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Abstract 

Paramedics face difficult working conditions such as long hours of inactivity followed 

by high physical efforts in hazardous environments plus high levels of emotional stress. 

It is known that paramedicine has an influence on the general health status of 

paramedics. However, there is a lack of information in the literature focusing on the 

impact of health status on job performance. The purpose of this dissertation was to 

explore the influence of paramedic health status on occupational performance. 

Challenges encountered during participant recruitment, resulted in a cohort of twenty-

five experienced New Brunswick (NB) paramedics from Ambulance New Brunswick 

(ANB). Thus, a descriptive and explanatory approach was adopted in order to provide 

an important foundation for future research. The dissertation was divided into three 

studies that characterized the health status of paramedics and its influence on job 

performance. The first study focused on methods of screening for health conditions in 

order to quantify the prevalence of health conditions and described the health status of 

the group. Approximately 60 % of the sample had elevated risk of health conditions. 

Also, the difference among the methods highlighted that a third of the cohort seemed 

unaware of their health condition. The second and third studies used ambulance and 

patient simulators, with simulated scenarios created to challenge experienced 

paramedics. The second study took a work physiology approach and investigated the 

influence of paramedics’ health status on their physiological responses during simulated 

emergency driving tasks. Paramedics with health conditions were more physiologically 

aroused during the urgent driving scenarios. Paramedics with health conditions also had 
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higher physiological responses during the post-intervention assessment. The third study 

explored the relationship between patient-care performance and paramedics’ health 

status. Paramedics with self-reported elevated symptoms of post-traumatic stress 

disorder (PTSD) were less likely to complete a simulated patient-care scenario 

successfully. The results from these studies indicate a link between health status and 

occupational performance among experienced New Brunswick paramedics. This 

dissertation highlights the need for additional research to explore these relationships 

further and for professional paramedic associations and paramedicine programs to focus 

on worker health as it pertains to occupational performance.  
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“Sometimes I wonder if I am as famous  

for my wheelchair and disabilities  

as I am for my discoveries.”  

 

Thank you Dr Hawking for the inspiration. 
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Chapter 1 – Introduction 

Background 

Born in the battlefield in the area of the Napoleonic wars (Larrey, 1812; Adelon and 

Chaumeton, 1814), the profession of paramedicine and ambulance vehicles have 

continued to evolve and innovate through advanced transportation methods and patient 

care interventions. Whether in the nineteenth century or today, however, paramedics 

have a difficult job. Paramedics face challenging working conditions such as long hours 

of inactivity followed by high physical efforts in hazardous environments as well as a 

high level of emotional stress. It is known that the occupational nature of paramedics 

has an influence on their health status, but it remains undocumented whether their health 

status impacts job performance. In the current dissertation, the term “health condition” 

is inclusive and indicates a state of physical or mental illness that includes a wide range 

of disorders and diseases. Also, the term “health status” refers to the current status of 

health, which considers the presence or not of health conditions. This section will 

present the main outcomes of paramedics’ health.  

Occupational health outcomes. 

Absenteeism. 

A research team from the UK published an article in 1984 (Stilwell and Stilwell, 1984), 

revealing that between 1979-1980, 32 % of paramedics’ absences were due to 

musculoskeletal disorders (MSDs), 5 % for psychiatric reasons and 5 % for 

cardiovascular diseases (CVDs). A recent report (Health & Social Care Information 
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Centre (HSCIC), 2016) from West Midlands Metropolitan Ambulance Service indicated 

that a rate of 34 % of absences were MSDs related, 16 % were related to psychological 

conditions (such as anxiety, stress, depression, other psychiatric illnesses) and 6 % for 

other known and undefined causes. There was no reported information about CVDs. In 

2013-2014 the West Midlands Metropolitan Ambulance Service represented 15 % of all 

paramedics and was the third most important ambulance service in the UK. Comparing 

both reports, similar rates of MSDs were noted; however, the report from 2016 showed a 

threefold increase of psychological (or psychiatric) reasons for absenteeism. Comparing 

data from the Stilwell and Stilwell (1984) article and the HSCIC (2016) report, it is 

interesting to note that the work-related absenteeism rates between 1979-1980 and 2013-

2014 have increased slightly, with a reported 17 and 20 days, respectively. 

 

Considering the lack of information (periods) and its provenance (private vs. public 

sector) available from the United States of America (USA), it is difficult to compare 

with the UK rates. The data from the USA are available between 1992 to 2017, and data 

were estimated rates of absenteeism of all paramedics from private industry rather than a 

UK public service from a single region. However, from 1992 to 2002, the Bureau of 

Labor Statistics (BLS) used the U.S. 1990s’ Census Bureau Occupational Classification 

(BOC) system to classify the paramedic profession.  The paramedic profession was 

divided into two categories “physicians’ assistants” (BOC #106; this category includes 

3 subcategories, such as physician assistants, medical assistants and other healthcare 

support occupations) and “health technologists and technicians” (BOC #208; this 

category includes 13 subcategories, such as health diagnosing and treating practitioner 
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support technicians, medical assistants and other healthcare support occupations).  Thus, 

the absenteeism data were combined with other professions, making it impossible to 

interpret. In 2003, the BLS began using the Standard Occupational Classification (SOC) 

system to define occupations. From this date, the paramedic profession is categorized as 

“emergency medical technicians and paramedics” (SOC #29-2040). Due to the 

differences between the SOC and BOC systems, the previous data cannot be compared. 

It also noted that, from 2008 forward, BLS began publishing local and state government 

estimates along with private industry estimates. Thus, to remain consistent, the data 

presented in Figure 1.1 are limited to the ownership of private industry. In Figure 1.1, it 

is likely that MSD represents more than 75 % of the causes of absenteeism in the USA 

for the last fifteen years for paramedics from private industry.  Regardless of its 

variability, the weight of each cause seems to remain similar through time. Also, the 

number of median days lost because of an occupational health impairment seems to 

increase with the years despite its variability. Figure 1.2 presents some disparities 

between the public and the private sectors in the USA, where the public has a higher 

number of days lost because of occupational health impairment than the private sector. 

This sector comparison might explain the range difference between the US (4 to 8 days) 

and the UK (17 to 20 days) numbers, where the data from the UK are from public 

service, and the USA from paramedics from the private companies. 
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Figure 1.1. Rates of occupational health impairment (injuries, disorders or illness) cases 

involving days away from work, American paramedics from private industry (from 2003 

to 2017). Each histogram represents one hundred percent of all occupational health 

problems causing days away from work. Each histogram is divided into three sections: 

bottom section (dark gray) is the rates of MSD; middle section (light gray) is the rates of 

traumatic injuries; top section (dark gray) is the rates of all other natures (such as 

psychological disorders, cardiovascular diseases). The line represents the median days 

lost caused by occupational health problems over the years. Data are retrieved from 2003 

to 2017 tables R9 (detailed occupation by selected natures; from Bureau of Labor 

Statistics (BLS); https://www.bls.gov/iif/oshcdnew.htm; Last modified date: November 

8, 2018) and tables R66 (detailed occupation by number of days away from work; from 

BLS, https://www.bls.gov/iif/oshcdnew.htm; Last modified date: November 8, 2018. 

 

 
Figure 1.2. Comparison between private (dark gray) and public (light gray) sectors of 

median days lost caused by occupational health impairment (injuries, disorders or illness) 

for American paramedics (from 2011 to 2017). Data are retrieved from the tables 

CSU00X2920407O100 and CSU00X2920407O900 from Bureau of Labor Statistics. 
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In Canada, there is limited information available. Statistics Canada (with Labour Force 

Survey, i.e. household-based survey) provide the number of missing days from work for 

causes of illness or disability per worker. The data are divided by occupation, and the 

occupations are classified based on the National Occupational Classification (NOC). In 

this survey, health technician category (NOC #32) includes the paramedic profession but 

also other health technologists and technicians. Figure 1.3 shows a higher numbers of 

days away from work for health technicians compared to all full-time Canadian workers. 

It is also notable that both categories of workers (health technicians, all occupations) 

have an increasing amount of absenteeism over the years.  

 

 
Figure 1.3. Comparison between health technician (dark gray) and all full-time workers 

(light gray) of total days lost caused by occupational health impairment (injuries, disorders 

or illness) for Canadian workers (from 1997 to 2018). Data are retrieved from the tables 

14-10-0190-01 (Work absence of full-time employees by geography; formerly CANSIM 

279-0029) and 14-10-0285-01 (Work absence of full-time employees by occupation; 

formerly CANSIM 279-0040) from Statistics Canada. 

 

As mentioned above, the Canadian paramedic data are limited; nevertheless, some 

scientific reports have been released, and they provide an additional perspective on this 

worker population. A report for the Department of National Defence of Canada and 
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Development Canada (DRDC-RDDC-2017-C295) produced by Fischer, Ruest and 

MacPhee (2017a) reveals that the proportion of paramedics taking time away from work 

due to health-related impairment (within the last twelve months) was approximatively 

11 % and 23 % for work-related injury and mental health, respectively. Also, during that 

time, the paramedics were away from work an average of more than 6.5 days for work-

related injury and approximatively 4.5 days because of work-related mental health. This 

report was based on a health and wellness survey of 2,557 paramedics across Canada in 

2016. Another scientific report (Corbeil et al., 2017) reveals that the "Commission des 

normes, de l’équité, de la santé et de la sécurité du travail" (CNESST) (i.e. public 

organization of workers compensation from the province of Québec) between 1997 and 

2006, compensated 4579 cases (specific to paramedics) of musculoskeletal injuries 

(include MSD and traumatic injuries) causing absence from work. This number of cases 

represents a total of 290,713 days of absence from work or the average equivalent of 

63.5 days of absence from work for each musculoskeletal injury. These data are from a 

provincial workers’ compensation organization, which means it is the amount of days 

compensated by the CNESST, and not the “real” numbers of days away from work 

because of occupational health impairment. With some level of certainty, it is possible 

to estimate that the number of days away from work would be dramatically higher.  

 

Overall, despite some limitations to quantify and compare the absenteeism between the 

UK, USA and Canada, it is likely that absenteeism is a significant phenomenon, where 

the most common cause is musculoskeletal injury (including MSD), with its importance 

growing over the years. For these reasons, there has been more focus on musculoskeletal 
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injuries; however, the psychosocial work-related injuries should not be overlooked. 

Instead, occupational health agencies and paramedic service organizations should have 

better monitoring of its importance, as suggested by Canadian Standards Association 

(CSA) group (“Psychological health and safety in the paramedic service organization”; 

Z1003.1-18; 2018).  

Operational stress injury. 

The term Operational Stress Injury (OSI) originated from Canada in 2001 by a 

Lieutenant Colonel of the Canadian Army Forces (CAF), where he suggests using the 

concept of “injury” instead of mental disorders, to help to reduce stigma associated with 

mental health problems among CAF and veterans (Day and Olsen 2015; Oliphant 2016).  

Veteran Affairs Canada (VAC) defines OSI as “any persistent psychological difficulty 

resulting from operational duties performed […]; describing […] a broad range of 

problems which psychiatric conditions such as anxiety disorders, depression and PTSD 

as well as other conditions that may be less severe, but still interfere with daily 

functioning” (VAC, 2019). Nevertheless, its usage goes beyond military borders: a 

committee from the Canadian House of Commons recommended extending the OSI 

term to first responders or public safety officers (i.e. paramedics, police officers, 

firefighters, correctional officers, border services officers, dispatchers) (Oliphant, 2016). 

Consistent with the committee’s recommendations, the Canadian government 

acknowledged the presence of OSI among public safety officers and their urgent needs 

(Goodale, 2017). Prior to that, in 2014 the Paramedic Chiefs of Canada (PCC) created 

an ad-hoc committee on understanding how OSI is affecting paramedics (PCC, 2014). In 

this report (pg. 7), PCC defined OSI with a more specific scope than the VAC, thereby 
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OSI is defined as a “non-medical term used to describe psychological problems 

resulting from mentally and/or emotionally traumatic circumstances. Operational 

stress, however, is a broader term within this context. It is not limited to psychological 

injuries but includes exposure to incidents and environments that create distress in the 

people involved. Exposure may be either in the form of an acute trauma such as that 

sustained following a critical incident, or it may be in the form of repeated difficult 

situations that present cumulative stress leading to injury”. Furthermore, a CSA group 

released in 2018 the national standards of best practice of psychological health and 

safety in the paramedic service organizations. They acknowledged that paramedics have 

higher rates of OSIs than the general population as recommended that paramedic 

organizations should quantify the number of individuals with OSI and provide better 

education and training related to the signs, symptoms and treatment (CSA group, 2018). 

This doctoral dissertation aligns with the paramedic community and the Canadian 

government’s efforts, by referring to “occupational psychosocial health impairment” as 

OSI among the paramedic population.  

 

The most commonly studied OSI in the literature remains Post-Traumatic Stress 

Disorder (PTSD) (Oliphant 2016; Carleton et al., 2018, 2019; Canadian Agency for 

Drugs and Technologies in Health (CADTH), 2015). PTSD is a psychiatric disorder that 

can occur in people who have experienced or witnessed a traumatic event such as a 

natural disaster, a serious accident, a terrorist act, war/combat, rape or other violent 

personal assault (American Psychology Association, 2019). The cumulative exposure to 

distressing events and major disasters represent the major occupational stressors and are 
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a cause of this disability among paramedics (Berger et al., 2012; Carleton et al., 2018, 

2019; Donnelly and Siebert, 2009; Patterson et al., 2012; Roberts et al., 2015). Berger et 

al. (2012) published the most important literature review and meta-analysis on PTSD 

among worldwide first responders. They revealed that the prevalence of PTSD among 

first responders is 10 %. More specifically, paramedics have the highest rate with 15 % 

(n = 1265), firefighters have 7 % (n = 5680) and police officers have 5 % (n = 4953). 

Also, they found no significant geographic difference between North-America, Europe 

and Australia. From a Canadian perspective, Carleton et al. (2018) revealed an elevated 

prevalence, but with a similar tendency, where paramedics across Canada were 

identified with a higher prevalence of PTSD (paramedics 25 %; firefighters 14 %; 

municipal/provincial police officers 20 %) (paramedics n = 190; firefighters n = 120; 

municipal/provincial police officers n = 288). Overall, the incidence of PTSD is higher 

in the paramedic population than the average general population (between 1.3 and 3.5 

%, as reported by Berger et al., 2012). 

 

As mentioned earlier, other causes of OSIs also included depression and anxiety. 

Depression is defined by; individual experiencing a lack of interest in daily activities, 

which also might result in significant weight loss or gain, insomnia or excessive 

sleeping, lack of energy, inability to concentrate, feelings of worthlessness or excessive 

guilt and recurrent thoughts of death or suicide (APA, 2019). Anxiety or more 

specifically, generalized anxiety disorder (GAD) is characterized by constant worries 

that coincide with intense feelings of shame and despair. Individuals with anxiety 

disorders reported having intrusive thoughts or concerns. They may avoid certain 
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situations (APA, 2019). Eighteen percent of Australian paramedics reported the 

suffering of moderate to extremely severe symptoms of anxiety and 24 % of moderate to 

extremely severe symptoms of depression (n = 490) (Courtney et al., 2013). In the UK, 

anxiety disorder appears more frequently than PTSD (23 % vs. 22 %), depression is less 

common with 9 % of prevalence among 293 paramedics (Bennett et al., 2005). As 

reported by a Canadian paramedic cohort that 21 % of them were identified with 

anxiety, and 30 % had depression disorders (n = 190) (Carleton et al., 2018). It appears 

clear that paramedics have an elevated risk to develop anxiety and depression 

symptoms. Furthermore, Carleton et al. (2018) study provide an additional perspective 

to that psychosocial health profile, where they report that almost half of their Canadian 

paramedic sample have reported at least one health psychosocial condition (i.e. PTSD, 

major depressive disorder, GAD, social anxiety disorder, panic disorder, alcohol use 

disorder), 28 % have reported at least two and 20 % three or more conditions. This result 

is in accordance with the PCC report (2014) that confirm that paramedics have a higher 

prevalence of OSIs.   

Cardiovascular diseases. 

The World Health Organization (WHO) reported that CVDs represent the first cause of 

all global death in 2016, where most of the death can be prevented by addressing at-risk 

behaviours (e.g. obesity, tobacco consumption, unhealthy diet, physical inactivity, 

harmful use of alcohol) (WHO, 2017). Cardiovascular diseases are defined as a group of 

disorders of heart and blood vessels, and they include coronary heart disease, 

cerebrovascular disease, peripheral vascular disease, rheumatic heart disease, congenital 

heart disease, deep vein thrombosis and pulmonary embolism (WHO, 2017). 
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Paramedics, as for general population, are not immune to CVDs. Although there are 

only a few dated scientific articles regarding the prevalence of CVDs among 

paramedics, it was identified as an important health problem. For the period 1970-1972 

in the UK, more than half of all paramedic mortality causes were CVD related 

(Grainger, 1985). In 1998, Rodgers (1998) reported that the second highest cause of 

early retirement in the UK for paramedics was CVD between 1988 and 1992. Maguire 

et al. (2002) reported that CVD is the second cause of fatalities among paramedics in the 

USA. 

 

Prevalence of CVD risk factors among paramedics are documented, but also limited in 

the literature. One of the first cohorts of paramedics studied was from a sample of 93 

male Irish paramedics (Gamble et al. 1991a, 1991b; Boreham et al. 1994). At that time, 

they observed that 52 % of their sample were classified overweight (Body Mass Index 

(BMI) over than 25 kg/m2) and 10 % of their sample was obese (BMI over than 30 

kg/m2)). Boreham et al. (1994) compared their sample of paramedics with a sample of 

general male population (from the Northern Irish) (n = 511), and they observed similar 

BMI and cardiovascular fitness, but paramedics had a higher number of smokers, higher 

blood pressure and a poorer cholesterol profile than their civilian counterparts. Boreham 

et al. provided the prevalence of CVD risk factors among their sample: 12 % had no risk 

factors, 88 % had at least one risk factor, 62 % had at least two factors, 31 % had at least 

three risk factors and 7 % had at least four risk factors of CVD. Instead of assessing the 

risk of CVD by counting the direct number measures as Boreham et al. (1994) did; 

Barrett et al. (2000) used a self-reported survey to measure the level of risk severity. 
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This risk assessment survey provides a cumulative score on multiple factors (i.e. BMI, 

blood pressure, cholesterol level, history of CVD, diabetes, smoking history, physical 

activity level, diet, medication use) and then classified into four categories the risk of 

CVD (i.e. low, increased, high, very high). Barrett et al.’s study assessed 85 US 

paramedics, and they observe that 9 % reported a low risk, 44 % reported an increased 

risk, 31 % reported a high risk and 17 % reported a very high risk of CVD. More 

specifically, they observe that 79 % of their sample was overweight (BMI over than 25 

kg/m2) and 31 % was obese (BMI over than 31 kg/m2). Almost 13 % reported high 

blood pressure, 28 % reported to be former smokers, 31 % reported hyperlipidemia and 

4 % reported diabetes.  

 

The risk of CVD measured in the literature are related to lifestyle habits, which are 

preventable and modifiable behaviours, but not without some effort and obstacles per se. 

Nevertheless, it is known for many decades that occupational stress is related to CVDs. 

For example, Karasek et al. (1981) established the link between high psychologically 

demanding job, the lack of decision latitude (low intellectual discretion) at work and the 

increasing risk of developing symptoms and signs of CVDs among Swedish workers. In 

addition to these two stressors, Johnson et al., (1989) observed that social isolation (or 

lack of social support) represents an additional significant stressor. Hegg-Deloye et al. 

(2015), a Canadian research group studying CVD risk among paramedics, reported that 

almost 90 % of their Canadian paramedics’ sample (n = 295 from the province of 

Québec) reported CVD risk factors, including overweight, tobacco consumption and 

occupational stresses. Hegg-Deloye et al. study observed that 53 % of their sample 
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reported to be overweight, and 22 % consume daily tobacco products. Hegg-Deloye et 

al. study reported that the tobacco consumption was similar to the general population 

(from the province of Québec), but paramedics were heavier than the general population 

(male 40 %, female 26 % were obese in Canada in 2013) (Hegg-Deloye et al. 2015). 

The occupational stresses were: i) high psychosocial demand and low decision latitude; 

ii) low social support (in a context of high psychosocial demand and low decision 

latitude); iii) imbalance between effort at work and reward. Hegg-Deloye et al. 2015 

reported that the prevalence of all three occupational stresses was approximatively 90 % 

among their cohort of paramedics and prevalence of each stressor were higher than the 

general population of Québec. Considering the overall picture of the paramedics, it is 

likely to assume that paramedics have an elevated risk of CVDs.  

Musculoskeletal conditions. 

It is generally understood that a musculoskeletal condition is a group of painful 

disorders affecting the musculoskeletal system and connective tissues (e.g. muscles, 

tendons, ligaments, cartilages, spinal discs, meniscus, nerves), and typically impair the 

functional ability to perform daily activities (i.e. at home, at work). Nevertheless, there 

exist some differences in definition across the world. For instance, some public 

organizations included fractures and acute traumas within the group (WHO, 2018; 

European Agency for Safety and Health at Work (Nunes, 2017)), creating a wide 

interpretation of a musculoskeletal condition. This dissertation will align with the 

British, American and Canadian health and safety agencies (Health and Safety 

Executive (HSE); National Institute of Occupational and Safety and Health (NIOSH); 

Canadian Centre for Occupational Health and Safety (CCOHS); respectively), where 
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they separate musculoskeletal conditions into two types: work-related musculoskeletal 

disorders (MSD) and work-related traumatic injury (TI).  

Work-related musculoskeletal disorders. 

The interpretation of work-related musculoskeletal disorders is also ambiguous amongst 

the agencies. For example, HSE considered MSD as an “illness”, but North American 

agencies are focused on both “illness” and “injury”. Thereby, the current dissertation 

will remain oriented to the North American context. MSDs are developed through 

chronic, repetitive movements or cumulative trauma of bodily reaction, daily exposure 

to whole-body vibration and/or overexertion work-related task (Centers for Disease 

Control and Prevention (CDC), 2018; CCOHS, 2019). In the paramedic’s context, these 

causes represent a potential risk of MSD, where they have carrying, pushing, pulling, 

lifting, various weights, patients and equipment (Broniecki et al., 2010; Wiitavaara et 

al., 2007; Fischer et al., 2017b). The ambulance exposes the paramedic to a vibrating 

environment, including working in the back of the ambulance, which often forces the 

paramedic to adopted awkward posture while the vehicle is in motion (Broniecki et al., 

2010; Wiitavaara et al., 2007, Fischer et al., 2017b). 

 

MSD have been an identified concern among paramedics for decades. In 1975, Leyshon 

and Francis investigated “lifting injuries”, which is work-related injuries related to 

lifting task. Interestingly, comparing the paramedics from that time to the paramedic of 

today, a similar prevalence rate of one of third was noted (NIOSH, 2015). Since this first 

article published by Leyshon and Francis (1975) on paramedics’ MSDs, the literature 

has focused largely on physical factors (e.g. biomechanics, environment) causing them 
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(Aasa et al. 2005), such as the relationship between loads and pain on the lower back 

(Doormaal et al. 1995; Lavender et al. 2000). It was not until Aasa et al. (2005) 

identified a relationship between work-related MSDs and psychosocial factors among 

paramedics. Aasa et al. study observed that paramedics (N = 1187 Swedish paramedics) 

who self-reported high psychological demands, lack of decision latitude, lack of social 

support as well as when paramedics have worries about work conditions (catching 

diseases, being injured, making mistakes, being violent) were associated with MSD 

outcomes.  

 

In addition to physical and psychosocial factors, there are individual factors related to 

MSD development (Broniecki et al., 2010; da Costa et al., 2010; Faucet 1999). For 

example, obesity, poor fitness level, smoking, presence of chronic illness (diabetes, 

arthrosis), as well as anxiety and depression have been related to MSD development (da 

Costa et al. 2010; Broniecki et al., 2010; Faucet 1999; Rahimi et al. (2015). The range of 

the factors suggests that MSD among paramedics is a multidimensional context (da 

Costa et al., 2010; Rahimi et al., 2015, Faucet 1999; Broniecki et al. 2010). 

Work-related traumatic injury. 

TIs are due to accidents and include disorders caused by slips, trips, falls, vehicle 

collisions or violence against paramedics that result from a work-related event or a 

single exposure in the work environment. A TI is any injury such as contusions, 

abrasions, punctures, lacerations or fractures. According to NIOSH (2015), the 

prevalence of TIs appears lower than MSD (22 % vs. 34 %, respectively), suggesting 

that paramedics have more risk of developing MSDs. In USA (in 2013), 16 % of TIs 
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were caused by slip, trip, and fall events, 14 % of TIs were due to contusions and 

abrasions and 8 % from punctures and lacerations among paramedics. Also, other 

commonly occurring events were violence against paramedics (12 %) and unexpected 

contact with objects or equipment (11 %) (NIOSH, 2015). Clearly, paramedics work in 

environments that are potentially hazardous and dangerous (Slattery and Silver, 2009).  

Occupational fatalities. 

Paramedics are not only at a high risk of occupational injuries, but also fatalities 

(Maguire et al., 2002, 2014; Slattery and Silver, 2009). Occupational fatalities among 

paramedics are approximatively 13 per 100,000 workers per year and that represents a 

fatality incidence more than two times greater than general workers (Maguire et al., 

2002). The number one cause of fatalities for paramedics is transportation related, 

representing 74 % of all deaths. Three-quarters of those fatalities are due to ambulance 

collisions, with air-ambulance crashes causing the other quarter. The second common 

cause of paramedics’ fatalities is cardiovascular diseases (Maguire et al. 2002). Less 

common causes include assault-homicide and suicide.  

 

Assault-homicides are reported more often, however, the number of suicides is often not 

reported with no statistics available in the literature, despite its large mediatic attention 

(Maguire et al., 2002; Stanley et al., 2016; Carleton et al., 2018). Nonetheless, Carleton 

et al. (2018), revealed that 9.8 % of paramedics reported a lifetime suicide attempt(s). 

Considering that the prevalence for the Canadian population is 3.5% (Sareen et al. 

2016), it is likely that the paramedic population have a higher rate of death by suicide 

than the general population. 
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The information about the paramedics fatalities reflect three elements: (i) ambulance 

collisions are caused by inappropriate driving behaviour (Slattery and Silver, 2009); (ii) 

more than half of the paramedics have at least one risk factor for cardiovascular diseases 

(such as poor lifestyle habits but also occupational stress) (Boreham et al. 1994; Barrett 

et al., 2000; Hegg-Deloye et al., 2015); and (iii) suicide might be triggered by high 

levels of occupational stress and psychological distress (hopelessness, helplessness, 

inescapability related to their work) (Aasa et al., 2005; Carleton et al. 2018).  

Occupational stress models 

In the literature, many occupational stress models attempt to theorize the relationship 

between job-strain and health impairment of the workers. However, among paramedic 

scholars, modelization or theorization has been used very little. Also, considering the 

age (over forty years) of stress models of Selye and Karasek this research field remains 

quite recent. For example, Aasa et al. (2005) used the Job Demand-Control-Support 

Model (JDC(S)) (or Karasek’s model) and observed that sleeping problems were 

significantly associated with high psychological demands among 1187 Swedish 

paramedics. Also, the systematic review of Donnelly and Siebert (2009) used the 

Pearlin’s Stress Process Model (PSP) and suggests an association between occupational 

stress exposure, PTSD and high-risk alcohol and drug use among paramedics. Hegg 

Deloye et al. (2015) used related questionnaires of JDCS and Effort-Reward Imbalance 

(ERI) models on a sample of 295 Québécois paramedics to measure three occupational 

stress indicators when the paramedics reported high psychological demands (i.e. i- low 

decision latitude; ii- low social support; iii- imbalance between effort at work and 

reward). The authors observed that the prevalence of all three indicators in male 
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paramedics is higher than in the general population. It would have been interesting if the 

authors had compared which indicators should be associated with more health 

complaints, such as BMI. Despite the lack of theorization in the paramedic field, the 

presence of numerous theories in occupational health literature should help to provide an 

overview of occupational stress and its impacts on paramedic health. A thorough 

presentation of three models is discussed in the next section, to identify the most 

applicable model for the paramedic context. The first model is oriented mostly to work-

related demands, the second theory is related to the person’s stress and their resources to 

modulate the effect of this stress, and the third uses a combined approach (i.e. demands, 

resources) to create a multidimensional model oriented to the impact of job 

performance. 

Job demand-control (-support) model. 

This Job Demand-Control (JDC) was originally introduced by Karasek in 1979 (as 

reported by Karasek in 1981). At that time, this model included two dimensions, 

psychological demands of the job and decision latitude (control). In its original version, 

psychological demands referred to time pressure and role conflict and decision latitude 

was identified whether the worker could make her/his decision (control) and could 

develop her/his professional competencies (Quick and Tetrick, 2011; O’Donnell, 2017) 

(Figure 1.4). The JDC model has shown that high psychological demands and low 

decision latitude were associated with an increasing CVD risk or other chronic diseases 

(Karasek 1981; Poorabdian et al., 2013; Quick and Tetrick, 2011). 
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Figure 1.4. Job Demand-Control (JDC) model, adapted from Van der Doef and Maes 

(1999). 

 

Johnson and Hall (1988) later included an additional component of social support from 

Karasek original model (Figure 1.5). Support plays a moderator role between 

psychological demands and control, and decreases the impact of a highly demanding job 

that has low decision latitude (O’Donnell, 2017). Johnson et al. (1988, 1989) observed 

that the lack of social support increased CVD risk. Lack of social support was also 

found to be associated with other chronic work-related conditions regarding fatigue, 

burnout, PTSD among paramedics (Aasa et al., 2005; van der Ploeg and Kleber, 2003). 

Overall, jobs with high demands (physical, psychosocial), low control, and low social 

support increase the risk of illness and disease. Inversely, low psychological demands 

and high levels of control provide lower risk. Despite the significant influence of 

JDC(S) model on epidemiology and health literature (Quick and Tetrick, 2011; 

O’Donnell, 2017) this model is limited since it does not include other type of stressors 

(e.g. personal, social) and have limited number of resources (i.e. control, social). 



 20 

 

Figure 1.5. Job Demand-Control-Social (JDCS) model, adapted from Johnson and Hall 

(1988). 

Pearlin’s stress process model. 

Pearlin’s Stress Process (PSP) model uses a sociologic focus (sociology of health, 

medical sociology) rather than an occupational one. The theory is centered on the 

individual and that experienced social stresses lead to adverse health outcomes. The 

model is divided into three principal components: stressors, moderators and outcomes 

(Figure 1.6). The stressors include different type of stress (e.g. personal-life stress, 

work-related stress), and that the stressors are from multiple sources interacting with 

each other. These stressors might come from chronic and eventful exposure. Moderators 

are initially divided into two categories: social support and coping (behavioural) ability. 

They influence (or moderate) the effect stressors have on health outcomes because they 

serve as a barrier to the stressful event and chronic strain (Pearlin et al., 1981). In the 

1989’s paper, Pearlin added personal resources as a moderator in 1989 (Pearlin, 1989). 

It is noted that the Pearlin’s work (1981, 1989) referred to the moderator as “resources”. 

Similar to JCS(S) model, social support plays a vital role as a moderator, however, the 
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JCD(S) has a limited number of dimensions (control, social), while the PSP theory 

extends their role by including the “internal” resources (coping, personal) of each 

person. Coping resources refer to specific “actions [or responses] that people take in 

their own behalf as they attempt to avoid or lessen the impact of life problems” (as 

reported by Pearlin 1989, pg. 250; in reference to Pearlin and Schooler, 1978), and also 

might differ depending on the stressor and the person (Pearlin et al., 1981, 1989). It is 

generally understood that low coping resources could lead to an elevated risk of severe 

PTSD symptoms among paramedics (Streb et al. 2013; Berger et al, 2012; Carleton et 

al. 2018). Personal resources refer mainly to sense of mastery and self-esteem. Sense of 

mastery “refers to the extent to which people see themselves as being in control of the 

forces that importantly affect their lives” (Pearlin et al. 1981; pg. 340), which include, 

the construct of “control”. Self-esteem “involves the judgments one makes about one's 

own self-worth“ (Pearlin et al. 1981; pg. 340). Either way both, low sense of mastery (or 

control) and reduced self-esteem, could lead to a poor mental health condition (Ni et al. 

2010). Health outcomes, the last foundation of this theory, regroups all kind of health 

conditions related to stress, which include physical and psychological. Therefore, the 

PSP model is helpful to conceptualize that stress exposure could affect the physical and 

psychological health of a paramedic. The model’s strength is the inclusion of various 

stressors on health impairment. Although, this model does not relate the potential 

outcomes of health conditions (i.e. the impact of health status on job performance). 
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Figure 1.6. Pearlin’s Stress Process (PSP) model, adapted from Turner 2009. 

 

Job demands-resources model. 

As reported by Bakker and Demerouti (2017) the Job Demands-Resources (JDR) model 

was developed from many theories, including Selye’s stress model, JDC model, early 

burnout model and conservation of resources theory. As Figure 1.7 illustrates, the JDR 

could be divided into two poles and an equatorial line. The south pole refers to job 

demands, strain and “self-undermining”, which are related to decreasing job 

performance. The north pole includes resources, motivation and “job crafting” which 

are moderator effects, and may increase job performance. The equatorial line represents 

the job performance which is influenced by the poles. Job demands might have a 

negative impact on health workers, and worker’s resources are essential to moderate 

these demands. The JDR model also identifies resources and job demands as having an 

inverted impact. For example, high job demands might have a positive impact on the 

worker’s motivation, only if they have sufficient resources (Bakker and Demerouti, 

2017). Additionally, the JDR includes a spiral effect, that the workers create themselves, 

labeled as job crafting (or spiraling up) and self-undermining (or spiraling down). The 

“job crafting” is proactive strategies that workers create to enhance their resources, and 
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then diminish the job demands (such as learning coping strategies based on work 

experience or observation). 

 

The “self-undermining” refers to behaviours that create their own obstacles that increase 

the job demands and then diminish the resources (such as isolation behaviour). As 

mentioned by Bakker and Demerouti (2017, pg. 277) “self-undermining is the 

consequence of high levels of job strain and is the fuel of a vicious cycle of high job 

demands and strain”. In the JDR model, the term “strain” (Figure 1.7) refers to a health 

impairment (such as chronic exhaustion, depression, anxiety, health complaints), which 

in turn increase the perception of higher job demands over time and self-undermining 

(Bakker and Demerouti, 2017). Thereby, health conditions represent a significant 

“strain” that might impair job performance (Bakker and Demerouti, 2017). 

 

Amongst all three models covered in this doctoral dissertation, the JDR appears the most 

appropriate one in providing a better understanding of the occupational health of 

paramedics. Based on the “job demands” and “strain” of JDR model (Figure 1.7), the 

next section will explain the link between the job demand and its influence on 

paramedics’ health status, as well as explore the link between health impairment and 

diminished job performance.  
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Figure 1.7. Job Demands-Resources (JDR), adapted from Bakker and Demerouti (2017). 

Work-related demands and health impairment (strain) 

Work-shift demands. 

Paramedics’ duties are closely linked with work-shift issues such as overnight duty, 

rotating schedules, irregular work hours, early awakening, short sleep periods and 

interrupted nocturnal sleep. These work organization demands cause fatigue problems 

and daytime sleepiness (Aasa et al., 2005; Patterson et al., 2005, 2012, 2014; van der 

Ploeg and Kleber, 2003). It is proposed that these problems can amplify existing 

individual health problems and increase the risk of developing chronic health problems 

such as diabetes, hypertension, obstructive sleep apnea, CVD and psychosocial 

disorders (anxiety disorders, depression) (Hegg-Deloye et al., 2014; Kales et al., 2009; 

Patterson et al., 2005, 2012, 2014; Tsismenakis et al., 2009).  
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Also, shiftwork has been found to be associated with unhealthy eating habits, lack of 

healthy choices, and lack of opportunity for physical activity. These factors are 

associated with an increased risk in developing obesity and predispose paramedics to 

develop chronic health problems (Di Milia and Mummery, 2009; Dropkin et al., 2015; 

Patel and Hu, 2008; Puhkala et al., 2015). Obesity is associated with many chronic 

health problems but also with a broad spectrum of MSDs (Anandacoomarasamy et al., 

2007; Moreira-Silva et al., 2013; Viester et al., 2013; Zdziarski et al., 2015). 

Physical demands. 

Strength 

The work-related tasks of paramedics consist of long periods of sitting interspersed with 

periods of physical exertion. Despite the periods of inactivity, paramedics’ duties 

require muscular strength and endurance, coupled with functional mobility and aerobic 

capacity. The muscular capacity is essential for paramedics, in order to transfer patients 

and carry equipment of different weights and shapes, into unknown and hazardous 

environments (Coffey et al., 2014, 2016). To be able to work, paramedics need to have 

sufficient strength to lift, move, carry and descend medical bags by handles or single 

straps over-the-shoulder (up to 35 kg; airway bag up to 11.5 kg, medication bag up to 

11.5 kg, cardiac monitor up to 12 kg) approximately 3 to 8.5 times per shift (depending 

on the worksite location). In addition, they must push/pull and lift/descend the stretcher, 

which represents a peak weight between 154 to 237 kg (patient 49 to 59 %, stretcher 25 

to 40 %, equipment on the stretcher 10 to 16 %). This does not include the stair chair 

and the spinal board carrying nor patient transferring and repositioning (Coffey et al., 

2014). Patient-lifting tasks represent the most strenuous task in terms of the estimated 
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load. Paramedics have to carry patients in a stair chair and a stretcher up and down the 

stairs, which also represents heavy leg dynamic work (Aasa et al., 2008; Doormaal et 

al., 1995). NIOSH (2015) confirms that most MSDs among paramedics were caused by 

overexertion and bodily reaction during a lifting task, and almost half were trunk 

localized (low and upper back, neck and shoulder). As already observed by Leyshon et 

al. (1975), the back was the body part most often injured (NIOSH, 2015; Maguire et al. 

2005; Studnek et al., 2007a, 2010). 

 

Nevertheless, Lavender et al. (2000) reported during simulated patient transfer tasks, 

that there were a high proportion of paramedics having insufficient strength to perform 

the tasks. More precisely, the performance of these paramedics on two simulated tasks 

performed in teams of two showed that: 1) Bed-to-stretcher task where one-third of the 

sample did not have enough back strength and four-fifths did not have enough shoulder 

abduction strength; and 2) Stretcher-to-hospital-gurney task where one-sixth did not 

have enough back strength, and two-thirds did not have enough shoulder abduction 

strength, as well as one-fifth, did not have enough knee flexion/extension strength (i.e. 

quadriceps muscle) to perform the tasks. Additionally, Dropkin al. (2015), reported that 

during focus group discussions, a common concern was that paramedics felt when their 

colleagues were: “… out of shape and I have to do most of the lifting and carrying. I end 

up getting hurt.” Thereby, paramedics who presented inadequate physical capacity 

increase the risk of MSD and injury not only to themselves but their colleagues 

(Dropkin al., 2015). 
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Mobility 

Much of the paramedics’ duties are performed in less than ideal body positions and 

environmental conditions, requiring strength, but also mobility capabilities. For 

example, patient-lifting tasks were often accompanied by high amplitudes of trunk 

movement, such as awkward forward bends and asymmetric body positions during 

lifting tasks (Prairie and Corbeil, 2014). Awkward postures were also observed when 

paramedics remove their equipment from the ambulance vehicle and carry bags (Prairie 

and Corbeil, 2014). Paramedics must also remain in a static position with a sustained 

high sagittal flexion position to stay near the patient while monitoring vital signs from 

the back seat of the ambulance vehicle (Prairie and Corbeil, 2014).  

 

Additionally, performing CPR (cardio-pulmonary resuscitation) maneuvers were found 

to elevate the risk of MSD, because of the motion and position of the back (i.e. lower 

back’s repetitive movement as well as sagittal flexion and rotation movement for 

reaching the resuscitation equipment and cardiac monitor) (Jones et al., 2005). Jones et 

al. (2005) reported that almost 60 % of paramedics experienced back pain or discomfort 

during a CPR task as well as 45 % complained about their shoulders, wrists and knees (n 

= 318). Therefore, many physical tasks lead the paramedics to adopt positions and 

movements that create an increase in back mechanical loading (Aasa et al., 2008; 

Doormaal et al., 1995; Lavender et al. 2000a, 2000b). As observed by Prairie and 

Corbeil (2014), paramedics perform trunk postures that does increase the risk of MSDs 

during patient-handling and patient care. 
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Aerobic 

An additional aspect of the physical demand is the influence of the aerobic capacity of 

paramedics. Paramedic duties requires walking, climbing stairs and performing CPR, 

which are known as aerobic tasks for the general population. However, for a paramedic, 

these activities are often combined with strength and mobility components. For 

example, Canadian paramedics might walk approximatively 300 to 700 meters per call 

(i.e. Thunder Bay and Windsor (ON) 300 m vs. Vancouver (BC) 700 m) between 3 and 

8.5 times per shift with their equipment (i.e. Saint John (NB) 3.0 times per shift vs. 

Vancouver (BC) 8.5 times per shift) (Coffey et al. 2014), that might represent 

approximatively between 900 and 6000 metres per shift of walking. For a significant 

part of this distance (i.e. Vancouver (BC), Windsor (ON) and Montreal (QC) 1/3 of the 

distance vs. Thunder Bay (ON) 2/3 of the distance), the paramedics must push or pull a 

loaded stretcher. In addition, depending on the cities where they work, paramedics must 

climb stairs, for example, paramedics have to ascend and descend almost 120 stairs per 

shift in Montréal (QC) versus 20 stairs per shift at Saint-John (NB) (Coffey et al., 2014), 

but they must also carry equipment and patients.  

 

CPR performance is an essential part of paramedic duty. Depending on the fitness level 

of the rescuers, the CPR maneuver qualifies as moderate to vigorous aerobic activity 

(Gamble et al., 1991; Bridgewater et al., 2000; Lucía et al., 1999, Ock et al. 2011; Ogata 

et al. 2015). A study by Fischer et al. (2017b), reveals that more than 70 % of 

paramedics indicated that the CPR maneuver is a strongly demanding task, and when 

CPR is performed while the ambulance is in motion that rises to 80 % (N = 155). 
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However, Dyson et al. (2016) reported that from 2006 to 2012, 4151 paramedics (three-

quarters were in urban location) performed 15,352 CPR maneuvers, which represent one 

case every two years for this Australian cohort.  

 

The nature of paramedic duties requires a long period of inactivity, often sitting in the 

ambulance while waiting, followed by intermittent demanding tasks, where aerobic, 

strength and mobility components are solicited. However, the impact of strenuous tasks 

might represent critical cardiac stress, which may lead to increased risk of duty-related 

CVD and major cardiac events (Drew-Nord et al. 2009, Cash et al., 2019, Kale et al. 

2007). Comparing the risk of major cardiac events that happen during non-emergency 

and emergency duties, the risk increases significantly while performing emergency 

duties (Kales et al. 2007). Research has suggested that it is due to a lack of fitness, 

underlying CVD risk factors (obesity, smoking, poor diet, and physical inactivity) and 

clinical heart disease (Kales et al., 2007, Cash et al., 2019). Additionally, it was 

suggested that intense physical activity represents a triggering factor, especially among 

inactive persons (Kales et al., 2007; Chahal et al., 2016, Buckley et al., 2018). 

Psychosocial demands. 

Dutton et al. (1978) were one of the first researchers to identify psychosocial demands 

as a common concern for paramedics. Events exposure (distressing events, major 

disasters), violence (witness, threatening), risk of contracting infectious diseases while 

responding to calls, patient interaction and patient life responsibility, time pressure, but 

also interpersonal work relationship (colleagues, supervisor), job satisfaction, job 

decision latitude have all been associated with an elevation of work-related psychosocial 
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demands among paramedics (Aasa et al., 2005, Faucett et al. 1999, da Costa et al., 2010; 

Broniecki et al. 2010; Patterson et al. 2005). Cumulative and repeated exposure to high 

psychosocial demands is well known to be related to health impairment, such as PTSD, 

depression, anxiety disorders, but also CVD and MSD (Berger et al. 2012; Aasa et al. 

2005; Hansen et al. 2012, van der Ploeg and Kleber, 2003; Pek et al., 2015). 

Additionally, the effect of a high, but acute exposure is also observable. For example, 

Prairie and Corbeil (2014) observed that ”higher asymmetric postures were adopted in 

urgent situations” (pg. 902), suggesting that time-pressure “that exists in urgent 

situations may explain the adoption of awkward postures. In such circumstances, 

paramedics may pay less attention to controlling their posture because they are focusing 

on the patient’s care and well-being” (pg. 902). The time-pressure seems to influence 

the way that a paramedic performs, by decreasing their body self-awareness due to 

focusing on patient care and thereby increasing the risk of MSD (Prairie and Corbeil, 

2014). Paramedics are susceptible to face psychological demands in the short and long 

terms as well, and thereby contribute to the development of poor health status. 

Health impairment (strain) and job performance 

Based on the JDR model, it is reasonable to assume that the occupational demands 

create favourable conditions to impair the paramedics health. However, the impact of 

health impairment on paramedic job performance is in its research infancy and thus 

represents a novel research theme. Fatigue and sleepiness in themselves are not 

considered health problems, but more as a consequence of chronic health problems (e.g. 

obesity, obstructive sleep apnea, sleeping problems, MSD, depression, anxiety, PTSD) 

(Wiegand et al., 2009; Patterson et al., 2014; Bentley et al. 2016; Pyper and Paterson, 
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2016; Courtney et al., 2010, 2013; Pirallo et al., 2012). Wiegand et al. (2009) observed 

that obese truck drivers (long haul) had a higher risk of involvement of collision (and 

near-collision) than non-obese truck drivers (N = 103; 53 % had BMI over 30). More 

specifically in this naturalistic study (on-road), obese truck drivers were also two times 

more fatigued while involved in a collision than non-obese truck drivers. Considering 

the prevalence of obesity among paramedics (and other chronic conditions), it is likely 

to assume similar safety issues among the paramedic population. In fact, more than half 

of the paramedics report high levels of mental and physical fatigue and sleepiness 

during shift-work (Patterson et al. 2014). Bentley et al. (2016), documented that 20 % of 

paramedics reported difficulty in driving an ambulance for long distance, and also 25 % 

of paramedics reported difficulty remembering protocols during a patient-care 

intervention, both because of sleepiness. Patterson et al. (2012) identified that the odds 

of perceived compromised safety were approximatively five times higher among 

fatigued paramedics when compared to non-fatigued paramedics. Pyper and Paterson 

(2016) suggest that safety issues may include: errors with drug calculations and 

administration, falling asleep at the wheel, driving collisions, poor driving ability, poor 

concentration and impaired decision making. Thereby, fatigue and sleepiness are 

indirect consequences of health condition that is contributing to adverse safety outcomes 

for patients and paramedics.  

 

At this point, this dissertation will focus on the direct impact of health conditions, where 

physical and psychosocial health conditions were associated with an impairment of daily 

or occupational activities. For example, individuals with an elevated risk of CVD 
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perform worse behind the wheel than healthier drivers (Gaudet et al., 2013). Gaudet et 

al. (2013), used a driving simulator and assessed the performance with a driving 

instructor who scored the driving performance, which includes: stopping, sign 

violations, signalization, inattention, speed management, turning. The cardiac group 

within Gaudet et al. study obtained a score of 22 % poorer than the healthier drivers. 

Similar results were observed among another physical health condition. Veldhuijzen et 

al. (2006) compared two groups of drivers; one group who suffered from chronic 

musculoskeletal pain (back or lower limb) and the second group was paired in age, 

driving experience and education. Veldhuijzen et al. observed worse driving 

performance among the group who was suffering from pain. Veldhuijzen et al. reported 

that the driving performance of the pain group was similar to the drivers with blood 

alcohol concentration up to 0.08 %. This result was observable on the mean standard 

deviation of lateral position (SDLP) as driving criteria, but not on speed management. 

Nevertheless, both studies mentioned previously (Gaudet et al., Veldhuijzen et al.) were 

related to everyday driving, which is a significant part of paramedics’ driving task, but 

this task did not represent the whole paramedic driving task. Paramedic driving tasks are 

unique, as they must drive both as a civilian driver and during emergencies where they 

must drive with urgency to an event or at the hospital with the patient on board, where 

their co-worker provides medical assistance in the back of the ambulance. It is 

reasonable to assume that paramedics with health conditions might experience a 

negative impact on both types of driving, resulting in an elevated risk of ambulance 

collision or accident. 
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Regehr and LeBlanc (2017) had measured the occupational performance of emergency 

workers (i.e. police recruits, paramedics, dispatchers and child protection workers) who 

have PTSD. They used simulation methods to assess the impact of PTSD (four 

respective simulations). Regehr and LeBlanc (2017) reported that the occupational 

performance was not associated with PTSD for police recruits and paramedics. 

However, for the dispatchers and child protection workers, they observed a decrease in 

work-related performance (i.e. complex chart task was worse and longer; less able to 

find a child at risk, respectively). In contrast with dispatchers and child protection 

workers, the authors propose that police recruits and paramedics had stress levels during 

their simulations that might be too low and therefore insufficient to observe the impact 

of PTSD among them. The results of this study suggest that the relationship between 

PTSD and work-related performance is complicated. In addition, Gillie et al. (2014) 

suggested that the presence of individual differences among the persons who had PTSD, 

where the cognitive control abilities and symptom severity (i.e. dealing with re-

experience intrusive thoughts and memories). Therefore, hypothetically during heavy 

situational stress, paramedics with PTSD might likely experience negative impacts on 

the patient-care intervention, resulting in inadequate quality of care that can be 

potentially harmful to the patient’s condition.  

 

Although it is well known that the exposure to work-related demands of paramedics 

could lead to a reduction in health status, there is a limited understanding of the impact 

of paramedics’ health conditions on work-related performance. The next section will 

present the tools used to measures and assess the breath of paramedic health concerns. 
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Tools used to describe health status 

Health researchers have at their disposal multiple tools in order to help them determine 

the health status of a population or a sample. It is possible to represent graphically all 

types of tools with a quadrant representation (Figure 1.8), where x-axis could be direct-

indirect, and y-axis could be non-invasive-invasive. These tools can be divided into four 

quadrants: the first quadrant could be direct and non-invasive (e.g. measurement of 

weight with scale); the second quadrant could be indirect and non-invasive (e.g. self-

report weight); the third quadrant could be indirect and invasive (e.g. radiography); the 

fourth quadrant could be direct and invasive (e.g. blood sample).  

 

Beyond anthropometric measurements (e.g. height, weight, circumferences), screening 

tools from the first quadrant are less used in the literature. Nonetheless, newer tools had 

emerged relatively recently, such as Heart Rate Variability (HRV), Functional 

Movement Screen (FMS™), optical sensors. They were recognized as screening tools to 

identify the risk to develop future CVD (Kleiger et al. 2005), MSD (Cook et al., 2006) 

or diabetes (Chen et al., 2019), respectively. 
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Figure 1.8. Quadrant representation of health screening tools. (I) the first quadrant is direct 

and non-invasive screening tools; (II) the second quadrant is indirect and non-invasive 

screening tools; (III) the third quadrant is indirect and invasive; (IV) the fourth quadrant 

is direct and invasive. 

 

The tools from the second quadrant tend to dominate the paramedics’ heath literature, 

where self-report questionnaires and surveys are used. This is understandable since these 

methods allow a large number of individuals to be evaluated relatively quickly. Also, 

sometimes there is no other option available; for instance, questionnaires used for the 

screening of psychosocial health status. The tools from the second quadrant, often lead 

to an over- or under-estimation of the data. For example, weight and height were used to 

assess obesity status, where Stommel and Schoenborn (2009) observed that individuals 

who self-reported their anthropometric values tend to over or under-estimate their 
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measurements. It was suggested that self-reported measures can be potentially distorted 

and influenced by a wide range of social and socio-demographic factors (such as 

desirability, dissimulation, gender, age, ethnicity, house incomes) (Lenderink et al., 

2012; Spector et al., 2017). This bias might be explained by the fact that there was only 

one screening tool or measure used to estimate a health condition, without any form of 

validation against a second measure. As a result, the literature describing paramedics’ 

health might be limited by a bias. Using a single health measure, tends to attenuate or 

inflate the results (Lenderink et al., 2012; Spector et al., 2017). 

 

Screening tools from the third and fourth quadrant are often more considered as a “gold 

standard” and more as a diagnostic tool than the two first quadrants, for instance, blood 

glucose measured by an optical sensor (i.e. infra-red spectroscopy) had 70 to 95 % of 

accuracy compare to blood sample measurement (Chen et al., 2019). Thereby, because 

of the lack of accuracy, an optical sensor can not be used to diagnose diabetes but might 

be used as a monitoring tool of glycemia (Chen et al., 2019). The screening tools from 

the third and fourth quadrant remain more expensive tools to operate than tools from 

other quadrants, but more importantly, they are invasive and time consuming for the 

participant. Nevertheless, screening tools should not be considered as rivals between the 

different quadrants, but as a complement to each other. This dissertation will present the 

screening tools used to describe the health status of paramedics.  
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Tools used to describe MSDs. 

Nordic Musculoskeletal Questionnaire (NMQ).  

NMQ is a valid and reliable tool measuring the history of MSD in the last 12 months 

and its occupational impact (Kappa value = 0.71 - 0.96; intra-class correlation 

coefficient (ICC) value = 0.97; Dawson et al., 2009). This self-report questionnaire was 

developed by Kuorinka et al. (1987) and is divided by anatomical regions: neck, 

shoulders, elbow, hands, wrists, upper back, lower back, hip, thighs, knees, ankles and 

feet. Three different outcomes are measured: 1) musculoskeletal complaints of at least 

one episode during the past 12 months; 2) activity limitations and occupational 

difficulties during the past 12 months; and 3) activity limitations and occupational 

difficulties during the last 7 days. There are two alternative responses: yes or no. As 

mentioned by Kuorinka et al. (1987), the long-term memory (12 months) might 

represent a challenge, some participants may be inclined to remembered better current 

and more serious MSD than older and less serious ones. 

Functional Movement Screen (FMS™).  

Participants performed a Functional Movement Screen (FMS) consisting of a series of 

seven movements as developed by Cook et al. (2006): 1) deep squat; 2) hurdle step; 3) 

in-line lunge; 4) shoulder mobility; 5) active straight leg raise; 6) trunk stability push-

up; and 7) rotary stability. Each movement was scored on a 4-point Likert scale, with 0 

= pain, 1 = unable to perform movement, 2 = compensation required to perform 

movement, and 3 = able to perform movement, consistent with the instructions (Cook et 

al., 2006). The summed FMS score can range from 0 to 21 (Cook et al., 2006; Lisman et 
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al., 2013; Perry and Koehle, 2013; Bonazza et al., 2016). A systematic review and meta-

analysis found that FMS has excellent intrarater and interrater reliability (both were at 

0.8 ± [0.7 - 0.9] (mean ± 95 % CI)), including a pass/fail cut-off of 14 points being valid 

in predicting a higher risk of injury (odds of developing future MSD were 2.7 times with 

an FMS score lower or equal at 14 (1.7 - 4.4, 95% CI) (Bonazza et al. 2016). To 

calculate this odds ratio of developing MSD, Bonazza et al. (2016) used nine 

prospective studies, where six studies were athletes (i.e. NCAA Division I and II; 

hockey and football players), and three other studies were safety public recruits or 

cadets (firefighters, coast guards, marine officers). The cohort studied are more likely 

younger and in better fitness level than the paramedics’ population. Thereby, it might be 

possible to estimate that the odds ratio might be higher in the paramedics’ population. 

Tools to describe CVD. 

Physiological baseline and Heart Rate Variability (HRV).  

The physiological baseline period is used as a health screening tool in order to evaluate 

the risk of developing CVD. Before this measurement, an electrocardiogram (ECG) is 

placed on the participants to collect the heart activity (Shaffer et al., 2014, 2017). To 

measure the electrical activity of the heart, participants remain seat comfortably on a 

chair, in a quiet and dimly lit room for 5 minutes (Togo and Takahashi, 2009; Task 

Force Report, 1996). Electric heart signal is computed to calculate Heart Rate 

Variability (HRV) values in order to evaluate the participant’s future risk of developing 

CVD (Dekker et al., 2000; Kleiger et al., 2005; Hillebrand et al., 2013). The time 

interval between consecutive R-waves that correspond to the contraction of the 

ventricles is called the RR interval. HRV is a time series of RR intervals that fluctuate 



 39 

beat by beat. The variability is more important among healthier individuals 

(Aeschbacher et al., 2016; Shaffer et al., 2014, 2017). An individual is considered at risk 

of developing future CVD when the value of the standard deviation time between RR 

intervals (SDRR) is lower than 50 milliseconds (ms) (Kleiger et al., 2005). This value is 

considerate as “low HRV” and represents an elevated risk of cardiovascular morbidity 

and mortality (Dekker et al. 2000, Kleiger et al., 2005; Hillebrand et al., 2013). 

Recording lengths have been studied for many years in order to identified which 

methods (short vs. long-term; 2 to 5-minute vs. 2 to 24-hour, respectively) is most 

appropriate to assess the risk of cardiovascular morbidity and mortality. The association 

was stronger with the long period of time (1.70 95%CI; 1.33 - 2.17) than HRV 

measurements over short period of time (1.35, 95%CI; 1.08-1.69) (Hillebrand et al., 

2013). Considering the fact that the paramedics’ health assessment (of the current 

doctoral) needs to be performed under sixty minutes, a long-term assessment appears 

not realistic. Even though, that the long-term is better, the short-term remain a viable 

measure (Dekker et al., 2000; Hillebrand et al., 2013)). In addition, the short-term 

reliability intrarater and interrater were found excellent for SDNN values (95 % CI 0.98 

± [0.96 - 0.99]; 0.96 ± [0.94 - 0.98], respectively) (Bassi et al., 2018). This screening 

tools however is sensitive to many factors such as breathing, posture, stress, 

environmental conditions. Thereby it is recommended to standardized the data 

collection within similar condition (Task Force Report, 1996). It is acknowledged, that a 

limitation of the used of HRV as measure of cardiovascular health, is that low HRV 

value are also related to a wide spectrum of morbidity and fatality (Kleiger et al., 2005). 

The current dissertation used that measure as an indicator rather than a diagnosis tool. 
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YMCA step-test. 

The YMCA step-test is a submaximal cardiorespiratory fitness test designed to estimate 

fitness for individuals with low exercise capacity (Beutner et al., 2015; Kasch et al., 

1966). This step-test is a 3-min single-stage test, which is used to predict fitness levels 

using the number of heart beats following the first minute of recovery. The YMCA step-

test administration requires a 0.31-metre (12-inch) bench height, a chronometer and a 

metronome. The step frequency is 24 step cycles per minute (96 beats per minute). Heart 

rate is continuously monitored by an ECG. After an adaptation period to understand the 

procedure (synchronized with a metronome), the YMCA step-test is performed. 

Following exercise, participants are asked to sit quietly (without moving) for 1 minute. 

The number of heartbeats is summed during the first minute after the step-test. This 

calculation served to quantify participants’ level of cardiorespiratory fitness according to 

Kasch et al. ’s (1966) seven levels (excellent, good, above average, average, below 

average, poor or very poor) categorized by age bracket and gender. Beutner et al. (2015) 

and Kasch et al. (1966) have shown the YMCA step-test is strongly associated with VO2 

max (r-value = 0.83). It was well-documented that a low level of cardiorespiratory 

fitness is associated with a high risk of mortality from CVD (Laukkanen et al., 2007; 

Gupta et al., 2011). 

Tools used to describe PTSD. 

Civilian version of PTSD check list (PCL-C).  

The PCL-C is a self-administered questionnaire for screening symptoms of PTSD in 

seventeen items that correspond to the symptoms of PTSD (Blanchard et al., 1996; 



 41 

Wilkins et al., 2011). The PCLC has seventeen questions scored on a five-point scale 

(“1” = not at all, “2” = a little bit, “3” = moderately, “4” = quite a bit, “5” = extremely). 

As mentioned by the National center of PTSD of US Department of Veterans’ Affairs, 

“there is no absolute method of determining the correct cut-point”, however they 

suggested “36” as lowest normative cut-off point for specialized medical clinics like 

paramedics. The PCL-C questionnaire is a valid and a reliable tool (Cronbach α-value = 

0.94; ICC r-value = 0.96) (Blanchard et al., 1996; Wilkins et al., 2011). Wilkins et al. 

suggested that PCL-C might overestimates PTSD severity symptoms, because PCL-C is 

highly correlated with depression and general anxiety (which are negative emotion 

symptoms) rather than specifics events. 

22-item Responses to Stressful Experienced Scale (RSES22).  

The RSES22 is a self-reported questionnaire measuring the level of resiliency. Low 

level of resiliency is associated negatively to the severity of PTSD symptoms (Johnson 

et al., 2011; Streb et al. 2013). RSES22 provides a global score (0 to 88). This score is 

associated with three levels of coping: low level of resilience (0 to 49); moderate level 

of resilience (50 to 70); and high level of resilience (71 to 88). The RSES22 has been 

shown to be valid and reliable (Cronbach α-value = 0.91 - 0.93; ICC r-value = 0.87) 

(Johnson et al., 2011). As suggested by Streb et al., 2013, the measure of the level 

resilience is able to estimate the severity of PTSD symptoms, it does not be interpreted 

as a cause of PTSD rather than an influence. 
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13-item Sense of Coherence (SOC13).  

The SOC13 is a self-reported questionnaire used to measure the sense of coherence. 

Low sense of coherence is associated negatively to the severity of PTSD symptoms 

(Antonovsky, 1993; Eriksson et al., 2005, 2006, 2007; Streb et al. 2013). Each of the 

thirteen questions are scored on a seven-point Likert scale, resulting in a grand score 

between 13 and 91. Ibrahim et al. (2001) indicated that the score could be categorized 

into three levels: low sense of coherence (0 to 55), medium sense of coherence (56 to 

65) and high sense of coherence (66 to 91). The SOC13 is a valid and reliable 

questionnaire (Cronbach α-value = 0.70 - 0.92; ICC r-value = 0.69 - 0.78) [30–33]. As 

mentioned by Eriksson et al. (2005) level of coherence tends to increase with age, thus 

suggesting an age effect, where “healthy people survive”, or in other words, individual 

remain healthier when they develop a strong sense of coherence. 

Tools used to describe occupational performance 

Most occupational research aims to understand “real-life” outside of the laboratory. 

However, simulators remain indispensable tools to describe performances of many 

occupations (e.g. office workers, professional drivers, paramedics, nurses, airplane 

pilots, militaries, police officers). Two essential aspects of using simulators are safety 

and reliability. Safety implies that the worker is protected so not to harm themselves or 

others during a simulation. In the case of paramedics, there remains a risk of events such 

as collisions (driving) or harm to a patient (medical care). For example, lack of 

visibility, slippery condition and high traffic density could lead to a vehicle collision, or 

medical care of an unstable patient performed in a stressful environment could lead its 

death. Collecting field data (“real-life”) represents a highly variable and complex 
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research environment. Simulators are more suitable to reproduce common, stressful and 

dangerous events and conditions without the real-life risk. In order to document the 

influence of health impairments on occupational performance of paramedics the current 

doctoral dissertation used two simulators (i.e. ambulance vehicle and patient). Both 

simulators will be presented below. 

Ambulance vehicle simulator. 

The simulated drives were completed on a truck driving simulator (VS600M, Virage 

Simulation, Québec, Canada) (Figure 1.9). The ambulance simulator was a “virtual cube 

truck” ambulance. The simulator consists of a driver’s seat, steering column, gas and 

brake pedals, automatic transmission and a dashboard, which is mounted on a hydraulic 

three-axis motion/vibration platform that provides force feedback and vibration. Three 

52” LCD displays provide 180 degrees front view. The resolution is 1920x1080 pixels 

per front display. Rear view and side view mirrors are simulated through the screens. 

One touchscreen located to the driver’s right provides additional control for the 

ambulance sirens. The simulator permits the flexibility to simulate various driving 

conditions and events related to the weather (rainy, snowy, muddy) day light (day, 

night), traffic density, road setting (urban, rural, slopes, curves, intersections), objects 

(cones, trees, sidewalks) and road users (vehicles, bikes, pedestrians). No study was 

found in the literature to assess the validity or the reliability of using a driving simulator. 

This simulator is typically used for driving schools and occupational therapy. Also, the 

ambulance vehicle setup was created originally for a paramedicine program 

(information from the simulator company). However, it is generally accepted that 

driving simulators are valid and reliable (Bédard et al., 2010; Classen et al., 2014; Matas 
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et al., 2016; Mayhew et al., 2011; Reed & Green, 1999; Shechtman et al., 2009; Wang et 

al., 2010) in representing ecological validity. 

 

 

Figure 1.9. VS600M truck simulator from Virage Simulation (Québec, Canada). 

Patient simulator. 

A Kelly manikin (Laerdal Medical, Ontario, Canada) was adopted to enable patient 

simulations in this project (Figure 1.10). This high-fidelity manikin is used for medical 

training among paramedics, nurses, respiratory therapists, and physicians. It can 

reproduce many signs and symptoms similar to real patients and the paramedic can 

practice many invasive medical interventions, such as needle puncture, chess 

compression, intubation, insufflation, and defibrillation. The patient simulator is 

connected wirelessly to an electronic tablet for the control of many parameters such as, 

breathing, heart rate, oxygen saturation, and different cardiac wave. Kelly also permits 

the execution of multiple simulations and records data associated with the simulated 

care scenario for evaluation purposes. No study was found assessing the validity and 
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reliability of the Kelly manikin. Instead research has focused on the use of manikin for 

training purposes. Research has compared simulator fidelity (high- vs. low-) on trainees’ 

skills outcome. A meta-analysis (Cheng et al., 2015) found only moderate benefits in 

skill improvement with the high-fidelity manikin. 

 

 

Figure 1.10. Paramedic is performing medical care on a Kelly manikin (Laerdal 

Medical, Ontario, Canada). 

Heart Rate Variability (HRV). 

As previously highlighted (Tools used to describe CVD section; p.47) an individual with 

low heart rate variability (low HRV) has an elevated risk of cardiovascular morbidity 

and mortality (Dekker et al., 2000; Hillebrand et al., 2013; Kleiger et al., 2005). HRV is 

considered a measure of physiological baseline, and is obtained while an individual is 

resting quietly on a chair. This physiological baseline is used, but as a reference point to 

compare the variability of the heart during an occupational task, in order to measure the 

physiological responses due to a workload (i.e. cognitive, physical, emotional). The 

occupational workload can be reflected in the HRV profile, where low HRV is 

associated with a decline in cognitive functions (e.g. reasoning, memory, attention), 
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poor emotional self-regulation (e.g. rigid, fear, treat, hypervigilance) and exhaustive 

physical demand (Thayer et al., 2009, 2012); and consequently, negative occupational 

performance could be observed (e.g. patient care errors, driving mistakes). The short-

term reliability of intrarater and interrater were found excellent for baseline value (Bassi 

et al., 2018), but there is a lack of published results for occupational tasks. 

 

In the literature, two approaches are used: 1) physiological; 2) neuroscience 

(psychophysiology, behavioral medicine). The physiological approach measures the 

responses of the Autonomic Nervous System (ANS), more specifically the Sympathetic 

Nervous System (SNS) activity and Parasympathetic Nervous System (PNS) activity. 

For instance, it was documented that stressful working situation and environment could 

influence the activity of ANS, where the SNS activity increased and PNS activity 

decreased. For its part, the neuroscience approach described to modulation of vagus 

nerve activity. This approach is built around the brain-heart relationship through the 

monitoring of vagus nerve activity, where the vagus nerve is the main nerve of the PNS 

and its activity is identified as vagal tone. Two types of activity are usually used in the 

literature: “tonic” vagal value known as baseline is the resting HRV value, and “phasic” 

vagal activity referred to the HRV reactivity while the task is performed. This approach 

shows that a higher vagal tone, reflected by high HRV, represents better emotional self-

regulation, executive functioning (e.g. reasoning, memory, attention) and health status. 

Inversely a lower vagal tone, reflected by low HRV has been associated with a poor 

emotional self-regulation (e.g. rigid, fear, treat, hypervigilance), a decline of executive 

functions and health impairments (Laborde, Mosley and Mertgen, 2018; Park et al., 
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2014; Shaffer et al, 2014, 2017). In the current doctoral dissertation, the study 2 used a 

physiological and the study 3 used a neuroscience approach. 

  

Dissertation aim and overview 

The aim of the doctoral dissertation was to provide an interdisciplinary approach in 

exploring the association between paramedic health status and its impact on 

occupational performance.  

 

To achieve this aim, the dissertation was divided into three studies. The first study 

(Chapter 2) documented the prevalence of health conditions of an experienced New 

Brunswick (NB) paramedic cohort. A series of health screening tools were used to 

capture the physical and psychosocial health of this cohort. The study permitted insight 

to identifying health status categorization differences between a single metric and 

multidisciplinary scores. It also identified a high percentage of paramedics suffering 

with health concerns. The second study (Chapter 3) explored paramedics’ health status 

on the physiological responses while completing simulated emergency driving tasks. It 

was found that health status of the paramedic has an influence on their physiological 

response in emergency driving. Two versions of the second study are included in the 

dissertation. Chapter 3 is based on the recommendations of the dissertation examiners’ 

committee and the second version (Appendix B) was published in a peer-reviewed 

journal. The third study (Chapter 4) explores the relationship between patient-care 

performance and paramedics’ health status. Chapter 5 provides potential implications, 

solutions and further research avenues emanating from the dissertation findings.  
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The three studies were based on a small cohort of New Brunswick paramedics and this 

dictated the approach for the dissertation. Initially, it was expected that a sample size of 

100 experienced paramedics from Ambulance New Brunswick (ANB) (10 % of their 

work-force) would be achievable. Recruitment proved to be challenging, thus only 25 

experienced paramedics were recruited. An identified concern for recruitment was that 

ANB have solicited the volunteers. This could have been interpreted by employees as a 

form of job performance assessment and it is unknown how many paramedics may have 

responded to the invite. Given the reduced sample size and lack of statistical power, a 

descriptive and explanatory approach instead of hypothesis-driven approach was 

adopted. Therefore, the current project did not control or measure the influence of 

individual factors such as age, years of experience, education, family income, level of 

physical activity. These factors are known to contribute to workers’ health, and 

potentially their occupational performance. However, the sample size restricted the 

ability to assess the covariate.  
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Johnson. (2020). Exploration of the health status of experienced New Brunswick 

paramedics. WORK: A Journal of Prevention, Assessment, and Rehabilitation. 65(2).  

 

Abstract 

Literature reports that paramedics represent an at-risk occupation for the development of 

health problems. At least half of the paramedic population presents at least one risk 

factor associated with a negative health condition. These reports may suffer a “mono-

method bias” where most reported outcomes are based on a single screening tool 

approach (may attenuate or inflate the prevalence). The current study characterizes the 

health status of a cohort of twenty-five experienced New Brunswick (Canadian 

province) paramedics. To understand possible limitations of past research, health status 

was characterized using four different methods: two methods using only one health 

measure and two were combined methods, integrating outcomes from at least two health 

measures to determine the prevalence of a given health status. Mono-bias was observed 

when using the single health measure methods. The difference among the four methods 

highlighted that a third of the cohort seemed unaware of their health condition. This 

result shed additional light on paramedics’ health, where a high proportion of 

paramedics worked without knowledge of their health conditions. Based on a two health 

measures combined method, it was observed that only two-fifths of the current sample 

had no health conditions or could otherwise be considered as a “healthy”. Because the 

literature has focused on single screening methods, our results were difficult to compare. 
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However, there was a consensus that paramedics represent an at-risk occupation 

comprised of health problems. This study was exploratory and should be the basis for 

further research.  

 

Keywords: Mono-method bias, Musculoskeletal disorders (MSD), Cardiovascular 

diseases (CVD), post-traumatic stress disorders (PTSD), Paramedic health status. 

 

Introduction 

Paramedics complete a variety of complex physical tasks and are often exposed to 

distressing events and major disasters. They are required to spend several hours sitting 

in their vehicle, and then suddenly deliver pre-hospital care and perform strenuous tasks 

in unknown and hazardous environments. These situations create conditions associated 

with the development of physical and psychosocial health problems [1,2]. In addition to 

work-related challenges, sedentary behaviour and poor lifestyle habits may contribute to 

an increased risk of developing health problems that could impact quality of life as well 

as paramedics’ ability to deliver patient care [1,3,4]. Not surprisingly, a high turnover 

rate within the Emergency Medical Service is observed (EMS) [1,5,6]. 

 

Health problems among paramedics appear unevenly documented in the literature. 

Thirty years ago, the most important health problems causing absenteeism among UK 

paramedics were musculoskeletal disorders (MSD), cardiovascular diseases (CVD) and 

psychosocial health problems [7]. A recent report published in 2016, from the same UK 

EMS indicated that although the MSD impact remained the same, psychological factors 
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have increased 11% (an increase from 5 % in 1979 to 16 % in 2016) and 6 % of 

absences were due to “other known causes” [8]. Considering the fact that it is reported 

that CVDs are the second leading cause of paramedics’ fatalities [9,10] and that 

paramedic work is considered at-risk with the development of CVDs [11,12], it is odd 

that this UK governmental agency report contained no information about CVDs. In the 

USA, the Bureau of Labor statistics from the US Department of Labor revealed that half 

of the absences of paramedics were related to musculoskeletal injuries [13]. 

Musculoskeletal injuries refer to the combination of traumatic injuries and MSD. 

Traumatic injuries are due to accidents and include injuries caused by slips, trips, falls, 

vehicle collisions or violence against paramedics, resulting in a single event; while MSD 

is a painful disorder developed through repetitive movements or cumulative trauma of 

bodily reaction and/or overexertion work-related task [14,15]. The U.S. Department of 

Labor provides information on musculoskeletal injuries only (i.e. combining data from 

both, musculoskeletal injuries and MSD) also without reporting on CVD or 

psychosocial health problems. In Canada, there are no similar data available specifically 

for paramedics. Statistics Canada surveys do report causes of illness or disability 

(physical and psychological) by household based on the number of missing days from 

work for health technicians, which includes paramedics, but these do not provide data 

specific to the profession. It is therefore difficult to compare the paramedic data from 

the UK, USA and Canada, as the definitions and reporting methodologies differ. 

Nonetheless, based on the UK and USA public organization reports, paramedics do 

represent an at-risk occupation with developing health problems, which may cause a 

high rate of absenteeism.  
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The limitation of these public organization reports is the quantified absenteeism data 

rather than the specific health status of the paramedics on duty; the absenteeism data did 

not provide information about the individual working with health issues. To know how 

many paramedics are dealing with chronic health conditions, this study refers to the 

paramedic’s health literature, where studies reveal that approximatively half of each 

respective paramedic sample reports MSD [16–19]. Approximatively half of the reports 

have psychosocial issues and, more specifically, one quarter have severe symptoms of 

post-traumatic stress disorder (PTSD) [20]. Almost all of the paramedics (90 %) were 

prone to develop CVDs [11]. Consequently, the literature supports the likelihood that a 

high number of paramedics likely work with conditions detrimental to their health daily. 

 

Self-reported diagnostic and self-reported questionnaires have often been used as 

screening tools to describe and characterize paramedics’ health. This is understandable 

since these methods allow many individuals to be evaluated easily and sometimes, there 

is no other option available (e.g. questionnaires in psychosocial health). However, these 

types of tools may lead to a lack of precision. For example, weight and height used to 

assess obesity status could be self-reported or measured directly, but as mentioned by 

Stommel et al. [21], when individuals self-reported their measurement they have a 

tendency to over or under-estimate their values. Self-reported measures potentially 

distort reality as self-reported information can be influenced by a wide range of 

individual and social factors [22]. Despite this fact, paramedic health literature still 

relies on the use of self-reported measures. Often only one screening tool or one method 

is used to estimate a health condition, without validation against a second measure. As a 
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result, the literature describing paramedics health may be limited by “mono-method 

bias” [23]. Using a single health measure tends to attenuate or inflate the results [23]. 

Application of multiple measures should increase and enhance the validity of health 

status estimates and provide a clearer report of paramedics’ health [22].  

 

The aim of this study was to describe the health status of New Brunswick (an Atlantic 

Canadian province) paramedics by using multiple screening methods. Because of the 

administration of several tools, it was expected that a mono-bias would be observed on 

the single health screening methods and would result in a wide variability of prevalence 

of health status among the participants. It was anticipated that multiple screening 

approaches should minimize this bias. 

 

Methodology 

Design. 

A cross-sectional observational-based design was adopted to assess the health status 

among a group of Ambulance New Brunswick (ANB) paramedics. A series of self-

reported questionnaires and physical measurements were administered to create a health 

profile of this cohort. This study received institutional research ethics board approval. 

Participants. 

In collaboration with ANB, recruitment emails were sent out across the province of New 

Brunswick. Twenty-five (n = 25) full-time paramedics responded positively to 

volunteering to participate in this project. No participants were excluded. The 
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participants were assessed during their days off. They were asked to be well-rested and 

not consumed alcohol or drugs (at least 24-hour before the participation to the study).  

Procedures.  

All testing took place in the University laboratory. Upon arrival, each participant was 

briefed on the data collection procedures, read a letter of information and signed a 

consent form approved by the University’s research ethics board. Afterwards, the 

participant started a sixty minute of demographic and health assessment. Details of the 

assessment are provided in Table 2.1 with a brief description provided here. The 

chronological process of the assessment was as follows: 

• Participants’ weight and height were measured; 

• Participants performed a battery of musculoskeletal assessments;  

• Participants completed demographic and health-related questionnaires;  

• Participants completed a physiological baseline period; 

• Participants performed a 3-minute step test. 
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Measurements. 

Self-reported questionnaires. 

i) Demographic data: Self-reported questionnaire reporting sex, age, year of paramedical 

experience and total years of education. 

ii) Diagnosed health conditions: Self-reported survey on diagnosed MSD, CVD or 

PTSD. 

iii) Nordic questionnaire (NQ): NQ is a self-report validated tool measuring the history 

of MSD in the last 12 months and its occupational impact [24–26]. The questionnaire is 

divided by anatomical regions: neck, shoulders, elbow, hands, wrists, upper back, lower 

back, hip, thighs, knees, ankles and feet. Three different outcomes are measured: 1) 

musculoskeletal complaints of at least one episode during the past 12 months; 2) activity 

limitations and occupational difficulties during the past 12 months; and 3) activity 

limitations and occupational difficulties during the last 7 days. There are two alternative 

responses: yes or no. For the current study only the history of MSD in the last 12 

months was used. 

iv) Civilian version of PTSD check list (PCL-C): PCL-C is a self-administered 

questionnaire for screening symptoms of PTSD in seventeen items that correspond to 

the symptoms of PTSD [27,28]. The PCL-C has seventeen questions scored on a five-

point scale (“1” = not at all, “2” = a little bit, “3” = moderately, “4” = quite a bit, “5” = 

extremely). As mentioned by the National center of PTSD of US Department of 

Veterans’ Affairs, “there is no absolute method of determining the correct cut-point”, 

however they suggested “36” as lowest normative cut-off point for specialized medical 
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clinics like paramedics. The PCL-C questionnaire is a valid and a reliable tool 

(Cronbach α-value = 0.94; ICC r-value = 0.96) [27,28]. 

v) 22-item Responses to Stressful Experiences Scale (RSES-22): RSES-22 is a self-

reported questionnaire measuring the level of resiliency. Low level of resiliency is 

associated negatively to the severity of PTSD symptoms [29]. RSES-22 provides a 

global score (0 to 88). This score is associated with three levels of coping: low level of 

resilience (0 to 49); moderate level of resilience (50 to 70); and high level of resilience 

(71 to 88). The RSES has been shown to be valid and reliable (Cronbach α-value = 0.91 

- 0.93; ICC r-value = 0.87) [29]. 

vi) 13-item Sense of Coherence (SOC-13): The SOC-13 is a self-reported questionnaire 

used to measure the sense of coherence. Low sense of coherence is associated negatively 

to the severity of PTSD symptoms [30–34]. Each of the thirteen questions are scored on 

a seven-point Likert scale, resulting in a grand score between 13 and 91. Ibrahim et 

al.[34] indicated that the score could be categorized into three levels: low sense of 

coherence (0 to 55), medium sense of coherence (56 to 65) and high sense of coherence 

(66 to 91). The SOC-13 is a valid and reliable questionnaire (Cronbach α-value = 0.70 - 

0.92; ICC r-value = 0.69 - 0.78) [30–33]. 

Physical measurements. 

i) Body Mass Index (BMI): Weight and height were measured with a 450KL Physician 

Beam scale (Health O Meter Professional, USA), which permitted the calculation of 

body mass index (BMI) (kg/m2) and was used as a health indicator for this study.  

ii) Functional Movement Screen (FMS™): Participants performed a Functional 

Movement Screen (FMS) consisting of a series of seven movements as developed by 
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Cook et al. [35]: 1) deep squat; 2) hurdle step; 3) in-line lunge; 4) shoulder mobility; 5) 

active straight leg raise; 6) trunk stability push-up; and 7) rotary stability. Each 

movement was scored on a 4-point Likert scale, with 0 = pain, 1 = unable to perform 

movement, 2 = compensation required to perform movement, and 3 = able to perform 

movement, consistent with the instructions [35]. The summed FMS score can range 

from 0 to 21 [35–37]. A systematic review and meta-analysis found that FMS has 

excellent inter-rater and intra-rater reliability, including a pass/fail cut-off of 14 points 

being valid in predicting a higher risk of injury [38]. For a detailed description of each 

movement, the reader is referred to Cook et al. (2006) [35]. 

iii) 5-minute physiological baseline: Before this measurement, a 3-lead (MLA2340, 

ADInstruments, USA) electrocardiogram (ECG) was placed on the participants to 

collect and monitor the electrical activity of the heart. The electrode placement used 

LEAD II configuration according to Einthoven’s triangle [39]. The heart signals were 

recorded using the Bio Amp unit (FE132) and an eight channel PowerLab unit (PL3508) 

(AdInstruments, USA) and LabChart software (version 7, AdInstruments, USA). To 

measure the electrical activity of the heart, participants remained seated comfortably on 

a chair, in a quiet and dimly lit room for 5 minutes. Electric heart signal was computed 

to calculate heart rate variability values in order to evaluate the participant’s future risk 

of developing cardiovascular diseases (CVD) and to use as a health indicator with heart 

rate variability (HRV). An individual is considered at risk of developing future CVD 

when the value of the standard deviation time between inter-beat-intervals (SDNN) from 

the HRV calculation are lower than 50 milliseconds (ms) (SDNN50). SDNN50 is 

considerate as “low HRV” and represents an increasing risk of cardiovascular morbidity 
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and mortality [40,41]. Therefore, in this study the HRV is used as a screening tool and a 

health indicator. 

iv) YMCA step test: After the physiological baseline measure, participants completed 

the YMCA 3-minute step test. The YMCA (Young Men’s Christian Association) step 

test is a submaximal cardiorespiratory fitness test designed to estimate fitness for 

individuals with low exercise capacity [42]. This step-test is a 3-min single-stage test, 

which is used to predict fitness levels using the number of heartbeats following the first 

minute of recovery. The YMCA step-test administration requires a 12-inch bench 

height, a chronometer and a metronome. The step frequency is 24 step cycles per minute 

(96 beats per minute). Heart rate was continuously monitored by ECG. After an 

adaptation period to understand the procedure (synchronized with a metronome), the 

YMCA step test was performed. Following exercise, participants were asked to sit 

quietly (without moving) for 1 minute. Beutner et al. [42] and Kasch et al. [43] have 

shown the YMCA step-test as a strong predictor of VO2 max (r-value = 0.83). 

Participants were given a 10-minute break before moving on to other protocols. It is 

well known that a low level of cardiorespiratory fitness is associated with a high risk of 

mortality from CVD [44,45]. 

Variables. 

All the data collected was divided into three health conditions (MSD, CVD, PTSD), two 

health indicators (HRV, BMI) and three demographic characteristics (age, year of 

experience, years of education) (Table 1). It should be noted that participants could have 

all health conditions. 
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i) Health conditions: Four methods were used to identify the presence of a health 

condition: i) diagnostic self-report by the participant (single measure method); ii) 

individual screening test (single measure method); iii) combination of two screening 

measures (questionnaire and/or physical measure) (multi-method approach); and iv) a 

combination of all methods (multi-method approach).  

MSD: Elevated risk to develop future musculoskeletal disorders. Participants 

were considered as having elevated MSD risk if they either:  

• Method 1) self-reported being diagnosed with MSD; 

• Method 2)  

o had been screened positively with the NQ (work-related history of MSD in the 

last 12 month); 

o had been screened positively with the FMS (scored below 14, which is the cut-

off point) [38]; 

• Method 3) had been screened positively for both tests (NQ and FMS) 

• Method 4) had been screened positively if they: 

o self-reported being diagnosed of MSD AND had been screened positively on at 

least one tool: NQ OR FMS. 

o OR considering the case that the participant did not report MSD diagnosis, the 

participant had been screened positively on both tools: NQ AND FMS. 

CVD: Elevated risk to develop future cardiovascular diseases. Participants were 

identified as having high risk to develop CVD if they: 

• Method 1) self-reported being diagnosed with CVD; 

• Method 2)  
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o scored “below average” on the YMCA step test [42] 

o had a HRV value lower than 50 milliseconds (ms) (SDNN50) [40]; 

• Method 3) had been screened positively by both tests (YMCA and SDNN50) 

• Method 4) had been screened positively if they: 

o self-reported being diagnosed of CVD AND had been screened positively on at 

least one tool: YMCA OR SDNN50. 

o OR considering the case that the participant did not report CVD diagnosis, the 

participant had been screened positively on both tools: YMCA AND SDNN50. 

PTSD: Elevated symptoms of post-traumatic stress disorders. Participants were 

considered to demonstrate elevated PTSD symptoms if: 

• Method 1) self-reported being diagnosed with PTSD; 

• Method 2)  

o had been screened positively for PCL-C (scored higher than 36) [27,28]; 

o had scored a low level of resilience (0 to 49) at the RSES-22 [29] or low level of 

sense of coherence (0 to 55) at the SOC-13 [34] 

• Method 3) had been screened positively by at least two tools (PCL-C and RSES-22 

OR PCL-C and SOC-13) 

• Method 4) had been screened positively if they: 

o self-reported being diagnosed of PTSD AND had been screened positively on at 

least one tool: (PCL-C, RSES-22 or SOC-13). 

o OR considering the case that the participant did not report PTSD diagnosis, the 

participant had been screened positively on at least two tools (PCL-C and RSES-

22 OR PCL-C and SOC-13).  
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ii) Health indicators. 

Body mass index (BMI). Underweight, overweight and obesity are important risk 

factors associated with a variety of chronic diseases (e.g. MSD, CVD, cancer, type II 

diabetes, psychosocial issues) [46]. BMI provides an indicator of the general health state 

[46]. 

Heart rate variability (HRV). In the literature, physical and psychosocial health 

state have been quantified by heart rate variability (HRV). HRV is the measurement of 

the variability in time intervals between successive heartbeats. HRV measured at rest 

can provide an indicator of general health state. More specifically, low resting HRV has 

been associated with a wide spectrum of physical and psychosocial injuries (e.g. obesity, 

poor cardiovascular health, anxiety disorders, PTSD) as well as being associated with 

unhealthy lifestyle (e.g. physical inactivity, sleep deprivation, alcohol and drug use) 

[40,47–56]. Essentially, HRV does not discriminate health condition, but it is an 

indicator of the effect of health condition on the autonomic nervous system (ANS). 

More specifically, it represents a reduction of vagal activity associated with individuals 

with poor health conditions. It is acknowledged that the ANS contributes to the 

regulation of cardiac activity [40,47–56]. However, the mechanisms remain unclear in 

the literature on how poor health condition could affect cardiac activity, including HRV.  

iii) Demographic characteristics: The scientific literature associates demographic 

characteristics with health issues. For example, age and years of experience are both 

associated positively with MSD [57], and the number of years of education is associated 

with a moderate decline in mortality risk [58]. 
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Data processing. 

Hand recorded data from the physical tests and questionnaires were recorded on paper 

and subsequently transferred to electronic format. The ECG signal data collected during 

the baseline period and YMCA step test were processed (i.e. 1 to 45 Hz bandpass filter 

and normalized) using LabChart software (i.e. LabChart software version 7, 

AdInstruments, USA) before the calculations.  

i) 5-minute baseline period calculations: The ECG signal was collected in order to 

obtain heart rate variability (HRV) signal. In this study, HRV values were used to 

evaluate cardiovascular health and explore the physiological responses during the 

baseline period.  

SDNN50: Standard deviation time between inter-beat-interval (IBI) below 50 ms. 

This value is calculated from across IBI. This represents an elevated risk of 

cardiovascular disease [40,41]. 

HRV as health indicator: Poincaré plot analysis is the measure of the dispersion 

of a geometric shape (i.e. ellipse or comet) formed by a pair of successive beats, thereby 

plotting the current inter-beat-interval (IBI) against the next IBI. Poincaré plot analysis 

is used to evaluate the dynamics of the heart rate variability signal and describe the 

activity of the sympathetic and parasympathetic modulation of heartbeat [59,60]. SD1 

(standard deviation of points perpendicular to the line-of-equality in milliseconds) 

measure the short-term HRV and is associated with the influence of parasympathetic 

activity, where a high SD1 is representative of a higher parasympathetic activity; SD2 

(standard deviation of points along to the line-of-equality in milliseconds) measures the 

long term HRV and is correlated with the sympathetic and parasympathetic activities, 



 78 

where high values means more stimulus from autonomic system; SD1/SD2 is the ratio 

(reported as a percent) between short and long interval variation and is used to measure 

the autonomic balance [59,60]. 

ii) YMCA step test calculations: The number of heartbeats were summed during the first 

minute after the step test using LabChart software (i.e. LabChart software version 7, 

AdInstruments, USA). This calculation served to quantify participants’ level of 

cardiovascular fitness according to Kasch, et al.’s[43] seven levels (excellent, good, 

above average, average, below average, poor or very poor) categorized by age bracket 

and gender. 

Descriptive statistics. 

Descriptive statistics were used to describe the prevalence, spread (mean, 95 % 

confidence interval; M ± 95% CI), distribution of each health condition and health and 

demographic indicators among this paramedic sample. Descriptive statistics were 

computed with JASP version 0.8.0.1 (University of Amsterdam, Netherland). 

 

Results 

Table 2.2 shows the wide variability of the prevalence of health conditions through 

screening methods. Self-reported diagnosis method (method one) identified the lower 

range of prevalence (4 to 16 %) and the second method (individual screening tool) 

identified the higher range of prevalence (16 to 64 %). The third and fourth method had 

a similar range of prevalence (12 to 32 % and 12 to 36 %), respectively. 
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Two participants (8 %) who originally had self-reported health condition diagnosis (first 

method) have not been screened positively by the second and third method. More 

precisely, one participant was not identified with MSD, because the participant scored 

better than the FMS threshold (i.e. 14), even if the participant had a self-reported work-

related history of MSD in the last twelve months. The other participant was not 

identified with CVD, because the participant had a higher value than SDNN50 threshold 

(i.e. SDNN 50 ms), even if they had scored “below the average” on the YMCA step test.  

Demographic descriptions of cohort characteristics. 

Twenty-five paramedics (8 women; 17 men) aged 38.5 ± 3.5 (M ± 95% CI) years old, 

with an average of 15.3 ± 3.3 years of paramedic experience as well as an average of 

15.3 ± 0.7 years of education, volunteered to take part in this study (Table 2.3).  

 

The individuals with an elevated risk to develop future CVD were older and more 

experienced than those with other health conditions (Table 2.4). The individuals who 

reported elevated symptoms of PTSD were younger and less experienced than those 

with other health conditions. The individuals without health conditions were younger 

(i.e. 8.5 years) than those identified with at least one health condition (Table 2.4).  

Health indicators. 

Table 2.5 shows the BMI distribution among the cohort of NB paramedics. HRV values 

followed the same trend, where participants identifying with health conditions (elevated 

risk to develop MSD, elevated risk to develop CVD, elevated symptoms of PTSD) had 

lower values than individuals without physical health conditions (Table 6). More 
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specifically, individuals with an elevated risk of CVD presented with lower HRV values 

for SD1 and SD2 and higher BMI than those with other health conditions. Conversely, 

individuals who reported elevated symptoms of PTSD also had lower values of 

SD1/SD2, but BMI values near the healthy BMI value. 

Table 2.2. 

 

Prevalence of health conditions among a cohort of 25 paramedics. 

Health 

conditions 

Method 1 

± 95%CI 

Method 2 

± 95%CI 

Method 3 

± 95%CI 

Method 4 

± 95%CI 

MSD 12 % ± 12.7 

NQ: 44 % ± 19.5 

32 % ± 18.3 36 % ± 18.8 

FMS: 44 % ± 19.5 

CVD 16 % ± 14.4 

YMCA: 64 % ± 18.8 

28 % ± 17.6 32 % ± 18.3 

SDNN: 32 % ± 18.3 

PTSD 4 % ± 7.7 

PCLC: 16 % ± 14.4 

12 % ± 12.7 12 % ± 12.7 

Coping: 28 % ± 17.6 

W/ health 

conditions  
32 % ± 18.3 88 % ± 12.7 52 % ± 19.6 60 % ± 19.2 

W/O 

health 

condition 

68 % ± 18.3 12 % ± 12.7 48 % ± 19.6 40 % ± 19.2 

Note. Table present the number of participant (in percentage (%) with 95 % 

confidence interval (95%CI)) identified with health conditions; (Method 1) self-

diagnosis; (Method 2) individual screening test; (Method 3) combined screening 

test; (Method 4) include both diagnosis & screening tools combined; (W/ health 

conditions) individuals with health conditions; (W/O) individuals without health 

condition (Healthy); (MSD) elevated risk to develop musculoskeletal disorders; 

(CVD) elevated risk to develop cardiovascular diseases; (PTSD) elevated 

symptoms of post-traumatic stress disorders; (NQ) nordic questionnaire; (FMS) 

functional movement screen; (YMCA) step test; (SDNN) SDNN value below 50 

ms; (PCLC) civilian version of PTSD check list; (Coping) include both tests 

(RSES-22) responses to stressful experiences scale and (SOC-13) sense of 

coherence. 

 



 81 

Table 2.3.  

 

Distribution of demographic characteristics among a cohort of 25 paramedics. 

Categories 
Years 

Intervals 
Prevalence (%) ± 95%CI 

Age (year) 

20 – 29 

30 – 39 

40 – 49 

50 + 

12 ± 12.7 

44 ± 19.5 

32 ± 18.3 

12 ± 12.7 

Paramedic experience 

(years) 

5 – 9 

10 – 14 

15 – 19 

20 + 

24 ± 16.7 

20 ± 15.7 

28 ± 17.6 

28 ± 17.6 

Education (years) 

13 – 14 

15 – 16 

17 + 

40 ± 19.2 

40 ± 19.2 

20 ± 15.7 

 

Table 2.4. 

 

Demographic characteristics among of a cohort of 25 paramedics with and without health 

conditions. 

Health conditions 
Age  

(years) 

Experience  

(years) 

Education  

(years) 

MSD 38.2 ± 5.7  13.9 ± 6.5 15.6 ± 1.3 

CVD 41.8 ± 4.8 17.3 ± 4.9 15.9 ± 1.8 

PTSD 33.3 ± 2.4 11.0 ± 5.7 15.0 ± 3.0 

All health conditions combined  40.3 ± 4.3  15.8 ± 4.5 15.6 ± 1.0 

Without health condition (healthy) 35.9 ± 5.1  14.5 ± 4.5 14.8 ± 0.9 

All paramedics cohort 38.5 ± 3.3 15.3 ± 3.2 15.3 ± 0.7 

Note. Results have been presented with the mean and 95 % confidence interval (M ± 95%CI) 

of each demographic characteristic; (MSD) elevated risk to develop musculoskeletal 

disorders; (CVD) elevated risk to develop cardiovascular diseases, (PTSD) elevated 

symptoms of post-traumatic stress disorders. 
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Table 2.5.  

 

Distribution of BMI among a cohort of 25 paramedics. 

Classification 

 

Normal weight 

Overweight 

Obese class I 

Obese class II 

BMI (kg/m2) 

 

18.5 – 24.9 

25.0 – 29.9 

30.0 – 34.9 

35.0 – 39.9 

Prevalence (%) ± 95%CI 

 

24 ± 16.7 

44 ± 19.5 

20 ± 15.7 

12 ± 12.7 

Note. Classification of Body Mass Index (BMI) is based on: Health Canada. 

Canadian Guidelines for Body Weight Classification in Adults: Quick Reference 

Tool for Professionals. 2003. 

 

Table 2.6. 

 

Health indicators among of a cohort of 25 paramedics with and without health conditions. 

Health conditions 

HRV 
BMI 

(kg/m2) SD1  

(ms) 

SD2  

(ms) 

SD1/SD2 

(%) 

MSD 17.0 ± 10.6  76.2 ± 33.0 20.4 ± 6.7 29.0 ± 2.9 

CVD 11.1 ± 4.8 50.5 ± 14.5 20.7 ± 4.3 31.6 ± 2.6 

PTSD 15.2 ± 9.6 89.9 ± 50.8 16.2 ± 4.3 25.4 ± 4.7 

All health conditions combined 15.4 ± 6.3 66.6 ± 20.7 21.7 ± 4.1 29.2 ± 2.2 

Without health condition 

(healthy) 
33.2 ± 13.1 100.7 ± 25.6 31.7 ± 6.5 26.6 ± 2.6 

All paramedics cohort 23.4 ± 7.7 81.9 ± 17.5 26.2 ± 4.2 28.2 ± 1.7 

Note. Results have been presented with the mean and 95 % confidence interval (M ± 

95%CI) of each health conditions; (SD1) standard deviation of points perpendicular to the 

line-of-equality in milliseconds (ms); (SD2) standard deviation of points along to the line-

of-equality in milliseconds (ms); (BMI) body mass index; (MSD) elevated risk to develop 

musculoskeletal disorders; (CVD) elevated risk to develop cardiovascular diseases, 

(PTSD) elevated symptoms of post-traumatic stress disorders. 
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Discussion 

The current study assessed the health status of a cohort of experienced New Brunswick 

paramedics. The approach used in this research was original, since the health status of 

the participants was estimated by four methods: i) self-reported diagnosis; ii) one 

validated screening tool; iii) two validated screening tools combined; and iv) self-

reported diagnosis and screening tools combined. Also, participant health status, HRV 

and BMI values were used as health indicators. 

 

As expected, the prevalence of health conditions as calculated by different methods 

varied widely. Three tendencies were observed: i) self-reported diagnosis defined the 

lowest prevalence; ii) individual tests found the highest prevalence; and iii) both 

combined methods (two screening tools combined, self-reported diagnosis and screening 

tools combined) had moderate, yet similar prevalence and also showed a “moderate” 

prevalence than other methods. 

 

Considerable differences emerged when identifying the prevalence of health status using 

self-report diagnosis relative to the use of a combined method. This difference could be 

explained by the fact that a third of this cohort of experienced paramedics did not seem 

aware of their own health status. Paradoxically, paramedics possess the knowledge and 

competency to identify the majority of health problems, and some paramedics work on 

health prevention and intervention programs with populations at risk of diabetes and 

CVD [61]. It appears that paramedics may have underreported their health status when 

using self-report methods. This might suggest that paramedics are so busy taking care of 
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others they forget or run out of time to take care of themselves, or perhaps are not aware 

of their health status. 

 

Single measure methods (i.e. self-report and single screeners), produced the most 

extreme (lowest and highest) prevalence estimates across the four methods. That result 

confirms the presence of “mono-bias” among those methods, where prevalence 

attenuation may be present when estimating prevalence from self-report (the first 

method) and prevalence inflation when estimating prevalence using single screens (the 

second method). The combined method approaches (i.e. the third and fourth methods) 

minimized this bias by requiring at-least two measurements to identify the presence of a 

health condition. Therefore, this paper shares the opinion of Lenderink et al. [22], that 

multiple measures enhance the validity of the health status assessment. 

 

In that context, the fourth method is considered the best to evaluate the prevalence of 

health conditions among a cohort of experienced paramedics. Because this method used 

at least two health measures, it confirmed the self-reported diagnosis and identified 

individuals who have health conditions without knowing. Therefore, the observations 

show a high prevalence of poor health conditions among this cohort of paramedics. 

Furthermore, all presenting signs or symptoms of chronic disease among paramedics in 

this project were related to a decreasing variability of the HRV indicating a negative 

influence of their health condition on their ANS. 
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Health status. 

MSD. 

Garrison et al.’s parallels the work of this study. They measured the risk of developing 

MSD by combining the self-reported diagnosis of MSD, FMS cut-off score and/or the 

history of MSD among college athletes. Considering the discrepancies of the age and 

occupational activity among the respective populations of this paper (i.e. college athlete, 

experienced paramedics) it remains difficult to compare the studies. Only a few studies 

have indirectly measured musculoskeletal health with the musculoskeletal 

questionnaires. At this time there are no known recent studies combining methods (e.g. 

questionnaire with functional assessment of paramedics).  

 

The data available are divided into two types: 1) international studies based on the 

prevalence of paramedics working with MSD; and 2) North American and UK data 

based on the stated cause of sickness absence. For a better comparison, results for this 

paper were limited to the first type of study. A Swedish study (n = 1500) observed that 

half of the paramedics sampled had neck, shoulder and low back pain [63]. A Danish 

study (n = 1691), observed that two-fifths of their paramedics’ sample suffered neck and 

shoulder problems and two-fifths had low-back problems [16]. A Japanese study (n = 

1550) observed that one-third had neck-shoulder problems and two-thirds had low back 

problems [17]. These international studies report higher lower back pain prevalence with 

Japanese paramedics reporting higher rates than Danish paramedics (66 % vs. 40 %). 

These previous studies present a higher prevalence than the current study (32 %). This 
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discrepancy might be explained by the mono-method bias, because these studies used a 

single method of screening (questionnaires).  

 

In addition, the authors reported that fewer years’ experience was associated with 

having poor musculoskeletal health. However, the results in this study did not confirm 

this observation, because the participants with an elevated risk of developing MSD had 

similar years of experience compared to individuals without health conditions. 

CVD. 

One-third of the experienced NB paramedics had an elevated risk of developing CVD. 

At this time, there is no known paramedic study that has evaluated risk of developing 

CVD (based on self-report diagnosis, HRV at rest and/or heart rate during physical 

effort (i.e., climbing stairs task, with YMCA step test)). Recent papers are limited and 

focused (with questionnaires) on the prevalence of risk factors of CVD (e.g. BMI, 

tobacco consumption, lipidemia, blood pressure, life-style, diet) [11,12,64–66]. 

Although there are only a few dated scientific articles concerning paramedics and 

CVDs, CVDs were identified as an important health problem. For the period 1970-1972 

in the UK, more than half of all paramedic mortalities were CVD-related [9]. In 1998, 

Rodgers reported that the second highest cause of early retirement between 1988 to 

1992 for paramedics in the UK was CVD [67]. Maguire et al. [10] reported CVD as the 

second leading cause of fatalities among paramedics in the USA. Considering a lack of 

previous research, it is difficult to compare the findings of the current study. However, it 

is well documented that paramedics are an occupational population at risk of developing 

CVD. Furthermore, the current results show that paramedics who had elevated risk of 
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developing CVD were older and more experienced than other participants (i.e. other 

health conditions or healthy paramedics). That could be explained in two ways: first, the 

normal deconditioning process associated with aging and its relationship to increases in 

sedentary behaviour, physical inactivity and, poor diet; and secondly the nature of 

paramedics’ work: shift work, and physical and psychosocial demands that may 

progressively increase the risk of CVD  [1,11,64–66]. 

PTSD. 

The literature presents a discrepancy among the prevalence of PTSD, which makes it 

difficult to compare with this study. Berger et al. [68] revealed that the worldwide 

prevalence of PTSD is 15 % for paramedics (without significant geographic difference 

between North-America, Europe and Australia.), while Carleton et al. [20] reveal higher 

rates in Canada, where 25 % of paramedics were identified with PTSD. This difference 

across these two important studies, could be explained by methodological differences. 

They both used a single approach (questionnaire), that might be affected by mono-

method bias. Resulting in an amplification for Carleton et al. [20] study and an 

attenuation for Berger et al. [68] paper, without using another form of cross-validation 

that could explain the differences between the studies. Additionally, both papers used 

various instrumentations (e.g. PCL-C, PCL-5, PDS) that could accentuate the 

differences between the studies. 

 

In addition, Carleton et al. [20] reported that age and years of experience were 

associated positively with having elevated symptoms of PTSD. However, the results of 

the current study show that individuals with elevated symptoms of PTSD were younger 
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and less experienced compared to other participants. That could be explained by the 

“healthy workers effect”, where injured or traumatized workers often transition away, 

leaving only the healthy workers in the cohort. In other words, it could mean that the 

older workers in our cohort may have had better practices or may have simply been 

more resistant to the demands of the workplace [69,70].  

Health indicators. 

BMI. 

The number of paramedics classified as obese in this study is similar to the literature 

which has reported that 50 % of paramedics are overweight and more than half of these 

individuals are considered obese [1,65,66]. The result of the current study shows that 

paramedics with an elevated risk of CVD have higher BMI among all participants, 

confirming what the literature has reported: that paramedics with obesity have positive 

relationships with CVD [1,11,64–66]. 

HRV. 

The results for HRV follow the same trend, where the paramedics who presented signs 

or symptoms of health conditions had lower HRV values than paramedics who did not 

have a health condition. The results in this study are consistent with the literature 

[40,47–50,71]. More specifically, the lowest HRV values were observed among 

paramedics with an elevated risk of CVD, confirming Hillebrand et al. [40,41], where 

low HRV values represent an increased risk of cardiovascular morbidity and mortality. 

Despite the fact there are only a few studies that measured HRV amongst individuals 

with MSD, our results corroborate the findings of Hallman et al. [72], where they 
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observed lower HRV values from individuals who suffered chronic neck-shoulder 

musculoskeletal pain. They suggest that the individuals suffering from chronic 

musculoskeletal pain reduced their physical activity and/or leisure time, leading them to 

diminished parasympathetic activity caused by increasing time of inactivity or rest 

period. 

 

The link between elevated symptoms of PTSD and HRV has already been identified in 

the literature [51,52]. Our results support this. Paramedics often work in highly stressful 

conditions, where they are required to manage difficult situations such as violence, 

patient interaction, life and death responsibility, time pressure, frequent traumatic event 

exposure as well as risks of death, injury and to contracting infectious diseases. A high 

level of occupational stress among paramedics has been shown to increase the risk of 

developing poor psychosocial health conditions (such as PTSD) [6,73,74].  

Practical implications. 

The results of the current study demonstrate that the single screening methods of 

quantifying paramedic health status might be problematic, causing either an 

underestimation of prevalence when using self-reported diagnosis or an overestimation 

when using individual screening tests. In order to avoid a mono-bias, it is recommended 

to administer at least one additional screening tool, to verify a self-reported diagnosis. 

Furthermore, this study highlights the prospect of underreporting of health status within 

this paramedic cohort. In other words, it appears that a high proportion of paramedics 

lack awareness of their own health, or perhaps are focussed so intently on the health of 

their patients, they have not adequately considered their own health. Because of this 
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population is highly health literate, it is unlikely that a health promotional campaign 

would yield value. Instead the routine administration of a battery of screening tests 

similar to those used in this study would provide paramedics with important data for 

support in the awareness of their health status. If prompted through such a medical 

surveillance-based approach, it is possible that some paramedics would become more 

aware of their health and could decide to change and improve their health status if 

warranted.  

 

In addition, the present study has shown that HRV could be used as a health indicator. 

Several studies have shown the positive effects of lifestyle changing and training by 

increasing HRV value. Portable HRV measurement systems are available for a low cost 

(apps on a smartphone). These types of tools should be further explored to identify 

whether they can be of assistance to paramedics as a monitoring tool. 

Study Limitations. 

The recruitment for this project was challenging. ANB is an Emergency Medical 

Service (EMS) including over 1000 paramedics, dispatchers, and flight nurses across the 

province of New Brunswick (NB). Recruitment emails were sent out to all NB 

paramedics. Of those emails, only twenty-five (25) paramedics responded positively to 

volunteer in this project. This limited the sample size of this project. Upon reflection, 

one reason that could explain the lack of participation is that the project was identified 

as “health assessment”. During the recruitment period, interviews with the paramedics 

revealed that, part of their concerns with participating in the study was related to a fear 

of being branded as “not fit for duty”.  
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Conclusion 

The current study characterized the occupational health of a cohort of NB paramedics by 

using four different methods: two methods that used only one health measure and two 

others that combined at least two health measures. Mono-bias was observed when using 

single health measure methods. The difference between the four methods suggested that 

a third of the cohort may be unaware of their health condition or choose to under report. 

Based on the two health measures method, it was observed that less than forty percent 

would be considered as “healthy”. Despite the fact that the study was limited by a low 

level of participation, paramedic health literature appears to be suffering from mono-

method bias for the prevalence of MSD and PTSD; and because the literature was dated 

and focused on CVDs’ risk factors, it was difficult to compare the results with the 

known literature. Nevertheless, New Brunswick or worldwide paramedics represent an 

at-risk occupation associated with an increased prevalence of health problems. The most 

important aspect of this study is that the method proposed should improve health 

researchers in the conception of study design. Additionally, based on the current results 

and limitations, we suggest schools, professional associations and EMS, to promote the 

participation to future health study among paramedic workers and individuals pursuing a 

paramedic career. These organizations should perform health screening tools to heighten 

health awareness, as well as educate paramedics about the risks related to health 

conditions and the health conditions associated with paramedics' duty. Future research is 

needed to explore how paramedic job performance is affected by health conditions.  
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Abstract 

Most ambulance collisions happen in emergency driving conditions and are caused by 

human factors. This study investigated the influence of human factors associated with 

time pressure, patient-care intervention and health status on the physiological responses 

of simulated emergency driving tasks. A cohort of seventeen (4 women; 13 men) 

experienced paramedics (15.6 ± 9.1 years of experience) participated in this study and 

performed a battery of three simulated driving tasks. The battery of driving tasks was 

one non-urgent driving task; one urgent drive to the scene and one urgent drive to the 

hospital. The urgent drive to the hospital was preceded by a patient-care simulation 

(unstable cardiac patient with cardiopulmonary resuscitation). The physiological 

responses during the battery of driving tasks was higher for the non-urgent-driving than 

during the urgent driving tasks, suggesting an evaluation bias (similar to the “white-

coat” effect) during the non-urgent driving task. The physiological responses for both 

urgent driving scenarios were similar, and it is postulated that the physiological response 

(between both urgent driving tasks) of experienced paramedics was influenced by the 

fact that they are accustomed to handling stressful situations daily. Furthermore, it was 
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observed that paramedics with health conditions were more physiologically aroused 

during the urgent driving scenarios (pre and post- patient-care). Paramedics with health 

conditions also had higher physiological responses during the post-intervention baseline, 

leading them to a longer recovery time period, and might represent an elevated risk of 

developing chronic health problems or amplifying existing ones. The findings of this 

research suggest that experienced paramedics manage the impact of challenging patient-

care well. Considering that paramedics with health conditions might represent a risk of 

ambulance collision, paramedics’ organizations should highlight the influence of health 

status on the road safety, include health promotion programs, and the need to support 

healthy lifestyles in the workplace. More attention should be given to emergency driving 

among paramedics’ scholars, where the relationship between the health status and the 

driving behaviours (driving errors, collisions) needs to be further investigated. 

 

Keywords: Emergency drivers, Paramedics, Health status, Urgent driving, Ambulance 

simulator, Work physiology. 

 

Introduction 

Paramedics’ driving is unique to other professional driving as they must drive both as a 

civilian driver (non-urgent) and during emergency situations, drive with urgency to an 

event or to the hospital. Paramedics must follow the traffic rules as civilian drivers. In 

order to reduce call response time to paradoxically, save lives, during emergency 

conditions some traffic rules (e.g. exceed the posted speed limits, adhering to stop signs) 

are removed which can lead to high potential collision situations. In the United States, it 
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was identified that two-thirds of ambulance collisions occurred while the ambulance 

was in emergency use [1]. In the United States, there are on average, 1500 ambulance 

collisions per year causing injury or death to individuals on board and/or other road 

users (patient, paramedic, driver or passenger of another vehicle, pedestrian) [1]. 

Consequently, more collisions result from emergency driving compared to paramedics 

driving as civilian drivers.  

 

Ambulance collisions happen often while the driving conditions are often satisfactory, 

and rarely when the climate or road surfaces are difficult. According to Sanddal et al. 

[2], ambulance collisions predominantly occur during daylight and on dry and flat 

surfaces, and in an intersection while the ambulance is driving in a straight-line [2–4]. It 

was suggested that most ambulance collisions were due to behavioural and cognitive 

factors problems and rarely by environmental causes or malfunction of the vehicle [2–

6]. Paramedics are therefore assumed to be similar to civilian drivers, since it is admitted 

that the majority of vehicle collisions are caused by human errors and human factors [2–

6]. 

 

Three human factors might explain ambulance collisions: the influence of time pressure; 

patient-care intervention and; paramedic’s health status. Time pressure, is identified as 

the biggest cognitive and psychosocial stressor for paramedics responding to emergency 

calls within a specific time target (set by Emergency Medical Services (EMS) 

organizations and government) [7]. Also, wanting to save their patient by driving with 

urgency causes significant stress [7]. There is an absence of literature about paramedics’ 
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driving performance, therefore, it is necessary to refer to research on the impact of time 

pressure on driving in the general population. For civilian drivers, time pressure can 

increase “fight or flight” responses (i.e. sympathetic autonomic activity), causing a 

variety of physiological responses such as increased cardiovascular and respiratory 

activity [8,9]. An elevated physiological arousal promotes visual and cognitive 

tunnelling among stressed drivers [8,9]. More importantly, this tunnelling effect, creates 

a reduction of processing peripherical information capability (or secondary stimuli) 

among stressed individuals [8,9]. This tunnel effect could impair driving performance 

by reducing detection and prediction of hazards, visual scanning, decision making, and 

reaction time, thus creating an increased risk of collision [9]. However, the effects of 

time pressure might not apply in the same way to the paramedic population since they 

are exposed on a daily basis to multiple periods of time pressure and that might facilitate 

adaptation to that cognitive and psychosocial stress. 

 

The second human factor to consider is the cognitive and psychosocial stress caused by 

difficult or traumatic on-site events. Driving performance can be negatively impacted by 

worries, preoccupations, stresses or strong emotions [10–12], all of which paramedics 

can experience after their clinical interventions. For instance, some paramedics have 

reported being worried about having limited resources (cognitive and emotional) to deal 

with driving after patient care. Bohström et al. [13] interviewed a group of experienced 

ambulance staff (paramedics, nurses) and one of them had declared: “... it was too much 

information to handle and deal with, driving the ambulance, the colleague assisting the 

nurse, relatives and waiting for back-up ambulances”. The influence of patient care 
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intervention might impair driving skill by creating two types of responses: increase of 

“fight or flight” response or reduced attention [10–12]. As mentioned previously, “fight 

or flight” is an acute stress response which may reduce the field of view of the drivers 

and make complex tasks difficult to perform adequately. Regarding the lack of attention, 

it has been identified as one of the most important causes of collisions, and it results in 

ambulance driver distraction [14,15]. Excessive or unnecessary conversations between 

co-workers, radio communications or computer use could distract and decrease 

attentional awareness from their duty [16]. Despite experiencing a highly stressful 

patient care event, paramedics must refocus quickly before driving the patient to the 

hospital safely.  

 

The third factor to consider in ambulance collisions is the influence of health status. 

Despite this factor being studied for over five decades in the general population, its 

influence on paramedics driving remains understudied. It was documented that some 

health conditions increase physiological responses during driving among civilian 

drivers. Bellet et al. [17] observed individuals with cardiovascular disease (CVD) 

showing a higher physiological response during everyday driving than drivers without 

CVD. This suggests that health conditions such as CVD cause an over-reactivity of the 

sympathetic nervous system, leading to increased “fight or flight” responses [18], and 

which decreases paramedics’ capability to drive in emergency situations thus increasing 

the risk of ambulance collision. Considering the fact that the paramedics’ population has 

a high prevalence of health conditions [19–24], it seems important to acknowledge the 
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potential influence of this human factor on the physiological responses of paramedics 

during a stressful situation. 

 

Fluctuations in driving task demands can be reflected in the physiological responses 

before any changes in driving performance [25,26]. It has been suggested that measures 

of driving performance are insensitive during complex driving tasks [26]. Thus, the 

measures of physiological responses may compensate for the lack of sensitivity to 

driving performance metrics [26]. One of the most important ways to measure 

physiological responses is Heart Rate Variability (HRV). HRV has been used to 

characterize the interaction between sympathetic and parasympathetic nervous systems. 

Cognitive, physical, psychosocial demands as well as health status have been monitored 

with HRV in the literature for decades. For instance, healthy individuals present high 

variability of heart rhythm (high HRV) associated with a higher activity of 

parasympathetic nervous systems [27–29]. In contrast, individuals with health 

conditions (e.g. cardiovascular diseases, chronic pain, post-traumatic stress disorders, 

obesity) could present a low variability of heart rhythm (low HRV) related to a higher 

activity of sympathetic nervous systems [27–33]. It was suggested that the cognitive 

performance of individuals with different HRV profiles can be reflected in complex 

tasks. Hansen’s research team [34–36] have observed that healthy individuals (with high 

HRV) performed better on complex tasks involving cognitive executive functions (e.g. 

memory, attention, reasoning). It was documented that cognitive executive functions 

were essential for driving; in fact, poor or impaired functions were associated with an 

increasing risk of collision. Therefore, understanding the physiological responses during 
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paramedics’ driving, as well as the potential influence of their health status, may have 

positive implications on both civilian and emergency driving safety.  

 

The aim of this study was to investigate the influence of time pressure, patient-care 

intervention and health status on physiological responses with HRV measures during a 

battery of paramedic simulated driving tasks. The battery was a sequence of three 

driving tasks: non-urgent driving, urgent-driving to the scene (pre-patient-care 

intervention) and urgent-driving to the hospital (post-patient-care intervention). It was 

anticipated that time pressure would create higher physiological responses in the urgent 

driving task (to the scene) than the non-urgent driving task (civilian way). It was 

expected that the driving post-patient-care intervention (urgent-driving to the hospital) 

would have higher physiological responses compare to the pre-patient-care intervention 

driving. It was also anticipated that paramedics with pre-existing health conditions 

would present higher physiological responses to the battery of simulated driving tasks 

compared to healthier individuals.  

 

Methodology 

Design. 

This study was designed to assess the physiological responses during a battery of 

simulated driving tasks, among a cohort of New Brunswick (Canada) paramedics. 

Figure 3.1 presents the testing battery, which was a combination of three driving 

simulations in an ambulance simulator (one non-urgent driving task, two urgent driving 

tasks (pre and post patient-care intervention) and one simulated patient-care 
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intervention. Before and after the battery of driving tasks there were baseline periods 

(pre-battery and post-battery). This study received institutional research ethics board 

approval. 

Participants. 

In collaboration with Ambulance New Brunswick (ANB), recruitment emails were sent 

across the province of New Brunswick (NB, Canada). Twenty-five paramedics 

volunteered for this project. Because of the paramedics’ schedule conflict, three 

participants had to leave after completing the first part of the protocol (i.e. health status 

assessment). During the second part of the protocol (i.e. battery of simulated tasks) a 

power outage was experienced, consequently another participant did not complete this 

part. After familiarization with the ambulance simulator, three participants were 

excluded due to simulation sickness. Finally, one participant was also removed from the 

analysis as equipment failure resulted in a loss of data. Therefore, seventeen paramedics 

(4 women; 13 men) aged 37.5 ± 8.6 years old (mean ± standard deviation) with 15.6 ± 

9.1 years of paramedic experience participated in this study. All participants were on 

their day off and had a full night of sleep prior to participating in this study. 

Procedures.  

All testing took place in the University’s driving laboratory. Upon arrival, each 

participant was briefed on the data collection procedures, read a letter of information 

and signed a consent form approved by the University’s research ethics board. 

Afterward, a demographic questionnaire was administrated (gender, age, years of 

experience). Finally, two series of evaluations were performed on the participants: i) 
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health status measurements; and ii) physiological response during simulated driving 

tasks. 

 

The health status assessment was based on a previous study [37], where three elevated 

risks of health conditions were assessed (i.e. cardiovascular diseases, musculoskeletal 

disorders, post-traumatic stress disorders) among a cohort of experienced paramedics. 

The methodology was developed in order to minimize mono-measure bias, by 

combining at least two health measurements per health condition [37]. Health status 

among the participants was measured with self-reported questionnaires and physical 

tests. The list of the health measurements is detailed in the next section. 

 

Prior to the battery of simulated tasks, the participant was familiarized with clinical care 

simulation (manikin characteristics, room and equipment). The clinical care simulation 

was the same between both urgent driving simulations (Figure 3.1). The participants 

were then asked to complete a 10-minute driving adaptation period in the ambulance 

simulator to become familiar with the controls and determine if they were prone to 

simulator sickness which excluded them from the study. 

 

A three-lead electrocardiogram (ECG) (MLA2340, ADInstruments, USA) was placed 

on participants to record heart activity during a Young Men’s Christian Association 

(YMCA) step test [54], baseline periods (pre and post battery) and the battery of the 

simulated tasks. The electrode placement allowed monitoring in LEAD II configuration 

according to Einthoven’s triangle [38]. From the ECG measure, two values were 
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calculated: i) the number of heartbeats during a single minute after the 3-minute of 

physical effort in the YMCA step test; and ii) HRV to indicate physiological responses 

during the battery and baseline periods.  

 

A fifteen-minute rest period was provided before proceeding with the battery. For the 

baseline periods, the participants were seated comfortably on a chair in a quiet and 

dimly lit room. Baseline periods were collected before and after the battery of simulated 

driving tasks for five minutes. 

Battery of simulated driving tasks.  

The battery was developed in association with an ANB paramedic instructor to ensure 

that it was stressful and challenging (emotionally and cognitively taxing task for 

paramedics) as well as to have ecological validity. Figure 3.1 illustrates the timeline of 

the simulated driving tasks in three driving segments and the clinical simulation. In 

total, the simulated tasks took approximately twenty-five minutes, with three driving 

segments of five minutes each and clinical care lasting ten minutes.  

 
Figure 3.1. Flow chart showing the timeline of the experimental protocol. 
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All simulated drives scenario presented a clear day with daylight and long-range 

visibility. The non-urgent driving was on a highway with low traffic density (i.e. without 

potentially at-risk situation of road collision). Both urgent driving scenarios were city 

driving with varying levels of traffic density with an increased number of potentially 

conflicting situations with another road user. None of these situations were designed to 

require evasive maneuvers such as hard braking and/or large steering movement. 

Participants were guided through the driving simulations using a pre-recorded 

dispatcher’s voice (without interaction). In addition to providing the information along 

the route, to either the scene or to the hospital, the dispatcher’s voice provided the status 

of the fictitious patient. Since the call was to an unstable cardiac patient, during the 

urgent driving to the hospital (post-care intervention), there was the added distraction 

and stressor of the loud noise of cardiac irregular heart rate from a cardiac monitor 

attached to the manikin.  

 

For the clinical care portion of the simulation, the participant left the ambulance 

simulator and proceeded to the back of the simulator room where the patient (manikin) 

was located. As part of the simulation, the participant’s fictitious partner was considered 

occupied with another patient elsewhere, leaving the participant alone, without 

assistance during the clinical treatment. Therefore, there was no communication with the 

partner or dispatcher. Close to the patient, there were three paramedics’ bags typically 

used by Ambulance New Brunswick paramedics (airway, cardiac monitor-defibrillator, 

and medication). The patient sequence was as follows: 
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• 0-2 minutes: unconscious, breathing difficulty, high blood pressure, high heart 

rate, low oxygen saturation; 

• 2-3 minutes: deterioration of the patient until ventricular fibrillation; 

• 3-10 minutes: at this point, if the participant did not provide adequate care, the 

patient deteriorated until the patient dies after 7 minutes. If the participant 

provides minimal care (which was defibrillation and cardiopulmonary 

resuscitation (CPR) maneuver), the patient would remain unconscious but stable 

(without deterioration of the fictitious patient) with an irregular heartbeat. After 

10-minutes, the scenario was stopped, at which point the (fictitious) partner was 

finished with their patient. The participant returned to driving the ambulance 

simulator and drove with urgency to the hospital. No rest period was provided in 

order to replicate the working conditions of paramedics.  

Apparatus.  

Health status measurement tools. 

Questionnaires. 

i) Diagnosed health condition. Self-reported survey on any diagnosed MSD, CVD or 

PTSD. 

ii) Nordic questionnaire (NQ). NQ is a self-report validated tool measuring the history 

of MSD in the last 12 months and its occupational impact [39–41].  

iii) Civilian version of PTSD check list (PCL-C). PCL-C is a self-administered 

questionnaire for screening symptoms of PTSD in seventeen items that correspond to 

the symptoms of PTSD [42,43]. The National center of PTSD of US Department of 
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Veterans’ Affairs, “suggested “36” as lowest normative cut-off point for specialized 

medical clinics like paramedics. The PCL-C questionnaire is a valid and a reliable tool 

(Cronbach α-value = 0.94; ICC r-value = 0.96) [42,43]. 

iv) 22-item Responses to stressful experiences scale (RSES-22). RSES-22 is a self-

reported questionnaire measuring the level of resiliency. Low level of resiliency is 

associates negatively to the severity of PTSD symptoms [44]. The score “0 to 49” 

is associated to low level of resilience[44]. The RSES has been shown to be valid and 

reliable (Cronbach α-value = 0.91 - 0.93; ICC r-value = 0.87) [44]. 

v) 13-item Sense of coherence (SOC-13). The SOC-13 is a self-reported questionnaire 

used to measure sense of coherence. Low sense of coherence is associated negatively to 

the severity of PTSD symptoms [45–49]. Ibrahim et al.[49] indicated that a score “0 to 

49” is categorized as a low sense of coherence. The SOC-13 is a valid and reliable 

questionnaire (Cronbach α-value = 0.70 - 0.92; ICC r-value = 0.69 - 0.78) [45–48]. 

Physical measurements  

i) Functional Movement Screen (FMS™). Participants performed a Functional 

Movement Screen (FMS) consisting of a series of seven movements as developed by 

Cook et al. [50]. The summed FMS score can range from 0 to 21 [50–52]. A systematic 

review and meta-analysis found that FMS has excellent inter-rater and intra-rater 

reliability, including a pass/fail cut-off of 14 points being valid in predicting a higher 

risk of injury [53].  

ii) YMCA step test. The YMCA step test is a submaximal cardiovascular fitness test for 

individuals with a low exercise capacity or at risk of CVD [54]. This step-test is a 3-min 

single-stage test, which is used to predict fitness levels using the number of heartbeats 
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following the first minute of recovery. The step frequency is 24 step cycles per minute 

(96 beats per minute). Heart rate was continuously monitored by ECG. Following 

exercise, participants were asked to sit quietly (without moving) for 1 minute. It was 

documented that a low level of cardiovascular fitness is associate with an elevated risk 

of mortality from CVD [56,57]. 

Physiological responses to the battery of simulated driving tasks. 

i) ECG. The electrical activity of the heart was recorded using a 3-lead electrode 

(MLA2340, ADInstruments, USA), the Bio Amp unit (FE132) and an eight-channel 

PowerLab unit (PL3508) (AdInstruments, USA) and LabChart software (version 7, 

AdInstruments, USA). The ECG signal data collected during the YMCA step test, 

baseline periods (i.e. pre, post) and the battery of simulated occupational tasks were 

conditioned using a 1 to 45 Hz band pass filter and normalized using LabChart software 

(version 7, AdInstruments, USA) before the calculations of heart rate (for the YMCA 

step test) and HRV values (for the battery of simulated occupational tasks and baseline 

periods).  

ii) Ambulance simulator. The simulated drives were completed on a driving simulator 

(VS600M, Virage Simulation, Canada). The virtual shape of the ambulance simulator 

resembles a “cube truck ambulance”. The ambulance simulator consists of a driver’s 

seat, steering column, pedals, automatic transmission and a dashboard, which were 

mounted on a hydraulic three-axis motion/vibration platform that provides force 

feedback and vibration. Three 52” LCD displays provide 180 degrees front view. The 

resolution was 1920 x 1080 pixels per front display. Rear view and side view mirrors 

were simulated through the screens. One touchscreen (Elo Touchsystems 2700 
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Intellitouch USB) located to the driver’s right provided additional control for the 

ambulance sirens similar to the one used in New Brunswick.  

iii) Patient simulator. The “Kelly” Advanced Life Support (ALS) manikin (Laerdal 

Medical, ON, Canada) is use for the paramedics training and was used for this project. It 

can reproduce many signs and symptoms similar to real patients and the paramedics can 

practice many invasive medical interventions (e.g. needle puncture, chess compression, 

intubation, insufflation, defibrillation). “Kelly” was connected wirelessly to an 

electronic tablet interface (SimPad; i.e. touchscreen patient monitors from Laerdal 

Medical, ON, Canada) for the control of many parameters such as breathing, heart rate, 

oxygen saturation, and different cardiac wave. The simulations were pre-programmed 

by an ANB paramedic instructor. 

Variables.  

Health conditions. 

The definition of each health condition criteria follows the method proposed by 

Tremblay et al. [37], where participants are considered with health condition only if they 

have two positive measures. Possible combinations of positive measures were: i) 

individual had self-reported diagnosis of health condition that should be confirmed by 

another health measurement; or ii) individual had at least two health measurements 

obtained by questionnaire and/or physical measure.  

MSD: Elevated risk to develop future musculoskeletal disorders. Participants were 

considered as having elevated risk to develop MSD if they:  
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• self-reported being diagnosed with MSD AND had been screening positively 

with the NQ (work-related history of MSD in the last 12 month) OR with the 

FMS (scored below the cut-off point) [53]. 

• OR did not reported MSD diagnosis, but the participant had been screened 

positively with NQ AND FMS. 

CVD: Elevated risk to develop future cardiovascular diseases. The first baseline period 

(pre) was used as health measure in order to evaluate the risk of developing 

cardiovascular diseases (CVD). When the standard deviation time between inter-beat-

interval (from HRV calculation) was lower than 50 milliseconds (ms) (SDNN50), the 

participant was considered to have low HRV. Low HRV represents an increasing risk of 

cardiovascular morbidity and mortality [58,59]. Therefore, participants were identified 

as having elevated risk of developing CVD if they: 

• self-reported being diagnosed with CVD AND had scored “below the average” 

on the YMCA step test [54] OR SDNN50 [58]. 

• OR did not reported CVD diagnosis but the participant had been screened 

positively with YMCA AND SDNN50. 

PTSD: Elevated symptoms of post-traumatic stress disorders. Participants were 

considered to suffer of elevated symptoms of PTSD if they: 

• self-reported being diagnosed with PTSD AND had been screened positively for 

PCL-C (scored higher than 36) [42,43] OR had scored a low level of resilience (0 

to 49) at the RSES-22 [44]; OR, had scored a low level of sense of coherence (0 

to 55) at the SOC-13 [49]. 
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• OR did not reported PTSD diagnosis but the participant had been screened 

positively with PCL-C AND RSES-22 OR had been screened positively with 

PCL-C AND SOC-13. 

Physiological responses. 

In this study, HRV analyses were performed using the Poincaré plot to evaluate the 

dynamic of the heart rate variability signal and describe the activity of the sympathetic 

and parasympathetic modulation of the heart beat [60]. The Poincaré plot analysis is the 

measure of dispersion of a geometric shape (i.e. ellipse or comet) formed by a pair of 

successive beats, the x-axis being the current Inter-Beat-Interval (IBI) (i.e. time between 

“R” peaks in the ECG wave; also called R-R interval), while the y-axis is the next IBI 

[61]. There are also three non-linear HRV variables associated with the Poincaré plot:  

• SD1 (in millisecond; ms): standard deviation of points perpendicular to the 

line-of-equality. SD1 measure the short-term HRV and is associated with the 

influence of parasympathetic activity, where a high SD1 is representative of a 

higher parasympathetic activity;  

• SD2 (in ms): standard deviation of points along to the line-of-equality. SD2 

measures the long term HRV and is correlated with the sympathetic and 

parasympathetic activities, where high values mean more stimulus from 

autonomic system; 

• SD1/SD2 (ratio): is the ratio (reported as a percent) between short and long 

interval variation and is used to measure the autonomic balance. 
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In addition, a fourth HRV variable MeanRR (in ms) was calculated from the mean time 

between IBI. This variable is also sensitive to the activity of the sympathetic nervous 

system and the parasympathetic nervous system [60]. MeanRR is mathematically 

similar and strongly negatively associated to the heart rate [62]. Which means, when the 

Heart Rate (HR) increases during an urgent-driving task (for example), the MeanRR 

value will decrease reciprocally. HR (in Beats Per Minute; BPM) represents the number 

of heart beats in one minute, whereas the MeanRR is the average time between each 

heart beat in millisecond (for example, HR of 60 BPM is equal to one beat each one 

second or one beat each 1000 millisecond; thus, heart rate of 60 BPM is equal to 

MeanRR of 1000 ms). Despite the fact, that HR and MeanRR seem similar, the 

computation is quite different; MeanRR values is the mean of the average time for each 

IBI, while HR is the mean of the average heart rate during a window of five beats [62].  

Descriptive analysis 

To documented the influence of time-pressure, patient-care intervention and health status 

on physiological response while the battery of driving tasks descriptive statistics were 

used (mean ± 95% confidence intervals). In addition, prior to measuring the influence of 

health condition on the physiological responses, the sample was divided into two groups: 

i) without and ii) with health condition (individual with at least one, either MSD, CVD or 

PTSD). 
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Results 

Time pressure. 

Comparing the urgent driving task pre-intervention to the non-urgent driving task, it was 

observed that SD1 and SD2 values were decreased (15.0 ± 29.3 ms vs. 10.0 ± 3.5 ms; 

54.4 ± 14.1 ms vs. 38.1 ± 7.6; respectively) and, MeanRR value was increased for non-

urgent-driving tasks (616.0 ± 29.1 vs. 642.8 ± 35.5 ms; respectively). Table 1 presents 

HRV values for all participants in each task of the occupational battery.  

Patient-care intervention. 

Table 1 shows that the physiological responses between the two urgent driving scenarios 

(pre-intervention (U1) vs. post-intervention (U2)) were similar for all HRV values (SD1 

15.0 ± 29.3 vs. 13.4 ± 5.6 ms; SD2 54.4 ± 14.1 vs. 54.2 ± 7.6 ms; SD1/SD2 ratio 0.24 ± 

0.08 vs. 0.23 ± 0.07; MeanRR 616.0 ± 29.3 vs. 613.7 ± 28.4 ms; respectively). The 

patient-care intervention presents the high HRV values among the urgent tasks. 

Table 1.  

 

HRV values for all participants of every simulated occupational task. 

Occupational task SD1 (ms) SD2 (ms) 
SD1/SD2 

(ratio) 
MeanRR (ms) 

Pre-simulation baseline 

(B1) 
24.52 ± 8.79 86.30 ± 19.78 0.26 ± 0.10 801.81 ± 64.08 

Non-urgent driving 

scenario (D) 
10.00 ± 3.49 38.07 ± 7.64 0.26 ± 0.07 642.79 ± 35.47 

Urgent driving scenario (to 

the scene) (U1) 
15.02 ± 29.33 54.42 ± 14.06 0.24 ± 0.08 615. 99 ± 29.33 

Patient-care (Cl) 26.89 ± 14.08 84.54 ± 13.72 0.31 ± 0.12 515.95 ± 24.08 

Urgent driving scenario (to 

the hospital) (U2) 
13.37 ± 5.64 54.21 ± 7.56 0.23 ± 0.07 613.74 ± 28.38 

Post-simulation baseline 

(B2) 
18.67 ± 7.28 68.11 ± 9.67 0.27 ± 0.09 669.73 ± 33.00 

Note. Means ± CI95% (95 % confidence interval errors); Millisecond (ms). 
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Health status. 

After the health measurements, seven participants (n = 7) were considered without 

health conditions and ten participants (n = 10) were classified as having health condition 

(i.e. six had elevated risk of MSD; seven had elevated risk of CVD; two had elevated 

symptoms of PTSD; one had all three health conditions, three had two health condition 

and six had one health condition). Figures 3.2 through 3.4 present similar patterns 

between both groups, where participants with health conditions show lower values of 

HRV (SD1, SD2, SD1/SD2 ratio) than the participants considered healthier for almost 

every task of the battery. 

 

SD1, SD2 and MeanRR were decreased post battery of simulated tasks when baseline 

periods were compared (18.7 ± 7.3 vs. 24.5 ± 8.8 ms; 68.1 ± 9.7 vs. 86.3 ± 19.8 ms; 

669.7 ± 33.0 vs. 801.8 ± 64.1 ms; respectively). In addition, the group classified as 

healthier demonstrated higher HRV values pre and post-intervention than the group who 

had at least one health condition for HRV variables. MeanRR value shows a 

superposition between both groups for every task, except the pre-baseline where the 

value was higher for the group considered without health condition (Figure 3.5). 
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Figure 3.2. SD1. Physiological responses comparisons between the simulated 

occupational tasks. Illustration of means and 95 % confidence interval errors bars. B1: 

Pre-simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario 

(to the scene); Cl: Patient-care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline; WithHC: Paramedics with health condition; WithoutHC: 

Paramedics without health condition. 

 

 
Figure 3.3. SD2. Physiological responses comparisons between the simulated 

occupational tasks. Illustration of means and 95 % confidence interval errors bars. B1: 

Pre-simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario 

(to the scene); Cl: Patient-care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline; WithHC: Paramedics with health condition; WithoutHC: 

Paramedics without health condition. 
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Figure 3.4. SD1/SD2. Physiological responses comparisons between the simulated 

occupational tasks. Illustration of means and 95% confidence interval errors bars. B1: 

Pre-simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario 

(to the scene); Cl: Patient-care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline; WithHC: Paramedics with health condition; WithoutHC: 

Paramedics without health condition. 

 

 
Figure 3.5. MeanRR. Physiological responses comparisons between the simulated 

occupational tasks. Illustration of means and 95% confidence interval errors bars. B1: 

Pre-simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario 

(to the scene); Cl: Patient-care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline; WithHC: Paramedics with health condition; WithoutHC: 

Paramedics without health condition. 
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Discussion 

The current study focused on the physiological responses associated with the driving 

component of an entire emergency call response, from driving while waiting for an 

incoming call to driving to the scene with urgency and transporting the patient to the 

hospital also with urgency. The battery of simulated tasks was developed in order to 

measure the influence of time pressure caused by the nature of the incoming call (i.e. 

unstable cardiac patient) as well as the influence of challenging patientcare on 

physiological response during urgent driving tasks. Additionally, the study investigated 

the influence of health status on the physiological responses during the battery of 

paramedic simulated tasks. To our knowledge, no prior study has considered the 

influence of time pressure, previous occupational task or the effect of health status on 

urgent driving tasks urgent-driving tasks among paramedics. The novelty of this project 

results in a limited ability to compare to other specific population-based research results.  

Time pressure. 

Rendon-Velez et al. [8] compared the physiological responses of fifty-four civilian 

drivers during simulator driving tasks with and without time pressure. On the time 

pressure condition, they observed a significant increasing heart rate (HR), but they 

measured no influence of time pressure on HRV measure (i.e. SDNN). Considering that 

the current study used MeanRR instead of HR (like Rendon-Valez) and the fact that 

both measures (MeanRR, HR) are similar mathematically, it is likely that the current 

study observed a similar influence of the time pressure on the physiological response. 

This result seems to be in-line with the initial expectation that time pressure triggered an 

increased sympathetic activity among this cohort of experienced paramedics. 
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Based on MeanRR results it would be expected that the SD2 and SD1 values would 

follow a similar tendency, where the participants should show an increasing sympathetic 

activity (SD2) and/or decreasing of parasympathetic activity (SD1) for a non-urgent 

driving task when compared to urgent-driving tasks. It seems that the participants were 

more aroused during the non-urgent driving than urgent driving tasks. These 

observations were surprising, since the non-urgent driving task was a low stress task (i.e. 

light day, highway without any interaction with road users), and the urgent-driving tasks 

were high stress (i.e. urban context with multiple interactions with road users).  

 

Considering this “reactive” response to the first task of that occupational battery, a 

plausible explanation might be a bias triggered by the presence of an observer (i.e. 

research assistant in the current study) while the participant was evaluated, that altered 

the responses (i.e. physiological, behaviour) of the participant. This bias is known as so-

called “white-coat” or Hawthorne effect. The “white-coat” effect refers to an acute high 

blood pressure caused by the presence of the physician. The Hawthorne effect is a 

change in behaviour’s participant (voluntary or involuntary) resulting from the 

knowledge that one is being observed. The study of Lantelme et al. (1998) provides 

some perspective that helps to understand the current results. Lantelme et al. study 

documented the influence of “white-coat” effect. Lantelme et al. had measured HR and 

HRV (i.e. Low-Frequency band (LF) and High-Frequency band (HF) during: i) 5-

minute baseline (in supine position), ii) evaluation of blood pressure by a physician 

(“white-coat”), iii) cognitive stress (Stroop Word Color Conflict test), iv) standing 
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period. Lantelme et al. had observed that the presence of an evaluator is associated with 

increasing sympathetic activity (HF) and decreasing of parasympathetic activity (LF), 

higher than the other stressors (Stroop test, Standing period). In addition, they observed 

that HR was lower during blood pressure assessment than cognitive stress. This result 

from Lantelme et al. study is similar to the current study, where the non-urgent driving 

task (low cognitive stress) had higher MeanRR (i.e. lower HR) value than urgent driving 

tasks (high cognitive stress). Therefore, that experimental bias obtained in the current 

study might reflect more of an everyday life stress response (low cognitive stress 

context) than a physiological response to non-urgent driving, although it is difficult to 

prove without further research. 

Patient-care intervention. 

It was originally thought that the clinical care simulation would influence the 

physiological response in transporting the patient to the hospital with urgency. It seems 

that the urgent-driving post-intervention was no more stressful than the pre-intervention 

for the experienced paramedics, even though the patient-care task created the highest 

physiological responses (for SD1, SD1/SD2 ratio and MeanRR) of the whole battery of 

occupational tasks. Nevertheless, the physiological responses were higher (for SD1, 

SD2 and MeanRR) after the occupational simulation task suggesting a more extended 

period of rest (longer than 5 minutes) to return to their initial baseline values. In other 

words, they remain physiologically aroused after patient-care and driving tasks, leading 

them to some potential fatigue (e.g. physical, mental) post-intervention. It appears that 

this cohort of paramedics possesses the capability to cope rapidly with a demanding 

patient-care before they drive with urgency to the hospital. The results of this study lead 
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us to considerate t emergency drivers as a specific group of drivers. However, because 

of the lack of literature, further research is needed to enhance the understanding of 

driving with urgency among paramedics.  

 

Another plausible explanation for the lack of significant physiological responses in the 

participants was that, being experienced paramedics, they are accustomed to handling 

stressful situations daily, and more specifically while driving. Crundall et al. [63] 

observed no evidence of the influence of type of driving scenarios (control, chasing or 

response to emergency call) among a cohort of sixteen experienced police officers. They 

also compared civilian and police officers when they drove with urgency in identical 

driving scenarios and they observed higher physiological response (i.e. electrodermal 

responses was monitored) for civilian drivers. Crundall et al. [63] suggest that increased 

physiological response might be caused by a better driving ability to detect potentially 

hazardous events than civilian drivers. This confirms the fact that emergency drivers 

have their own driving context. To better understand the challenges associated with 

ambulance drivers, more population-focused research is needed. 

Health conditions. 

The findings of the current study suggest that paramedics who were at-risk of health 

conditions had significantly higher physiological responses than healthier individuals. 

This supports the observations of Aasa et al. [64], where they measured higher 

physiological responses among paramedics with health conditions before and during 

their work shift. Because this previous study was an assessment of a whole work shift, 

some limits are identified. There is no identification of occupational tasks during the 
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work shift (e.g. driving, patient-care, clerical work, in-call waiting), the level of stress 

experienced or the physical and cognitive demands, which makes the comparison and 

the reproducibility of their results difficult. However, the current study used simulated 

occupational tasks designed to replicate the same challenges among all participants. It 

was observed that paramedics with one or more at-risk health conditions had higher 

physiological responses during the pre-intervention urgent driving as well the patient-

care. Therefore, this study partially confirm the influence of health status among the 

paramedic population on the physiological responses related to high demand 

occupational task, that include work demands (physical, cognitive), nature of work (shift 

work) and occupational stress [64]. 

  

The results of the current study are also similar to the paper of Aasa et al. [64], where 

they observed, before their work shift, a greater physiological response among 

paramedics with health conditions. This physiological response could be explained by 

the fact that paramedics with health conditions have lower HRV values during baseline 

periods [37]. In addition, the results obtained during post-battery baseline, highlight the 

fact that paramedics with health conditions, would likely need more time to recover 

compared to the healthier paramedics. This could lead to an increased risk of developing 

fatigue (e.g. physical, mental) during their shiftwork, affecting their health status and 

occupational activities. As suggested by Aasa et al. [65], Patterson et al. [66–68] and 

Pirrallo et al. [69], fatigue (mental and physical) problems can increase the risk of 

developing chronic health problems or amplify the existing ones, and also is considered 

a key factor contributing to negative safety outcomes for the public, patients and 
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paramedics themselves. More precisely, these safety issues may include: falling asleep 

at the wheel, driving collisions or having ‘nearly crashed’, poor driving ability, poor 

concentration and impaired decision making at the wheel [70]. 

Practical implications. 

The current study shows that paramedics who were at-risk of health condition are more 

aroused (elevated “fight or flight” response) when they drove with urgency. This 

hyperarousal could lead the paramedics with health condition to limit their cognitive 

function (tunnel effect), leading them to hazard detection impairment and, more at-risk 

of ambulance collision when urgency driving [8]. The current study suggests EMS 

education should highlight the influence of health status on the road safety. EMS 

associations should include health promotion programs and employers need to support 

healthy lifestyles in the workplace. 

Future research.  

The current study findings suggest the following potential research avenues: i) to 

perform the same battery of simulated occupational tasks, after several days of shiftwork 

in order to measure the influence of fatigue on physiological responses; ii) measure the 

influence of distractions while driving, because paramedics, during their emergency 

driving, deal with many elements (time pressure, route, safety of the patient and co-

workers as well the public); and iii) collect the physiological parameters in the field to 

increase the ecological validity of the occupational simulations and ambulance 

simulator. 



 127 

Limitations. 

Although a priori power analysis indicated the need for 36 of participants (α = 0.05; 1-β 

= 0.8; F = 2.3; determinate with G*Power software, version 3.1.9.4, Germany), this was 

not feasible given the recruitment challenges. It is understood that the participation in 

this study represents less than 3% of the provincial sample and it would have been ideal 

to have a stronger representation to extrapolate the results. Therefore, the results should 

be viewed as exploratory. 

 

Participant recruitment for this project was challenging. Over one thousand recruitment 

emails were sent out to all New Brunswick paramedics but only twenty-five paramedics 

responded positively to volunteer. This result limited the sample size of our project. One 

reason for the lack of motivation to participate in this project could be that it was 

identified as a “health and occupational assessment”. During the recruitment period, 

some paramedics stated their concerns related to a fear of being branded as “not fit for 

duty” or “not competent enough” and therefore felt that they risked losing their job. 

Even if it was stated, in the disclaimer in the ethics information sheet, that there is no 

risk for their career.  

 

This project was a battery of simulated tasks performed a single time when the 

paramedics were well-rested. There is no influence of cumulative fatigue caused by 

multiple exposures to demanding situations (emotionally, cognitively and physically) as 

might occur in real life. In addition, the participants did not have to carry equipment and 

the patient (before and after the clinical care). In both cases, the physiological responses 
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could have been different. Future research could use cortisol measurement and 

neurocognitive tests before and after the battery of simulation tasks, in order to add HPA 

(hypothalamic–pituitary–adrenal) axis and cognitive dimensions to the future study. 

 

Additionally, despite the controlled and repeated conditions of this battery of simulated 

tasks, the physiological responses obtained from this cohort of participants might be 

limited by the simulation itself. It is possible to recreate demanding simulations for 

studying the physiological responses of the first responders. It might be more interesting 

to compare our results with a naturalistic study to assess the influence of patient-care 

intervention on driving, or compare with civilian drivers, with and without health 

conditions. 

 

Conclusion 

It has been previously identified that most ambulance collisions occur in emergency 

driving conditions as a result of human factors. This study explored the influence of 

three human factors on the physiological responses during urgent driving tasks among a 

cohort of experienced paramedics. Paramedics with at least one health condition were 

more physiologically aroused during the urgent driving simulations (pre and post-patient 

care intervention), placing themselves at a higher risk of ambulance collision. However, 

further research is needed in order to measure the influence of health condition on the 

driving risk.  
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Paramedics with at least one health condition were found to have low acute recovery 

capability, predisposing them to an increased risk of fatigue due to their occupational 

activities, potentially causing safety issues. Unexpectedly, there was no evidence that 

time pressure or patient-care intervention resulted in different physiological responses 

during urgent driving (pre or post patient-care intervention). In fact, no urgent driving 

simulation created physiological responses changes among the experienced paramedics' 

cohort, which may be interpreted as a capability to manage their responses. Regarding 

previous results in the literature comparing civilian and emergency drivers as well as our 

results, they suggest that experienced paramedics might present superior driving 

capability than civilian drivers. More research is needed in order to provide a better 

understanding of the influence of human factors on emergency drivers. 
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April 5, 2020 (PONE-D-20-09782). 

 

Abstract 

It is well known that the health status of paramedics may be altered by their job 

demands. However, it is unknown whether health conditions have a negative impact on 

occupational performance. The goal of this study was to explore whether a paramedic’s 

health status affects performance during a patient-care simulation. More precisely, this 

paper aims to identify which health conditions (i.e., cardiovascular diseases (CVD), 

musculoskeletal disorders (MSD), post-traumatic stress disorders (PTSD), and 

generalized anxiety disorders (GAD)) could be associated with negative performance. 

Nineteen paramedics aged 38.2 ± 8.6 years old with 15.0 ± 8.7 years of paramedic 

experience participated in this study. Participants completed two assessments: i) health 

conditions measurements and ii) patient-care simulation. Heart rate variability (HRV), 

an indicator of vagal activity was collected during the patient-care simulation. The 

simulation was used in order to challenge experienced paramedics in a realistic setting. 

Based on the provincial standard of New Brunswick, an experienced paramedic 

instructor graded (passed or failed) the patient-care simulation using the provincial 

standard charts, videos and data from a manikin. The current study suggests that only 

paramedics with self-reported elevated symptoms of PTSD were less likely to 
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successfully complete the simulated patient-care scenario. An inhibition of the vagal 

activity was noted during the patient-care simulation among individuals identified with 

PTSD. No link was observed between physical health conditions (CVD, MSD) and 

simulated patient-care performance. Overall, paramedics who passed the patient-care 

simulation presented higher vagal activity during the patient assessment. This research 

suggests that the presence of self-reported elevated symptoms of PTSD might negatively 

impacts paramedics’ performance during a stressful a patient-care simulation. Therefore, 

to help paramedics maintain optimal performance, it may be important to ensure that 

paramedics have access to appropriate resources to monitor and improve their 

psychosocial health. Future studies should investigate more complex work tasks with 

larger sample sizes and more complex simulations. 

 

Keywords: Patient Simulator, Vagal tone, Occupational Performance, Health Status 

 

Introduction 

Paramedics’ duties are characterized as highly demanding which can have a negative 

influence on workers’ health status. It was documented that the demands of paramedics’ 

duty represent a key factor influencing the workers’ health status over both the short [1–

4] and long term [5–10]. More precisely, organizational, physical and psychosocial 

work-related demands were identified as catalysts causing or accelerating the 

deterioration of health status among paramedics [1–4]. However, it is only recently that 

research has explored the potential links between the influence of health status on job 

performance.  
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Models relating work-related demands and health status have been published over the 

years (e.g. Job Demand-Control model, Job Demand-Control-Social model, Pearlin’s 

Stress Process model, Job Demands-Resources model) [11–14]. Only a few models have 

theorized the impact of health status on occupational performance. The Job Demands-

Resources model (JDR) [14] appears most appropriate in understanding the link of how 

job demands influence workers’ health status, and consequently the link between health 

impairment and diminished job performance. For a detailed explanation of JDR model 

the reader is referred to Bakker and Demerouti [14]. The JDR model was developed in a 

work-related approach, and established an important link between “demands”, “strain” 

and “performance”. Bakker and Demerouti, considered that high job “demands” might 

have a negative impact on workers’ health. The term “strain” refers to health 

impairment (e.g. fatigue, depression, anxiety, health complaints), which in turn increases 

the job “demands” over time [14]. As such, health impairments represent a “strain” that 

might impair job “performance” [14]. For example, organizational demands (e.g. 

overnight duty, rotating schedules, irregular work hours) can cause fatigue and 

sleepiness among paramedics [15]. Bentley et Levine [15], documented that twenty-five 

percent of paramedics reported difficulty remembering protocols during a patient-care 

intervention because of fatigue and sleepiness. Patterson et al. [16] identified that odds 

of perceived compromised safety were approximatively five times higher among 

fatigued paramedics when compared to non-fatigued paramedics. Pyper & Paterson [17] 

suggest that safety issues may include: errors with drug calculations and administration, 

poor concentration and impaired decision making; which would contribute to adverse 

safety outcomes for patients and paramedics [15–17].  
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Psychosocial demands are an important concern for paramedics since they must 

frequently perform their duty under stressful conditions [18]. Time pressure, multiple 

and frequent traumatic event exposures, responsibility for patient life, progression of 

patient condition have been associated with elevated psychosocial demand [19]. High 

psychosocial demands can result in elevated risk of psychosocial disorders such as post-

traumatic stress disorders (PTSD), generalized anxiety disorders (GAD), depression, 

eating disorders as well as drug and alcohol addiction [7,19]. A study from Regehr and 

LeBlanc [20] documented the influence of PTSD symptoms severity on the occupational 

performance among four groups of emergency workers (i.e. paramedics (n = 22), police 

recruits (n = 84), dispatchers (n = 113) and child protection workers (n = 96)). Regehr 

and LeBlanc used distinctive and stressful simulation for each profession. Regehr and 

LeBlanc [20] observed that the occupational performance was not associated with PTSD 

among paramedics and police recruits. In contrast, dispatchers and child protection 

workers showed a decrease in work-related performance. More specifically, dispatchers 

showed poor results during their simulation task (complex chart task), and child 

protection workers were less able to find a child at risk during the simulation. To explain 

their results, Regehr and LeBlanc [20] suggested that the stress level during the 

simulations might be too low, and insufficient to observe the influence of PTSD among 

paramedics and police recruits, but sufficient for the two other groups. In other words, 

the relationship between severity of PTSD symptoms and work-related performance 

impairment might be related to the level of stress exposure. Additionally, the level of 

stress exposure also impairs the occupational performance of paramedics. LeBlanc’s 

team [21,22] have observed that drug calculation and memory recall (reporting 
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information or action after an event) were impaired when paramedics experienced 

stressful patient-care simulation. Overall, the relationship between high work-related 

demands and health-impairment is well-known in the paramedic literature, however the 

link between health-impairment and job performance seems complex and needs further 

investigation.  

 

The JDR model provides a conceptual framework that overviews the influence between 

work-related- “demands, “health status and job performance, without understanding of 

the underlying mechanisms. Vagal models (e.g. polyvagal theory, neurovisceral 

integration model) [23–28] from the neuroscience field provided a justification. Instead 

of comparing models, the current paper focuses on common points and generalized them 

to an occupational context. These models are built around the brain-heart relationship 

via autonomic nervous system modulation, more precisely through the monitoring of 

vagus nerve activity. The vagus nerve is the main nerve of the parasympathetic nervous 

system and its activity is identified as vagal tone. The vagal tone could be monitoring by 

the Heart Rate Variability (HRV) and its measure is related to emotional state, cognitive 

performance and health status [29–31]. These models show that a higher vagal tone, 

reflected by high HRV, represents better emotional self-regulation, executive 

functioning (e.g. reasoning, memory, attention) and health status. Inversely a lower 

vagal tone, reflected by low HRV has been associated with a poor emotional self-

regulation (e.g. rigid, fear, treat, hypervigilance), a decline of executive functions and 

health impairments [29–32].  
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More precisely, several health impairments such as pain, inflammation, fatigue, diseases 

(e.g. CVD, diabetes, hypertension, obesity), disorders (PTSD, GAD, MSD) and cancers, 

have been reported to impair the vagal function by decreasing the vagal tone. This low 

tonic activity is also related to prefrontal cortex inhibition (low executive functions, lack 

of attention, working memory impairment) as well as an amygdala hyperactivity 

(increasing threat and fear perception, hypervigilance). By contrast, healthy vagal 

function has been related to better prefrontal control over an inhibition of amygdala 

function, resulting in a better adaptation to stressful situations [27,29–33]. For example, 

it was observed by Hansen et al. [34] among a cohort of sixty-five military navy sailors, 

divided into low HRV and high HRV groups, that the group with low HRV had worse 

performance on cognitive tasks (i.e. lower true positive responses and slower reaction 

time to the CalCAP test (a continuous performance task); higher false positive responses 

to the WMT (a working memory task) test). Even though the authors did not investigate 

the potential causes of that “low HRV group” (e.g. PTSD, anxiety, CVD, low level of 

physical fitness), the findings of the Hansen et al. [34] study related individuals with a 

low vagal tone to have taxed cognitive functions. Individuals with health impairments 

have an elevated risk to have lower vagal tone and thus have lower HRV values than 

their “healthier” counter parts [29,30] as well as individuals with high tone (“healthy”) 

performed complex cognitive tasks involving executive functions better than those with 

lower HRV [27,34,35].  

 

It is known that cognitive functions are essential in paramedic duties to perform 

adequate patient-care. Paramedics must assess the patient condition, be aware of the 
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safety issues, make decisions based on evidence, provide adequate care as well as 

demonstrate clear and concise communication abilities, which are all dependant on 

optimal cognitive functional workers. Consequently, it is reasonable to assume that 

paramedics with health impairments may experience a negative impact on the patient-

care intervention, resulting in inferior quality of care or an unfortunate “adverse event”. 

An adverse event “[…] is a harmful or potentially harmful event occurring during the 

continuum of EMS care that is potentially preventable and thus independent of the 

progression of the patient’s condition” [36]. 

 

Nevertheless, the majority of the literature that has studied the influence of health 

impairments or low vagal tone on cognitive functions (e.g. executive functions, working 

memory, attention, flexibility) have used single health measures. Only a few studies 

(and work-related ones) have used occupational simulations. In order to capture the 

outcomes of health impairments, the current project selected the occupational simulation 

as methodological approach. Therefore, it stands to reason that paramedics’ health 

impairments could alter their ability to perform a stressful patient-care scenario. The aim 

of the project was to describe the performance to stressful patient-care simulated 

scenario of experienced paramedics with elevated risk of health impairment (CVD, 

MSD, PTSD, GAD). Furthermore, HRV was collected during the patient-care 

intervention in order to document vagal tone. It was anticipated that a higher proportion 

of individuals identified with elevated risk of health impairments would perform the 

patient-care simulation poorly and would demonstrate a lower vagal tone. 
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Methodology 

Design. 

A quasi-experimental design was used to explore the influence of health status on the 

vagal tone and on patient care simulation performance. This study received institutional 

research ethics board approval. 

Participants. 

In collaboration with Ambulance New Brunswick (ANB), recruitment emails were sent 

out across the province of New Brunswick (NB, Canada). Twenty-five NB paramedics 

responded positively to participate. Four participants left the study during the data 

collection indicating scheduling conflicts. In addition, two were excluded from the 

analysis, due to recording problems during the data collection (video and task simulation 

files were not recorded properly). Overall nineteen paramedics, including six women 

and thirteen men aged 38.2 ± 8.6 (mean ± standard deviation) years old with an average 

of 15.0 ± 8.7 years of paramedic experience, participated to this study.  

Procedures.  

All testing took place in the University’s laboratory. All participants were on their day 

off and were asked to have a full night of sleep in order to be rested prior to participating 

in this study. Upon arrival, each participant was briefed on experimental procedures. All 

participants read and signed a university research ethics committee approved informed 

consent. A demographic questionnaire (age, years of experience, sex) was administered 

to each participant. Afterwards, two assessments were performed: i) health 

measurements; and ii) simulated patient-care intervention.  
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The health measurements were based on a previous study by our research team [37], 

where health impairments were assessed among this cohort of experienced paramedics. 

The methodology used self-reported questionnaires and physical tests in order to reduce 

mono-measure bias, by combining at least two positive health measurements per health 

impairment. Health measurements are detailed in the next section. 

 

Before the patient-care simulation started, the participants were familiarized with the 

simulation (patient simulator characteristics, room and equipment). After that, the 

participants remained seated comfortably on a chair, in a quiet and dimly lit room for a 

at least 10-minute. The last 5-minute have been used for baseline recording. Following 

the baseline period, participants were briefed about the history and the information of 

their fictitious patient (context and medical conditions of patient simulator). The clinical 

simulation occurred on a patient simulator located in 4m2 room.  

 

The simulation started when the participant entered the room. During the simulation, the 

participant was alone with the patient simulator. Therefore, there was no possibility of 

communication with their partner or dispatcher on the radio. Close to the patient 

simulator were three bags typically used by Ambulance New Brunswick paramedics 

(airway, cardiac monitor-defibrillator and medication). This ten-minute patient-care 

simulation was developed by a paramedic instructor in order to challenge paramedics. 

The simulation sequence was: 

• minute 0 to 2: unconscious, breathing difficulty, high blood pressure, high heart 

rate, low oxygen saturation  
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• minute 2 to 3: deterioration of the patient until to ventricular fibrillation 

• minute 3 to 10: at this point if the participant does not provide adequate care, the 

patient will deteriorate until the patient dies after 7 minutes. If the participant 

provides the minimal care (which is defibrillation and CPR), the patient will 

stay unconscious but stable with irregular heartbeat. After 10-minutes, the 

scenario is stopped. 

Apparatus. 

Electrocardiogram (ECG): Prior to the health measurements and the patient-care 

simulation, a 3-lead electrocardiogram (ECG) was placed on the participants. The 

electrode placement used LEAD II configuration according to Einthoven’s triangle [38]. 

The heart signals were recorded using the Bio Amp unit (FE132) and an eight channel 

PowerLab unit (PL3508) (AdInstruments, USA) and LabChart software (version 7, 

AdInstruments, USA). The ECG signal data collected were conditioned (i.e. 1 to 45 Hz 

band pass filter and normalized) using LabChart software (i.e. LabChart software 

version 7, AdInstruments, USA) before calculation. The ECG signal was collected to 

obtain heart electrical activity during the YMCA step test (cardiovascular fitness level), 

the baseline period and patient-care simulation. The baseline values were used to assess 

the cardiovascular health of the participant (i.e. if they represent an elevated risk to 

develop CVD) as well as to measure the tonic vagal activity, and also measure the 

phasic vagal activity during the patient-care simulation in order to document the 

reactivity (vagal tone difference between patient-care simulation and baseline period). 
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Health measurement tools. 

Questionnaires. 

Self-reported health problem diagnosis. Self-reported surveys were used to obtain self-

reported symptoms related to musculoskeletal disorders (MSD), cardiovascular diseases 

(CVD), post-traumatic stress disorders (PTSD) or generalized anxiety disorders (GAD). 

Nordic questionnaire (NQ). NQ is a self-report validated tool measuring the history of 

MSD in the last 12 months and its occupational impact [39–41].  

Civilian version of PTSD check list (PCL-C). PCL-C is a self-administered 

questionnaire for screening symptoms of PTSD in seventeen items that correspond to 

the symptoms of PTSD [42,43]. The National center of PTSD of US Department of 

Veterans’ Affairs, suggested “36” as the lowest normative cut-off point for specialized 

medical clinics like paramedics. The PCL-C questionnaire is a valid and a reliable tool 

(Cronbach α-value = 0.94; ICC r-value = 0.96) [42,43]. 

22-item Responses to stressful experiences scale (RSES-22). RSES-22 is a self-reported 

questionnaire measuring the level of resiliency. Low level of resiliency is associates to 

the severity of PTSD symptoms [44]. The score “0 to 49” is associated to understand 

better low level of resilience [44]. The RSES-22 has been shown to be valid and reliable 

(Cronbach α-value = 0.91 - 0.93; ICC r-value = 0.87) [44]. 

13-item Sense of coherence (SOC-13). The SOC-13 is a self-reported questionnaire used 

to measure sense of coherence. Low sense of coherence is associated negatively to the 

severity of PTSD symptoms [45–49]. Ibrahim et al. [49] indicated that the score “0 to 

49” is categorized as a low sense of coherence. The SOC-13 is a valid and reliable 

questionnaire (Cronbach α-value = 0.70 - 0.92; ICC r-value = 0.69 - 0.78) [45–48]. 
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Generalized Anxiety Disorders (GAD-7). GAD-7 is a self-report tool assessing the 

severity of anxiety disorders with seven items. [50] demonstrated a strong validity and 

reliability for identifying anxiety (Cronbach α-value = 0.92; ICC r-value = 0.83), which 

has been cited one of the most common psychosocial illnesses. GAD-7 provides a global 

score “0 to 21”, where value superior to nine is associated with anxiety disorders [51]. 

Physical measurements.  

Functional Movement Screen (FMS™). Participants performed a FMS consisting of a 

series of seven movements as developed by Cook et al. [52]. The summed FMS score 

can range from “0 to 21” [52–54]. A systematic review and meta-analysis found that 

FMS has excellent inter-rater and intra-rater reliability, including a pass/fail cut-off of 

14 points being valid in predicting a higher risk of musculoskeletal injury [55].  

YMCA step test. The YMCA step test is a submaximal cardiovascular fitness test for 

individuals with a low exercise capacity or at risk of CVD [56]. This step-test is a 3-min 

single-stage test, which is used to predict fitness levels using the number of heart beats 

following the first minute of recovery. Heart rate was continuously monitored by ECG. 

Following exercise, participants were asked to sit quietly (without moving) for 1 minute. 

Beutner et al. [56] and Kasch et al. [57], have shown the YMCA step-test as a strong 

predictor of VO2 max (r-value = 0.83). It was well-documented that a low level of 

cardiovascular fitness is associate with an elevated risk of mortality from CVD [58,59]. 

Patient-care simulation. 

Patient simulator: The “Kelly” Advanced Life Support (ALS) manikin (Laerdal 

Medical, ON, Canada) was used for this project. Kelly manikin is used for paramedics 

training. It can reproduce many signs and symptoms similar to a real patient and the 
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paramedic can practice many invasive medical interventions on it, such as needle 

puncture, chess compression, intubation, insufflation, and defibrillation. Also, the 

patient simulator was connected wirelessly to an electronic tablet interface (SimPad; i.e. 

touchscreen patient’ monitor from Laerdal Medical, ON, Canada). The SimPad records 

information of the patient simulator state, and the medical intervention from the 

paramedic. For example, the system detects and records chest compression, ventilation, 

head tilt, or if the paramedic has checked the carotid pulse. The simulation was 

programmed by an ANB paramedic instructor.  

Video camera: One webcam (QuickCam Pro for notebook, Logitech, Switzerland) was 

installed on the ceiling of the room for recording (transverse view) the clinical 

simulation. The resolution and the frequency of video recording were 640x360 pixels 

and 15 images per second (Hertz).  

Patient-care assessment tool: A posteriori patient-care intervention assessment was 

performed by an experienced paramedic instructor from ANB. The instructor evaluated 

the patient-care simulation using the videos recorded from the webcam and the SimPad 

data. The instructor based the evaluation on the provincial standard of New Brunswick. 

Five components were assessed: 1) patient assessment, 2) situational awareness, 3) 

decision making, 4) technical skill, 5) integration (detailed components are presented in 

appendix of study 3). Each component was assessed on a scale of one to six points, 

where 1 is “Performance caused harm to the patient”; 2 is “Performance indicated 

cause for concern and had potential to cause harm to the patient”; 3 is “Performance 

did not meet NB standards”; 4 is “Performance was satisfactory and met NB 
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standards”; 5 is “Performance exceeds some NB standards”; and 6 is “Performance 

exceeds most NB standards”.  

Outcomes. 

Health impairments. 

Based on Tremblay et al. [37] participants were considered to have a health condition if 

they had two positive measures. Possible combinations of positive measures were: i) 

individual had self-reported diagnosis of adverse health impairments that should be 

confirmed by another health measurement or, ii) individual had at least two health 

measurements obtained by questionnaire and/or physical measure.  

Elevated risk to develop future musculoskeletal disorders (MSD). Participants were 

considered as having elevated risk to develop MSD if they:  

• self-reported being diagnosed with MSD AND had been positively screened 

with the NQ (work-related history of MSD in the last 12 month) OR with the 

FMS (scored below the cut-off point of fourteen) [55]. 

OR 

• did not reported MSD diagnosis, but the participant had been positively 

screened with NQ AND FMS. 

Elevated risk to develop future cardiovascular diseases (CVD). The baseline 

period was used as health measure in order to evaluate the risk of developing 

cardiovascular diseases (CVD). When the standard deviation time between inter-

beat-interval (from HRV calculation) was lower than 50 milliseconds 

(SDNN50), the participant was considered to have low HRV. Low HRV 
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represents an increased risk of cardiovascular morbidity and mortality [60,61]. 

Therefore, participants were identified as having elevated risk of developing 

CVD if they: 

• self-reported being diagnosed with CVD AND had scored “below the 

average” on the YMCA step test [56] OR SDNN50 [60]. 

OR  

• did not reported CVD diagnosis but the participant had been positively 

screened with YMCA AND SDNN50. 

Elevated symptoms of post-traumatic stress disorders (PTSD). Participants were 

considered to suffer of elevated symptoms of PTSD if they: 

• self-reported being diagnosed with PTSD AND had been positively screened 

for PCL-C (scored higher than 36) [42,43] OR had scored a low level of 

resilience (0 to 49) at the RSES-22 [44]; OR, had scored a low level of sense 

of coherence (0 to 55) at the SOC-13 [49]. 

OR  

• did not reported PTSD diagnosis but had been positively screened with PCL-

C AND RSES-22 OR had been positively screened with PCL-C AND SOC-

13. 

Elevated symptoms of generalized anxiety disorders (GAD). Participants were 

considered to suffer of elevated symptoms of GAD if they self-reported being 

diagnosed with GAD AND had scored nine and higher at GAD-7. 
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Vagal activity.  

The vagal activity was divided into two components: i) baseline and patient-care 

simulation. The baseline is the resting HRV value, known as tonic vagal value. The 

patient care simulation was also divided into two parts: 1) the patient assessment and ii) 

the intervention. The patient assessment was considered cognitively demanding, 

compared to the patient-care intervention which was expected to involve the participant 

executing a CPR maneuver, which is considered a moderate to high physical demand 

[62,63]. The participant was considered in the “intervention”, when she/he started the 

CPR maneuver. The phasic vagal activity referred to the HRV reactivity while the 

patient-care simulations parts were performed. For this study, phasic vagal was 

calculated as a ratio from the difference between the HRV value during to the patient-

care simulation and HRV value during the baseline period. For instance, a value of “-

0.5” means that the patient-care simulation elicited 50 % more activity than the 

physiological baseline period. The higher the ratio, the more reactivity was considered.  

 

Poincaré plot analysis are used to obtained HRV values, and describe the vagal activity 

[29,64,65]. SD1 (standard deviation of points perpendicular to the line-of-equality) 

measured the short-term HRV and is associated with the influence of parasympathetic 

activity. Moreover, it is similar to RMSSD (root mean square of successive IBI 

differences) and associated positively to HF power (power of high-frequency band: 0.15 

- 0.4 Hz) [29,64,65].  
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Patient-care simulation performance. 

To succeed on the patient-care simulation performance, the participants needed to obtain 

at least 3 points on a scale of 6, on each five components. A score lower than 3 indicated 

a potential to cause harm to the patient or resulting in an adverse event, that could lead 

to the death of the patient. 

Descriptive analysis. 

Descriptive statistics (frequency, percentage, mean ± 95 % confidence interval) were used 

to present the participants health impairments (MSD, CVD, PTSD, GAD), simulated 

patient-care intervention performance as well as the vagal activity. Microsoft Excel 

version 1808 (Microsoft Corporation, USA) was used to conduct statistical analysis. 

 

Results 

Thirty-seven percent of participants presented an elevated risk for MSD, 37 % of 

participants had an elevated risk to develop CVD and 16 % of participants had elevated 

symptoms of PTSD. No individual was identified with elevated symptoms of GAD. 

Table 4.1 summarizes for each participant results on each health measure (MSD, CVD, 

PTSD, GAD).  

 

The tables 4.1 and 4.2 show that 53 % of participants had success in the patient-care 

simulation, and 60 % of them had elevated risk of health impairments (i.e. MSD, CVD). 

In contrast, 47 % of participants failed the patient-care simulation, and 67 % had 

elevated risk of health conditions (i.e. MSD, CVD, PTSD). Also, 100 percent of the 

participants who had elevated symptoms of PTSD failed the patient-care simulation. 
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Table 4.2 shows that participants with the best performance in patient-care (i.e. 23, 24, 

25) did not have an identified health impairment. 

 

Figure 4.1 presents the tonic activity (baseline), where it was observed that the 

participants who were successful in the patient-care simulation had lower tonic values 

than their counterparts who failed the patient-care simulation (All passed 20.01 ± 5.84 

ms. vs. failed 27.06 ± 16.62 ms.; Healthy passed 26.28 ± 4.47 ms. vs. failed 42.55 ± 

25.02 ms.; MSD Passed 11.42 ± 4.73 ms. vs. failed 22.49 ± 12.00 ms.); except for 

participants identified with an elevated risk of CVD that was inverted (14.39 ± 6.00 ms. 

vs. 8.97 ± 2.07 ms.). In addition, figure 4.1 shows less variability among the participants 

who succeeded than the participants who failed.  
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Table 4.1. 

 

Results of 19 experienced paramedics on health measurement tools, health impairments and 

simulated patient-care intervention performance.  

ID 

Physical Psychosocial 

CVD MSD PTSD GAD 

Diag 
YM 

CA 

SD 

NN 

50 

Diag FMS NQ Diag 
PCL

C 

RSES

22 

SOC 

13 
Diag 

GAD

7 

Failed patient-care simulation 

1 1 1 1 . 1 1 . 1 . 1 . 1 

4 . . . . . 1 1 1 1 . . . 

6 . . . . . . . . . . . . 

8 . 1 1 . 1 . . . 1 . . . 

10 . 1 1 . . . . . . . . . 

12 . 1 . . . . . . . . . . 

13 . . 1 . . . . . . 1 . 1 

14 . 1 . . 1 1 . 1 1 1 . . 

18 . 1 . 1 1 1 . . . . . 1 

Sum 

(%) 
1 

(11) 

6 

(67) 

4 

(44) 

1 

(11) 

4  

(44) 

4 

(44) 

1 

(11) 

3 

(33) 

3 

(33) 

3 

(33) 

0 

(0) 

3 

(33) 

Passed patient-care simulation  

2 . 1 1 . . . . . . . . . 

3 1 1 1 . 1 1 . . . . . . 

5 . 1 . . . . . . . . . . 

7 . 1 . . 1 . . . . . . . 

9 1 1 1 . 1 1 . . . . . . 

11 1 1 . . . . . . . . . . 

15 . 1 . . . . . . . . . . 

16 . 1 . 1 1 1 . . . . . . 

17 . . . . . . . . . . . . 

19 . . . 1 1 1 . . . . . . 

Sum 

(%) 

3 

(30) 

8 

(80) 

3 

(30) 

2 

(20) 

5 

(50) 

4 

(40) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 
0 

(0) 

0 

(0) 

Tota

l 

(%) 

4  

(21) 

14 

(74) 

7 

(37) 

3 

(16) 

9  

(47) 

8 

(42) 

1  

(5) 

3 

(16) 

3  

(16) 

3 

(16) 

0  

(0) 

3 

(16) 

(Value of 1) Participant identified positively with a tool; (Highlighted gray) Participant 

considered with a at-risk of health condition (CVD, MSD, PTSD or GAD); (SIM) Patient-

care simulation; (Diag) Self-reported diagnosis; (CVD) Elevated risk of cardiovascular 

diseases; (MSD) Elevated risk of musculoskeletal disorders; (PTSD) Elevated symptoms of 

post-traumatic stress disorders; (GAD) Elevated symptoms of generalized anxiety disorders. 

(NQ) Nordic questionnaire; (FMS) functional movement screen; (YMCA) step test; 

(SDNN50) SDNN value below 50 ms; (PCL-C) civilian version of PTSD check list; (RSES-

22) responses to stressful experiences scale; (SOC13) sense of coherence; (GAD-7) 

generalized anxiety disorders. 
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Table 4.2. 

 

Table of occupational performance of 19 experienced paramedics on simulated clinical 

task. Patient-care performance are ranked from lowest to highest on total score.  

 Patient-care performance outcomes Health impairments 

ID
 

P
a

ti
en

t 

A
ss

es
sm

e
n

t 

S
it

u
a

ti
o

n
a

l 

a
w

a
re

n
es

s 

D
ec

is
io

n
 

m
a

k
in

g
 

T
ec

h
n

ic
a

l 
sk

il
l 

O
v

er
a

ll
 

In
te

g
ra

ti
o

n
 

T
o

ta
l 

S
co

re
 

C
V

D
 

M
S

D
 

P
T

S
D

 

8 1 1 1 1 1 5 Failed 1   

12 1 1 1 1 1 5 Failed    

14 1 1 1 1 1 5 Failed  1 1 

13 2 2 1 1 1 7 Failed    

10 1 2 2 2 2 9 Failed 1   

18 2 2 2 1 2 9 Failed  1  

6 2 2 2 2 2 10 Failed    

1 3 3 1 2 2 11 Failed 1 1 1 

4 4 2 3 3 3 15 Failed   1 

7 4 3 4 3 4 18 Passed    

9 4 3 4 3 4 18 Passed 1 1  

11 4 3 3 4 4 18 Passed 1   

3 4 4 4 3 4 19 Passed 1 1  

19 3 4 4 4 4 19 Passed  1  

2 4 4 4 4 4 20 Passed 1   

16 4 5 4 3 4 20 Passed  1  

17 4 4 5 5 5 23 Passed    

15 4 5 5 5 5 24 Passed    

5 5 5 5 5 5 25 Passed    

Note. The table is ranked in an increasing order, from the lowest to the highest total score. 

The total scores were calculated from the 5 criteria assessed while the patient-care 

intervention. (Highlighted gray) Participants who had failed the criteria (cut-off point is 

3/6); (Value of 1) participant considered with at-risk of health impairment (CVD, MSD, 

PTSD); (CVD) Elevated risk of cardiovascular diseases; (MSD) Elevated risk of 

musculoskeletal disorders; (PTSD) Elevated symptoms of post-traumatic stress disorders;  
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Figure 4.1. Tonic HRV value. Illustration of means and 95% confidence interval errors 

bars of vagal activity during the baseline period. (Dark grey) Participants who passed 

the patient-care simulation; (Light grey) Participants who failed the patient-care 

simulation. (All) All participants; (Healthy) Participants without health impairments; 

(HC combined) All participant with health impairment combined; (MSD) Participants 

identified with elevated risk of musculoskeletal disorders; (CVD) Participants identified 

with elevated risk of cardiovascular diseases; (PTSD) Participants identified with 

elevated symptoms of post-traumatic stress; It is noted that no participant identified with 

PTSD succeeded with the patient-care simulation. 

 

Regarding the patient-care simulation, all participants who had succeeded in the patient-

care simulation had higher phasic activity (reactivity) during the assessment period than 

the participants who failed the simulation (Figure 4.2). However, when comparing 

healthy participants (passed and failed combined), they have similar phasic activity 

(passed -0.73 ± 0.15; failed -0.68 ± 0.06), which is higher than participants identified 

with health impairments (CVD, MSD, PTSD) (CVD passed -0.44 ± 0.29 vs. CVD failed 

0.69 ± 0.22; MSD passed -0.32 ± 0.29 vs. MSD failed -0.17 ± 0.61; PTSD failed 0.19 ± 

0.60). In addition, participants who had failed the simulation and had elevated risk of 
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CVD or elevated symptoms of PTSD show an inverted phasic activity during the 

assessment period (CVD failed 0.69 ± 0.22; PTSD failed 0.19 ± 0.60). Figure 4.2 shows 

less variability among the participants who had succeed than the participants who failed. 

Figure 4.2. Phasic HRV values for the assessment part of patient-care simulation.  

Phasic HRV (or reactivity HRV) was calculated from the difference between the HRV 

values during the assessment part of the patient-care simulation and baseline period. The 

values are presented in ratio, where negative values mean that the simulation parts 

created a higher activity than the physiological baseline period. Illustration of means and 

95% confidence interval errors bars. (Dark grey) Participants who passed the patient-

care simulation; (Light grey) Participants who failed the patient-care simulation. (All) 

All participants; (Healthy) Participants without health impairments; (HC combined) All 

participant with health impairment combined; (MSD) Participants identified with 

elevated risk of musculoskeletal disorders; (CVD) Participants identified with elevated 

risk of cardiovascular diseases; (PTSD) Participants identified with elevated symptoms 

of post-traumatic stress; It is noted that no participant identified with PTSD succeeded 

with the patient-care simulation. 

 

Figure 4.3 presents that during the intervention period all participants who had 

succeeded in patient-care simulation had a greater phasic activity when comparing with 

participants who failed the simulation (-0.77 ± 0.10 vs. -0,57 ± 0.27, respectively). 

Regardless if they succeeded or not in the simulation, healthy participants had similarly 
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high phasic activity (passed -0.83 ± 0.04; failed -0,79 ± 0.09). In addition, participants 

who had failed the simulation and had elevated risk of CVD demonstrated the lowest 

phasic activity during the intervention period (-0.19 ± 0.26). Figure 4.3 shows that there 

was less variability among the participants who had succeeded than the participants who 

failed. 

Figure 4.3. Phasic HRV values for the intervention part of patient-care simulation.  

Phasic HRV (or reactivity HRV) was calculated from the difference between the HRV 

values during the intervention part of the patient-care simulation and baseline period. 

The values are presented in ratio, where negative values mean that the simulation parts 

created a higher activity than the physiological baseline period. Illustration of means and 

95% confidence interval errors bars. (Dark grey) Participants who passed the patient-

care simulation; (Light grey) Participants who failed the patient-care simulation. (All) 

All participants; (Healthy) Participants without health impairments; (HC combined) All 

participant with health impairment combined; (MSD) Participants identified with 

elevated risk of musculoskeletal disorders; (CVD) Participants identified with elevated 

risk of cardiovascular diseases; (PTSD) Participants identified with elevated symptoms 

of post-traumatic stress; It is noted that no participant identified with PTSD succeeded 

with the patient-care simulation. 
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Discussion 

The simulated patient-care intervention was developed to be stressful and challenging 

for experienced paramedics, where the participants needed to assess the patient 

condition correctly and provide appropriate primary medical care. It was not anticipated 

that almost half of the experienced paramedics' cohort would fail the simulation. The 

authors of the current paper anticipate that the unexpected fail rate might be caused by 

the influence of the evaluation itself. More precisely, it was documented that 

participants who are observed are more stressed and thus would change their behaviours 

(voluntary or involuntary) and have an increase of their blood pressure [66]. 

 

Furthermore, LeBlanc’s team [21,22] have documented that paramedics who 

experienced stressful and challenging patient-care simulation are inclined to have 

impaired work abilities (e.g. calculation, memory recall). Considering the fact that the 

participants who failed the patient-care simulation did not have a specific weakness 

(most of all participants who failed have one point between the highest and lowest score; 

see Table 2), but an overall influence of the stress. Therefore, it did not appear that the 

current cohort had competency or skills issues, but rather they seem to be more 

influenced globally by the stress caused by the evaluation of patient-care simulation 

performance. 

Health impairments. 

Based on the JDR model, it was anticipated that the presence of a health impairment 

would lead to decrement in occupational performance. The findings of this research 

partially confirm this existence of this link among paramedics. Bakker and Demerouti 
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[14] modelized health impairment as “strain” that could potentially alter occupational 

performance. This was only partially the case. The difference in performance are 

measures between success and failure were small. Although more paramedics with 

elevated risk of CV and MSD did fail the patient-care simulation, it was not consistent 

for all participants with a health impairment. An interesting finding was that all 

participants identified with elevated symptoms of PTSD failed the patient-care 

simulation. Thus, it seems that elevated symptoms of PTSD had a negative influence on 

the paramedics’ ability to effectively perform a patient-care simulation.  

 

Additionally, it was proposed by Regehr and LeBlanc [20] that among the paramedics, 

the relationship between occupational performance impairment and PTSD might be 

related to the level of stress exposure of the work-related simulation. Considering that 

all paramedics identified with elevated symptoms of PTSD who failed the patient-care 

simulation, it seems that the current study has triggered sufficient level of stress 

exposure. 

 

It has been documented that PTSD plays a role in the reduction of cognitive 

performance efficiency, and more specifically of cognitive functions [27,67,68]. 

Therefore, it is reasonable that paramedics with elevated symptoms of PTSD may 

experience a negative impact on the patient-care intervention, resulting in inferior 

quality of care or an unfortunate adverse event [36]. However, this link seems not to be 

clear among the emergency workers, because the results of the current study seem to 

contradict the result of Leblanc et al.[69], who did not observe that first responders with 
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elevated symptoms of PTSD perform differently during a stressful occupational 

simulation. LeBlanc et al. [69] compared two groups of police officers (high and low 

symptoms of PTSD) and they observed no significant difference between both groups 

during simulated emergency response. However, there are some methodological 

differences between this study and the current research. For example, the current study 

evaluated experienced participants compared to Leblanc’s recruits (15.0 ± 8.7 vs. 0.18 ± 

0.31 years of experience), who were younger, and in better physical and psychosocial 

condition. LeBlanc’s participants were recently graduated from the academy and had 

less exposure to chronic and major traumatic events in their professional life. It is less 

likely that young individuals might suffer from severe PTSD symptoms than 

experienced paramedics. However, it was documented that younger age and higher 

fitness level (physical and mental) are associated positively with better cognitive 

performance and conversely, ageing and low level of physical fitness tend to reduce 

cognitive performance [70–72]. Regarding the second methodological aspect, the 

current study performed double-positive health screening compared to Leblanc’s single 

method to identify the participants’ symptoms. This aspect may have caused an inflation 

of individuals identified with high symptoms of PTSD, and therefore would not be able 

to discriminate the participants properly (high vs low symptoms).  

 

Despite the fact that the current study did not observe the link between physical health 

impairments (CVD, MSD) and patient-care performance impairment, this does not mean 

that they do not have any effect. Considering that individuals identified with physical 

health impairments (CVD, MSD) underperform while occupational activities without 
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stressful condition [73–75], it is reasonable to assume that they should have some 

impact when they perform in a stressful environment. Therefore, in the current study, 

only paramedics identified with PTSD have shown negative consequences on 

paramedics’ occupational performance, the influence of other health impairments seems 

divided or mitigated. However further research is needed to identify the causes and its 

triggers, especially in order to provide a better understanding of the age, years of 

experience, level of exposure to chronic and major traumatic, stress level exposure.  

Vagal activity. 

Neuroscience research has documented that individuals with a high tonic activity (vagal 

baseline at resting) are associated with better cognitive performance and adaptation to 

stressful environments [27,29–33]. By contrast, individuals who have low tonic activity 

show lower cognitive performance and they presented a lack of adaptation in stressful 

situations [27,32,76]. The results of this study suggest the opposite, where individuals 

who failed the patient-care simulation presented with higher tonic activity. A reason that 

might explain that difference, is based on the fact that most of cognitive performance 

assessed in the literature has been measured individually, where each variable is 

controlled and the groups of participants are homogenous. In contrast, the patient-care 

simulation is a complex task, but already known, as paramedics are trained in this 

manner. The within and between groups variability highlighted that the cohort was not 

homogenous, as most variables are difficult to control (e.g. age, year of experience, 

gender, education, income, health impairments, level of exposure to chronic and major 

traumatic, stress level exposition, perception). Considering that the current project has 
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used a complex occupational simulation, the tonic activity did not appear to be related to 

the patient-care simulation among this cohort of experienced paramedics. 

 

Regardless of the success of the patient-care simulation or the presence of health 

conditions, the phasic activity (vagal reactivity to the patient-care simulation) revealed 

that the assessment segment was more cognitively demanding (due to evaluation of the 

situation and the patient), and the intervention segment was more physically demanding 

(due to the CPR maneuver). CPR maneuver is considered as moderate to high physically 

demanding task [62,63]. In addition, phasic activity appears more linked to the 

occupational performance than the vagal activity among this cohort of experienced 

paramedics. Paramedics who successfully completed the patient-care simulation 

presented higher phasic activity during both segments (assessment, intervention). The 

participants identified with elevated risk of CVD and elevated symptoms of PTSD 

presented an inhibition of the vagal activity during the assessment segment of the 

simulation. Thus, it seems that low phasic activity and a performance impairment 

present some relationships during the more “cognitive” segment of the simulation, 

among experienced paramedics identified with elevated symptoms of PTSD. 

Furthermore, because of the wide variability during the assessment segment among 

participants with elevated PTSD symptoms, it is difficult to speculate on the causes of 

that difference. Gillie and Thayer [77] suggested that this individual difference might be 

caused by various cognitive control abilities and symptom severity, where individuals 

could re-experience intrusive memories and thoughts.  
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The work of Thayer’s team [26–28] helps in understanding the link between PTSD and 

patient-care performance. Thayer et al. identified that the stress (cognitive, emotional, 

physical) as a cause a vagal inhibition resulting in a deactivation of the brain’s prefrontal 

cortex, suggesting that the patient-care simulation might produce stress among 

paramedics who were already weakened by their psychosocial health condition (i.e. 

PTSD). Thayer et al. suggest also that emotional stress had more negative consequences 

than other stresses on an individual identified with psychosocial issues [27,28]. 

Important cognitive skills are controlled by the prefrontal cortex. This area oversees the 

cognitive executive functions, such as staying focused, switching attention, 

remembering details, time and task management, problem-solving, multitasking, 

decision making, task execution based on experience and training [27,67,68]. Thus, 

cognitive executive functions are essentials for paramedics’ duty such as for patient-care 

interventions. Therefore, it might be plausible that experienced paramedics with PTSD 

could have experienced emotional stress caused by a simulated patient-care scenario, 

thus provoking an inhibition of vagal activity limiting their cognitive ability to perform 

an adequate patient-care assessment and its proper intervention. Consequently, this 

might be resulting in adverse events that could lead to the death of the patient. However, 

further research is needed to confirm this hypothesis.  

Practical implications. 

The current study has shown that paramedics identified with elevated symptoms of 

PTSD failed the patient-care simulation task, and this was coupled with a unique vagal 

activity during the assessment segment. Considering, the high rate of PTSD among the 

paramedic population [5], the need for professional associations, paramedic schools and 
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EMS agencies should pay increased attention and provide additional resources regarding 

personal management and awareness on the potential impact negative impacts to patient 

care.  

 

Additionally, as military, special forces or airline pilots, paramedics must be trained 

frequently and prepared for the “worst”, in order to provide them the tools on how to 

deal with and cope with the physical and mental stress if these difficult situations. It has 

been documented, that simulation training performed in stressful conditions improved 

clinical performance and non-technical skills among health professional [78,79]. The 

second type of training that has been identified with beneficial influence is fitness 

training. Frequent aerobic and resistance exercises were well known to improve and 

maintain good health status but also increase the vagal activity in response to physical 

and mental stress [80]. It has been observed that physical activity had beneficial effects 

on PTSD symptoms [81] and that individuals who suffered from PTSD and regularly 

practice physical activity showed better cognitive performance [82].  

Future research. 

Patterson et al. [83] noted that “the impact of patient workload, intensity or duration 

patient-care“ remains limited, suggesting that “ future studies are needed that capture 

detailed measures of workload”. Despite the increase in research over the last decade, 

more investigation is needed, to better understand the impacts of psychosocial health on 

paramedics’ occupational performance. Similar to Coffey et al. [84], where they 

quantified the physical demands of paramedics across Canada, quantifying and 

describing psychosocial demands of the paramedics’ duty is important. Establishing a 
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complete list of standards, not only physical, but also psychosocial, of Canadian 

paramedics’ duty is needed, as suggested by Paramedic Chiefs of Canada (PCC)[85], 

Canadian House of Commons [86] and Canadian Standards Association (CSA) group 

[87]. 

Study limitations. 

Volunteer recruitment was difficult for this project. Over one-thousand emails were sent 

out to all New Brunswick paramedics. From those emails, only twenty-five paramedics 

responded positively. This number of volunteers limited the sample size of this project. 

One hypothesis that might help to explain this lack of participation, was identified as the 

assessment of health status and occupational performance. Some paramedics mentioned 

their fear of being branded as “not fit for duty” or “not enough competent to work” and 

therefore might be at risk of losing their job. Even if it was stated that the employer 

would never be informed of such results. Consequently, it is understood that the 

participation in this study is a limited sample and it would have been ideal to have a 

stronger representation to generalize the results. In addition, considering the limited 

number of paramedics identified with elevated symptoms of PTSD, the authors remain 

cautious in their generalization and reiterate that the results of this study represent only a 

risk assessment. Further research is needed to confirm this observation.  

 

Moreover, the health characterization method used in this study might underestimate the 

impact of psychosocial health on patient-care performance. It was observed that six 

paramedics identified with psychosocial injury (i.e. self-reported diagnosis of PTSD, 

PCL-C, RSES-22, SOC-13, GAD-7) failed the patient-care simulation. That means that 
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two-thirds of the paramedics who failed the simulation were screened positive on at 

least one psychosocial health tool. This observation emphasizes our attention on the 

psychosocial injuries in general and not only on the PTSD symptoms. Therefore, more 

attention is needed to provide a better health characterization and a better understanding 

of the influence of psychosocial health status on experienced paramedics. 

 

Simulation allows us to repeat and control some of the experimental conditions, the 

vagal activity obtained from this cohort of experienced paramedics might be limited by 

the simulation. It might be interesting to compare and validate our results with a “on the 

field” study.  

 

Conclusions 

This exploratory research observed that PTSD was related to negative patient-care 

performance among experienced paramedics. It quantified the physiological activity 

during a simulated occupational task performed under stress condition (divided into two 

periods: assessment and intervention including CPR maneuver). As observed in the 

literature, individuals who successfully passed the patient-care task had higher vagal 

activity during the patient assessment. During the same period of the simulation, 

paramedics with elevated symptoms of PTSD did not show the same tendencies, instead 

presenting a wide variability of activity. Also, compared with other participants, 

paramedics with elevated symptoms of PTSD while performing the patient-care 

simulation, presented an unbalance activity due to a reduction of vagal activity. 

Emotional stress was suggested to be triggered by patient-care, causing an inhibition of 
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vagal activity restraining their cognitive skills translated potentially by substandard 

quality of care and adverse events. Considering the potential impacts of PTSD, we 

suggest that professional associations, paramedic schools and EMS should consider how 

to ensure that paramedics have access to appropriate resources to monitor and improve 

the psychosocial health among paramedics. More research is needed to provide a better 

understanding of the influence of psychosocial health status on paramedics. 
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Appendix for Study 3 

A summary of the criteria assessed are described as follow: 

• Patient assessment: organized approach; selects appropriate assessment strategy; 

focused assessment is thorough and complete; evaluates and interprets 

assessment findings; obtains comprehensive associate history; completes timely 

follow-up assessment. 

• Situational awareness: recognizes routine situations and settings in which safety 

problems may arise; exercises vigilance on safety issues; gathers the appropriate 

amount of information; recognizes actionable information; continually observes 

the whole environment; adapts to task demands and changes effectively; 

demonstrates safety practices that reduce the risk of adverse events. 

• Decision making: selects the most appropriate solution for a given context; 

responds effectively by means of efficient task and process management; 

displays critical thinking, including situational awareness and an awareness of 

cognitive biases in decision making; demonstrates a process of sound decision-

making, understanding where the process can be challenged and corrected; 

makes decisions based on evidence. 

• Technical skill: practices within scope of practice for level; does not attempt 

skills that they are unfamiliar or incompetent in despite scope of practice; 

follows safe work procedures for all skills; obtains consent as appropriate for all 

skills; displays technical competency in all skills; assesses efficacy of 

intervention and modifies plan as necessary; initiates skill in timely fashion and 

appropriate setting; adequately prepares all necessary resources prior to initiating 

skill; performs skills in logical order; selects appropriate skills.  

• Overall integration: performance is consistent with professional standards; 

patient safety is main priority in all decisions and interventions; displays 

confidence in decision making; technically competent in skills; demonstrates 

clear and concise communication abilities in all settings; effectively utilizes 

resources both human and technical. 
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Chapter 5 – Dissertation Conclusion 

The Canadian National EMS research agenda developed by a consensus of emergency 

medical services experts (Dainty et al., 2013; Jensen et al., 2013) as well as the 2017-

2019 strategic plan created by the Paramedic Association of Canada (PAC, 2017) and 

Canadian paramedic researchers (Carleton et al., 2018; Coffey et al. 2016; Hegg-Deloye 

et al., 2014, 2015, Leblanc et al. 2012) endorsed the fact that there is urgent need for 

more research to enhance professional practise as well as the health and wellness of 

paramedics. Despite the lack of knowledge in a wide spectrum of research topics, these 

experts identified gaps, some of which are addressed by this dissertation. These include 

characterization of paramedic health, and understanding of the occupational impacts of 

paramedic health status. Therefore, the current dissertation characterized the health 

status of a cohort of experienced NB paramedics, as well as documented the potential 

influence of health impairment to their occupational performance. High prevalence of 

health conditions was observed. Health condition was also found to influence 

performance on a simulated occupational task. 

 

There are several models that explain the relationship between challenging work-related 

demands and health impairment. Bakker and Demerouti’s JDR model (2017) appears to 

hold relevance based on the findings in this dissertation. In the JDR model, health 

impairment is modelled as “job strain”, that could impair the occupational outcomes. 

More precisely, it was observed in the second study that paramedics with health 

conditions were more physiologically aroused during the simulated urgent driving tasks, 

leading them to be potentially more at-risk of driving collision. In the third study, only 
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paramedics with self-reported elevated symptoms of PTSD were less likely to 

successfully complete the simulated patient-care task. Both studies showed indirectly 

(estimation of the risk base on HRV) and directly (patient-care performance) that health 

impairment represents a non-negligible “job strain” for paramedics. Furthermore, both 

studies exposed that job strain (health impairment) might have negative occupational 

outcomes. Therefore, it seems that the JDR model is the most appropriate to describe the 

paramedics’ health status influence on their occupational performance. JDR model 

provides a conceptual framework that overviews the consequences of a vicious cycle 

that paramedics have elevated job demand. Because of that, paramedics might increase 

their risk to develop occupational health impairment increasing the job strain. In turn, 

this job strain (health condition) may increase the perceived demands, but more 

concerning, decrease the paramedics’ work performance, leading them to performance 

issues. 

 

Contributions 

This dissertation provides additional contributions in addressing these research gaps in 

two areas: (1) methodological: assessed the value of defining health status based on a 

battery of health indicators, rather than a traditional mono-biased approach; and (2) 

applied: assessed the relationship between various categorizations of health status and 

workplace performance. 

Methodological 

The current project highlighted that the common mono-bias methods used to 

characterize health status, are limiting when identifying or quantifying health conditions. 
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Mono-bias approaches underestimate or overestimate the morbidity of the health of 

worker populations. Mono-bias led to underestimates when individuals self-reported 

their health condition diagnosis and led to overestimates when individuals scored 

positively to screening tools (physical tests or questionnaires). This could be 

problematic when organizations such as paramedic schools, EMS units, and professional 

associations want to provide resources and support to paramedics identified with health 

conditions. Considering that paramedic organizations have limited resources (e.g. 

human, financial), an overestimation of the morbidity could lead to an increasing cost, 

rather than underestimating risk of leaving several paramedics without requisite help 

and support. To minimize mono-bias, it is recommended health conditions be properly 

characterized with the administration of at least one other screenings tool, to confirm a 

self-reported diagnosis. The administration of at least two screening tools, might be a 

better approach, in order to obtain cross-validation in defining the presence of health 

condition criteria. For example, besides self-reported diagnosis questionnaire, the 5-min 

at-rest physiological baseline (e.g. using SDNN value from HRV measurement) and at-

effort (e.g. 3-min step test) screening tests for CVD, provides a more complete 

assessment. This dissertation advances the state of knowledge relative to the 

characterization of paramedic health by emphasizing the administration of multiple 

screening measures. 

 

It is also important to note that a significant proportion of paramedics seem unaware of 

their own health status despite being identified with a health condition on at least two 

screening tests. This finding is paradoxical, because these health workers are highly 
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health-literate. As such, it is unlikely that a conventional health promotional campaign 

would yield value or beneficial impacts. Instead, it would be suggested that a periodic 

(e.g. annual, bi-annual, tri-annual) battery of screening tests be administered to enhance 

health awareness and monitor health changes. This periodic medical surveillance-based 

approach could increase, it is paramedics’ awareness of their health that results in self-

imposed health behaviour modification. However, even though the impact of health 

awareness increases the likelihood of success, psychosocial counselling should be 

provided to support health behaviour modification. Since the 1980’s an approach, 

known as “motivational interviewing”, was used in many public health programs (e.g. 

diabetes, obesity, hypertension, lifestyle) with health practitioners (i.e. physicians, 

nurses, dieticians, psychologists, kinesiologists) (Christie and Channon, 2014). This 

approach intended to explore the ambivalence and motivate individuals to change 

behaviour (Christie and Channon, 2014). Considering all the challenges faced by 

paramedics, health awareness reinforced by psychosocial support might represent an 

important step to a “healthier” path as well as contributing to better health and 

motivating workers to maintain safety practices. 

Applied 

The categorization of paramedics’ health condition provided the opportunity to assess 

the relationship between health status and paramedic performance. The most important 

findings were obtained when it was discovered that health conditions might negatively 

influence the occupational performance (driving, patient-care) of paramedics. More 

specifically, it was observed that paramedics’ health conditions may impair the ability to 

drive an ambulance safely and to perform adequate patient-care interventions. 
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Paramedics with adverse health conditions displayed higher physiological responses 

when they drove with urgency. Physical and psychosocial health conditions caused an 

over-activity of the sympathetic nervous system, which lead to a reduction of field of 

view as well as of cognitive capabilities to process information during emergency 

driving. This finding suggests that paramedics identified as having a health condition 

might represent a greater risk of collision when they drive with urgency. It is 

recommended that the safety driving section of Canadian paramedic guidelines 

acknowledge the impact of the health status on the road safety, in order to offer 

preventive health detection and support paramedics along the difficult path of health 

maintenance and/or improvement. 

 

It was observed that paramedics with a health condition had low short-term recovery 

capabilities after the driving task simulation. It is reasonable to assume that paramedics 

with health conditions would have a higher level of both mental and physical fatigue 

across different shift characteristics (driving and patient workload, various intensity or 

duration) as well as having a higher level of cumulative fatigue through the workweek. 

Fatigue is well documented to increase the risk of amplifying existing health problems 

or developing other chronic problem, but also may contribute to safety issues during 

driving.  

 

Even though the presence of a health condition might be related to an elevated risk of 

ambulance collisions, only PTSD showed an association with a deteriorated patient-care 

performance. It is important to note that only individuals with identified elevated 
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symptoms of PTSD and not those with CVD and MSD showed a significant association 

to failed performance of patient-care. This dissertation is the first to provide clear 

evidence that a paramedic with PTSD symptoms may be impacted in effectively 

performing prehospital emergency care. More investigation should be considered, to 

further quantify and describe how physical and psychosocial health condition impacts 

the paramedics’ duty.  

 

Furthermore, considering the fact that the influence of health impairment was observed 

in simulated stressful environments and situations, it appears that the frequency of this 

kind of training must be increased. By increasing the exposure to this kind of training, is 

likely to attenuate the influence over time of health status on occupational performance. 

More research is needed to provide a better understanding of the training influence. It is 

known that cognitive functions could be trained and improved among individuals with 

health impairment (Clark et al. 2016), as well as the occupational performance of police 

officers increased with training in stressful situations (Anderson et al. 2019). 

 

Recommendations for future research 

This doctoral dissertation provides an initial exploration into a complex research field. 

Additional investigations are needed to provide a better understanding of the impact that 

both physical and psychosocial health status has on paramedics’ occupational 

performance. Considering that PTSD symptoms appear to represent an important risk 

factor in impairing patient-care performance, it is necessary to investigate the impact of 

health conditions on other occupational tasks, such as emergency driving performance, 
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and various patient-care scenarios. In the same vein, the relationship between the 

occurrence and the type of adverse events and paramedics’ health status must be 

explored with an aim to identify which health condition provokes negative occupational 

impacts in order to tailor better prevention and intervention for them.  

 

Another research component that needs to be considered is using naturalistic studies to 

increase the ecological validity of the paramedic simulations and simulators (i.e. 

ambulance, patient). The more realistic the simulations, the more efficient and closer to 

the reality the assessments and training of paramedics. Naturalistic studies provide 

opportunities for studying paramedics (e.g. occupational performance, ergonomic 

aspects, physiological responses, behaviours) in relation with their environment, their 

patients and their colleagues. This type of study is crucial to reproduce "what is 

happening in the real life" in order to implement more realistic simulations. 
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Appendix A – Sex differences 

This appendix has been created based on the Examining Committee recommendations, 

and presented the results from the three studies based on female and male comparison. 

 

Table A1.  

Study 1. Prevalence of health conditions among female and male paramedics.  

 
Healthy 

N (%) 

MSD 

N (%) 

CVD 

N (%) 

PTSD 

N (%) 

Female (N = 7) 3 (43) 3 (43) 1 (14) 1 (14) 

Male (N = 18) 7 (39) 6 (33) 7 (39) 2 (11) 

Note. (Healthy) Identified without health condition; (MSD) elevated risk of 

musculoskeletal disorders; (CVD) elevated risk of cardiovascular diseases; (PTSD) 

elevated symptoms of post-traumatic disorders. 

  

 

 

 

Table A2.  

 

Study 2. HRV values for female participants of every simulated occupational task. 

Occupational task SD1 (ms) SD2 (ms) 
SD1/SD2 

(ratio) 
MeanRR (ms) 

Pre-simulation baseline 

(B1) 
20.96 ± 3.69 74.00 ± 7.91 0.29 ± 0.05 756.18 ± 41.33 

Non-urgent driving 

scenario (D) 
6.73 ± 1.96 31.16 ± 3.52 0.21 ± 0.04 572.55 ± 28.22 

Urgent driving scenario (to 

the scene) (U1) 
7.22 ± 1.34 39.56 ± 4.6 0.20 ± 0.05 555.18 ± 24.55 

Patient-care (Cl) 25.08 ± 12.73 66.04 ± 12.25 0.39 ± 0.16 459.65 ± 20.85 

Urgent driving scenario (to 

the hospital) (U2) 
12.01 ± 3.30 49.96 ± 2.79 0.24 ± 0.06 566.66 ± 27.34 

Post-simulation baseline 

(B2) 
15.30 ± 3.26 59.98 ± 1.71 0.25 ± 0.05 652.97 ± 55.09 

Note. Means ± SE (standard error of mean); Millisecond (ms). 
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Table A3.  

 

Study 2. HRV values for male participants of every simulated occupational task. 

Occupational task SD1 (ms) SD2 (ms) 
SD1/SD2 

(ratio) 
MeanRR (ms) 

Pre-simulation baseline 

(B1) 
25.62 ± 5.8 90.01 ± 12.95 0.25 ± 0.03 815.84 ± 40.77 

Non-urgent driving 

scenario (D) 
11.00 ± 2.01 40.20 ± 4.89 0.27 ± 0.04 664.40 ± 18.56 

Urgent driving scenario (to 

the scene) (U1) 
17.42 ± 6.83 58.99 ± 8.99 0.25 ± 0.05 634.69 ± 14.84 

Patient-care (Cl) 27.44 ± 8.80 90.22 ± 7.90 0.28 ± 0.07 533.27 ± 11.11 

Urgent driving scenario (to 

the hospital) (U2) 
13.79 ± 3.68 55.52 ± 4.97 0.23 ± 0.04 628.23 ± 15.29 

Post-simulation baseline 

(B2) 
19.71 ± 4.78 70.60 ± 6.32 0.27 ± 0.06 674.89 ± 17.09 

Note. Means ± SE (standard error of mean); Millisecond (ms). 
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Table A3. 

 

Study 3. Results of 19 experienced paramedics on health measurement tools, health 

impairments and simulated patient-care intervention performance (with sex identification).  

ID Sex 

Physical Psychosocial 

CVD MSD PTSD GAD 

Diag 
YM 

CA 

SD 

NN5

0 

Diag FMS NQ Diag 
PCL

C 

RSE

S22 

SOC 

13 
Diag 

GAD

7 

 Failed patient-care simulation 

1 M 1 1 1 . 1 1 . 1 . 1 . 1 

4 F . . . . . 1 1 1 1 . . . 

6 M . . . . . . . . . . . . 

8 M . 1 1 . 1 . . . 1 . . . 

10 M . 1 1 . . . . . . . . . 

12 M . 1 . . . . . . . . . . 

13 M . . 1 . . . . . . 1 . 1 

14 M . 1 . . 1 1 . 1 1 1 . . 

18 M . 1 . 1 1 1 . . . . . 1 

Su

m 

(%) 

 
1 

(11) 

6 

(67) 

4 

(44) 

1 

(11) 

4  

(44) 

4 

(44) 

1 

(11) 

3 

(33) 

3 

(33) 

3 

(33) 

0 

(0) 

3 

(33) 

 Passed patient-care simulation  

2 F . 1 1 . . . . . . . . . 

3 M 1 1 1 . 1 1 . . . . . . 

5 F . 1 . . . . . . . . . . 

7 F . 1 . . 1 . . . . . . . 

9 M 1 1 1 . 1 1 . . . . . . 

11 M 1 1 . . . . . . . . . . 

15 M . 1 . . . . . . . . . . 

16 F . 1 . 1 1 1 . . . . . . 

17 M . . . . . . . . . . . . 

19 F . . . 1 1 1 . . . . . . 

Su

m 

(%) 

 
3 

(30) 

8 

(80) 

3 

(30) 

2 

(20) 

5 

(50) 

4 

(40) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 
0 

(0) 

0 

(0) 

Tot

al 

(%) 

 
4  

(21) 

14 

(74) 

7 

(37) 

3 

(16) 

9  

(47) 

8 

(42) 

1  

(5) 

3 

(16) 

3  

(16) 

3 

(16) 

0  

(0) 

3 

(16) 

(Value of 1) Participant identified positively with a tool; (F/M) Female/Male; (Highlighted 

gray) Participant considered with a at-risk of health condition (CVD, MSD, PTSD or GAD); 

(SIM) Patient-care simulation; (Diag) Self-reported diagnosis; (CVD) Elevated risk of 

cardiovascular diseases; (MSD) Elevated risk of musculoskeletal disorders; (PTSD) 

Elevated symptoms of post-traumatic stress disorders; (GAD) Elevated symptoms of 

generalized anxiety disorders. (NQ) Nordic questionnaire; (FMS) functional movement 

screen; (YMCA) step test; (SDNN50) SDNN value below 50 ms; (PCL-C) civilian version of 

PTSD check list; (RSES-22) responses to stressful experiences scale; (SOC13) sense of 

coherence; (GAD-7) generalized anxiety disorders. 

  



 189 

Table A4. 

 

Study 3. Table of occupational performance of 19 experienced paramedics on 

simulated clinical task. Patient-care performance are ranked from lowest to highest on 

total score (with sex identification).  
 

S
ex

 
Patient-care performance outcomes Health impairments 

ID
 

P
a

ti
en

t 

A
ss

es
sm

e
n

t 

S
it

u
a

ti
o

n
a

l 

a
w

a
re

n
es

s 

D
ec

is
io

n
 

m
a

k
in

g
 

T
ec

h
n

ic
a

l 
sk

il
l 

O
v

er
a

ll
 

In
te

g
ra

ti
o

n
 

T
o

ta
l 

S
co

re
 

C
V

D
 

M
S

D
 

P
T

S
D

 

8 M 1 1 1 1 1 5 Failed 1   

12 M 1 1 1 1 1 5 Failed    

14 M 1 1 1 1 1 5 Failed  1 1 

13 M 2 2 1 1 1 7 Failed    

10 M 1 2 2 2 2 9 Failed 1   

18 M 2 2 2 1 2 9 Failed  1  

6 M 2 2 2 2 2 10 Failed    

1 M 3 3 1 2 2 11 Failed 1 1 1 

4 F 4 2 3 3 3 15 Failed   1 

7 F 4 3 4 3 4 18 Passed    

9 M 4 3 4 3 4 18 Passed 1 1  

11 M 4 3 3 4 4 18 Passed 1   

3 M 4 4 4 3 4 19 Passed 1 1  

19 F 3 4 4 4 4 19 Passed  1  

2 F 4 4 4 4 4 20 Passed 1   

16 F 4 5 4 3 4 20 Passed  1  

17 M 4 4 5 5 5 23 Passed    

15 M 4 5 5 5 5 24 Passed    

5 F 5 5 5 5 5 25 Passed    

Note. The table is ranked in an increasing order, from the lowest to the highest total 

score. The total scores were calculated from the 5 criteria assessed while the patient-

care intervention. (F/M) Female/Male. (Highlighted gray) Participants who had failed 

the criteria (cut-off point is 3/6); (Value of 1) participant considered with at-risk of 

health impairment (CVD, MSD, PTSD); (CVD) Elevated risk of cardiovascular 

diseases; (MSD) Elevated risk of musculoskeletal disorders; (PTSD) Elevated 

symptoms of post-traumatic stress disorders. 

 

 

  



 190 

Appendix B – Study 2 (published version) 

Mathieu Tremblay, Wayne J. Albert, Steven L. Fischer, Eric Beairsto, Michel J. 

Johnson. (2020) Physiological responses during paramedics’ simulated driving tasks. 

WORK: A Journal of Prevention, Assessment, and Rehabilitation. 65(2). 

 

Abstract 

Most ambulance collisions happen in emergency driving conditions and are caused by 

human factors. This study investigated the influence of human factors associated with 

time pressure, patient-care intervention, and health status on the physiological responses 

of simulated emergency driving tasks. A cohort of seventeen experienced paramedics 

performed three simulated driving tasks. The driving tasks were a non-urgent and two 

urgent driving simulations (one to the scene and one to the hospital). The second urgent 

driving task was preceded by a patient-care simulation (unstable cardiac patient with 

cardiopulmonary resuscitation). The physiological responses between the three driving 

tasks were not significantly different due to time pressure and patient-care intervention. 

It is postulated that the physiological response of experienced paramedics was 

influenced by the fact that they are accustomed to handling stressful situations daily. 

Furthermore, it was observed that paramedics with health conditions were more 

physiologically aroused during the urgent driving scenarios (pre and post-intervention), 

suggesting they might have an elevated risk of collision when they drive with urgency. 

Paramedics with health conditions also had higher physiological responses for the post-

intervention baseline, leading to a longer recovery time period, which might represent an 

elevated risk of developing chronic health problems or amplifying existing ones. The 
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findings of this research suggest that experienced paramedics manage the influence of 

time pressure and the impact of challenging patient-care well. Paramedics with health 

conditions represent an elevated risk of collision. 

 

Keywords: Emergency drivers, Paramedics, Health status, Urgent driving, Ambulance 

simulator, Work physiology. 

 

Introduction 

Paramedics’ driving is unique to other professional driving as they must drive both as a 

civilian driver (non-urgent) and during emergency situations, drive with urgency to an 

event or to the hospital. Paramedics must follow the traffic rules as civilian drivers. In 

order to reduce call response time to paradoxically, save lives, during emergency 

conditions some traffic rules (e.g. exceed the posted speed limits, adhering to stop signs) 

are removed which can lead to high potential collision situations. In the US, it was 

identified that two-thirds of ambulance collisions occurred while the ambulance was in 

emergency use [1]. In the United States, there are on average, 1500 ambulance collisions 

per year causing injury or death to individuals on board and/or other road users (patient, 

paramedic, driver or passenger of another vehicle, pedestrian) [1]. Consequently, more 

collisions result from emergency driving compared to paramedics driving as civilian 

drivers.  

 

Ambulance collisions happen while the driving conditions are often satisfactory, and 

rarely when the climates or road surfaces are difficult. According to Sanddal et al. [2], 
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ambulance collisions predominantly occur during daylight and on dry and flat surfaces, 

in an intersection while the ambulance is driving in a straight-line [2–4]. It was 

suggested that most ambulance collisions were due to behavioural and cognitive factors’ 

and rarely by environmental causes or malfunction of the vehicle [2–6]. Paramedics are 

therefore assumed to be similar to civilian drivers, since it is admitted that the majority 

of vehicle collisions are caused by human errors and human factors [2–6]. 

 

Three human factors might explain ambulance collisions: the influence of the time 

pressure; patient-care intervention and; paramedic’s health status. Time pressure, is 

identified as the biggest cognitive and psychosocial stressor for paramedics responding 

to emergency calls within a specific time target (set by Emergency Medical Services 

(EMS) organizations and government) [7]. Also, wanting to save their patient by driving 

with urgency, causes the paramedics significant stress [7]. There is an absence of 

literature about paramedics’ driving performance, therefore, it is necessary to refer to 

research on the impact of time pressure on driving in the general population. For civilian 

drivers, time pressure is likely to increase “fight or flight” responses, causing a variety 

of physiological responses such as increased cardiovascular and respiratory activity, and 

also known as an increased sign of physiological arousal [8,9]. An elevated level of 

physiological arousal promotes visual and cognitive tunnelling among stressed drivers 

[8,9]. More importantly, it causes visual and cognitive tunnelling, creating a reduction of 

processing peripherical information capability (or secondary stimuli) among stressed 

individuals [8]. This tunnel effect could impair driving performance, the detection and 

prediction of hazards, visual scanning, decision making, appropriate reaction delay as 
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well as creating an increased risk of collision [9]. However, the effects of time pressure 

might not apply in the same way to the paramedic population, which is exposed on a 

daily basis to multiple periods of time pressure and might be adapted to cognitive and 

psychosocial stress. 

 

The second human factor to consider is the cognitive and psychosocial stress caused by 

difficult or traumatic on-site events. Driving performance can be negatively impacted by 

worries, preoccupations, stresses or strong emotions [10–12], and paramedics can 

experience this after their clinical interventions. For instance, some paramedics have 

reported being were worried about having limited resources (cognitive and 

psychosocial) to deal with driving after patient care. Bohström et al. [13] interviewed a 

group of experienced ambulance staff (paramedics, nurses) and one of them had 

declared: “... it was too much information to handle and deal with, driving the 

ambulance, the colleague assisting the nurse, relatives and waiting for back-up 

ambulances”. The influence of patient care intervention might impair driving skill by 

creating two types of responses: increase of “fight or flight” response or elevation of 

lack of attention [10–12]. As mentioned previously, “fight or flight” is an acute stress 

response which may reduce the field of view of the drivers and make complex tasks 

difficult to perform adequately. Regarding the lack of attention, it has been identified as 

one of the most important causes of collisions, and it results in ambulance driver 

distraction [14,15]. Superfluous conversations between co-workers, radio 

communications or computer use could distract and decrease attentional awareness from 
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their duty [16]. Despite experiencing a highly stressful patient-care event, paramedics 

must refocus quickly before driving the patient to the hospital safely.  

 

The third factor to consider in ambulance collisions is the influence of paramedics’ 

health status. Despite this factor being studied for over five decades in the general 

population, it’s influences on paramedics driving remains understudied. It was 

documented that some health conditions increase physiological responses during driving 

among civilian drivers. Bellet et al. [17] observed individuals with cardiovascular 

disease (CVD) showing a higher physiological response during everyday driving than 

drivers without CVD. This suggests that health condition such as CVD causes an over-

reactivity of the sympathetic nervous system, leading to increased “fight or flight” 

responses [18], which decreases paramedics’ capability to drive in emergency situations, 

and increasing the risk of ambulance collision. Considering the fact that the paramedics’ 

population has a high prevalence of health conditions [19–24], it seems important to 

acknowledge the potential influence of this human factor on the physiological responses 

of paramedics during a stressful environment. 

 

Physiological responses can be more sensitive to change in driving than driving 

performance [25,26]. Fluctuations in driving task demands (increasing or decreasing) 

can be reflected in the physiological responses before any changes in the driving 

performance. It has been suggested that measures of driving performance are insensitive 

during complex driving tasks [26]. Thus, the measures of physiological responses may 

compensate for the lack of sensitivity to driving performance metrics [26]. One of the 
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most important ways to measure physiological responses is Heart Rate Variability 

(HRV). HRV has been used to characterize the interaction between sympathetic and 

parasympathetic nervous systems. Cognitive, physical, psychosocial demands as well as 

health status have been monitored with HRV in the literature for decades. For instance, 

healthy individuals present high variability of heart rhythm (high HRV) associated with 

a higher activity of parasympathetic nervous systems [27–29]. In contrast, individuals 

with health conditions (e.g. cardiovascular diseases, chronic pain, post-traumatic stress 

disorders, obesity) could present a low variability of heart rhythm (low HRV) related to 

a higher activity of sympathetic nervous systems [27–33]. It was suggested that the 

cognitive performance of individuals with different HRV profiles can be reflected in 

complex tasks. Hansen’s research team [34–36] have observed that healthy individuals 

(with high HRV) performed better on complex tasks involving cognitive executive 

functions (e.g. memory, attention, reasoning). It was documented that cognitive 

executive functions were essential for driving. In fact, poor or impaired functions were 

associated with an increasing risk of collision. Therefore, understanding the 

physiological responses during paramedics’ driving, as well as the potential influence of 

their health status, may have positive implications on both driving types (civilian and 

emergency ways) in order to improve transport safety. 

 

The aim of this study was to investigate the influence of time pressure, patient-care 

intervention and health status on physiological responses with HRV measures during a 

battery of paramedic simulated driving tasks. The battery was a sequence of three 

driving tasks: non-urgent driving, urgent-driving to the scene (pre-patient-care 
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intervention) and urgent-driving to the hospital (post-patient-care intervention). It was 

hypothesized that time pressure would create higher physiological responses in the 

urgent driving task (to the scene) than the non-urgent driving task (civilian way). It was 

expected that the driving post-patient-care intervention (urgent-driving to the hospital) 

would have higher physiological responses compare to the pre-patient-care intervention 

driving. It was also anticipated that paramedics with pre-existing health conditions 

would present higher physiological responses to the battery of simulated driving tasks 

compared to healthier individuals.  

 

Methodology 

Design. 

This study was a quasi-experimental design to assess the physiological responses during 

a battery of simulated driving tasks, including driving, among a cohort of New 

Brunswick (Canada) paramedics. Figure 1 presents the testing battery, which was a 

combination of three driving simulations in an ambulance simulator (one non-urgent 

driving task, two urgent driving tasks (pre and post patient-care intervention) and one 

simulated patient-care intervention. Before and after the battery of driving tasks there 

were baseline periods (pre-battery and post-battery). This study received institutional 

research ethics board approval. 

Participants. 

In collaboration with Ambulance New Brunswick (ANB), recruitment emails were sent 

out across the province of New Brunswick (NB, Canada). Twenty-five NB paramedics 
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responded positively to volunteer for this project. Because of the paramedics’ schedule 

conflict, three participants had to leave after completing the first part of the protocol (i.e. 

health status assessment). During the second part of the protocol (i.e. battery of 

simulated tasks) a power outage was experienced, consequently another participant did 

not complete this part. After familiarization with the ambulance simulator, three 

participants were excluded due to simulation sickness. Finally, one participant was also 

removed from the analysis as equipment failure resulted in a loss of data. Therefore, 

seventeen paramedics (4 women; 13 men) aged 37.5 ± 8.6 years old (mean ± standard 

deviation) with 15.6 ± 9.1 years of paramedic experience participated in this study. All 

participants were on their day off and had a full night of sleep prior to participating in 

this study. 

Procedures.  

All testing took place in the University’s driving laboratory. Upon arrival, each 

participant was briefed on the data collection procedures, read a letter of information 

and signed a consent form approved by the University’s research ethics board. 

Afterward, a demographic questionnaire was administrated (gender, age, years of 

experience). Finally, two series of evaluations were performed on the participants: i) 

health status measurements; and ii) physiological response during simulated driving 

tasks. 

 

The health status assessment was based on a previous study of our research team [37], 

where three elevated risks of health conditions were assessed (i.e. cardiovascular 

diseases, musculoskeletal disorders, post-traumatic stress disorders) among a cohort of 
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experienced paramedics. The methodology was developed in order to minimize mono-

measure bias, by combining at least two health measurements per health condition [37]. 

Thus, health status among the participants was measured with self-reported 

questionnaires and physical tests. The list of the health measurements is detailed in the 

next section. 

 

Prior to the battery of simulated tasks, the participant was familiarized with clinical care 

simulation (manikin characteristics, room and equipment). The clinical care simulation 

was between both urgent driving simulations (Figure 1). The participants were then 

asked to complete a 10-minute driving period in the ambulance simulator. This 

adaptation period was to familiarize the participant with the ambulance simulator 

controls and determine if they were prone to simulator sickness which excluded them 

from the study. 

 

A three-lead electrocardiogram (ECG) (MLA2340, ADInstruments, USA) was placed 

on participants to record heart activity during a Young Men’s Christian Association 

(YMCA) step test [54], baseline periods (pre and post) and the battery of the simulated 

tasks. The electrode placement allowed monitoring in LEAD II configuration according 

to Einthoven’s triangle [38]. From the ECG measure, two values were calculated: i) the 

number of heartbeats during a single minute after the 3-minute of physical effort in the 

YMCA step test; and ii) HRV to indicate physiological responses during the battery and 

baseline periods.  
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A fifteen-minute rest period was provided before proceeding with the battery. For the 

baseline periods, the participants were seated comfortably on a chair in a quiet and 

dimly lit room. Baseline periods were collected before and after the battery of simulated 

driving tasks for five minutes. 

Battery of simulated driving tasks.  

The battery was developed in association with an ANB paramedic instructor to be 

stressful and challenging (emotionally and cognitively taxing task for paramedics) as 

well as to have ecological validity. Figure 1 illustrates the timeline of the simulated 

driving tasks in three driving segments and the clinical simulation. In total, the 

simulated tasks took approximately twenty-five minutes, with three driving segments of 

five-minutes each and the clinical care lasting ten minutes. 

  

 

 

 

All simulated drives presented a clear day with full daylight and long-range visibility. 

The non-urgent driving was on a highway with low traffic density and without 

potentially at-risk situation of road collision. Both urgent driving scenarios were city 

driving with varying levels of traffic density with an increased number of potentially 

Figure 1. Flow chart showing the timeline of the experimental protocol. 
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conflicting situations with another road user. None of these situations were designed to 

require evasive maneuvers such as hard braking and/or large steering movement. 

Participants were guided through the driving simulations using a pre-recorded 

dispatcher’s voice (without interaction). In addition to providing the information along 

the route, to either the scene or to the hospital, the dispatcher’s voice provided the status 

of the fictitious patient. Since the call was to an unstable cardiac patient, during the 

urgent driving to the hospital (post-care), there was the added distraction and stressor of 

the loud noise of cardiac irregular heart rate from a cardiac monitor attached to the 

manikin.  

 

For the clinical care portion of the simulation, the participant left the ambulance 

simulator and proceeded to the back of the simulator room where the patient (manikin) 

was located. As part of the simulation, the participant’s fictitious partner was considered 

occupied with another patient elsewhere, leaving the participant alone, without 

assistance during the clinical treatment. Therefore, there was no communication with the 

partner or dispatcher. Close to the patient, there were three paramedic’s bags typically 

used by Ambulance New Brunswick paramedics (airway, cardiac monitor-defibrillator, 

and medication). The patient sequence was as follows: 

• 0-2 minutes: unconscious, breathing difficulty, high blood pressure, high heart 

rate, low oxygen saturation; 

• 2-3 minutes: deterioration of the patient until ventricular fibrillation; 

• 3-10 minutes: at this point, if the participant did not provide adequate care, the 

patient deteriorated until the patient died after 7 minutes. If the participant 
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provided minimal care (which was defibrillation and cardiopulmonary 

resuscitation (CPR) maneuver), the patient would remain unconscious but stable 

(without deterioration of the patient) with an irregular heartbeat. After 10-

minutes, the scenario was stopped, at which point the (fictitious) partner was 

finished with their patient. The participant returned to driving the ambulance 

simulator and drove with urgency to the hospital. No rest period was provided in 

order to replicate the working conditions of paramedics.  

Apparatus.  

Health status measurement tools. 

Questionnaires. 

i) Diagnosed health problem. Self-reported survey on any diagnosed MSD, CVD or 

PTSD. 

ii) Nordic questionnaire (NQ). NQ is a self-report validated tool measuring the history 

of MSD in the last 12 months and its occupational impact [39–41].  

iii) Civilian version of PTSD check list (PCL-C). PCL-C is a self-administered 

questionnaire for screening symptoms of PTSD in seventeen items that correspond to 

the symptoms of PTSD [42,43]. The National Center of PTSD of US Department of 

Veterans’ Affairs, “suggested “36” as lowest normative cut-off point for specialized 

medical clinics like paramedics. The PCL-C questionnaire is a valid and a reliable tool 

(Cronbach α-value = 0.94; ICC r-value = 0.96) [42,43]. 
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iv) 22-item Responses to stressful experiences scale (RSES-22). RSES-22 is a self-

reported questionnaire measuring the level of resiliency. Low level of resiliency is 

associates negatively to the severity of PTSD symptoms [44]. The score “0 to 49” 

is associated to low level of resilience[44]. The RSES has been shown to be valid and 

reliable (Cronbach α-value = 0.91 - 0.93; ICC r-value = 0.87) [44]. 

v) 13-item Sense of coherence (SOC-13). The SOC-13 is a self-reported questionnaire 

used to measure sense of coherence. Low sense of coherence is associated negatively to 

the severity of PTSD symptoms [45–49]. Ibrahim et al.[49] indicated that the score score 

“0 to 49” is categorized as a low sense of coherence. The SOC-13 is a valid and reliable 

questionnaire (Cronbach α-value = 0.70 - 0.92; ICC r-value = 0.69 - 0.78) [45–48]. 

Physical measurements.  

i) Functional Movement Screen (FMS™). Participants performed a Functional 

Movement Screen (FMS) consisting of a series of seven movements as developed by 

Cook et al. [50]. The summed FMS score can range from 0 to 21 [50–52]. A systematic 

review and meta-analysis found that FMS has excellent inter-rater and intra-rater 

reliability, including a pass/fail cut-off of 14 points being valid in predicting a higher 

risk of injury [53].  

ii) YMCA step test. The YMCA step test is a submaximal cardiovascular fitness test for 

individuals with a low exercise capacity or at risk of CVD [54]. This step-test is a 3-min 

single-stage test, which is used to predict fitness levels using the number of heartbeats 

following the first minute of recovery. The step frequency is 24 step cycles per minute 

(96 beats per minute). Heart rate was continuously monitored by ECG. Following 

exercise, participants were asked to sit quietly (without moving) for 1 minute. It was 
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documented that a low level of cardiovascular fitness is associate with an elevated risk 

of mortality from CVD [56,57]. 

Physiological responses to the battery of simulated occupational tasks. 

i) ECG. The electrical activity of the heart was recorded using a 3-lead electrode 

(MLA2340, ADInstruments, USA), the Bio Amp unit (FE132) and an eight-channel 

PowerLab unit (PL3508) (AdInstruments, USA) and LabChart software (version 7, 

AdInstruments, USA). The ECG signal data collected during the YMCA step test, 

baseline periods (i.e. pre, post) and the battery of simulated occupational tasks were 

conditioned using a 1 to 45 Hz band pass filter and normalized using LabChart software 

(version 7, AdInstruments, USA) before the calculations of heart rate (for the YMCA 

step test) and HRV values (for the battery of simulated occupational tasks and baseline 

periods).  

ii) Ambulance simulator. The simulated drives were completed on a driving simulator 

(VS600M, Virage Simulation, Canada). The virtual shape of the ambulance simulator 

resembles a “cube truck ambulance”. The ambulance simulator consists of a driver’s 

seat, steering column, pedals, automatic transmission and a dashboard, which were 

mounted on a hydraulic three-axis motion/vibration platform that provides force 

feedback and vibration. Three 52” LCD displays provide 180 degrees front view. The 

resolution was 1920 x 1080 pixels per front display. Rear view and side view mirrors 

were simulated through the screens. One touchscreen (Elo Touchsystems 2700 

Intellitouch USB) located to the driver’s right provided additional control for the 

ambulance sirens similar to the one used in New Brunswick.  
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iii) Patient simulator. The “KELLY” Advanced Life Support (ALS) manikin (Laerdal 

Medical, ON, Canada) is use for the paramedics training and was used for this project. It 

can reproduce many signs and symptoms similar to real patients and the paramedics can 

practice many invasive medical interventions (e.g. needle puncture, chess compression, 

intubation, insufflation, defibrillation). KELLY was connected wirelessly to an 

electronic tablet interface (SimPad; i.e. touchscreen patient monitors from Laerdal 

Medical, ON, Canada) for the control of many parameters such as breathing, heart rate, 

oxygen saturation, and different cardiac wave. The simulations were pre-programmed 

by an ANB paramedic instructor. 

Variables. 

Health conditions. 

The definition of each health condition criteria follows the method proposed by 

Tremblay et al. [37], where participants are considered with health condition only if they 

have two positive measures. Possible combinations of positive measures were: i) 

individual had self-reported diagnosis of health condition that should be confirmed by 

another health measurement or, ii) individual had at least two health measurements 

obtained by questionnaire and/or physical measure.  

MSD: Elevated risk to develop future musculoskeletal disorders. Participants were 

considered as having elevated risk to develop MSD if they:  

• self-reported being diagnosed with MSD AND had been screening positively 

with the NQ (work-related history of MSD in the last 12 month) OR with the 

FMS (scored below the cut-off point) [53]. 
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• OR did not reported MSD diagnosis, but the participant had been screened 

positively with NQ AND FMS. 

CVD: Elevated risk to develop future cardiovascular diseases. The first baseline period 

(pre) was used as health measure in order to evaluate the risk of developing 

cardiovascular diseases (CVD). When the standard deviation time between inter-beat-

interval (from HRV calculation) was lower than 50 milliseconds (ms) (SDNN50), the 

participant was considered to have low HRV. Low HRV represents an increasing risk of 

cardiovascular morbidity and mortality [58,59]. Therefore, participants were identified 

as having elevated risk of developing CVD if they: 

• self-reported being diagnosed with CVD AND had scored “below the average” 

on the YMCA step test [54] OR SDNN50 [58]. 

• OR did not reported CVD diagnosis but the participant had been screened 

positively with YMCA AND SDNN50. 

PTSD: Elevated symptoms of post-traumatic stress disorders. Participants were 

considered to suffer of elevated symptoms of PTSD if they: 

• self-reported being diagnosed with PTSD AND had been screened positively for 

PCL-C (scored higher than 36) [42,43] OR had scored a low level of resilience (0 

to 49) at the RSES-22 [44]; OR, had scored a low level of sense of coherence (0 

to 55) at the SOC-13 [49]. 

• OR did not reported PTSD diagnosis but the participant had been screened 

positively with PCL-C AND RSES-22 OR had been screened positively with 

PCL-C AND SOC-13. 
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Physiological responses. 

In this study, HRV analysis were performed using the Poincaré plot to evaluate the 

dynamic of the heart rate variability signal and describe the activity of the sympathetic 

and parasympathetic modulation of the heart beat [60]. The Poincaré plot analysis is the 

measure of dispersion of a geometric shape (i.e. ellipse or comet) formed by a pair of 

successive beats, the x-axis being the current Inter-Beat-Interval (IBI) (i.e. time between 

“R” peaks in the ECG wave; also called R-R interval), while the y-axis is the next IBI 

[61]. There are also three non-linear HRV variables associated with the Poincaré plot:  

• SD1 (in millisecond; ms): standard deviation of points perpendicular to the 

line-of-equality;  

• SD2 (in ms): standard deviation of points along to the line-of-equality; 

• SD1/SD2 (ratio): ratio between SD1 and SD2. 

In addition, a fourth HRV variable was used; MeanRR (in ms). This variable was 

calculated from the mean time between IBI. This variable is also sensitive to the activity 

of the sympathetic nervous system and the parasympathetic nervous system [60]. 

MeanRR is mathematically similar and strongly negatively associated to the heart rate 

[62]. Which means, when the Heart Rate (HR) increases during an urgent-driving task 

(for example), the MeanRR value will decrease reciprocally. HR (in Beats Per Minute; 

BPM) represents the number of heart beats in one minute, whereas the MeanRR is the 

average time between each heart beat in millisecond (for example, HR of 60 BPM is 

equal to one beat each one second or one beat each 1000 millisecond; thus, heart rate of 

60 BPM is equal to MeanRR of 1000 ms). Despite the fact, that HR and MeanRR seem 

similar, the computation is quite different; MeanRR values is the mean of the average 
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time for each IBI, while HR is the mean of the average heart rate during a window of 

five beats [62].  

Statistical analysis. 

Prior to confirming the use of parametric statistics as well as fitting an ANOVA model, 

the normality and the homogeneity of variances of the data were confirmed using a 

visual inspection of the histogram of the frequency distribution and Shapiro-Wilk tests 

as well as Levene tests. Both tests were a priori computed, and they obtained p-values 

greater than 0.05, which confirmed the use of parametric statistics, thus the repeated 

measures ANOVAs. 

 

Before measuring the effect of health status on the physiological responses during a 

battery of simulated driving tasks, the number of individuals with and without health 

condition (individual with at least one) was determined. Afterward, repeated measures 

ANOVAs were performed to measure the effect of the health condition on the 

physiological responses during each segment of the battery of simulated tasks (non-

urgent driving, urgent driving to the patient, patient-care, urgent driving to the hospital) 

and baseline periods (pre- and post- simulation). When the p-value was significant (p < 

0.05), Tukey post-hoc tests were computed in order to compare each segment of each 

element of the battery of simulated tasks and baseline periods as well as to compare the 

physiological responses inter-individual with (at least one health condition) and without 

health condition on each task and baseline periods. Results were significant when the p-

value was less than 0.05. Statistical analyses were computed with JASP version 0.8.0.1 

(University of Amsterdam, Netherlands).  
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Results  

After the health measurements, seven participants (n = 7) were considered without 

health condition and ten participants (n = 10) with health condition (i.e. six had elevated 

risk of MSD; seven had elevated risk of CVD; two had elevated symptoms of PTSD; 

one had all three health conditions, three had two health conditions and six had one 

health condition).  

 

Repeated measures ANOVAs showed significant effects (p = 0.042) of health 

conditions for SD2 as well as within and between subjects’ effects for SD1 (p < 0.001, p 

= 0.032, respectively) and SD2 (p < 0.001, p = 0.028, respectively) variables (Table 1). 

Graphical representations are presented in Figures 2 through 5. Only post-hoc tests were 

performed on SD2 values in order to compare the effect of health condition on 

physiological responses (Table 2). Table 2 shows that pre-baseline (B1), the urgent 

driving to the scene (U1) and urgent driving to the hospital (U2) had significantly lower 

SD2 values for participants with health condition (68.6 ± 22.5 vs. 111.6 ± 27.5 ms, p = 

0.031; 41.4 ± 7.5 vs. 73.0 ± 28.0 ms, p = 0.025, 45.9 ± 7.9 vs. 66.0 ± 9.1 ms, p = 0.005, 

respectively). It also noted that the post-baseline follows the same tendency (60.2 ± 11.1 

vs. 79.4 ± 14.2 ms, p = 0.052) for SD2. Table A1 through A4 in the Appendix section 

show HRV values for each group and each simulated occupational task. 
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Table 1.  

 

Results from the one factor repeated measures ANOVAs comparing the physiological 

responses among paramedics with/without health condition during the battery of 

simulated occupational tasks. 

 
Health Conditions 

Effects 

Within Subjects 

Effects 

Between Subjects 

Effects 

 F η² p F η² p F η² P 

SD1 0.8 0.037 <0.583 5.0 0.239 <0.001 5.6 0.271 <0.032 

SD2 02.4 0.070 <0.042 17.6 0.502 <0.001 05.9 0.284 <0.028 

SD1/SD2 0.5 0.031 <0.756 1.2 0.072 <0.312 3.1 0.171 <0.099 

MeanRR 0.8 0.013 <0.529 50.6 0.762 <0.001 0.2 0.010 <0.708 

Note. Values in bold: Significant p-value (< 0.05) 

 

Table 2.  

 

Results from the post-hoc tests to compare physiological responses among 

paramedics with/without health conditions (health condition effect). 

 MD t P 

SD2 

B1 -42.989  -2.383  0.031  

D -11.369  -1.489  0.157  

U1 -31.549  -2.492  0.025  

Cl -2.723  -0.186  0.855  

U2 -20.118 -3.240 0.005 

B2 -19.168  -2.109  0.052 

Note. MD: Mean difference; Values in bold: Significant p-value (< 0.05); B1: Pre-

simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario (to 

the scene); Cl: Clinical care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline. 
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Figure 2. SD1. Physiological responses comparisons between the simulated 

occupational tasks. Illustration of means and 95 % confidence interval errors bars. B1: 

Pre-simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario 

(to the scene); Cl: Clinical care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline; WithHC: Paramedics with health condition; WithoutHC: 

Paramedics without health condition. Curly brackets: significant post-hoc test 

differences (p-value < 0.05).  

 
Figure 3. SD2. Physiological responses comparisons between the simulated 

occupational tasks. Illustration of means and 95 % confidence interval errors bars. B1: 

Pre-simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario 

(to the scene); Cl: Clinical care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline; WithHC: Paramedics with health condition; WithoutHC: 

Paramedics without health condition; Curly brackets: significant post-hoc test 

differences (p-value < 0.05). 
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Figure 4. SD1/SD2. Physiological responses comparisons between the simulated 

occupational tasks. Illustration of means and 95% confidence interval errors bars. B1: 

Pre-simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario 

(to the scene); Cl: Clinical care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline; WithHC: Paramedics with health condition; WithoutHC: 

Paramedics without health condition. 

 
Figure 5. MeanRR. Physiological responses comparisons between the simulated 

occupational tasks. Illustration of means and 95% confidence interval errors bars. B1: 

Pre-simulation baseline; D: Non-urgent driving scenario; U1: Urgent driving scenario 

(to the scene); Cl: Clinical care task; U2: Urgent driving scenario (to the hospital); B2: 

Post-simulation baseline; WithHC: Paramedics with health condition; WithoutHC: 

Paramedics without health condition; Curly brackets: significant post-hoc test 

differences (p-value < 0.05).  
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Post-hoc tests also indicated significant lower values for SD2 and MeanRR post battery 

of simulated tasks when baseline periods were compared (68.1 ± 9.7 vs. 86.3 ± 19.8 ms, 

p = 0.029; 669.7 ± 33.0 vs. 801.8 ± 64.1, respectively) (Table 3). The physiological 

responses between the three driving were not significantly different (p > 0.05). Table A5 

provides HRV values for each simulated occupational task. 

 

Discussion 

The current study focused on the physiological responses associated with the driving 

component of an entire emergency call response, from driving while waiting for an 

incoming call to driving to the scene with urgency and transporting the patient to the 

hospital also with urgency. The battery of simulated tasks was developed in order to 

measure the influence of time pressure caused by the nature of the incoming call (i.e. 

unstable cardiac patient) as well as the influence of challenging patient-care on 

physiological response during urgent driving tasks. Additionally, the study investigated 

the influence of health status on the physiological responses during the battery of 

paramedic simulated tasks. To our knowledge, no prior study has considered the 

influence of time pressure, previous occupational task or the effect health status on 

urgent driving tasks urgent-driving tasks, among paramedics. The novelty of this project 

results in a limited ability to compare to other specific population-based research results.  

Time pressure. 

Rendon-Velez et al. [8] compared the physiological responses of fifty-four civilian 

drivers during simulator driving tasks with and without time-pressure. On the time-
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pressure condition, they observed a significant increasing heart rate. Based on the results 

of the Rendon-Velez et al. [8] study, we would have expected higher physiological 

responses for urgent-driving scenarios (pre and post intervention). A plausible 

explanation for the lack of significant physiological responses in our participants was 

that, being experienced paramedics, they are accustomed to handling time-pressure and 

stressful situations daily, and more specifically while driving. Crundall et al. [63] 

observed no evidence of the influence of type of driving scenarios (control, chasing or 

response to emergency call) among a cohort of sixteen experienced police officers. They 

also compared civilian and police officers driving with urgency in identical driving 

scenarios and they observed higher physiological response (i.e. electrodermal responses 

was monitored) for civilian drivers. Crundall et al. [63] suggest that increased 

physiological response might be caused by a better driving ability to detect potentially 

hazardous events than civilian drivers. This confirms the fact that emergency drivers 

have their own driving context. To better understand the challenges associated with 

ambulance drivers, more population-focused research is needed. 

Patient-care. 

We hypothesized that the clinical care simulation would influence the physiological 

response in transporting the patient to the hospital with urgency. This hypothesis was 

rejected. It seems that the urgent-driving post-intervention was no more strenuous than 

the non-urgent driving scenario for the experienced paramedics, even though the patient-

care task created the highest physiological responses (for SD1, SD1/SD2 ratio and 

MeanRR) of the whole battery of occupational tasks. Nevertheless, the physiological 
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responses were higher (for SD2) after the occupational simulation task requiring a 

period to return to their initial baseline values. In other words, they remain 

physiologically aroused after patient-care and driving tasks, leading them to some 

potential fatigue (e.g. physical, mental) post-intervention. It appears that this cohort of 

paramedics possessed the capability to cope rapidly with a demanding patient care 

before they drove with urgency to the hospital. The results of this study leading us to 

hypothesize that emergency drivers represent a specific group of drivers. 

Despite the controlled and repeated conditions of this battery of simulated tasks, the 

physiological responses obtained from this cohort of participants might be limited by the 

simulation itself. It is possible to recreate demanding simulations for studying the 

physiological responses of the first responders. It might be more interesting to compare 

our results with a naturalistic study to assess the influence of patient-care intervention 

on driving. 

Health conditions. 

The findings of the current study partially confirm the hypothesis that paramedics who 

had health conditions had significantly higher physiological responses than healthier 

individuals. This supports the observations of Aasa et al. [64], where they measured 

higher physiological responses among paramedics with health conditions before and 

during their work shift. Because this previous study was an assessment of a whole work 

shift, some limits are identified. There is no identification of occupational tasks during 

the work shift (e.g. driving, patient-care, clerical work, in-call waiting), the level of 

stress experienced or the physical and cognitive demands, which makes the comparison 
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and the reproducibility of their results difficult. However, the current study used 

simulated occupational tasks designed to replicate the same challenges among all 

participants. It was observed that paramedics with one or more health conditions had 

higher physiological responses during the pre-intervention urgent driving as well the 

patient-care. Therefore, this study confirms the influence of health status among the 

paramedic population on the physiological responses related to high demand 

occupational task, that include work demands (physical, cognitive), nature of work (shift 

work) and occupational stress [64].  

 

The current study results are also similar to those reported by Aasa et al. [64], where 

they observed, before their work shift, a greater physiological response among 

paramedics with health condition. This physiological response could be explained by the 

fact that paramedics with health condition have lower HRV values during baseline 

periods [37]. In addition, the results obtained during post-battery baseline, highlight the 

fact that paramedics with health condition, would likely need more time to recover 

compare to the healthier paramedics. This could lead to an increased risk of developing 

fatigue (e.g. physical, mental) during their shiftwork, affecting their health and 

occupational activities. As suggested by Aasa et al. [65], Patterson et al. [66–68] and 

Pirrallo et al. [69], fatigue (mental and physical) problems can increase the risk of 

developing chronic health problems or amplify the existing ones, and also is considered 

a key factor contributing to negative safety outcomes for the public, patients and 

paramedics themselves. More precisely, these safety issues may include: falling asleep 
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at the wheel, driving collisions or having ‘nearly crashed’, poor driving ability, poor 

concentration and impaired decision making at the wheel [70]. 

Practical implications.  

The literature indicates civilians had a higher physiological response than emergency 

drivers to urgent driving. Our results further demonstrate emergency drivers did not 

respond differently regardless of the driving situation. It is reasonable to consider that 

experienced paramedics were adapted and have learned to deal with stressful situations. 

Inversely, paramedic recruits or young paramedics (in terms of paramedic’s driving 

experience), might have similarities with civilian drivers, and they represent an at-risk 

population when they drive with urgency. Paramedics with little driving background 

might present an elevated “fight or flight” response, leading them to hazard detection 

impairment and, more at-risk of ambulance collision when urgency driving. The current 

study shows that paramedics with health condition are more aroused when they drive to 

the scene with urgency. This hyperarousal could lead the paramedics with health 

condition to affect their of cognitive function (tunnel effect) and therefore be more at-

risk of ambulance collision [8].  

 

The current study suggests to schools, professional associations and EMS not to 

underestimate the influence of health status on the road safety. There may be a need to 

consider health promotion programs and support various health improvements. 



 

218 

 

Future research.  

The current study findings suggest the following potential research avenues: i) to 

perform the same battery of simulated occupational tasks, after several days of shiftwork 

in order to measure the influence of fatigue on physiological responses; ii) measure the 

influence of distractions at the wheel, because paramedics, during their emergency 

driving, deal with many elements (time pressure, route, safety of the patient and co-

workers as well the public); and iii) naturalistic study should be considered in order to 

increase the ecological validity of the occupational simulations and ambulance 

simulator. 

Limitations. 

Although a priori power analysis indicated the need for 36 of participants (α = 0.05; 1-β 

= 0.8; F = 2.3; determinate with G*Power software, version 3.1.9.4, Germany), this was 

not feasible given the recruitment challenges. It is understood that the participation in 

this study represents less than 3% of the provincial sample and it would have been ideal 

to have a stronger representation to extrapolate the results. 

 

Participant recruitment for this project was challenging. Over one thousand recruitment 

emails were sent out to all New Brunswick paramedics but only twenty-five paramedics 

responded positively to volunteer. One reason for the lack of motivation to participate in 

this project could be that it was identified as a “health and occupational assessment”. 

During the recruitment period, some paramedics stated their concerns related to a fear of 
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being branded as “not fit for duty” or “not competent enough” and therefore felt that 

they risked losing their job. Even if this was stated that no risk for their career.  

 

This project was a battery of simulated tasks performed a single time when the 

paramedics were well-rested. There is no influence of cumulative fatigue caused by 

multiple exposures to demanding situations (emotionally, cognitively and physically) as 

the real-life might be created. In addition, the participants did not have to carry 

equipment and the patient (before and after the clinical care). In both cases, the 

physiological responses could have been different. Would also suggest for future 

research the use of cortisol measurement and the use of neurocognitive tests before and 

points after the battery of simulation, in order to add HPA axis and cognitive dimensions 

to the future study. 

 

Conclusion 

It has been previously identified that most ambulance collisions occur in emergency 

driving conditions as a result of human factors. This study explored the influence of 

three human factors on the physiological responses during urgent driving tasks among a 

cohort of experienced paramedics. A battery of three driving tasks was used (non-

urgent, urgent driving to the scene and urgent driving to the hospital). The second urgent 

driving task was preceded by a patient-care intervention (unstable cardiac patient 

simulation). Paramedics with at least one health condition were more physiologically 

aroused during the urgent driving simulations (pre and post-patient care intervention), 
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placing themselves at a higher risk of ambulance collision. However, further research is 

needed in order to measure the influence of health condition on the driving risk.  

 

Paramedics with at least one health condition were found to have low acute recovery 

capability, predisposing them to an increased risk of fatigue due to their occupational 

activities, causing safety issues. Unexpectedly, there was no evidence that time pressure 

or patient-care intervention provokes different physiological responses during urgent 

driving (pre or post patient-care intervention). In fact, no urgent driving simulation 

created physiological responses changes among the experienced paramedics' cohort, 

which may be interpreted as a capability to manage their responses. More research is 

still needed to better understand the influence of human factors on emergency drivers. 
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Supplementary Tables 

 

 

 

 

Table A1.  

 

SD1 values for each group and each simulated occupational task. 

Tasks Groups Mean CI95% 

Pre-simulation baseline 

(B1) 

With health condition 15,774 6,933 

Without health condition 37,023 15,084 

Non-urgent driving 

scenario (D) 

With health condition 6,946 1,971 

Without health condition 14,352 7,050 

Urgent driving scenario 

(to the scene) (U1) 

With health condition 8,463 3,252 

Without health condition 24,394 24,044 

Clinical care task (Cl) 
With health condition 18,155 7,220 

Without health condition 39,362 31,679 

Urgent driving scenario 

(to the hospital) (U2) 

With health condition 8,789 3,060 

Without health condition 19,913 11,792 

Post-simulation baseline 

(B2) 

With health condition 12,859 3,059 

Without health condition 26,980 15,750 

Note. CI95%: 95 % confidence interval errors. 

Table A2.  

 

SD2 values for each group and each simulated occupational task. 

Occupational task Groups Mean CI95% 

Pre-simulation baseline 

(B1) 

With health condition 68,600 22,474 

Without health condition 111,590 27,491 

Non-urgent driving 

scenario (D) 

With health condition 33,390 10,072 

Without health condition 44,760 10,579 

Urgent driving scenario 

(to the scene) (U1) 

With health condition 41,430 7,469 

Without health condition 72,980 28,040 

Clinical care task (Cl) 
With health condition 83,420 16,890 

Without health condition 86,140 24,610 

Urgent driving scenario 

(to the hospital) (U2) 

With health condition 45,930 7,915 

Without health condition 66,040 9,142 

Post-simulation baseline 

(B2) 

With health condition 60,210 11,082 

Without health condition 79,380 14,261 

Note. CI95%: 95 % confidence interval errors. 
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Table A3.  

 

SD1/SD2 values for each group and each simulated occupational task. 

Occupational task Groups Mean CI95% 

Pre-simulation baseline 

(B1) 

With health condition 0,215 0,045 

Without health condition 0,323 0,067 

Non-urgent driving 

scenario (D) 

With health condition 0,213 0,034 

Without health condition 0,315 0,155 

Urgent driving scenario 

(to the scene) (U1) 

With health condition 0,213 0,092 

Without health condition 0,272 0,136 

Clinical care task (Cl) 
With health condition 0,235 0,100 

Without health condition 0,413 0,248 

Urgent driving scenario 

(to the hospital) (U2) 

With health condition 0,194 0,057 

Without health condition 0,288 0,139 

Post-simulation baseline 

(B2) 

With health condition 0,212 0,034 

Without health condition 0,345 0,202 

Note. CI95%: 95 % confidence interval errors. 

Table A4.  

 

MeanRR values for each group and each simulated occupational task. 

Occupational task Groups Mean CI95% 

Pre-simulation baseline 

(B1) 

With health condition 776,4 77,191 

Without health condition 838,1 111,322 

Non-urgent driving 

scenario (D) 

With health condition 642,2 30,457 

Without health condition 643,7 78,489 

Urgent driving scenario 

(to the scene) (U1) 

With health condition 616,7 31,164 

Without health condition 614,9 59,065 

Clinical care task (Cl) 
With health condition 515,1 22,673 

Without health condition 517,1 51,486 

Urgent driving scenario 

(to the hospital) (U2) 

With health condition 613,3 33,488 

Without health condition 614,4 53,027 

Post-simulation baseline 

(B2) 

With health condition 666,1 42,271 

Without health condition 674,9 56,539 

Note. CI95%: 95 % confidence interval errors. 
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Table A5.  

 

SD1, SD2, SD1/SD2 and MeanRR values for each group and each simulated occupational task. 

Occupational task SD1 SD2 SD1/SD2 MeanRR 

Pre-simulation baseline 

(B1) 
24.523 ± 8.791 86.303 ± 19.782 0.260 ± 0.095 801.806 ± 64.078 

Non-urgent driving 

scenario (D) 
9.996 ± 3.486 38.073 ± 7.638 0.255 ± 0.069 642.786 ± 35.472 

Urgent driving scenario 

(to the scene) (U1) 
 15.023 ± 29.329 54.420 ± 14.062   0.237 ± 0.077 615. 986 ± 29.329 

Clinical care task (Cl) 26.888 ± 14.084 84.537 ± 13.723  0.308 ± 0.121  515.945 ± 24.075 

Urgent driving scenario 

(to the hospital) (U2) 
13.370 ± 5.636  54.209 ± 7.561 0.233 ± 0.068 613.740 ± 28.380 

Post-simulation 

baseline (B2) 
18.674 ± 7.280 68.105 ± 9.666 0.267 ± 0.088  669.734 ± 33.004 

Note. Means ± CI95% (95 % confidence interval errors). 
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