount of coffee consumed was positively correlated to hours spent 

driving a work vehicle, and due to the strong positive correlation between hours spent 

driving and depression, this may have masked the reported protective depression 

effects of coffee. Further, coffee consumption may be linked to fatigue, which has been 

shown to be linked with depressive symptoms (Jacobsen et al., 2003). 

 

When we examine the factors associated with anxious mental states, alcohol 

consumption, and the number of hours spent driving a work vehicle each week were 
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both positively correlated to an increase in anxious symptomology. Interestingly, 

perceived social interaction was found to be negatively correlated to anxiety scores, 

suggesting the more social interaction an individual experienced in the workplace, the 

lower their reported anxious symptomology. Literature supports the positive 

association identified between alcohol and anxious symptoms, with the “self-

medication hypothesis” suggesting that the pharmacological and psychological effects 

of alcohol may be perceived to mediate anxiety symptoms, and thus is often used as 

a coping mechanism in those individuals who experience anxiety (Quitkin et al., 1972). 

Further, literature has also suggested a possible causal link between alcohol 

consumption and the promotion of anxiety disorders. Literature has suggested that the 

development of anxiety disorders may be a bio-psycho-social consequence of 

significant alcohol consumption (George et al., 1990). Mitigation of alcohol misuse in 

the professional driving industry in Australia has historically revolved around voluntary 

policy implementation by employers. Although commercial drivers must have a BAC 

of either 0.00% or 0.02% (dependent on their state of employment), policies 

surrounding alcohol misuse outside of work have been largely sporadic in the past. 

There has, however, been some progression in recent years, with alcohol awareness 

policies within commercial driving workplaces becoming more common. Further, 

VicRoads has created a free drug and alcohol policy builder for companies to utilize, 

in order to reduce and liabilities. By continuing to discuss alcohol use not only in the 

context of work BAC, but also ‘health at home’, companies may see an improvement 

in the psychosocial welfare of their employees. 

 

When we examine the factors associated with high anxiety scores, the number of hours 

driven each week showed positive correlations across both the Profile of Mood states 

tension/anxiety subscale and Beck Anxiety Inventory, indicating that as an individual 
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spent more time driving their work vehicle, their level of anxious symptomology also 

increased. This parallels recent literature, with Virtanen and team reporting an 

increased odds ratio (OR = 1.74) of anxiety in truck drivers who report working for 

greater than 55 hours each week (Virtanen et al., 2011). One suggested mechanism 

for this relationship is the limbic-behavioural pathway, which suggests that as 

individuals work longer hours, they engage in more negative behaviours such as 

excessive alcohol use, a known contributor to the development of anxiety (Van der 

Hulst, 2003). Further, research suggests that the longer the working hours, the greater 

the stress placed on a worker, and as such, the greater the propensity to develop 

anxiety disorders (Warr, 1990). Long working hours are associated with reduced time 

periods spent with social support, which in itself is a predictor of anxious symptoms 

(White et al., 2003). Once again, it is clear that long working hours are implicated in 

negative mental health outcomes, and given this, the current limits of 60 hours work 

per week for individuals in the heavy vehicle driving industry should be modified in 

order to promote the biopsychosocial health of these individuals.  

  

Finally, workplace social interaction was found to be inversely related to anxious 

symptomology, indicating that as an individual experienced greater social interaction 

at work, their levels of anxious symptoms were lower. This parallels recent literature, 

which suggests that as social interaction increases, there is a biological suppression 

of the hypothalamic-pituitary-adrenal axis, resulting in a dampened cortisol effect, thus 

reducing the systemic effects of cortisol (Heinrichs et al., 2003). Further, long term 

social support has been found to have a significant anxiolytic effect, resulting in 

increased oxytocin release, and reduced cortisol release, thus providing evidence for 

the causal link between greater social support and reduction in anxious symptomology 

(Heinrichs et al., 2003). Currently, Australian companies are utilising a number of 
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support initiatives aimed at increasing social interaction within the workplace. Toolbox 

talk training packages, delivered by the mental health service Beyond Blue, aim to 

“encourage conversations about mental health in the workplace, reduce workplace 

stigma and support staff who may be experiencing a mental health condition” (Heads 

Up, 2020). Studies have shown significant improvements in perceived morale, self-

reported mental health, and reductions in stress, subsequent to the introduction of 

socialisation initiatives such as these toolbox talks (Oakman et al., 2018, Bowers et 

al., 2018, Hanna et al., 2020, Campbell and Gunning, 2020). Given that this study is 

the first in Australia to identify social interaction as a potential contributory factor to 

anxious and depressive symptomology within a cohort of heavy vehicle drivers, these 

findings may provide the foundation for further employment of social interaction 

strategies in the workplace.  

 

5.1.2 Train drivers 

 

A number of lifestyle and workplace variables were found to be linked to negative mood 

states such as perception of stress and depressive and anxious symptomology. When 

examining the variables associated with stress, the number of accidents across both 

the previous 12 months and throughout career were found to be positively correlated 

to stress scores. Stress is a known risk factor for the development of other mental 

health conditions, such as anxiety and depression, in particular when chronic (Plieger 

et al., 2015). Stress has also been linked with reduced driver performance and an 

increase risk of accidents or near misses (Matthews et al., 1998, Taylor and Dorn, 

2006, Matthews et al., 1991). Chronic stress is well accepted to interfere with normal 

bodily stress responses, those responses that would generally be considered 
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advantages in times of stress. During times of chronic stress, an acute on chronic 

stress response results in impaired memory retrieval (Roozendaal, 2002, Kuhlmann et 

al., 2005), fine motor skills (Mancini et al., 2018, Mancini et al., 2019) and higher-order 

cognitive processes (Budsankom et al., 2015). As such, stress is known to be a 

contributing factor to reduced driver performance, and thus crash risk (Klauer et al., 

2006). This study is the first of its kind to link stress to increased crash or near miss 

risk in a population of Australian train drivers. Given this, further research would benefit 

from identifying stress inducing factors that have the potential to be mitigated within 

the workplace, thus reducing the potential contribution of stress to this risk. Further, 

social interaction during shift was found to be inversely related to stress. That is, the 

greater the social interaction reported by drivers during their shift, the lower the 

average stress levels. Social interaction is well recognized as a protective factor 

against stress levels. A study by Ozebay and team (2007) found that as social 

interaction increased, both acute and chronic stress reduced. The biopsychosocial 

theories behind socialisation as a protective factor for stress stem from the necessity 

of interaction as an evolutionary advantage. Social support may mitigate genetic and 

environmental vulnerabilities and provide resilience to stress, conceivably via its 

hormonal effects on the hypothalamic-pituitary-adrenocortical (HPA) axis, the 

noradrenergic system, and systemic oxytocin pathways (Ozbay et al., 2007). Given the 

identified links between stress, accidents throughout career and interaction that were 

elucidated in this study, further research is needed to identify factors that may mitigate 

stress within this population.  

 

Similar to perception of stress, depressive symptomology was positively correlated 

with accidents or near misses, both in the previous 12 months and throughout career, 

and inversely correlated with social interaction during shift. Much like stress, 



                                                                                                                                                Taryn Chalmers   |  240 

depression has been strongly linked to a reduction on driver performance, with studies 

finding that individuals suffering from depression exhibit reductions in reaction times, 

steering control (Bulmash et al., 2006a) and attentive awareness (Vedhara et al., 

2000). Given not only the implications of train carriage accidents, but the potential for 

large scale commuter danger should an accident occur, it is evident that further 

research must be undertaken to elucidate the direction of the relationship between 

accidents and near misses, and depressive symptomology. While the present study 

did not identify levels of depressive symptomology within this population that were 

higher than advised normative values, it is clear that the implications of this mental 

illness may be significant with regards to driver performance. Further, the inverse 

relationship identified between depressive symptomology and social interaction during 

shift provides a unique insight into a possible contributory, or protective, aspect of this 

occupation. That is, increased social interaction may be a protective factor for the 

development of depression, just as social isolation during shift may contribute to the 

development of this mental health disorder. There may, however, be some selection 

bias regarding this association. That is, individuals who experience depression are 

more likely to avoid social interaction that those who do not. All the same, workplace 

procedures which encourage social interaction at work, such as ToolBox talks 

(Campbell and Gunning, 2020), regular mental health forums (Nexø et al., 2018) and 

buddy systems (Clark-Hitt et al., 2012) have been shown to improve employee mental 

health in many other industries.  

 

5.2 Cardiovascular links to affective states 

 

Anxious symptomology was found to be higher in the professional driving cohort than 

the advised normative values. This supports previous literature which suggests the 
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inherent nature of professional driving lends itself to higher rates of anxiety  (Hickey 

and Collins, 2017, Mehnert et al., 2012, Cothereau et al., 2004a, Boyce, 2016b). In 

particular, perceived job stressors in the professional driving industry remain a primary 

source of anxiety (Naweed et al., 2017), as do the burden of passenger safety 

(Cothereau et al., 2004a), employment stability and income (Hege et al., 2019). Anxiety 

was also found to be positively associated with an increase in low frequency heart rate 

variability at baseline. Recent research suggests the LF bandwidth, while inclusive of 

sympathetic activity, may more accurately be describes as a combination of autonomic 

(PSNS and SNS) system, and the baroreceptor reflex (Bar-Haim et al., 2007). 

Nonetheless, increased LF has been associated with cardiac impairment, increase risk 

of cardiac event and mortality (Yadav et al., 2017). The ratio of LF to HF, which has 

been suggested to reflect sympathovagal balance, was found to be positively 

correlated to anxious symptomology. This indicates a parasympathetic nervous 

system withdrawal in the context of high resting anxious symptoms. Further, high 

frequency (HF) HRV was found to be inversely related to anxious symptomology. It is 

well accepted that HF is indicative of parasympathetic nervous system activity, and 

thus states of anxiety facilitate a parasympathetic withdrawal (Carney et al., 2000, 

Kemp et al., 2012). In times of acute stress, this provides an evolutionary benefit, 

allowing for the predominance of the sympathetic responses that enable an 

appropriate stress response. However, in the context of chronic stress, this 

sympathetic predominance is known to have deleterious effects on the heart. These 

include increases in circulating ionotropic and chronotropic catecholamines (Goldstein, 

2003), suppression of vagal stimulation (Porges, 1995) and prolonged peripheral 

vasoconstriction resulting in elevated resting total peripheral resistance, and thus 

elevated blood pressure (Jern, 1991). These findings are novel within a population of 

Australian professional drivers and provide important insights into the potential 
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associations between anxious symptomology and cardiac health within this cohort. 

Steps to raise awareness, in particular in these males dominated industries, and the 

implementation of strategies to mitigate anxiety within this occupational group may 

improve not only the short-term psychological health of these individuals, but further, 

may improve their cardiovascular outcomes.  

 

Depression scores were found to be associated with reductions in total heart rate 

variability, increased low frequency and reduced high frequency values. Given the 

similarities between anxiety and depression with regards to neurobiological aetiology 

and the continued scholarly support for the neurovisceral integration theory, it stands 

to reason that similar biological mechanism may be responsible. Reduced total heart 

rate variability has been well established as an independent predictor of not only 

cardiac health, but cardiovascular mortality (Kemp et al., 2010). Reduced total heart 

rate variability reflects a reduction in parasympathetic vagal outflow. The neurovisceral 

integration theory suggests efferent outputs from the pre-frontal cortex control vagal 

nerve inhibition of cardiac automaticity (Thayer and Lane, 2000). A reduction in this 

top-down control results in reduced cardiac control and is thus cardiopathogenic. The 

present study, in line with previous research, identified a link between depression and 

reductions in total HRV at baseline. Given this, steps to address mental health 

conditions, in particular depression and anxiety, within the population of professional 

drivers would be beneficial to both psychological outcomes, as well as cardiovascular 

health.   
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Chapter Six - Conclusions 

 

It is estimated that depressive disorder will be the second leading contributor to the 

global burden of disease by 2020 (World Health Organization, 2020). Affecting 121 

million individuals worldwide, and 11.6% of the Australian population (World Health 

Organization, 2020), depression has been shown to present a high risk of reoccurrence 

(50%) if untreated (Bear et al., 2007). Males have been shown to consistently 

underreport depressive symptoms (Pierce and Kirkpatrick, 1992), and as such, the true 

prevalence of this disorder within the male population is only speculative (Klint and 

Weikop, 2004, van Praag, 1980). The Australian truck and train driving industries are 

largely male dominated (Australian Government, 2012a), and due to a number of 

shared occupational lifestyle factors including intermittent rest and work cycles 

(Australian Government, 2012a), isolation from family support networks and intense 

occupational pressure (Koda et al., 2000), individuals within these industry can be 

viewed as a depression vulnerable population.  

 

Globally, CVD is the leading cause of premature death (Mensah et al., 2019), 

reportedly costing the Australian Government over $5.9 billion dollars each year 

(AIHW, 2011). A number of lifestyle factors have been identified within the professional 

driving industry that contribute to the impaired cardiovascular health these drivers. 

These include low levels of exercise, high levels of obesity and cigarette smoking, high 

blood pressure and an increased consumption of saturated fats and cholesterol (Gill 

and Wijk, 2004).  
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Studies assessing the associations between depression and an increased rate of 

cardiovascular disease have been inconclusive. Whilst some report a link between 

depressive symptoms and cardiovascular impairment (Agelink et al., 2002; Udupa et 

al., 2007), others have found no significant correlations (Yeragani et al., 1991; Bar et 

al., 2004). As such, the definitive influences of depression on cardiovascular health are 

yet to be fully elucidated. Furthermore, the effects of mood states such as depression 

anxiety are yet to be definitively linked to impairments in cardiovascular health within 

the population of professional drivers. If depression and other mood states such as 

anxiety can be definitively identified as cardiovascular risk factors, effective 

management schemes can be devised and implemented to not only manage and 

reduce the incidence of these negative mood states in Australia, but also reduce their 

role in the development of cardiovascular disease.   

 

The present study found a stark disparity in the prevalence of depressive 

symptomology and other negative mood states between truck and train drivers in 

Australia. It was identified that the current cohort of truck drivers exhibited significantly 

higher levels of depressive and anxious symptomology, anger/aggression, fatigue and 

stress than the train driving sample. Further, smoking rates, and levels of alcohol use 

were found to be higher in the truck driving sample. A number of workplace factors 

such as social interaction during shift, and accidents or near misses throughout career, 

were found to be associated with depressive symptoms across both professional 

driving cohorts. This study is the first of its kind to assess the prevalence of depressive 

symptoms, and the associated workplace factors, within a cohort of Australian 

professional drivers.  
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This study highlights important workplace factors that may be linked with negative 

mental states, and their potential implications within the workplace. The promotion of 

improved mental health within this occupation would not only improve the health of the 

individual drivers but may also mitigate mental health associated absenteeism and 

improve commuter safety. Buddy driving systems (Clark-Hitt et al., 2012), regular 

workplace ToolBox talks and forums (Campbell and Gunning, 2020), and a 

commitment to mental awareness (Nexø et al., 2018) are strategies that have been 

successfully employed in other industries. Given the societal responsibility of 

professional drivers, protecting and promoting the psychosocial health of these 

individuals is paramount to not only a healthy workforce, but a safe community.  

 

The current study identified associations between stress, depressive and anxious 

symptomology and impaired autonomic cardiac function. In particular, this study was 

the first of its kind to show reduced parasympathetic vagal tone to be associated with 

depressive and anxious symptomology within a cohort of Australian professional 

drivers. This is of concern and should be considered when adopting holistic workplace 

health policies within this industry. Given the possible bidirectionality of the relationship 

between mental health and cardiovascular function in the literature, it stands to reason 

that improvement of both states would result in a mutual improve of the other. That is, 

techniques to improve mental health states such as anxiety and depression may 

improve cardiovascular risk, and reciprocally, steps to increase heart rate variability 

may have beneficial effects on mental health. This study is important, as the 

psychophysiological health of Australia’s professional drivers has been somewhat 

overlooked in the past. Given the large number of workers employed within this 

industry, and the potential personal and public implications of a suddenly unwell driver, 
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it is vital that policies and workplace practices are designed to optimise the health of 

these individuals.  

 

Collectively, the findings from the present study provide a novel perspective on the 

physiological and psychological health of Australian professional drivers. The present 

study is the first assess to the effects of certain lifestyle and mood states on cardiac 

parameters (such as HRV) in the cohort of Australian professional drivers. 

Furthermore, comparisons regarding the prevalence and severity of depressive and 

anxious symptomology within this industry in Australia are scarce and should be further 

explored in future studies. The present study addressed the gaps in research by 

assessing a number of mood states, and their effects on cardiac parameters. The study 

found that multiple lifestyle and mood parameters were linked with HRV parameters 

that may have deleterious effects on cardiovascular health. These findings suggest 

that the improved awareness and management of these factors in the male dominated 

professional driving industry would improve both the short term psychological and long-

term cardiovascular health of these individuals, in turn, reducing the socioeconomic 

burden associated with these mental disorders and cardiovascular disease in 

Australia.  
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Chapter Seven -  Limitations and future 

directions 

 

The present study aimed to assess possible links between mood states (such as 

depression, anxiety, etc.) and cardiac parameters (assessed using heart rate variability 

(HRV)) in a sample of 120 Australian professional drivers. Presently, a cross-sectional 

within-subject study was employed, although future studies may benefit from a 

longitudinal format, as this would provide more thorough information on the changing 

patterns in cardiac and psychological parameters over a period of time. The present 

study provided the immediate cardiac and psychological health status of these 

individuals and not long-term health effects, although the present study did assess 

psychological states over the previous eight week, as well as BP and HR pre and post 

study, which provided a more comprehensive assessment of these parameters. It has 

been noted, however, that BP and HR vary significantly from day to day (Lo et al., 

2008, Parati et al., 1995, Bilan et al., 2005, Cygankiewicz et al., 2004). As such, a 

longitudinal study would allow for a more accurate measurement of the health of these 

individuals. Further, the normative values cited for the POMS scale are over 20 years 

old, and despite being the only available general population normative data available, 

may no longer be as accurate as when first published. Given this, psychological 

questionnaires with recent normative values would be of benefit in research moving 

forward, to ensure accurate cohort data for comparison.  

 

Based on the ethics approved guidelines attained for the present study, drivers without 

any past or present chronic illness or current medication usage were assessed. 
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Although this was a novel study addressing factors not addressed globally in this 

sample previously, future studies would benefit from the assessment and comparison 

in samples with these factors included, as well as clinical samples of patients with 

varying psychological disorders, such as Major Depressive Disorder and Generalised 

Anxiety Disorder. This would allow comparisons to be drawn from the general and 

known diseased population and allow for the elucidation of possible differences in 

cardiac effects due to these lifestyle factors and psychological disorders. Further, the 

inclusion on an age and weight matched non-driver control group would further bolster 

the research findings and allow for comparisons between driving and non-driving 

professionals. Furthermore, due to the prevalence of medication usage in the 

professional driving industry, such as sleeping tablets and illicit drugs (Swann, 2002), 

evaluating the impacts of certain medications on the assessed cardiac parameters may 

provide the statistical foundation for revised drug management schemes within this 

industry. Further, the self-reporting of alcohol use may have led to underreporting, 

however, attempts to reduce this bias were made by ensuring participants were aware 

that all data collected was to be kept anonymous.  this is,  however,  a consideration 

for future studies,  which may benefit from biological drug screens prior to assessment. 

The collection of data further data that may contribute to both the dependant and 

independent factors may also be useful in future studies, such as income bracket, 

sleep cycles/latency, employment status etc.  

 

While the present study identified links between a number of psychological states and 

cardiac parameters, the link between depression and HRV was limited. The use of a 

more comprehensive depression assessment tool in future studies would allow for the 

true prevalence and severity of depression to be assessed. The prevalence of these 

symptoms may have also been obscured due to the reliance on autobiographical 
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memory. The present study relied on the individual’s ability to accurately recall their 

psychological state for the previous eight weeks. Autobiographical memory, such as 

that required for the present study, may be unreliable (Eisenhower et al., 2004). Also, 

studies have found that individuals suffering from depression presented less specific 

voluntary memory recall than those with no depressive symptoms (Watson et al., 

2012). Finally, it has been shown that males are less likely to divulge information that 

may infer vulnerability (Courtenay, 2002). The study design attempted to address this 

potential reporting bias by utilising multiple mood state questionnaires with high 

internal validity to allow for the assessment of congruency between questionnaires, 

and their validity and reliability ensure an accurate response. For these reasons, future 

studies may benefit from the administration of a mood diary that is completed on a 

daily basis. This would allow for a more accurate assessment of an individual’s 

behavioural state for the weeks preceding the laboratory study. The use of self-

reported mood state questionnaires may introduce some response bias; however, the 

effects of this bias were ameliorated through the use of participant identification 

numbers for all responses, providing anonymity for the participant. Also, while common 

in medical science analysis, univariate analysis has some limitations in predictive 

power, in particular as variables such as workplace and lifestyle factors rarely occur 

alone. However, a reasonable and commonly employed initial step is evaluating 

univariate associations, which allows the variables to be quantified prior to their 

inclusion in the later model. The initial objective is to include the “best” grouping of 

variables that increase predictive ability, whilst circumventing unnecessary complexity.  

 

Future studies would benefit from increasing the sample size. Although the present 

study attained a sufficient sample size (n=120) for the statistical comparisons made, 

assessing a greater number of individuals may increase the significance of the results 
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attained, and allow for the identification of further trends in the data obtained. Finally, 

the assessment of additional lifestyle and workplace factors may provide information 

regarding the impact of these parameters on cardiac health. In particular, future 

assessment of participants during varied shift cycles (i.e., immediately before, during, 

or after a shift) and sleep parameters (i.e., sleep length, sleep latency, global sleep 

score, etc) may provide useful information regarding the effects of shift work and sleep 

on both psychological and cardiovascular parameters.  

 

  



                                                                                                                                                Taryn Chalmers   |  251 

References 

 

 

ABELA, J. R. & D'ALESSANDRO, D. U. 2002. Beck's cognitive theory of depression: 
a test of the diathesis-stress and causal mediation components. The British 
journal of clinical psychology / the British Psychological Society, 41, 111-28. 

ABS 2012. 1301.0 Year Book Australia 2012. ABS Canberra. 
ACHARYA, U. R., SANKARANARAYANAN, M., NAYAK, J., XIANG, C. & TAMURA, 

T. 2008. Automatic identification of cardiac health using modeling techniques: 
A comparative study. Information Sciences, 178, 4571-4582. 

AGELINK, M. W., BOZ, C., ULLRICH, H. & ANDRICH, J. 2002. Relationship between 
major depression and heart rate variability. Clinical consequences and 
implications for antidepressive treatment. Psychiatry research, 113, 139-49. 

AIHW 2008a. 2007 National Drug Strategy Household Survey: detailed findings Cat. 
no. PHE 107. Canberra: AIHW. 

AIHW 2011. Cardiovascular disease: Australian facts 2011. Cardiovascular disease 
series. Canberra: AIHW. 

ALAVI, S. S., MOHAMMADI, M. R., SOURI, H., KALHORI, S. M., JANNATIFARD, F. 
& SEPAHBODI, G. 2017. Personality, driving behavior and mental disorders 
factors as predictors of road traffic accidents based on logistic regression. 
Iranian journal of medical sciences, 42, 24. 

AMERICAN COLLEGE OF CARDIOLOGY CARDIOVASCULAR TECHNOLOGY 
ASSESSMENT COMMITTEE 1993. Heart rate variability for risk stratification of 
life-threatening arrhythmias. Journal of the American College of Cardiology, 22, 
948-50. 

AMERICAN HEART ASSOCIATION. 2013. Good vs. Bad Cholesterol [Online]. 
Available: 
http://www.heart.org/HEARTORG/Conditions/Cholesterol/AboutCholesterol/G
ood-vs-Bad-Cholesterol_UCM_305561_Article.jsp [Accessed Accessed: 
19.06.13]. 

AMERICAN PSYCHIATRIC ASSOCIATION 1994. Diagnostic and Statistical Manual 
of Mental Disorders, 4th Edition. Washington DC. American Psychiatric 
Association American Psychiatric Association  

ANDERSON, T. M., SUNDERLAND, M., ANDREWS, G., TITOV, N., DEAR, B. F. & 
SACHDEV, P. S. 2013. The 10-item kessler psychological distress scale (K10) 
as a screening instrument in older individuals. The American journal of geriatric 
psychiatry : official journal of the American Association for Geriatric Psychiatry, 
21, 596-606. 

ANDRADE, L., CARAVEO-ANDUAGA, J. J., BERGLUND, P., BIJL, R. V., GRAAF, R. 
D., VOLLEBERGH, W., DRAGOMIRECKA, E., KOHN, R., KELLER, M. & 
KESSLER, R. C. 2003. The epidemiology of major depressive episodes: results 
from the International Consortium of Psychiatric Epidemiology (ICPE) Surveys. 
International journal of methods in psychiatric research, 12, 3-21. 

ANGELIKA, B. 2018. 1121 The assessment of occupational risks of accelerated 
ageing among russian professional drivers. BMJ Publishing Group Ltd. 



                                                                                                                                                Taryn Chalmers   |  252 

APOSTOLOPOULOS, Y. & SONMEZ, S. 2010. Trucker survey: Assessing truck 
drivers' health and access to health care (v.1). Unpublished manuscript. 
University of North Carolina, Greensboro, North Carolina. 

ARIYO, A. A., HAAN, M., TANGEN, C. M., RUTLEDGE, J. C., CUSHMAN, M., DOBS, 
A. & FURBERG, C. D. 2000. Depressive symptoms and risks of coronary heart 
disease and mortality in elderly Americans. Cardiovascular Health Study 
Collaborative Research Group. Circulation, 102, 1773-9. 

AUSTRALIAN BUREAU OF STATISTICS 2008. Survey of Motor Vehicle Use, 
Australia, 12 Months Ended 31 October 2007, Catalogue no. 9208.0. Canberra, 
ACT. 

AUSTRALIAN BUREAU OF STATISTICS 2012a. 1301.0 - Year Book Australia 2012. 
AUSTRALIAN BUREAU OF STATISTICS 2012b. Transport, postal and warehouse 

industry. Report 1301.0. Canberra. 
AUSTRALIAN BUREAU OF STATISTICS 2015. National Health Survey: First Results, 

2014–15. Catalogue No. 4364.0. 55.001. Australian Bureau of Statistics 
Canberra, Australia. 

AUSTRALIAN BUREAU OF STATISTICS 2017a. 3218.0 - Regional Population 
Growth, Australia, 2016. Canberra. 

AUSTRALIAN BUREAU OF STATISTICS 2017b. Survey of Motor Vehicle Use, 
Australia, 12 months ended 30 June 2016,. 

AUSTRALIAN BUREAU OF STATISTICS 2018. Australian Transport Economic 
Account: An Experimental Transport Satellite Account. 

AUSTRALIAN BUREAU OF STATISTICS 2020. Motor vehicle census (Cat. No. 
9309.0). 

AUSTRALIAN BUREAU OF STATISTICS (ABS) 2007. National survey of mental 
health and wellbeing: Summary of results. (Catalogue No. 4326.0). 

AUSTRALIAN GOVERNMENT. 2012a. Truck Drivers - Statistics [Online]. Available: 
http://joboutlook.gov.au/Pages/occupation.aspx?search=keyword&tab=stats&c
luster=&code=7331 [Accessed 12/02/12]. 

AUSTRALIAN GOVERNMENT 2012b. Truck Drivers - Statistics. 
AUSTRALIAN GOVERNMENT 2017. ABS Census 2016, Customised Report. Age 

profile of workers in this job compared to the all jobs average. Canberra, 
Australia. 

AUSTRALIAN HEART FOUNDATION 2008a. Cardiovascular Disease and 
Depression Strategic Research Program. 

AUSTRALIAN HEART FOUNDATION. 2008b. Cardiovascular Disease and 
Depression Strategic Research Program [Online]. Available: 
http://www.heartfoundation.org.au/research/funding/pages/strategic-
research.aspx [Accessed 27/04/2012]. 

AUSTRALIAN HEART FOUNDATION. 2012. Data and Statistics [Online]. Available: 
http://www.heartfoundation.org.au/information-for-professionals/data-and-
statistics/Pages/default.aspx [Accessed 08.06.13]. 

AUSTRALIAN INSTITUTE OF HEALTH AND WELFARE 2016. Evidence for chronic 
disease risk factors. 

AUSTROADS 2000. Road facts 2000: An overview of the Australian and New Zealand 
road systems.: Australian Government. 

AXELSSON, J., AKERSTEDT, T., KECKLUND, G. & LOWDEN, A. 2004. Tolerance to 
shift work-how does it relate to sleep and wakefulness? International archives 
of occupational and environmental health, 77, 121-9. 

AZAM, M. A., LATMAN, V. V. & KATZ, J. 2019. Effects of a 12-minute smartphone-
based mindful breathing task on heart rate variability for students with clinically 



                                                                                                                                                Taryn Chalmers   |  253 

relevant chronic pain, depression, and anxiety: protocol for a randomized 
controlled trial. JMIR research protocols, 8, e14119. 

BALL, J. D., ARCHER, R. P. & IMHOF, E. A. 1994. Time requirements of psychological 
testing: a survey of practitioners. Journal of personality assessment, 63, 239-
49. 

BAMBRA, C., WHITEHEAD, M., SOWDEN, A., AKERS, J. & PETTICREW, M. 2008. 
"A hard day's night?" The effects of Compressed Working Week interventions 
on the health and work-life balance of shift workers: a systematic review. 
Journal of epidemiology and community health, 62, 764-77. 

BAR, K. J., GREINER, W., JOCHUM, T., FRIEDRICH, M., WAGNER, G. & SAUER, 
H. 2004. The influence of major depression and its treatment on heart rate 
variability and pupillary light reflex parameters. Journal of affective disorders, 
82, 245-52. 

BAR-HAIM, Y., LAMY, D., PERGAMIN, L., BAKERMANS-KRANENBURG, M. J. & 
VAN IJZENDOORN, M. H. 2007. Threat-related attentional bias in anxious and 
nonanxious individuals: a meta-analytic study. Psychological bulletin, 133, 1. 

BARLOW, D. H. & DURAND, V. M. 2005. Abnormal psychology: An integrative 
approach, Belmont, CA, Thomson Wadsworth. 

BEAR, M. F., CONNORS, B. W. & PARADISO, M. A. 2007. Neuroscience: Exploring 
the Brain. Lippincott Williams and Wilkins. 

BECH, P., RASMUSSEN, N. A., OLSEN, L. R., NOERHOLM, V. & ABILDGAARD, W. 
2001. The sensitivity and specificity of the Major Depression Inventory, using 
the Present State Examination as the index of diagnostic validity. Journal of 
affective disorders, 66, 159-64. 

BECK, A. T., EPSTEIN, N., BROWN, G. & STEER, R. A. 1988a. An inventory for 
measuring clinical anxiety: psychometric properties. J Consult Clin Psychol, 56, 
893-7. 

BECK, A. T., EPSTEIN, N., BROWN, G. & STEER, R. A. 1988b. An inventory for 
measuring clinical anxiety: psychometric properties. Journal of consulting and 
clinical psychology, 56, 893-7. 

BECK, A. T., STEER, R. A. & BROWN, G. K. 1996a. BDI-II, Beck Depression 
Inventory: Manual, 2nd ed, Boston, Harcourt, Brace, and Company. 

BECK, A. T., STEER, R. A. & BROWN, G. K. 1996b. Beck depression inventory-II. 
San Antonio, 78, 490-498. 

BEERS, M. & PORTER, R. 2006. The Merck Manual of Diagnosis and Therapy, New 
Jersey, Merck Research Laboratories. 

BELK, C. M. 2009. Human Biology, Benjamin Cummings. 
BELKIĆ, K., SAVIĆ, C., THEORELL, T., RAKIĆ, L., ERCEGOVAC, D. & 

DJORDJEVIĆ, M. 1996. Mechanisms of cardiac risk among professional 
drivers. Scandinavian Journal of Work, Environment & Health,, 20, 73-86. 

BERNTSON, G. G., BIGGER, J. T., JR., ECKBERG, D. L., GROSSMAN, P., 
KAUFMANN, P. G., MALIK, M., NAGARAJA, H. N., PORGES, S. W., SAUL, J. 
P., STONE, P. H. & VAN DER MOLEN, M. W. 1997. Heart rate variability: 
origins, methods, and interpretive caveats. Psychophysiology, 34, 623-48. 

BIGERT, C., GUSTAVSSON, P., HALLQVIST, J., HOGSTEDT, C., LEWNÉ, M., 
PLATO, N., REUTERWALL, C. & SCHÉELE, P. 2003. Myocardial infarction 
among professional drivers. Epidemiology, 14, 333-9. 

BILAN, A., WITCZAK, A., PALUSINSKI, R., MYSLINSKI, W. & HANZLIK, J. 2005. 
Circadian rhythm of spectral indices of heart rate variability in healthy subjects. 
Journal of electrocardiology, 38, 239-43. 



                                                                                                                                                Taryn Chalmers   |  254 

BJORVATN, B., DALE, S., HOGSTAD-ERIKSTEIN, R., FISKE, E., PALLESEN, S. & 
WAAGE, S. 2012. Self-reported sleep and health among Norwegian hospital 
nurses in intensive care units. Nursing in critical care, 17, 180-8. 

BLAND, J. & ALTMAN, D. 1995. Multiple significance tests: The Bonferroni method. 
BMJ Open, 310, 69-73. 

BOURDILLON, N., JEANNERET, F., NILCHIAN, M., ALBERTONI, P., HA, P. & 
MILLET, G. P. 2021. Sleep deprivation deteriorates heart rate variability and 
photoplethysmography. Frontiers in Neuroscience, 15, 310. 

BOWERS, D. 2008. Medical statistics from scratch: An introduction for health 
professionals. 2nd ed., West Sussex, John Wiley & Sons Ltd. 

BOWERS, J., LO, J., MILLER, P., MAWREN, D. & JONES, B. 2018. Psychological 
distress in remote mining and construction workers in Australia. Medical Journal 
of Australia, 208, 391-397. 

BOYCE, W. S. 2016a. Does truck driver health and wellness deserve more attention? 
Journal of Transport & Health. 

BOYCE, W. S. 2016b. Does truck driver health and wellness deserve more attention? 
Journal of Transport & Health, 3, 124-128. 

BOYD, C. 2003. Human resource management and occupational health and safety. 
BROADBENT, D. E. 1985. The clinical impact of job design. British Journal of Clinical 

Psychology, 24, 33-44. 
BUCCIARELLI, V., CATERINO, A. L., BIANCO, F., CAPUTI, C. G., SALERNI, S., 

SCIOMER, S., MAFFEI, S. & GALLINA, S. 2020. Depression and 
cardiovascular disease: The deep blue sea of women's heart. Trends in 
cardiovascular medicine, 30, 170-176. 

BUDSANKOM, P., SAWANGBOON, T., DAMRONGPANIT, S. & 
CHUENSIRIMONGKOL, J. 2015. Factors affecting higher order thinking skills 
of students: A meta-analytic structural equation modeling study. Educational 
Research and Reviews, 10, 2639-2652. 

BULMASH, E. L., MOLLER, H. J., KAYUMOV, L., SHEN, J., WANG, X. & SHAPIRO, 
C. M. 2006a. Psychomotor disturbance in depression: assessment using a 
driving simulator paradigm. Journal of affective disorders, 93, 213-218. 

BULMASH, E. L., MOLLER, H. J., KAYUMOV, L., SHEN, J., WANG, X. & SHAPIRO, 
C. M. 2006b. Psychomotor disturbance in depression: assessment using a 
driving simulator paradigm. Journal of affective disorders, 93, 213-8. 

BUREAU OF INFRASTRUCTURE TRANSPORT AND REGIONAL ECONOMICS 
2009. Australian transport statistics yearbook 2009. Canberra, ACT: BITRE,. 

BUREAU OF INFRASTRUCTURE TRANSPORT AND REGIONAL ECONOMICS 
2011. Truck productivity: sources, trends and future prospects, Report 123. 
Canberra, ACT. 

BUREAU OF INFRASTRUCTURE TRANSPORT AND REGIONAL ECONOMICS 
(BITRE) 2010. Road freight estimates and forecasts in Australia: interstate, 
capital cities and rest of state, Report 121. Canbera, ACT. 

CAMPBELL, M. A. & GUNNING, J. G. 2020. Strategies to improve mental health and 
well-being within the UK construction industry. Proceedings of the Institution of 
Civil Engineers-Management, Procurement and Law, 173, 64-74. 

CANCER COUNCIL VICTORIA. 2012. Is your weight healthy? [Online]. Available: 
http://www.cancervic.org.au/preventing-cancer/weight/bmi [Accessed 27/6/12]. 

CARNEY, R. M., BLUMENTHAL, J. A., STEIN, P. K., WATKINS, L., CATELLIER, D., 
BERKMAN, L. F., CZAJKOWSKI, S. M., O'CONNOR, C., STONE, P. H. & 
FREEDLAND, K. E. 2001. Depression, heart rate variability, and acute 
myocardial infarction. Circulation, 104, 2024-8. 



                                                                                                                                                Taryn Chalmers   |  255 

CARNEY, R. M. & FREEDLAND, K. E. 2009. Depression and heart rate variability in 
patients with coronary heart disease. Cleveland Clinic journal of medicine, 76, 
S13-7. 

CARNEY, R. M., FREEDLAND, K. E. & STEIN, P. K. 2000. Anxiety, depression, and 
heart rate variability. Psychosomatic medicine, 62, 84-86. 

CARNEY, R. M., FREEDLAND, K. E. & VEITH, R. C. 2005. Depression, the autonomic 
nervous system, and coronary heart disease. Psychosomatic medicine, 67, 
S29-33. 

CARRERA ARIAS, F. J., BOUCHER, L. & TARTAR, J. L. 2019. The effects of 
videogaming with a brain–computer interface on mood and physiological 
arousal. Games for Health Journal, 8, 366-369. 

CHALMERS, T. & LAL, S. 2016. Prevalence of affective states in Australian truck and 
train drivers. Journal of the Australasian College of Road Safety, 27, 13. 

CHANG, H.-L. & JU, L.-S. 2008. Effect of consecutive driving on accident risk: A 
comparison between passenger and freight train driving. Accident Analysis & 
Prevention, 40, 1844-1849. 

CHAPMAN, J., NAWEED, A., WILSON, C. & DORRIAN, J. 2019. Sleep for heart 
health: investigating the relationship between work day sleep, days off sleep, 
and cardiovascular risk in Australian train drivers. Industrial health, 2018-0194. 

CLARK-HITT, R., SMITH, S. W. & BRODERICK, J. S. 2012. Help a buddy take a knee: 
Creating persuasive messages for military service members to encourage 
others to seek mental health help. Health communication, 27, 429-438. 

COHEN, J. 2013. Statistical power analysis for the behavioral sciences, Routledge. 
COTHEREAU, C., DE BEAUREPAIRE, C., PAYAN, C., CAMBOU, J., ROUILLON, F. 

& CONSO, F. 2004a. Professional and medical outcomes for French train 
drivers after “person under train” accidents: three year follow up study. 
Occupational and environmental medicine, 61, 488-494. 

COTHEREAU, C., DE BEAUREPAIRE, C., PAYAN, C., CAMBOU, J. P., ROUILLON, 
F. & CONSO, F. 2004b. Professional and medical outcomes for French train 
drivers after "person under train" accidents: three year follow up study. 
Occupational and environmental medicine, 61, 488-94. 

COURTENAY, W. H. 2000a. Behavioral Factors Associated with Disease, Injury, and 
Death among Men: Evidence and Implications for Prevention. The Journal of 
Men's Studies, 9, 81-142. 

COURTENAY, W. H. 2000b. Constructions of masculinity and their influence on men's 
well-being: a theory of gender and health. Social science & medicine, 50, 1385-
401. 

COURTENAY, W. H. 2002. Behavioral factors associated with disease, injury, and 
death among men: evidence and implications for prevention. International 
Journal of Men's Health, 1, 281. 

CRAIG, A., HANCOCK, K. & CRAIG, M. 1996a. The lifestyle appraisal questionnaire: 
A comprehensive assessment of health and stress. Psychology and Health, 11, 
331-343. 

CRAIG, A., HANOCK, K. & CRAIG, M. 1996b. The lifestyle appraisal questionnaire: A 
comprehensive assessment of health and stress. Psychology & Health, 11, 331-
343. 

CROOKES, P. & DAVIES, S. 1998. Research into Practice, London, Harcourt 
Publishers Limited. 

CUNNINGHAM, M. L. & REGAN, M. A. 2016. The impact of emotion, life stress and 
mental health issues on driving performance and safety. Road & Transport 



                                                                                                                                                Taryn Chalmers   |  256 

Research: A Journal of Australian and New Zealand Research and Practice, 25, 
40. 

CYGANKIEWICZ, I., WRANICZ, J. K., BOLINSKA, H., ZASLONKA, J. & ZAREBA, W. 
2004. Circadian changes in heart rate turbulence parameters. Journal of 
electrocardiology, 37, 297-303. 

DA SILVA-JUNIOR, F. P., DE PINHO, R. S., DE MELLO, M. T., DE BRUIN, V. M. & 
DE BRUIN, P. F. 2009. Risk factors for depression in truck drivers. Social 
Psychiatry and Psychiatric Epidemiology, 44, 125--9. 

DA SILVA-JÚNIOR, F. P., DE PINHO, R. S. N., DE MELLO, M. T., DE BRUIN, V. M. 
S. & DE BRUIN, P. F. C. 2009a. Risk factors for depression in truck drivers. 
Social psychiatry and psychiatric epidemiology, 44, 125. 

DA SILVA-JÚNIOR, F. P., DE PINHO, R. S. N., DE MELLO, M. T., DE BRUIN, V. M. 
S. & DE BRUIN, P. F. C. 2009b. Risk factors for depression in truck drivers. 
Social psychiatry and psychiatric epidemiology, 44, 125-129. 

DEERY, H. A. & FILDES, B. N. 1999. Young novice driver subtypes: Relationship to 
high-risk behavior, traffic accident record, and simulator driving performance. 
Human factors, 41, 628-643. 

DEPARTMENT OF INFRASTRUCTURE REGIONAL DEVELOPMENT AND CITIES 
2018. Freight and Supply Chains. 

DINH, H., STRAZDINS, L. & WELSH, J. 2017. Hour-glass ceilings: Work-hour 
thresholds, gendered health inequities. Social Science & Medicine, 176, 42-51. 

DRAKE, C. L., ROEHRS, T., RICHARDSON, G., WALSH, J. K. & ROTH, T. 2004. Shift 
work sleep disorder: prevalence and consequences beyond that of symptomatic 
day workers. Sleep, 27, 1453-62. 

EISENHOWER, D., MATHIOWETZ, N. A. & MORGANSTEIN, D. 2004. Recall Error: 
Sources and Bias Reduction Techniques. Measurement Errors in Surveys. 
John Wiley & Sons, Inc. 

FAN, Z. J., BONAUTO, D. K., FOLEY, M. P., ANDERSON, N. J., YRAGUI, N. L. & 
SILVERSTEIN, B. A. 2012. Occupation and the prevalence of current 
depression and frequent mental distress, WA BRFSS 2006 and 2008. American 
journal of industrial medicine, 55, 893-903. 

FARMER, R., TRANAH, T., O'DONNELL, I. & CATALAN, J. 1992. Railway suicide: the 
psychological effects on drivers. Psychological medicine, 22, 407-414. 

FARROW, M. R. & WASHBURN, K. 2019. A review of field experiments on the effect 
of forest bathing on anxiety and heart rate variability. Global Advances in Health 
and Medicine, 8, 2164956119848654. 

FAZACKERLEY, L. A., FELL, J. W. & KITIC, C. M. 2019. The effect of an ultra-
endurance running race on heart rate variability. European journal of applied 
physiology, 119, 2001-2009. 

FENG, Z., ZHAN, J., WANG, C., MA, C. & HUANG, Z. 2020. The association between 
musculoskeletal disorders and driver behaviors among professional drivers in 
China. International journal of occupational safety and ergonomics, 26, 551-
561. 

FORSBERG, R. 2016. Conditions affecting safety on the Swedish railway–Train 
drivers’ experiences and perceptions. Safety science, 85, 53-59. 

FRASURE-SMITH, N., LESPÉRANCE, F., IRWIN, M. R., TALAJIC, M. & POLLOCK, 
B. G. 2009. The relationships among heart rate variability, inflammatory markers 
and depression in coronary heart disease patients. Brain, behavior, and 
immunity, 23, 1140-1147. 

FURNESS, J. B. 2009. Autonomic Nervous System. Encyclopedia of Neuroscience. 
Oxford: Academic Press. 



                                                                                                                                                Taryn Chalmers   |  257 

GAO, L., LI, P., HU, C., TO, T., PATXOT, M., FALVEY, B., WONG, P. M., SCHEER, 
F. A., LIN, C. & LO, M.-T. 2019. Nocturnal heart rate variability moderates the 
association between sleep–wake regularity and mood in young adults. Sleep, 
42, zsz034. 

GEORGE, D. T., NUTT, D., DWYER, B. & LINNOILA, M. 1990. Alcoholism and panic 
disorder: is the comorbidity more than coincidence? Acta Psychiatrica 
Scandinavica, 81, 97-107. 

GILL, P. E. & WIJK, K. 2004. Case study of a healthy eating intervention for Swedish 
lorry drivers. Health education research, 19, 306-15. 

GOLDSTEIN, D. S. 2003. Catecholamines and stress. Endocrine regulations, 37, 69-
80. 

GOODWIN, F. K. & BUNNEY, W. E., JR. 1971. Depressions following reserpine: a 
reevaluation. Seminars in psychiatry, 3, 435-48. 

GORMAN, J. M. & SLOAN, R. P. 2000. Heart rate variability in depressive and anxiety 
disorders. American heart journal, 140, 77-83. 

GOVERNMENT OF WESTERN AUSTRALIA. 2020. Fact sheet - Driving commercial 
vehicles [Online]. Available: 
https://www.commerce.wa.gov.au/publications/fact-sheet-driving-commercial-
vehicles [Accessed 2019]. 

GRASSI, G. 1998. Role of the sympathetic nervous system in human hypertension. 
Journal of hypertension, 16, 1979-1987. 

GREENBERG, P. E., KESSLER, R. C., BIRNBAUM, H. G., LEONG, S. A., LOWE, S. 
W., BERGLUND, P. A. & COREY-LISLE, P. K. 2003. The economic burden of 
depression in the United States: how did it change between 1990 and 2000? 
The Journal of clinical psychiatry, 64, 1465-75. 

GRIFFITH, N. M., SZAFLARSKI, J. P., SZAFLARSKI, M., KENT, G. P., SCHEFFT, B. 
K., HOWE, S. R. & PRIVITERA, M. D. 2005. Measuring depressive symptoms 
among treatment-resistant seizure disorder patients: POMS Depression scale 
as an alternative to the BDI-II. Epilepsy &amp; Behavior, 7, 266-272. 

GUINJOAN, S. M., BERNABO, J. L. & CARDINALI, D. P. 1995. Cardiovascular tests 
of autonomic function and sympathetic skin responses in patients with major 
depression. Journal of neurology, neurosurgery, and psychiatry, 59, 299-302. 

GUSTAVSSON, P., ALFREDSSON, L., BRUNNBERG, H., HAMMAR, N., 
JAKOBSSON, R., REUTERWALL, C. & OSTLIN, P. 1996. Myocardial infarction 
among male bus, taxi, and lorry drivers in middle Sweden. Occupational and 
environmental medicine, 53, 235-40. 

HANDWERGER, K. 2009. Differential patterns of HPA activity and reactivity in adult 
posttraumatic stress disorder and major depressive disorder. Harvard review of 
psychiatry, 17, 184-205. 

HANNA, E., GOUGH, B. & MARKHAM, S. 2020. Masculinities in the construction 
industry: A double-edged sword for health and wellbeing? Gender, Work & 
Organization. 

HANSEN, T. W., LI, Y. & STAESSEN, J. A. 2009. Blood pressure variability remains 
an elusive predictor of cardiovascular outcome. American journal of 
hypertension, 22, 3-4. 

HARE, D. L., TOUKHSATI, S. R., JOHANSSON, P. & JAARSMA, T. 2014. Depression 
and cardiovascular disease: a clinical review. European heart journal, 35, 1365-
1372. 

HART, J. E., GARSHICK, E., SMITH, T. J., DAVIS, M. E. & LADEN, F. 2013. Ischaemic 
heart disease mortality and years of work in trucking industry workers. 
Occupational and environmental medicine, 70, 523-8. 



                                                                                                                                                Taryn Chalmers   |  258 

HARTVIG, P. A. M., O. 1983a. Coronary Heart Diease Risk Factors in Bus and Truck 
Drivers. International archives of occupational and environmental health, 52, 
353-360. 

HARTVIG, P. A. M., O. 1983b. Coronary Heart Diease Risk Factors in Bus and Truck 
Drivers. Int Arch Occup Environ Health, 52, 353-360. 

HATAMI, A., VOSOUGHI, S., HOSSEINI, A. F. & EBRAHIMI, H. 2019. Effect of co-
driver on job content and depression of truck drivers. Safety and Health at Work, 
10, 75-79. 

HATTORI, K., ASAMOTO, M., OTSUJI, M., ITO, N., KASAHARA, S., HASHIMOTO, 
Y. & YAMADA, Y. 2020. Quantitative evaluation of stress in Japanese 
anesthesiology residents based on heart rate variability and psychological 
testing. Journal of Clinical Monitoring and Computing, 34, 371-377. 

HEADS UP. 2020. Toolbox talks for all workplaces [Online]. Available: 
https://www.headsup.org.au/training-and-resources/educational-and-
training/toolbox-talks/all-workplaces [Accessed]. 

HEART FOUNDATION OF AUSTRALIA. 2010. Your BMI [Online]. Available: 
http://www.heartfoundation.org.au/healthy-eating/pages/bmi-calculator.aspx 
[Accessed]. 

HEART RATE VARIABILITY: STANDARDS OF MEASUREMENT, P. I. & USE, C. 
1996. Task force of the European Society of Cardiology and the North American 
Society of pacing and electrophysiology. Circulation, 93, 1043-1065. 

HEGE, A., LEMKE, M. K., APOSTOLOPOULOS, Y., WHITAKER, B. & SÖNMEZ, S. 
2019. Work-life conflict among us long-haul truck drivers: Influences of work 
organization, perceived job stress, sleep, and organizational support. 
International journal of environmental research and public health, 16, 984. 

HEINRICHS, M., BAUMGARTNER, T., KIRSCHBAUM, C. & EHLERT, U. 2003. Social 
support and oxytocin interact to suppress cortisol and subjective responses to 
psychosocial stress. Biological psychiatry, 54, 1389-1398. 

HENDERSON, D. C., DALEY, T. B., KUNKEL, L., RODRIGUES-SCOTT, M., KOUL, 
P. & HAYDEN, D. 2004. Clozapine and hypertension: a chart review of 82 
patients. The Journal of clinical psychiatry, 65, 686-9. 

HENJE BLOM, E., OLSSON, E. M., SERLACHIUS, E., ERICSON, M. & INGVAR, M. 
2010. Heart rate variability (HRV) in adolescent females with anxiety disorders 
and major depressive disorder. Acta paediatrica, 99, 604-11. 

HICKEY, A. R. & COLLINS, M. D. 2017. Disinhibition and train driver performance. 
Safety science, 95, 104-115. 

HILL, L. L., LAUZON, V. L., WINBROCK, E. L., LI, G., CHIHURI, S. & LEE, K. C. 2017. 
Depression, antidepressants and driving safety. Injury epidemiology, 4, 10. 

HILTON, M. F., STADDON, Z., SHERIDAN, J. & WHITEFORD, H. A. 2009a. The 
impact of mental health symptoms on heavy goods vehicle drivers' 
performance. Accident analysis and prevention, 41, 453-61. 

HILTON, M. F., STADDON, Z., SHERIDAN, J. & WHITEFORD, H. A. 2009b. The 
impact of mental health symptoms on heavy goods vehicle drivers’ 
performance. Accident Analysis & Prevention, 41, 453-461. 

HUNTINGTON, A., BIDEWELL, J., GILMOUR, J., CHANG, E., DALY, J., WILSON, H., 
LAMBERT, V. & LAMBERT, C. 2008. The relationship between workplace 
stress, coping strategies and health status in New Zealand nurses. Journal of 
Occupational Health and Safety, 131-141. 

IBISWORLD 2020. Road Freight Transport in Australia - Market Research Report. 
IBM CORP. Released 2013. IBM SPSS Statistics for Windows. Version 22.0, Armonk, 

NY. 



                                                                                                                                                Taryn Chalmers   |  259 

JACOBSEN, P. B., DONOVAN, K. A. & WEITZNER, M. A. Distinguishing Fatigue and 
Depression in.  Seminars in clinical neuropsychiatry, 2003. 229-240. 

JEON, H. J., KIM, J.-H., KIM, B.-N., PARK, S. J., FAVA, M., MISCHOULON, D., CHOI, 
H., ROH, S. & LEE, D. 2014. Sleep quality, posttraumatic stress, depression, 
and human errors in train drivers: a population-based nationwide study in South 
Korea. Sleep, 37, 1969-1975. 

JERN, S. 1991. Effects of acute carbohydrate administration on central and peripheral 
hemodynamic responses to mental stress. Hypertension, 18, 790-797. 

KALMBACH, D. A., PILLAI, V., CHENG, P., ARNEDT, J. T. & DRAKE, C. L. 2015. 
Shift work disorder, depression, and anxiety in the transition to rotating shifts: 
the role of sleep reactivity. Sleep medicine, 16, 1532-8. 

KANVANAGH, D. 2007. SmartData Package. 
KARAVIDAS, M. K., LEHRER, P. M., VASCHILLO, E., VASCHILLO, B., MARIN, H., 

BUYSKE, S., MALINOVSKY, I., RADVANSKI, D. & HASSETT, A. 2007. 
Preliminary results of an open label study of heart rate variability biofeedback 
for the treatment of major depression. Applied psychophysiology and 
biofeedback, 32, 19-30. 

KAUL, S., GUPTA, A. K., SARKAR, T., AHSAN, S. K. & SINGH, N. P. 2019. Substance 
abuse and depression among auto-rickshaw drivers: A study from the national 
capital region of Delhi, India. Indian Journal of Medical Specialities, 10, 143. 

KEMP, A. H., QUINTANA, D. S., FELMINGHAM, K. L., MATTHEWS, S. & JELINEK, 
H. F. 2012. Depression, comorbid anxiety disorders, and heart rate variability in 
physically healthy, unmedicated patients: implications for cardiovascular risk. 
PloS one, 7, e30777. 

KEMP, A. H., QUINTANA, D. S., GRAY, M. A., FELMINGHAM, K. L., BROWN, K. & 
GATT, J. M. 2010. Impact of depression and antidepressant treatment on heart 
rate variability: a review and meta-analysis. Biological psychiatry, 67, 1067-
1074. 

KEMP, D. E., MALHOTRA, S., FRANCO, K. N., TESAR, G. & BRONSON, D. L. 2003. 
Heart disease and depression: don't ignore the relationship. Cleveland Clinic 
journal of medicine, 70, 745-6, 749-50, 752-4 passim. 

KLAUER, S. G., DINGUS, T. A., NEALE, V. L., SUDWEEKS, J. D. & RAMSEY, D. J. 
2006. The impact of driver inattention on near-crash/crash risk: An analysis 
using the 100-car naturalistic driving study data. 

KLEIN, E., CNAANI, E., HAREL, T., BRAUN, S. & BEN-HAIM, S. A. 1995. Altered 
heart rate variability in panic disorder patients. Biological psychiatry, 37, 18-24. 

KLINT, T. & WEIKOP, P. 2004. Monoamine transporters as continuing targets for drug 
discovery in depression. Drug Discovery Today: Therapeutic Strategies, 1, 111-
116. 

KODA, S., YASUDA, N., SUGIHARA, Y., OHARA, H., UDO, H., OTANI, T., 
HISASHIGE, A., OGAWA, T. & AOYAMA, H. 2000. Analyses of work-
relatedness of health problems among truck drivers by questionnaire survey. 
Sangyo Eiseigaku Zasshi, 42, 6-16. 

KORELITZ, J. J. 1993. Health Habits and Risk Factors Among Truck Drivers Visiting 
a Health Booth during a Trucker Trade Show. American journal of health 
problems, 8, 117-23. 

KOSCHKE, M., BOETTGER, M. K., SCHULZ, S., BERGER, S., TERHAAR, J., VOSS, 
A., YERAGANI, V. K. & BAR, K. J. 2009. Autonomy of autonomic dysfunction 
in major depression. Psychosomatic medicine, 71, 852-60. 

KRITTAYAPHONG, R., CASCIO, W. E., LIGHT, K. C., SHEFFIELD, D., GOLDEN, R. 
N., FINKEL, J. B., GLEKAS, G., KOCH, G. G. & SHEPS, D. S. 1997. Heart rate 



                                                                                                                                                Taryn Chalmers   |  260 

variability in patients with coronary artery disease: differences in patients with 
higher and lower depression scores. Psychosomatic medicine, 59, 231-5. 

KROENKE, K., STRINE, T. W., SPITZER, R. L., WILLIAMS, J. B., BERRY, J. T. & 
MOKDAD, A. H. 2009. The PHQ-8 as a measure of current depression in the 
general population. Journal of affective disorders, 114, 163-73. 

KUHLMANN, S., PIEL, M. & WOLF, O. T. 2005. Impaired memory retrieval after 
psychosocial stress in healthy young men. Journal of Neuroscience, 25, 2977-
2982. 

LA ROVERE, M. T., BIGGER, J. T., JR., MARCUS, F. I., MORTARA, A. & 
SCHWARTZ, P. J. 1998. Baroreflex sensitivity and heart-rate variability in 
prediction of total cardiac mortality after myocardial infarction. ATRAMI 
(Autonomic Tone and Reflexes After Myocardial Infarction) Investigators. 
Lancet, 351, 478-84. 

LACHIN, J. M. 1981. Introduction to sample size determination and power analysis for 
clinical trials. Controlled Clinical Trials, 2, 93-113. 

LAL, S. K. & CRAIG, A. 2002. Driver fatigue: electroencephalography and 
psychological assessment. Psychophysiology, 39, 313-21. 

LEES, T., CHALMERS, T., BURTON, D., ZILBERG, E., PENZEL, T., LAL, S. & LAL, 
S. 2018. Electroencephalography as a predictor of self-report fatigue/sleepiness 
during monotonous driving in train drivers. Physiological Measurement, 39, 
105012. 

LEIGH, J. P., MILLER, T.R., 1997. Ranking occupations based upon the costs of job-
related injuries and diseases. Journal of Occupational and Environmental 
Medicine,, 39, 1170-82. 

LEMOS, I. D. C. & PATRÃO, I. 2018. Train accidents: Is there post-traumatic stress 
disorder in train drivers? 

LESNEWICH, L. M., CONWAY, F. N., BUCKMAN, J. F., BRUSH, C. J., EHMANN, P. 
J., EDDIE, D., OLSON, R. L., ALDERMAN, B. L. & BATES, M. E. 2019. 
Associations of depression severity with heart rate and heart rate variability in 
young adults across normative and clinical populations. International journal of 
psychophysiology, 142, 57-65. 

LICHT, C. M. M., DE GEUS, E. J. C., VAN DYCK, R. & PENNINX, B. W. J. H. 2010. 
Longitudinal Evidence for Unfavorable Effects of Antidepressants on Heart Rate 
Variability. Biological psychiatry, 68, 861-868. 

LICHT, C. M. M., PENNINX, B. W. J. H. & DE GEUS, E. J. C. 2011. Reply to: Effects 
of Serotonin Reuptake Inhibitors on Heart Rate Variability: Methodological 
Issues, Medical Comorbidity, and Clinical Relevance. Biological psychiatry, 69, 
e27-e28. 

LIFELINE 2012. Proposals for a National Rail Suicide Prevention Strategy. Pg 4. 
LIMOSIN, F., LOZE, J.-Y., COTHEREAU, C., DE BEAUREPAIRE, C., PAYAN, C., 

CONSO, F., HAUTECOUVERTURE, S. & ROUILLON, F. 2006. A prospective 
study of the psychological effects of “person under train” incidents on drivers. 
Journal of psychiatric research, 40, 755-761. 

LINGGO., E. 2012. Principles of Human Anatomy and Physiology Chapter Seven 
[Online]. Available: http://hap1nuo1group3.blogspot.com.au/2012/01/chapter-
7a.html [Accessed 01.08.2012]. 

LLINARES, R. & CLIFFORD, G. D. A spatio-temporal study of ischemia and the time-
frequency coupling variations between the ST amplitude, heart rate and 
dominant angle.  2010 Computing in Cardiology, 2010. IEEE, 25-28. 



                                                                                                                                                Taryn Chalmers   |  261 

LO, S. H., LIAU, C. S., HWANG, J. S. & WANG, J. D. 2008. Dynamic blood pressure 
changes and recovery under different work shifts in young women. American 
journal of hypertension, 21, 759-64. 

LONG, S. & RUOSONG, C. 2019. Reliability and validity of the Multidimensional 
Driving Style Inventory in Chinese drivers. Traffic injury prevention, 20, 152-157. 

LOUKZADEH, Z., ZARE, Z., MEHRPARVAR, A. H., MIRMOHAMMADI, S. J. & 
MOSTAGHACI, M. 2013. Fitness-for-work assessment of train drivers of Yazd 
railway, central Iran. The international journal of occupational and 
environmental medicine, 4, 157-63. 

LOVIBOND, S. H. & LOVIBOND, P. F. 1995. Manual for the Depression Anxiety Stress 
Scales. (2nd. Ed.), Sydney: Psychology Foundation. 

LUNDBERG, U. & HELLSTRÖM, B. 2002. Workload and morning salivary cortisol in 
women. Work & Stress, 16, 356-363. 

MACFARLANE, P., VAN OOSTEROM, A., PAHLM, O., KLIGFIELD, P., JANSE, M. & 
CAMM, J. 2011. Heart Rate Variability. Comprehensive Electrocardiology. 
London: Springer. 

MAGOVCEVIC, M. & ADDIS, M. 2008. The Masculine Depression Scale: 
Development and Psychometric Evaluation. Journal of Men and Masculinity, 9, 
117. 

MALIK, M. 1996. Heart Rate Variability Standards of Measurement, Physiological 
Interpretation, and Clinical Use. Circulation, 93, 1043-65. 

MALLIANI, A., PAGANI, M., LOMBARDI, F. & CERUTTI, S. 1991. Cardiovascular 
neural regulation explored in the frequency domain. Circulation, 84, 482-92. 

MANCINI, V., RIGOLI, D., ROBERTS, L. & PIEK, J. 2019. Motor skills and internalizing 
problems throughout development: An integrative research review and update 
of the environmental stress hypothesis research. Research in developmental 
disabilities, 84, 96-111. 

MANCINI, V. O., RIGOLI, D., ROBERTS, L. D., HERITAGE, B. & PIEK, J. P. 2018. 
The relationship between motor skills and psychosocial factors in young 
children: A test of the elaborated environmental stress hypothesis. British 
journal of educational psychology, 88, 363-379. 

MANN, R. E., ASBRIDGE, M., STODUTO, G., SMART, R. G., GOLDBLOOM, D. S., 
VINGILIS, E. R. & WICKENS, C. M. 2010. Psychological distress and collision 
involvement among adult drivers. Stress and Health: Journal of the International 
Society for the Investigation of Stress, 26, 127-134. 

MANSUR, A. D. P., ROCHA, M. A., LEYTON, V., TAKADA, J. Y., AVAKIAN, S. D., 
SANTOS, A. J., NOVO, G. C., NASCIMENTO, A. L., MUÑOZ, D. R. & ROHLFS, 
W. J. 2015. Risk factors for cardiovascular disease, metabolic syndrome and 
sleepiness in truck drivers. Arquivos Brasileiros de Cardiologia, 105, 560-565. 

MARCINKIEWICZ, A. & SZOSLAND, D. 2010. Selected risk factors of diabetes 
mellitus among road transport drivers. Int J Occup Med Environ Health, 23, 175-
80. 

MATTHEWS, G., DORN, L. & GLENDON, A. I. 1991. Personality correlates of driver 
stress. Personality and Individual Differences, 12, 535-549. 

MATTHEWS, G., DORN, L., HOYES, T. W., DAVIES, D. R., GLENDON, A. I. & 
TAYLOR, R. G. 1998. Driver stress and performance on a driving simulator. 
Human Factors, 40, 136-149. 

MCGOUGH, L. A. 2011. Social support and physical activity in over the road truck 
drivers. 

MCNAIR, D., LORR, M. & DROPPELMAN, L. 1971. Manual for the Profile of Mood 
States. San Diego, CA: Educational and Industrial Testing Service. 



                                                                                                                                                Taryn Chalmers   |  262 

MCNAIR, D. M. 1971. Manual profile of mood states, Educational & Industrial testing 
service. 

MEHNERT, A., NANNINGA, I., FAUTH, M. & SCHÄFER, I. 2012. Course and 
predictors of posttraumatic stress among male train drivers after the experience 
of ‘person under the train'incidents. Journal of psychosomatic research, 73, 
191-196. 

MENSAH, G. A., ROTH, G. A. & FUSTER, V. 2019. The global burden of 
cardiovascular diseases and risk factors: 2020 and beyond. American College 
of Cardiology Foundation Washington, DC. 

MEULENERS, L., FRASER, M. L., GOVORKO, M. H. & STEVENSON, M. R. 2015. 
Obstructive sleep apnea, health-related factors, and long distance heavy 
vehicle crashes in Western australia: a case control study. Journal of clinical 
sleep medicine : JCSM : official publication of the American Academy of Sleep 
Medicine, 11, 413-8. 

MEYER, J. H. 2008. Applying neuroimaging ligands to study major depressive 
disorder. Seminars in nuclear medicine, 38, 287-304. 

MINA, R. & CASOLIN, A. 2007. National standard for health assessment of rail safety 
workers: the first year. The Medical journal of Australia, 187, 394-7. 

MISHRA, S. K., KODWANI, A. D., KUMAR, K. K. & JAIN, K. K. 2018. Linking loneliness 
to depression: a dynamic perspective. Benchmarking: An International Journal, 
25, 2089-2104. 

MIYATA, A., IWAMOTO, K., KAWANO, N., ALEKSIC, B., ANDO, M., EBE, K., FUJITA, 
K., YOKOYAMA, M., AKIYAMA, T. & IGARASHI, Y. 2018. Driving performance 
of stable outpatients with depression undergoing real-world treatment. 
Psychiatry and Clinical Neurosciences, 72, 399-408. 

MONROE, S. M. & SIMONS, A. D. 1991. Diathesis-stress theories in the context of life 
stress research: implications for the depressive disorders. Psychological 
bulletin, 110, 406-25. 

MOSER, M., LEHOFER, M., HOEHN-SARIC, R., MCLEOD, D. R., HILDEBRANDT, 
G., STEINBRENNER, B., VOICA, M., LIEBMANN, P. & ZAPOTOCZKY, H. G. 
1998. Increased heart rate in depressed subjects in spite of unchanged 
autonomic balance? Journal of affective disorders, 48, 115-24. 

NATIONAL BLOOD PRESSURE AND VASCULAR DISEASE ADVISORY 
COMMITTEE 2010. Guide to management of hypertension. National Heart 
Foundation of Australia. 

NATIONAL TRANSPORT COMMISION 2012. National Standard for Health 
Assessment of Rail Safety Workers. Melbourne. IBSN: 978-1-921604-38-6. 

NATIONAL TRANSPORTATION SAFETY BOARD 1990. Fatigue, Alcohol, Other 
Drugs, and Medical Factors in Fatal-to-the-Driver Heavy Truck Crashes. 
Wastington, D. C.: National Transportation Safety Board. 

NAWEED, A., CHAPMAN, J., ALLAN, M. & TRIGG, J. 2017. It comes with the job: 
work organizational, job design, and self-regulatory barriers to improving the 
health status of train drivers. Journal of occupational and environmental 
medicine, 59, 264-273. 

NEMEROFF, C. B. 1996. The corticotropin-releasing factor (CRF) hypothesis of 
depression: new findings and new directions. Molecular psychiatry, 1, 336-42. 

NEMEROFF, C. B. 1998. The neurobiology of depression. Scientific American, 278, 
42-9. 

NEXØ, M. A., KRISTENSEN, J. V., GRØNVAD, M. T., KRISTIANSEN, J. & POULSEN, 
O. M. 2018. Content and quality of workplace guidelines developed to prevent 



                                                                                                                                                Taryn Chalmers   |  263 

mental health problems: results from a systematic review. Scandinavian journal 
of work, environment & health, 44, 443-457. 

NG, K. L., QUINN, S., GILL, T. K., HILL, C. & SHANAHAN, E. M. 2013. Impact of the 
new national health standard for rail safety workers on ischaemic heart disease 
risk factors in train drivers. Internal medicine journal, 43, 650-5. 

NICHOLAS, L. E. 2008. Introduction to Psychology. 2nd ed. Lansdowne, Cape Town: 
UCT Press. 

NICHOLSON, A., KUPER, H. & HEMINGWAY, H. 2006. Depression as an aetiologic 
and prognostic factor in coronary heart disease: a meta-analysis of 6362 events 
among 146 538 participants in 54 observational studies. European heart 
journal, 27, 2763-2774. 

NORCROSS, J. C., GUADAGNOLI, E. & PROCHASKA, J. O. 1984. Factor structure 
of the Profile of Mood States (POMS): two partial replications. Journal of clinical 
psychology, 40, 1270-7. 

NYENHUIS, D. L., YAMAMOTO, C., LUCHETTA, T., TERRIEN, A. & PARMENTIER, 
A. 1999. Adult and geriatric normative data and validation of the profile of mood 
states. Journal of clinical psychology, 55, 79-86. 

OAKMAN, J., MACDONALD, W., BARTRAM, T., KEEGEL, T. & KINSMAN, N. 2018. 
Workplace risk management practices to prevent musculoskeletal and mental 
health disorders: What are the gaps? Safety science, 101, 220-230. 

OLDHAM, M. D. 2020. The Effect of Whey Protein Isolate Supplementation on Cortisol 
Awakening Response, Profile of Mood States, and Heart Rate Variability in 
Recreationally Active Women. Texas Woman's University. 

OPOTOWSKY, A. R., OJEDA, J., ROGERS, F., ARKLES, J., LIU, T. & FORFIA, P. R. 
2010. Blood pressure response to the valsalva maneuver. A simple bedside test 
to determine the hemodynamic basis of pulmonary hypertension. Journal of the 
American College of Cardiology, 56, 1352-3. 

OZBAY, F., JOHNSON, D. C., DIMOULAS, E., MORGAN III, C., CHARNEY, D. & 
SOUTHWICK, S. 2007. Social support and resilience to stress: from 
neurobiology to clinical practice. Psychiatry (Edgmont), 4, 35. 

PAGANI, M., LOMBARDI, F., GUZZETTI, S., RIMOLDI, O., FURLAN, R., PIZZINELLI, 
P., SANDRONE, G., MALFATTO, G., DELL'ORTO, S. & PICCALUGA, E. 1986. 
Power spectral analysis of heart rate and arterial pressure variabilities as a 
marker of sympatho-vagal interaction in man and conscious dog. Circulation 
Research, 59, 178-93. 

PAPADOPOULOS, A., RICH, A., NUTT, D. J. & BAILEY, J. E. 2010. The effects of 
single dose anxiolytic medication on the CO2 models of anxiety: differentiation 
of subjective and objective measures. Journal of psychopharmacology, 24, 649-
56. 

PARATI, G., SAUL, J. P., DI RIENZO, M. & MANCIA, G. 1995. Spectral analysis of 
blood pressure and heart rate variability in evaluating cardiovascular regulation. 
A critical appraisal. Hypertension, 25, 1276-86. 

PARIANTE, C. M. & MILLER, A. H. 2001. Glucocorticoid receptors in major 
depression: relevance to pathophysiology and treatment. Biological psychiatry, 
49, 391-404. 

PAVITHRAN, P., PRAKASH, E. S., DUTTA, T. K. & MADANMOHAN, T. 2010. Effect 
of antihypertensive drug therapy on short-term heart rate variability in newly 
diagnosed essential hypertension. Clinical and experimental pharmacology & 
physiology, 37, e107-13. 

PAYNE, J. R., KOTWINSKI, P. J. & MONTGOMERY, H. E. 2004. Cardiac effects of 
anabolic steroids. Heart, 90, 473-5. 



                                                                                                                                                Taryn Chalmers   |  264 

PEACOCK, J. & PEACOCK, P. 2011. Oxford handbook of medical statistics, New 
York, Oxford University Press. 

PENNINX, B. W. 2017. Depression and cardiovascular disease: epidemiological 
evidence on their linking mechanisms. Neuroscience & Biobehavioral Reviews, 
74, 277-286. 

PENNINX, B. W., BEEKMAN, A. T., HONIG, A., DEEG, D. J., SCHOEVERS, R. A., 
VAN EIJK, J. T. & VAN TILBURG, W. 2001. Depression and cardiac mortality: 
results from a community-based longitudinal study. Archives of general 
psychiatry, 58, 221-7. 

PICHON, A., ROULAUD, M., ANTOINE-JONVILLE, S., DE BISSCHOP, C. & 
DENJEAN, A. 2006. Spectral analysis of heart rate variability: interchangeability 
between autoregressive analysis and fast Fourier transform. Journal of 
electrocardiology, 39, 31-7. 

PIERCE, K. A. & KIRKPATRICK, D. R. 1992. Do men lie on fear surveys? Behaviour 
research and therapy, 30, 415-8. 

PIZZI, C., MANZOLI, L., MANCINI, S. & COSTA, G. M. 2008. Analysis of potential 
predictors of depression among coronary heart disease risk factors including 
heart rate variability, markers of inflammation, and endothelial function. 
European heart journal, 29, 1110-1117. 

PLATEK, A. E., SZYMANSKI, F. M., FILIPIAK, K. J., OZIERANSKI, K., KOTKOWSKI, 
M., TYMINSKA, A., KOWALIK, R., KARPINSKI, G. & OPOLSKI, G. 2016. 
Prevalence of depressive disorders in professional drivers–epidemiologic 
subanalysis of the RACER study. Psychiatr Pol, 50, 859-871. 

PLIEGER, T., MELCHERS, M., MONTAG, C., MEERMANN, R. & REUTER, M. 2015. 
Life stress as potential risk factor for depression and burnout. Burnout 
Research, 2, 19-24. 

PORGES, S. W. 1995. Cardiac vagal tone: a physiological index of stress. 
Neuroscience & Biobehavioral Reviews, 19, 225-233. 

PRICEWATERHOUSECOOPERS. BEYONDBLUE 2014. Creating a mentally healthy 
workplace: return on investment analysis. http://apo.org.au/node/39705. 

PUMPRLA, J., HOWORKA, K., GROVES, D., CHESTER, M. & NOLAN, J. 2002a. 
Functional assessment of heart rate variability: physiological basis and practical 
applications. International journal of cardiology, 84, 1-14. 

PUMPRLA, J., HOWORKA, K., GROVES, D., CHESTER, M. & NOLAN, J. 2002b. 
Functional assessment of heart rate variability: physiological basis and practical 
applications. Int J Cardiol, 84, 1-14. 

QUITKIN, F. M., RIFKIN, A., KAPLAN, J. & KLEIN, D. F. 1972. Phobic anxiety 
syndrome complicated by drug dependence and addiction: a treatable form of 
drug abuse. Archives of General Psychiatry, 27, 159-162. 

RAGGATT, P. T. 1991. Work stress among long-distance coach drivers: A survey and 
correlational study. Journal of Organizational Behavior, 12, 565-579. 

RAVEN, P. H. & JOHNSON, G. B. 2008. Biology New York, NY, McGraw-Hill. 
RECHLIN, T., WEIS, M., SPITZER, A. & KASCHKA, W. P. 1994. Are affective 

disorders associated with alterations of heart rate variability? Journal of affective 
disorders, 32, 271-5. 

RO, C.-H. & SHIN, T.-H. 2016. The Verification of Causality among Accident, 
Depression, and Cognitive Failure of the Train Drivers. Journal of The Korea 
Society for Simulation, 25, 109-115. 

RO, C.-H., SHIN, T.-H., PARK, M.-K. & KU, S.-H. 2013. The Relationship between 
Depression, Cognitive Failure, Mistakes, and Accidents of the Train Drivers: 



                                                                                                                                                Taryn Chalmers   |  265 

The Moderating Effect of Self-Efficacy. Journal of the Korea Safety 
Management and Science, 15, 81-88. 

ROBERTSON, D., BIAGGIONI, I., LOW, P. A. & PATON, J. F. R. 2012. Primer on the 
Autonomic Nervous System, Elsevier: Academic Press. 

ROBINSON, C. F. & BURNETT, C. A. 2005. Truck drivers and heart disease in the 
United States, 1979-1990. Am J Ind Med, 113-9. 

RONNA, B. B., THIESE, M. S., OTT, U., EFFIONG, A., MURTAUGH, M., 
KAPELLUSCH, J., GARG, A. & HEGMANN, K. 2016. The association between 
cardiovascular disease risk factors and motor vehicle crashes among 
professional truck drivers. Journal of occupational and environmental 
medicine/American College of Occupational and Environmental Medicine, 58, 
828. 

ROOZENDAAL, B. 2002. Stress and memory: opposing effects of glucocorticoids on 
memory consolidation and memory retrieval. Neurobiology of learning and 
memory, 78, 578-595. 

ROY, A., PICKAR, D., DE JONG, J., KAROUM, F. & LINNOILA, M. 1988. 
Norepinephrine and its metabolites in cerebrospinal fluid, plasma, and urine. 
Relationship to hypothalamic-pituitary-adrenal axis function in depression. 
Archives of general psychiatry, 45, 849-57. 

ROZANSKI, A., BLUMENTHAL, J. A., DAVIDSON, K. W., SAAB, P. G. & 
KUBZANSKY, L. 2005. The epidemiology, pathophysiology, and management 
of psychosocial risk factors in cardiac practice: the emerging field of behavioral 
cardiology. Journal of the American College of Cardiology, 45, 637-51. 

SABBAGH-EHRLICH, S., FRIEDMAN, L. & RICHTER, E. D. 2005. Working conditions 
and fatigue in professional truck drivers at Israeli ports. Injury prevention : 
journal of the International Society for Child and Adolescent Injury Prevention, 
11, 110-4. 

SAFE WORK AUSTRALIA 2011. Work-related traumatic injury fatalities, Australia 
2008-09. 

SAGBERG, F. 2006. Driver health and crash involvement: a case-control study. 
Accident; analysis and prevention, 38, 28-34. 

SCHILDKRAUT, J. J. 1965. The catecholamine hypothesis of affective disorders: a 
review of supporting evidence. The American journal of psychiatry, 122, 509-
22. 

SHAO, M., LIN, X., JIANG, D., TIAN, H., XU, Y., WANG, L., JI, F., ZHOU, C., SONG, 
X. & ZHUO, C. 2020. Depression and cardiovascular disease: Shared molecular 
mechanisms and clinical implications. Psychiatry Research, 285, 112802. 

SHATTELL, M., APOSTOLOPOULOS, Y., COLLINS, C., SONMEZ, S. & 
FEHRENBACHER, C. 2012a. Trucking organization and mental health 
disorders of truck drivers. Issues in mental health nursing, 33, 436-44. 

SHATTELL, M., APOSTOLOPOULOS, Y., COLLINS, C., SÖNMEZ, S. & 
FEHRENBACHER, C. 2012b. Trucking organization and mental health 
disorders of truck drivers. Issues in mental health nursing, 33, 436-444. 

SIU, S. C., WONG, K. W., LEE, K. F., LO, Y. Y. C., WONG, C. K. H., CHAN, A. K. L., 
FONG, D. Y. T. & LAM, C. L. K. 2012. Prevalence of undiagnosed diabetes 
mellitus and cardiovascular risk factors in Hong Kong professional drivers. 
Diabetes Research and Clinical Practice, 96, 60-67. 

SLEIGHT, P., LA ROVERE, M. T., MORTARA, A., PINNA, G., MAESTRI, R., LEUZZI, 
S., BIANCHINI, B., TAVAZZI, L. & BERNARDI, L. 1995. Physiology and 
pathophysiology of heart rate and blood pressure variability in humans: is power 



                                                                                                                                                Taryn Chalmers   |  266 

spectral analysis largely an index of baroreflex gain? Clinical science, 88, 103-
9. 

SONG, B.-A., YOO, S.-Y., KANG, H.-Y., BYEON, S.-H., SHIN, S.-H., HWANG, E.-J. 
& LEE, S.-H. 2011. Post-traumatic stress disorder, depression, and heart-rate 
variability among North Korean defectors. Psychiatry Investigation, 8, 297. 

SOPER, D. 2015. CALCULATOR: A-PRIORI SAMPLE SIZE FOR MULTIPLE 
REGRESSION [Online]. Available: 
https://www.danielsoper.com/statcalc/calculator.aspx?id=1 [Accessed 2016]. 

SPRINKLE, S. D., LURIE, D., INSKO, S. L., ATKINSON, G., JONES, G. L., LOGAN, 
A. R. & BISSADA, N. N. 2002. Criterion validity, severity cut scores, and test-
retest reliability of the Beck Depression Inventory-II in a university counseling 
center sample. Journal of counseling psychology, 49, 381. 

STEER, R. A. & BECK, A. T. 1997. Beck Anxiety Inventory. 
STEER, R. A., RANIERI, W. F., BECK, A. T. & CLARK, D. A. 1993. Further evidence 

for the validity of the Beck Anxiety Inventory with psychiatric outpatients. Journal 
of anxiety disorders, 7, 195-205. 

STEWART, W. F., RICCI, J. A., CHEE, E., HAHN, S. R. & MORGANSTEIN, D. 2003. 
Cost of lost productive work time among US workers with depression. JAMA, 
289, 3135-44. 

SU, S., LAMPERT, R., LEE, F., BREMNER, J. D., SNIEDER, H., JONES, L., 
MURRAH, N. V., GOLDBERG, J. & VACCARINO, V. 2010. Common genes 
contribute to depressive symptoms and heart rate variability: the Twins Heart 
Study. Twin Research and Human Genetics, 13, 1-9. 

SWANN, P. 2002. The major issues of drugs, alcohol and fatigue in heavy vehicle 
safety. Melbourne: National Heavy Vehicle Safety Seminar. 

TAMRIN, S. B. M., YOKOYAMA, K., AZIZ, N. & MAEDA, S. 2014. Association of risk 
factors with musculoskeletal disorders among male commercial bus drivers in 
Malaysia. Human factors and ergonomics in manufacturing & service industries, 
24, 369-385. 

TARKIAINEN, T., TIMONEN, K., TIITTANEN, P., HARTIKAINEN, J. K., PEKKANEN, 
J., HOEK, G., IBALD-MULLI, A. & VANNINEN, E. 2005. Stability over time of 
short-term heart rate variability. Clinical Autonomic Research, 15, 394-399. 

TASK FORCE OF THE EUROPEAN SOCIETY OF CARDIOLOGY AND THE NORTH 
AMERICAN SOCIETY OF PACING AND ELECTROPHYSIOLOGY 1996. Heart 
rate variability: Standards of measurement, physiological interpretation, and 
clinical use. Circulation, 93, 1043-1065. 

TASMAN, A. 2004. Trucking – Driving Australia’s Growth and Prosperity. Economics 
Policy Strategy. 

TAYLOR, A. H. & DORN, L. 2006. Stress, fatigue, health, and risk of road traffic 
accidents among professional drivers: the contribution of physical inactivity. 
Annu. Rev. Public Health, 27, 371-391. 

THAYER, J. F. & LANE, R. D. 2000. A model of neurovisceral integration in emotion 
regulation and dysregulation. Journal of affective disorders, 61, 201-216. 

THAYER, J. F., YAMAMOTO, S. S. & BROSSCHOT, J. F. 2010. The relationship of 
autonomic imbalance, heart rate variability and cardiovascular disease risk 
factors. International journal of cardiology, 141, 122-131. 

THEORELL, T., LEYMANN, H., JODKO, M., KONARSKI, K. & NORBECK, H. E. 1994. 
‘Person under train’incidents from the subway driver's point of view—A 
prospective 1-year follow-up study: The design, and medical and psychiatric 
data. Social Science & Medicine, 38, 471-475. 



                                                                                                                                                Taryn Chalmers   |  267 

THOMAS, L. & KREBS, C. 1997. A review of statistical power analysis software. 
Bulletin of the Ecological Society of America, 78, 128-139. 

TOMIOKA, K., MORITA, N., SAEKI, K., OKAMOTO, N. & KURUMATANI, N. 2011. 
Working hours, occupational stress and depression among physicians. 
Occupational medicine, 61, 163-170. 

TRANAH, T. & FARMER, R. D. 1994. Psychological reactions of drivers to railway 
suicide. Social science & medicine, 38, 459-469. 

TULEN, J. H., BRUIJN, J. A., DE MAN, K. J., VAN DER VELDEN, E., 
PEPPLINKHUIZEN, L. & MAN IN 'T VELD, A. J. 1996. Anxiety and autonomic 
regulation in major depressive disorder: an exploratory study. Journal of 
affective disorders, 40, 61-71. 

TULPPO, M. & HUIKURI, H. V. 2004. Origin and significance of heart rate variability. 
Journal of the American College of Cardiology, 43, 2278-80. 

TURNER, L. M. & REED, D. B. 2011. Exercise among commercial truck drivers. 
AAOHN J., 59, 429-36. 

UDUPA, K., SATHYAPRABHA, T. N., THIRTHALLI, J., KISHORE, K. R., LAVEKAR, 
G. S., RAJU, T. R. & GANGADHAR, B. N. 2007. Alteration of cardiac autonomic 
functions in patients with major depression: a study using heart rate variability 
measures. Journal of affective disorders, 100, 137-41. 

ULHOA, M. A., MARQUEZE, E. C., LEMOS, L. C., SILVA, L. G., SILVA, A. A., NEHME, 
P., FISCHER, F. M. & MORENO, C. R. 2010. Minor psychiatric disorders and 
working conditions in truck drivers. Revista de saude publica, 44, 1130-6. 

VAKILI, M., ESLAMI FARSANI, S., HOSSEIN, S. & DEHGHANI TAFTI, M. 2010a. 
Prevalence of depression and its related factors among truck drivers in Yazd 
Province-2008. Iran Occupational Health, 6, 69-76. 

VAKILI, M., ESLAMI FARSANI, S., HOSSEIN, S. M. H. & DEHGHANI TAFTI, M. H. 
2010b. Prevalence of depression and its related factors among truck drivers in 
Yazd Province -2008. Iran Occupational Health Journal, 6, 69-76. 

VAN AMELSVOORT, L. G. P. M. 1995. Coronary heart disease among truck drivers. 
Report of the International Workshop on the Epidemiology of Coronary Heart 
Disease among European Truck Drivers, Bilthoven, European Commission. 

VAN DER HULST, M. 2003. Long workhours and health. Scandinavian journal of work, 
environment & health, 171-188. 

VAN PRAAG, H. M. 1980. Central monoamine metabolism in depressions. Serotonin 
and related compounds. Comprehensive Psychiatry, 21, 30-43. 

VAN RAVENSWAAIJ-ARTS, C. M., KOLLEE, L. A., HOPMAN, J. C., STOELINGA, G. 
B. & VAN GEIJN, H. P. 1993. Heart rate variability. Annals of internal medicine, 
118, 436-47. 

VEDHARA, K., HYDE, J., GILCHRIST, I., TYTHERLEIGH, M. & PLUMMER, S. 2000. 
Acute stress, memory, attention and cortisol. Psychoneuroendocrinology, 25, 
535-549. 

VICROADS. 2012. Heart disease [Online]. Available: 
http://www.vicroads.vic.gov.au/Home/Licences/Medicalreview/HeartConditions
.htm [Accessed 04/02/2012]. 

VILLAGE, J., MORRISON, J. B. & LEONG, D. 1989. Whole-body vibration in 
underground load-haul-dump vehicles. Ergonomics, 32, 1167-83. 

VILLAREM, D., THIEULEUX, F., LABLANCHE, J., TILMANT, P. & BERTRAND, M. 
1982. Myocardial infarction in subjects less than 30 years of age. Annals of 
Cardiology Angeiologie, 31, 263-8. 

VIRTANEN, M., FERRIE, J. E., SINGH-MANOUX, A., SHIPLEY, M. J., STANSFELD, 
S. A., MARMOT, M. G., AHOLA, K., VAHTERA, J. & KIVIMÄKI, M. 2011. Long 



                                                                                                                                                Taryn Chalmers   |  268 

working hours and symptoms of anxiety and depression: a 5-year follow-up of 
the Whitehall II study. Psychological medicine, 41, 2485-2494. 

VIRTANEN, M., STANSFELD, S. A., FUHRER, R., FERRIE, J. E. & KIVIMSKI, M. 
2012. Overtime Work as a Predictor of Major Depressive Episode: A 5-Year 
Follow-Up of the Whitehall II Study. PloS one, 7, 30719. 

WALTER, F. A., GATHRIGHT, E., REDLE, J. D., GUNSTAD, J. & HUGHES, J. W. 
2019. Depressive symptoms are associated with heart rate variability 
independently of fitness: a cross-sectional study of patients with heart failure. 
Annals of Behavioral Medicine, 53, 955-963. 

WANG, J. 2005. Work stress as a risk factor for major depressive episode(s). 
Psychological medicine, 35, 865-71. 

WANG, L., SHEN, X., WU, Y. & ZHANG, D. 2016. Coffee and caffeine consumption 
and depression: A meta-analysis of observational studies. Australian & New 
Zealand Journal of Psychiatry, 50, 228-242. 

WARR, P. B. 1990. Decision latitude, job demands, and employee well-being. Work & 
Stress, 4, 285-294. 

WATSON, L. A., BERNTSEN, D., KUYKEN, W. & WATKINS, E. R. 2012. Involuntary 
and voluntary autobiographical memory specificity as a function of depression. 
Journal of behavior therapy and experimental psychiatry, 44, 7-13. 

WHITE, M., HILL, S., MCGOVERN, P., MILLS, C. & SMEATON, D. 2003. ‘High-
performance’management practices, working hours and work–life balance. 
British journal of industrial Relations, 41, 175-195. 

WHITFIELD JACOBSON, P. J., PRAWITZ, A. D. & LUKASZUK, J. M. 2007. Long-haul 
truck drivers want healthful meal options at truck-stop restaurants. Journal of 
the American Dietetic Association, 107, 2125-9. 

WINGEN, M., RAMAEKERS, J. G. & SCHMITT, J. A. 2006. Driving impairment in 
depressed patients receiving long-term antidepressant treatment. 
Psychopharmacology, 188, 84-91. 

WONG, W. C., TAM S.M. & LEUNG, P. W. 2007. Cross-border truck drivers in Hong 
Kong: their psychological health, sexual dysfunctions and sexual risk behaviors. 
Journal of Travel Medicine, 14, 20-30. 

WORLD HEALTH ORGANISATION. 2009. Global status report on road safety: Time 
for action [Online]. Available: 
http://whqlibdoc.who.int/publications/2009/9789241563840_eng.pdf 
[Accessed]. 

WORLD HEALTH ORGANISATION. 2012. Mental Health - Depression [Online]. 
Available: http://www.who.int/mediacentre/factsheets/fs369/en/ [Accessed 
20/04/2013]. 

WORLD HEALTH ORGANIZATION. 2020. Depression [Online]. Available: 
https://www.who.int/news-room/fact-sheets/detail/depression [Accessed 2020]. 

XIANGLONG, S., HU, Z., SHUMIN, F. & ZHENNING, L. 2018. Bus drivers’ mood 
states and reaction abilities at high temperatures. Transportation research part 
F: traffic psychology and behaviour, 59, 436-444. 

YADAV, R. L., YADAV, P. K., YADAV, L. K., AGRAWAL, K., SAH, S. K. & ISLAM, M. 
N. 2017. Association between obesity and heart rate variability indices: an 
intuition toward cardiac autonomic alteration–a risk of CVD. Diabetes, metabolic 
syndrome and obesity: targets and therapy, 10, 57. 

YERAGANI, V. K., POHL, R., BALON, R., RAMESH, C., GLITZ, D., JUNG, I. & 
SHERWOOD, P. 1991. Heart rate variability in patients with major depression. 
Psychiatry research, 37, 35-46. 



                                                                                                                                                Taryn Chalmers   |  269 

YOUNG, E., KREIGER, N., PURDHAM, J. & SASS-KORTSAK, A. 2009. Prostate 
cancer and driving occupations: could whole body vibration play a role? 
International Archives of Occupational and Environmental Health, 82, 551-6. 

YOUNG, S. N. & LEYTON, M. 2002. The role of serotonin in human mood and social 
interaction. Insight from altered tryptophan levels. Pharmacology, biochemistry, 
and behavior, 71, 857-65. 

YU, J., EVANS, P. C. & PERFETTI, L. 2004. Road aggression among drinking drivers: 
Alcohol and non-alcohol effects on aggressive driving and road rage. Journal of 
Criminal Justice, 32, 421-430. 

ZHAI, L., ZHANG, H. & ZHANG, D. 2015. Sleep duration and depression among 
adults: A meta-analysis of prospective studies. Depression and anxiety, 32, 
664-670. 

ZHOU, W., GU, G., WU, H. & YU, S. 2015. Effects of occupational stress and related 
factors on depression symptoms in train drivers. Zhonghua yu Fang yi xue za 
zhi [Chinese Journal of Preventive Medicine], 49, 1080-1084. 

ZUZARTE, P., DUONG, A., FIGUEIRA, M. L., COSTA-VITALI, A. & SCOLA, G. 2018. 
Current therapeutic approaches for targeting inflammation in depression and 
cardiovascular disease. Current Drug Metabolism, 19, 674-687. 

 

 

  



                                                                                                                                                Taryn Chalmers   |  270 

Appendices 

Poster Advertisement 

 
 

  Truck and Train 
  WANTED 

 
  Help with Research on 

 
  ‘Professional drivers: assessing cardiovascular links 

  to affective (mood state) measures’ 
 

  Calling all truck, train and bus drivers aged 18 -69 years to  
participate in important research at UTS, 

 
  The testing is simple and non-invasive, and will take about 1-1.5 hours of 

  your time. 
 

 
 

  Please contact Taryn Chalmers on 
  ph:  

 
  Email: taryn.chalmers@student.uts.edu.au 

  for more details 
 
 
 

  This study has the University of Technology Sydney Human Research Ethics 
  Committee (UTS HREC) approval. 

  Approval 
  Number: 
  2007-55A 
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General Emergency Protocol 

 

** ALWAYS DIAL SECURITY FIRST** 
 
UTS Contacts 
1) Dial/Call UTS Security: dial "6" on an internal UTS phone or 95141192 
2) Dial/Call 000 
3) Dial/Call Student medical Services (95141177) 
4) Dial/Contact supervisor: Sara Lal (95141592) or other authority in the Department 
 
Also, if required: 
 
Contact details for UTS medical center: 
Student Services Unit 
Tower Building 1, Level 6, UTS 
Ph: 95141177 
 
Hours of opening:  
Monday: 8:30am-5:30pm 
Tuesday: 8:30am- 5:15pm 
Wednesday: 8:30am-5:00pm 
Thursday: 8:30am-3:45pm 
Friday: 8:30am-4:45pm 
Saturday and Sunday: Closed 
 
Note: hours of opening are approximations  
 
Contact details for external medical center: 
Broadway General Practice 
Level 1 Broadway Shopping Center 
Ph: 92815085 
 
Hours of opening:  
Monday–Wednesday: 8:30am-7pm 
Thursday: 8:30-8pm 
Friday: 8:30am-7pm 
Saturday: 9am-6pm 
Sunday: 10am-6pm 
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Addition to all research study protocols 

Student/Researcher protocol 

 

Inclusion criteria 

Currently based on lifestyle questionnaire (Craig et al., 1996) per parent ethics approval for 

the study. That is to qualify for the study (per the lifestyle questionnaire) participants have 

to meet the following inclusion criteria: no severe concomitant disease, no history of 

alcoholism and drug abuse and no psychosis, psychological and intellectual problems likely 

to limit compliance. 

Now also add the following: 

 

Before commencement of any human related research study, after the participant/volunteer 

has had a 10-minute sitting (rest) period, take 3 sitting BP measurements from the arm. A 

standard sphygmomanometer or a validated and reliable digital BP monitor (Omron etc.) 

should be used to take BP measurements. 

 

After the measurements, if the average of the 3 BP readings are > 160/100 mmHg or > 160 

mmHg for systolic alone or >100 mmHg for diastolic BP alone, the participant will not be 

included in the research study and will be thanked for their time. Student/researcher 

will/must advise participant of their BP and will/must urge them to seek medical 

attention.   

 

Similarly, 3 BP readings are to be taken at the end of the study (if the participant qualified 

and underwent the study.  

 

NOTE:  

According to the Australian Heart Foundation (AHF) (www.heartfoundation.org.au) new 

hypertension guidelines (2008): 
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Grounds for not commencing a study, terminating a study or withdrawing a participant 

 

Accompanying the participant for Medical Assessment 

 

 

As mentioned above: study will not commence if:  

- BP levels outside the criteria stipulated above (if the average of the 3 BP readings are > 

160/100 mmHg or > 160 mmHg for systolic alone or >100 mmHg for diastolic BP alone, 

the participant will not be included in the research)  

- or per exclusion criteria based on the Lifestyle questionnaire (Craig et al., 1996). 

 

Prior to any study ask the participants to identify whether they are experiencing any pain, 

discomfort or not feeling well or have a headache. In all these situations the study will not 

continue the participant will not be included in the study and will be thanked for their time.  

 

Prior to participation in the study, you must inform the participants that if at any time during 

the study they experience any discomfort or not feel well or a headache commences, they 

must inform you (the instructor/researcher) present in the lab and the study will be 

immediately ceased and not continue and the participant will be thanked for their time. In 

this situation, you will advise and/or offer to guide (accompanied by the researcher should 

the participant prefer this) to consult the UTS medical center or the nearest medical center 

stipulated in the emergency protocol posted in the lab; or consult a medical center of their 

choice should they prefer the latter. You, the researcher will offer to accompany the 

participant to the nearest medical center should the above situation arise. 

 

 

In case of an Emergency 
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Summary record of the research study 

To be completed immediately after each lab study 

 

Date: __________________ 

 

Name of researcher: ________________________________ 

 

Name of participant: ________________________________ 

 

1. Provide a brief summary of the study (tick one of the following): 

the study went smoothly 

there were some issues 

there were major issues 

 

2. Researchers general account and summary of the study- detail in a few lines or more: 

 

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_______________ 

 

3. Was there any ‘out of the ordinary’ event or issue in this lab study? Yes/No 

 

If Yes, provide more details: 

 

_________________________________________________________________________
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Consent Form 

 

 

                  

 

 

UNIVERSITY OF TECHNOLOGY, SYDNEY 

CONSENT FORM 

  

I ____________________ (participant's name) agree to participate in the research identified 

as ‘Professional Drivers: assessing cardiovascular links to affective (mood state) measure’ 

a sub-study under the SmartData project (Approval no: 2007-55A) being conducted as part 

of a ___________degree by ___________________ at the University of Technology 

Sydney, Building 4, Broadway. Funding for this research has been provided by the School 

of Medical and Molecular Biosciences, Faculty of Science.  

I understand the aim of this study is to identify how performance on the road can be improved 

by monitoring the driver, vehicle and road environments. Information from this research is 

key to developing smart devices and databases to assist drivers as they and the driving 

conditions change during a trip. To assesses their current and predicted readiness to respond 

to unforeseen road incidents. To develop these smart devices and databases the study needs 

to identify many factors and how best to measure them.  

I also understand the study will involve screening for blood pressure and the possibility that 

I may be found to have high blood pressure. If blood pressure is greater than 140/90 mmHg, 

I will be advised to consult a doctor. If blood pressure is greater than 160/100 mmHg 

(moderate hypertension) prior to the commencement of the study I will not be included in 

the study and will be advised to consult my doctor. If blood pressure measured anytime 

during the study greater than 160/100 mmHg the study will be stopped and I will be advised 

to consult a doctor.  

I understand that my participation in this research will involve completing a package of 
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Statistical Analysis  

 

The statistical analyses was conducted using the software program SPSS Version 22.0 

(IBM Corp., Released 2013) and comprised of dependent sample t-tests, Pearson’s 

correlations and regression analyses. This appendix presents the definitions, 

assumptions and limitations of these statistical methods in additional detail. 

 

Dependent sample t-test  

 

Dependent sample t-tests were employed in the present study, to identify if the means 

of two samples were significantly different (Bowers, 2008). This analysis is used to 

compare the amount of significant change within a parameter, i.e., identifying whether 

a participant’s blood pressure has significantly changed from pre-study to post-study.  

 

Assumptions:  

- The sample follows a normal distribution 

 

Note: Non-parametric analysis should be applied if the sample does not follow normal 

distribution. 

 

t-value: t measures the significance between dependent and independent variables. 

A t-value that is either greater than +2 or less than -2 is generally acceptable in human 

based statistical studies. As the t value increases above +2, the coefficient becomes 

more reliable as a predictive measure. Conversely, as the t value decreases below -2, 

the reliability of the coefficient as a predicative measure is reduced (Bowers, 2008). 
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p-value: p is a probability value and as such, it lies between the values of 0 and 1. It 

represents the potency of evidence for or against the null hypothesis (Peacock and 

Peacock, 2011). Data is deemed more significant, and the probability of a non-chance 

finding is reduced when the p value is smaller. a p value of less than 0.05, which 

equates to a probability of a non-chance finding at less than 5%, is the most commonly 

used p value for statistical significance.  

 

Pearson’s Correlation 

 

Pearson’s correlation is an estimation of both the direction and strength of a linear 

relationship between a dependent and independent variable (Bowers, 2008). 

Pearson’s correlation yields a correlation coefficient, which is represented by an r 

value. The significance of the Pearson’s correlation is directly related to the size of the 

assessed sample (n). The reliability of results is therefore increased with an increasing 

sample size, and as such, is more potent as a reflection of an accurate statistical 

relationship. In the current study, Pearson’s correlation was employed to ascertain the 

relationship between mood states (as assessed by the Profile of Mood States 

questionnaire) (dependent variable) and age, HRV parameters (LF, HF, TP, LF:HF), 

workplace factors and blood pressure variables (SBP, DBP, HR) (independent 

variables).  

 

Assumptions:  

- the relationship is linear 

- at least one of the variables is normally distributed 

- both variables must be normally distributed for confidence intervals 
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r-value: r (rho) lies between +1 and -1. The closer the r value is to +1 or -1, the higher 

the correlation between the variables. Calculated r values of -1 or +1 present perfect 

negative and positive linear correlations respectively. Negative values indicate a 

negative linear relationship, whereas positive values denote a positive linear 

relationship. If r=0, no linear relationship applies, and as such, it can be assumed that 

the variables are not correlated (Bowers, 2008).  

 

Bonferroni Correction 

 

Bonferroni corrections were applied to all correlations where two or more independent 

variables were correlated to a dependant variable. The Bonferroni correction technique 

involves dividing the p-value by the number of variables being examined to make the 

p-value more conservative and reduces the risk of type 1 errors (false positives) (Bland 

and Altman, 1995). Three or more independent variables were required to fall equal to 

or less than the Bonferroni adjusted p-value to perform the linear regression. 

Correlations that did not fall equal to or below the Bonferroni-adjusted p value were 

not displayed in data tables. 

 

Regression analysis  

 

Multiple regression analysis is utilised to establish the predictive variable with the most 

significance when numerous independent variables are significant predictors for a 

particular parameter (Peacock and Peacock, 2011). This multiple regression analysis 

was utilised in the present study to identify the predictors with the greatest significance 
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for blood pressure (dependent variable) when three or more factors were associated 

with this factor, after Bonferroni correction.  

 

Assumptions:  

- the relationship is linear 

- the distribution of residuals is normal 

- over all values of each continuous predictor, the standard deviation of the 

outcome is constant  

 

R: known as the correlation coefficient, R reflects the degree of correlation between 

two of the variables (Peacock and Peacock, 2011). 

 

R2: known as the determination coefficient, R2 reflects the amount of variability 

between outcomes and their predicted values. This value is equal to the square of the 

correlation coefficient (Peacock and Peacock, 2011).  

 

Adjusted R2: The adjusted R2 is an alternative of R2 that allows for adjustment of the 

number of independent variables in a particular model, and allows for the summary of 

the fit, which considers the number variables in the model. Adjusted R2 is ≤ R2 and can 

be calculated using the method of 1-mean square error divided by the total mean 

square (Peacock and Peacock, 2011).  

 

F: F is a measure of the probability that the model concedes a relationship that has 

occurred at random, rather than a true relationship. Similar to the p-value, the lesser 

the F-value, the higher the chance that the relationships in the model are authentic 

(Peacock and Peacock, 2011).  



                                                                                                                                                Taryn Chalmers   |  280 

 

B: known as the unstandardised regression coefficient, B reflects the sensitivity of the 

dependent variable to the independent variable. This represents the totalled effect of 

the independent variable on the dependent variable, when the residual independent 

variables in the equation are continuous (Peacock and Peacock, 2011).  

 

β: β is known as the standardised regression beta coefficient and is derived by 

subtracting the standard deviation from the mean of a specific variable. β is an estimate 

obtained from standardised variables, with a variance of 1. It signifies the change, with 

regards to standard deviations, in the dependent variable that result from a change of 

a standard deviation in an independent variable (Peacock and Peacock, 2011).  

 

Standard error (SE): Standard error is an estimate of the standard deviation of the 

sample (Crookes and Davies, 1998). 

 

t: t is the coefficient divided by its standard error (see above). 

 

Degrees of freedom (DF): The degrees of freedom represents the number of values 

in the concluding calculation of a statistical analysis that are free to diverge (Peacock 

and Peacock, 2011).  

 

Intercept: The intercept is the average of the dependent variables, when all 

independent variables are equal to zero (Peacock and Peacock, 2011). 
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