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Abstract  

Background: Shift work is associated with an increased risk for cardiovascular diseases (CVD). This thesis 

focuses on the potential disruption of cortisol production by shift work, a proposed underlying pathway 

to CVD.  

Objectives: (1) To describe the diurnal quantity and pattern of cortisol production according to shift 

work status (exclusive-day, or rotating days and nights), and according to parameters of rotating shift 

work (timing, length, and intensity). (2) To determine how current shift work status and past shift work 

affects diurnal quantity and pattern of cortisol production. (3) To determine the effects of rotating shift 

work parameters on diurnal pattern and quantity of cortisol production.   

Methods: 328 female hospital employees (160 day workers, 168 rotating shift workers) participated in a 

cross-sectional study consisting of: (1) an initial interview and anthropometric assessment, (2) 

completion of a questionnaire package to ascertain work characteristics, and (3) collection of urine over 

a 48-hour period to measure creatinine-adjusted cortisol. Cortisol profiles and unadjusted summary 

measures were used to describe the quantity and pattern of diurnal cortisol production by shift work 

status and parameters of rotating shift work exposure. The effect of shift work on diurnal cortisol was 

determined using multivariable linear regression modeling.  

Results: Compared to day workers, rotating shift workers had flatter diurnal cortisol curves and 

produced less cortisol during their night shift cycle. However, during day shift cycles, there was no 

difference between shift workers and day workers in the quantity produced. Each additional year of shift 

work exposure was associated with an increase in diurnal cortisol production in day workers only.  

Conclusions: Night work is associated with acutely attenuated cortisol production, while a greater 

number of years of past shift work increased cortisol production. Thus, cortisol disruption may be a 

potential mechanism linking shift work to CVD development.  
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Chapter 1 

I troductio  

1.1 Background and rationale 

Cardiovascular diseases (CVD) are a group of disorders of the heart and vasculature.1 The primary 

forms of CVD are coronary heart disease, congestive heart disease, and stroke.2 CVD is the leading cause 

of death worldwide, contributing to 30% of all deaths.1 Although CVD-specific mortality rates have 

declined in the past decade, heart disease and stroke remain the second and third most common cause 

of death respectively.3 In 2005, the estimated economic burden of CVD related to long-term disability, 

drugs and hospitalization in Canada totaled $20.9 billion, and it is projected to increase to $28.3 billion 

by 2020.4 Thus, CVD continues to represent a large burden on the health of Canadians, and Canadian 

healthcare systems.  

CVD etiology is complex. Risk factors can be broadly classified as modifiable, or non-modifiable.5,6 

Non-modifiable risk factors include age, sex, and genetic factors.5,6 Traditional modifiable risk factors 

include smoking, poor diet, physical inactivity, hypertension, and obesity. 5,6 These factors are well 

understood, and are commonly addressed by public health programs and clinical interventions.7 In 

comparison, shift work, a non-traditional modifiable risk factor, is poorly understood. Shift work is 

defined as a work pattern that deviates from a regular day schedule (i.e. work hours between 

0700/0800 and 1700/1800 hours).8,9 Within shift work, the length of working hours, schedule intensity, 

and time of shifts are variable.10 Although shift work has been associated with up to twice the risk of 

CVD mortality in comparison to non-shift work schedules, the relationship may not be causal; underlying 

mechanisms have not been fully established.11, 12 The purpose of this project is to address this 

knowledge gap by exploring changes in cortisol production as a potential mechanism.  
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Cortisol is a circadian-regulated regulated stress hormone that affects glucose secretion, fat 

metabolism and distribution, and cardiovascular function.13 Shift work is a proposed source of 

occupational stress that changes the characteristic diurnal pattern of cortisol production and the 

amount produced.12 These changes in cortisol production may lead to physiological changes that are 

conducive to the development of CVD.9  

Studies of the shift work-cortisol relationship are generally small, underpowered, and results are 

inconsistent.14–21 The operational definitions of shift work are also inconsistent between studies.  

Furthermore, few studies have assessed parti ipa ts  shift o k histo , a d it is unclear how 

accumulation of shift work exposure affects cortisol profiles.20,21 Observing a dose-response is an 

important criterion for establishing a causal relationship between shift work exposure and disruption of 

cortisol production, and this information is not readily available in most studies. This study addresses 

these shortcomings.  

Exploring shift work as a risk factor for adverse outcomes is an important area of research; 

approximately 28% of Canadians hold shift work positions.22 Despite its many proposed health hazards, 

it continues to be necessary in many occupations, including healthcare provision. We focused our study 

on female hospital employees. Approximately 45% of hospital employees engage in shift work, and the 

majority are female.23 Furthermore, we know that sex modifies cortisol production, the cortisol stress 

response, as well as mechanisms of CVD development thus necessitating female-specific studies.24–26 

Although historical evidence has reported that CVD disproportionately affected males, recent evidence 

shows that the prevalence of CVD is similar in both sexes, with females developing CVD later in life.3,27 

The goal of this research is to improve our understanding of shift work as a risk factor for CVD, and to 

inform the development of appropriate CVD prevention strategies in the workplace for both men and 

women.   
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1.2 Objectives 

1. To describe the diurnal quantity and pattern of cortisol production according to shift work status 

(days only or rotating days and nights), and parameters of rotating shift work exposure (timing, 

length, and intensity).  

2. To determine how shift work status and past shift work exposure affects diurnal quantity and 

pattern of cortisol production.  

3. To determine the effects of rotating shift work parameters on diurnal pattern and quantity of 

cortisol production.   

1.3 Overview of study design 

This thesis uses data collected from a cross-sectional study with retrospective exposure 

assessment of current and past shift work exposure, and includes female employees from Kingston 

General Hospital, a tertiary acute-care teaching hospital in southeastern Ontario, Canada. Participants 

were recruited between September 2011 and February 2014. Recruitment procedures included posters 

in hospital units, meetings with program managers, direct email communication, and notices in hospital 

departments. There were 328 participants in the final sample; 168 were rotating shift workers and 160 

were day workers. 

Current shift work status, parameters of rotating shift work exposure, and shift work history were 

self-reported through a questionnaire and an in-person interview. Urine samples were collected over 

two separate 24-hour cycles to measure diurnal (daily) cortisol production. Day workers were asked to 

collect urine during two cycles that each included a day shift, while shift workers were asked to collect 

urine during one cycle that included a day shift and a separate cycle with a night shift. Creatinine-

adjusted cortisol concentration was measured for each sample using a urinary free-cortisol kit, and a 
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Jaffe reaction. Covariate information was ascertained through an in-person interview and a 

questionnaire.   

1.4 Thesis organization 

Following this introduction, there is a review of literature to date in Chapter 2 to develop the 

context and framework for this thesis. Evidence to date regarding the relationship between shift work 

and CVD is synthesized. There is a strong focus on understanding cortisol as a circadian-regulated 

biomarker for stress, the proposed effect of shift work on cortisol production, and how changes in 

cortisol may contribute to the development of CVD. Chapter 3 discusses the methods in detail. Chapter 

 o tai s a a us ipt e titled Shift work parameters and disruption of diurnal cortisol production in 

female hospital employees  to e su itted fo  pu li atio  i  the Jou al of O upatio al a d 

Environmental Medicine. Chapter 5 contains an interpretation of the findings in the context of existing 

research, discussion of strengths and limitations, as well as future directions. Extra materials and 

supporting documentation are included in the appendices.   
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Chapter 2 

Literature Re ie  

2.1 Introduction 

Shift work is an increasingly prevalent work pattern in Canadian society, with prevalence of shift 

work increasing from 22% in 1992 to 26% in 2005 among full-time employees.1,2 Of all occupations, the 

prevalence is highest among healthcare workers.1 Shift work is defined as a subset of work patterns that 

includes work outside of conventional daylight working hours (i.e. 0700/0800 to 1700/1800 hours).3,4 

The most common form of shift work in Canada is rotating shift work with alternating day and non-day 

shifts (afternoon, evening, or night shifts).1  

Shift work has emerged as a risk factor for many chronic diseases.2,5–8 In 2007, the International 

Agency for Research on Cancer identified long-term shift work as a probable carcinogen  to humans 

based on evidenced published at that time.5,9 Several studies and systematic reviews have also shown 

that shift work is associated with increased risk of common forms of CVD, and CVD-related deaths. 2,6–8 A 

meta-analysis of 34 studies involving over 2 million participants by Vyas et al (2012) estimated that 7.3% 

of all coronary events and 1.6% of ischemic strokes among Canadian employees between 2009 and 2010 

were attributed to shift work.2 Several mechanisms underlying the observed association between shift 

work and CVD have been explored. These integrated pathways include circadian-related physiological 

disruption, behavioural changes, and socio-temporal disruption.10,11 This thesis focuses on one 

hypothesized pathway in which shift work disrupts the production of cortisol, a circadian-regulated 

biomarker for stress. 

Cortisol follows a characteristic diurnal pattern of production.12 It has been hypothesized that 

shift work changes the characteristic diurnal pattern of cortisol, and the quantity produced.3,10,13This 
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may lead to physiological changes that are conducive to CVD development.3 The following sections will 

discuss these topics in further detail and will include (1) a review of the definition of shift work, (2) 

evidence linking shift work to CVD, (3) evidence regarding the impact of shift work on cortisol 

production, and (4) evidence linking cortisol disruption to CVD.  

2.2 Shift work and cardiovascular diseases 

2.2.1 Shift work 

Although shift work and its adverse health effects have been explored extensively, the operational 

definition of shift work has been inconsistent across studies. These inconsistencies may be attributed to 

differences in cultural context, and variability of occupational or legal requirements in workplaces where 

studies are conducted.1,3,4,14 Härmä et al (2015) reviewed this variability and suggested four independent 

health-related parameters of shift work based on principle component analysis of data from 12,391 

nurses and physicians.14 Their systematic conceptualization of shift work has been adopted in this thesis. 

The four parameters are as follows: (1) Time of shifts: exclusively working non-day shifts (afternoon, 

evening, night) or rotating between day and non-day shifts; (2) Length of working hours; (3) Shift 

intensity: number of consecutive shifts, and recovery time between shifts; (4) Social aspects of working 

hours: number of free days and predictability of working hours.14 This thesis will only consider the first 

three parameters of shift work because no data was collected on social aspects of shift work.  

2.2.2 Shift work and cardiovascular diseases: epidemiological evidence 

CVD is a group of disorders of the heart and vasculature.15 The p i a  fo s of CVD s a e 

coronary heart disease, congestive heart failure, and stroke.16 Shift work predominantly exerts its effect 

on atherosclerotic-related CVD development (see section 2.4). Atherosclerosis is an arterial disease 
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involving plaque formation in arterial walls that can expand or rupture to occlude blood flow. 17–21 This 

occlusion can lead to both acute and chronic forms of CVD.17–21 

Shift work and CVD 

Individual studies of the association between shift work and CVD have conflicting findings. Frost et 

al (2009) reported that the relative risk estimates for CVD comparing shift workers to day workers varied 

between 0.64 and 2.25 in 16 prospective studies published between 1972 and 2008.6 This variation may 

be due to different CVD outcomes used by individual studies. Frost et al (2009) found that studies using 

fatal CVD outcomes observed no association or a weak association.6 When non-fatal outcomes were 

considered in addition to fatal outcomes, there was a modest positive association.6 Reviews have also 

suggested that conflicting results may be due to inconsistent operational definitions of shift work. 2,6,14 In 

a  review of 34 studies, Vyas et al (2012) performed a sensitivity analysis to determine whether the 

observed association between shift work and vascular events differed by definitions of shift work 

exposure.2 They found that shift work was associated with vascular events in studies where it was 

defined as rotating shifts between day, afternoon, evening and night.2 However, in studies where shift 

work was defined as working exclusive-evenings, there was no association with vascular events.2  

Nevertheless, the most recent review of shift work and CVD does demonstrate that shift work 

imposes adverse effects on cardiovascular health. Vyas et al  (2012) estimated pooled adjusted relative 

risks of CVD development from 34 studies with a composite sample size of 2, 011, 935 individuals.2 

When shift workers, defined as non-day workers, were compared to day workers, they had a moderately 

increased risk of myocardial infarction (RR 1.23; 95% CI: 1.15-1.31) and ischemic stroke (RR: 1.05; 95% 

CI: 1.01- 1.09).2 They were also at a higher risk for hospital admissions due to coronary heart disease and 

coronary mortality (RR: 1.24; 95% CI: 1.10-1.39).2 This review is the largest and most comprehensive 

synthesis of the shift work and cardiovascular outcomes to date where the effect of heterogeneous shift 
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work and cardiovascular outcomes was thoroughly considered.2 However, none of the studies included 

in the review considered chronotype, an important confounder, and the heterogeneity between studies 

of coronary mortality and heart disease was substantial (I2=85%; >50% represents substantial 

heterogeneity), suggesting that pooling these results may not have been appropriate.2 The confounders 

considered by individual studies also varied, which could result in differing levels of residual 

confounding.2 Nevertheless, the majority of epidemiological evidence generally supports a relationship 

between shift work exposure and increased risk for CVD. 

Time of shift work and CVD  

The impact of shift work at various times of day has been explored (e.g. afternoons, evenings, 

night). However, it should be noted that working at night is considered the most biologically relevant 

time of shift work exposure in the context of CVD development.3,6 Shift workers with exposure to night 

work may be at a higher risk of developing metabolic syndrome (MetS).22 Diagnosis of MetS requires 

presentation of three o  o e of the follo i g isk fa to s: high aist i u fe e e ≥   fo  e  

a d ≥   fo  o e , depe di g o  ou t  of o igi , high t igl e ides ≥ .  ol/L , lo  HDL-

cholesterol (<1.3 mmol/L), high lood p essu e s stoli  ≥  Hg o  diastoli  ≥  Hg o  d ug 

t eat e t , o  ele ated lood glu ose ≥ ol/L .22,23 Those with MetS are 3.0 (95% CI: 2.0-4.6) times 

more likely to develop CVD than those without. 24 In a meta-analysis using data from thirteen studies 

conducted between 1971 and 2013, Wang et al (2014) found that individuals ever-exposed to night 

work had a 57% higher risk of developing MetS in comparison to those who had never been exposed 

(RR: 1.57; 95% CI: 1.32-1.98), and that this risk was higher in females (RR: 1.61; 95% CI: 1.39-1.95).22 This 

review by Wang et al. (2014) was the first to synthesize studies of night work and MetS.22 Only studies 

with consistent definitions of night shifts (work between 0000 and 0600 hours) were pooled to ensure 

that results were not modified by other shift times.22 However, rotating shift work intensities differed 
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between individual studies; some studies required that participants work 2-3 consecutive night shifts 

per rotation, while others had no restriction.22 The quality of confounder control also differed. In fact, 

one of the thirteen studies included did not adjust for any confounders in the analysis.22  

Nonetheless, studies have indicated a dose-response relationship between night work and CVD, 

reinforcing that night is the biologically relevant time of shift work exposure in CVD development.25–28 

Gu et al  (2014) follo ed ,  pa ti ipa ts i  the Nu se s Health “tud  f o   to  to 

determine the impact of long-term exposure to night work ≥  ight shifts pe  o th  o  CVD s, and 

found that CVD mortality was higher in females with 5 or more years of night work exposure in 

comparison to females with less than 5 years of exposure (HR: 1.19; 95% CI: 1.07-1.33).29 While this is 

the largest prospective cohort study to date, there was likely some variability in the nature of shift work 

among participants. Authors attempted to address this variability by removing permanent night workers 

from the sample of mostly rotating shift workers; this did not change the results.29 However, differences 

in shift work intensity, and length were not accounted for.29 Moreover, the exposure measurements 

taken at baseline were not updated over the 22-year follow up period.29 It is possible that participants 

may have changed their work patterns, leading to misclassification of exposure. Wang et al  (2014) 

reported an analogous dose-response for MetS that support the findings of Gu et al (2014), where more 

than 10 years of night work exposure was associated with a higher risk of MetS development in 

comparison to less than 10 years of exposure.22 Despite the limitations of these reviews, evidence does 

support that shift work that includes night rotations increases CVD risk.   

Intensity of shift work and CVD 

 Intensity of shift work is determined by the number of consecutive night shifts.14 There is limited 

evidence regarding the effect of shift work intensity on CVD development; it has been identified as an 

area that requires additional exploration.29 In an analysis of CVD risk factors involving 54,724 women 
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f o  the Nu se s Health “tud , increased shift work intensity was associated with an increased risk of 

obesity, a CVD risk factor.30 This conclusion was based on the observation that permanent night workers 

had higher odds of developing obesity than those with rotating shift work schedules. Although it is 

logical to infer that permanent night workers would work more consecutive night shifts than rotating 

shift workers, using a general work pattern to approximate intensity is less precise than using the 

consecutive number of night shifts per rotation.30 This study was also precluded from making causal 

inferences due to its cross-sectional nature.30 Nevertheless, it included a large number of participants 

with a variety of demographic and lifestyle characteristics. 30 It also included a many of covariates such 

as chronotype, which is rarely considered.30  

Length of shift work and CVD 

In general, longer working hours have been associated with an increased risk of CVD 

development.31,32 In a meta-analysis of twelve studies, Virtanen et al (2012) found that individuals with 

long work hours were 1.80 (95% CI: 1.42-2.29) times more likely to develop coronary heart disease than 

those with relatively shorter working hours. 32 The operational definition of long working hours was 

variable.32 In some studies, it was defined as having worked overtime, while others used a variety of 

daily or weekly cut-offs ranging from 10 to 11 hours per shift, or from 45 to 60 hours per week.32 A 

positive association between work hours and cortisol was consistently observed across cut-off points, 

and higher cut-offs showed stronger associations suggesting a positive dose-response relationship.32 

Although this trend is suggestive of causality, we cannot conclude that shift work causes CVD as the 

majority of studies are cross-sectional or case-control studies; only one was a prospective-cohort 

study.32 Nevertheless, the results of this review were consistent with a cross-sectional study of Canadian 

female hospital employees by Kirk et al (2015) where those with longer work hours, characterized by 

≥  hour shifts o  ≥  hou s of o e ti e per year, were more likely to have MetS.34 In this study, many 
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women who worked longer hours were also shift workers, making it difficult to differentiate between 

the two effects.34 Nevertheless, the association between longer work hours and MetS persisted while 

controlling for shift work status (day or rotation shift worker), suggesting that this relationship would be 

generalizable to shift workers.34 In a study of 115 shift working police officers, Violanti et al (2009) also 

noted more overtime hours were associated with significantly more MetS components.33 Although 

Violanti et al (2009) extracted shift length from work records, a more accurate measure than the 

commonly used method of participant recall, none of the effect estimates associated long work hours 

with an average of three or more MetS components.33 Thus, findings may not have been clinically 

significant, as three or more components are required for a diagnosis.22,23 

In summary, the majority of epidemiological evidence suggests that shift work is associated with 

increased CVD risk.2,6  There is strong evidence to suggest that night work is a relevant time of shift work 

exposure.3,6,22-24 There is also limited evidence that shift work intensity or length increases CVD risk.30,33 

While individual studies have their unique strengths and weaknesses, our review of meta-analyses 

demonstrates that the interpretation of evidence in this area is largely limited by variable quality of 

adjustment for confounding, as well as heterogeneous shift work definitions and CVD outcomes. Overall, 

it is difficult to establish that shift work precedes CVD even in prospective studies, as preclinical disease 

may not be captured at baseline. Studies of possible underlying pathways, such as changes in cortisol, 

could further validate the causal link between shift work and CVD. 

2.3 Shift work and cortisol: a proposed pathway 

Shift work is hypothesized to cause CVD by disrupting circadian rhythm.1,10,35  Circadian rhythm 

refers to mental, behavioural, and physical changes that roughly follow a 24-hour cycle.11,36–38 The 

purpose of maintaining a consistent 24-hour rhythm is to synchronize physiological function with 

environmental circumstances.36 Thus, the disruption of circadian rhythm by shift work can lead to 
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psychosocial stress (occupational stress, life stress) as well as maladaptive changes in behaviour (diet, 

physical activity, alcohol consumption), hormone production, and enzyme activity that may be 

conducive to CVD development.3,6,10,32,39 This thesis focuses specifically on the disruption of cortisol, a 

circadian-regulated stress hormone, by shift work.3,10,40–42  

2.3.1 Cortisol 

Cortisol is released through the hypothalamic-pituitary-adrenal axis (HPA-axis).43,44Neurons in the 

hypothalamus secrete corticotropin-releasing hormone (CRH) into the circulation.44 Upon reaching the 

anterior pituitary gland, CRH induces secretion of the adrenocorticotropic hormone (ACTH), which 

travels in circulation to the adrenal glands above the kidneys. 45 ACTH induces specialized tissue in the 

adrenal cortex, the zona fasculate, to secrete cortisol.45  

The production of cortisol generally 

follows a distinct diurnal pattern (see Fig. 2.1).44 

Upon awakening, cortisol levels increase by 38-

75%; this increase is termed the cortisol 

awakening response (CAR).43 Levels peak 

approximately 30 minutes after awakening.43 

Cortisol levels then decline steeply, leveling off 

as an individual prepares for sleep.12 Levels are 

generally lowest during the first half of sleep, 

and begin increasing during the second half of 

sleep.41  

The release of cortisol is regulated by both external and internal mechanisms.37 Like other 

circadian processes, it is partially regulated by solar light-dark cycles; light interacts with cells in the 
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   Figure 2.1 . Diurnal production of cortisol. 
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retina which sends signals to the light-sensitive circadian pacemaker in the hypothalamus, the 

suprachiasmic nucleus (SCN).37 Cortisol production can also be influenced by ambient light.37 The CAR 

however, is independent of light-dark cycles. 43,46 It is thought to be a separate component of cortisol 

production superimposed onto circadian rhythm.43,46 It is hypothesized to be a physiological response to 

anticipation of upcoming demands upon awakening, and its primary purpose is to orient individuals in 

time and space, and to activate memories.41,43,47 Cortisol production can also be influenced by eating 

habits and physical acitivity.3,48 In addition to these external cues, cortisol is also internally self-regulated 

through a negative feedback loop.44 It suppresses the secretion of ACTH and CRH from the anterior 

pituitary and hypothalamus respectively.44  

Cortisol can interact with almost all cells of the body through many different cellular receptors, 

leading to transcription of target genes which results in a variety of physiological effects.49 Co tisol s ole 

in the metabolism of carbohydrates and fats is most relevant in CVD development (discussed further in 

section 2.4).49  

2.3.2 Impact of shift work on cortisol: current evidence 

Shift work is proposed to change cortisol production by (1) altering the quantity of cortisol 

produced, and (2) altering the diurnal pattern.45 The following text reviews studies of the association 

between shift work status and cortisol, as well as chronic shift work exposure and cortisol. It will also 

give an overview of evidence regarding the association between specific parameters of shift work (time, 

intensity, length of working hours) and cortisol. Overall, the relationship between shift work and cortisol 

is complex, as different shift work parameters, current shift work status, and previous years of exposure 

may affect cortisol differently.  

Few studies on the relationship between shift work and cortisol have been conducted. In general, 

studies to date are small and methodologies are very heterogeneous. Summary measures of cortisol and 
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operational definitions of shift work differ between studies. In addition, different aspects of cortisol 

production are considered: while some studies measured the effect of shift work on the cortisol 

awakening response (CAR; cortisol production within the first 30 minutes of awakening), others 

analyzed its effect on 24-hour cortisol production. The former measures the disruption in the 

physiological process of awakening, while the latter measures circadian disruption. The following text 

synthesizes the findings of these while accounting for their differences to avoid erroneous 

generalizations.  

The effect of current shift work status on cortisol 

Studies comparing shift workers to day workers suggest that working non-day shifts may disrupt 

cortisol production. Lindholm et al (2012) compared 65 shift workers to 66 day workers in the Finnish 

media industry and found that shift work was associated with a less pronounced CAR, suggesting that 

shift work disrupts the physiological process of awakening.50 However, the validity of the cortisol 

measurement used in this study is questionable. Lindholm et al (2012) estimated the CAR as the ratio of 

salivary cortisol concentration at 60 minutes post-awakening to 0 minutes post-awakening.50 This 

method systematically underestimated the CAR in all participants, as the CAR is complete at 

approximately 30 minutes post-awakening; at 60 minutes post-awakening, cortisol levels will have 

already undergone a steep decline.43 In a Canadian study involving 21 paramedics (14 rotating shift 

workers; 7 day workers), Wong et al (2012) observed that the average slope of the line from the peak of 

the 24-hour cortisol curve to the levels at bedtime (diurnal slope) was flatter in rotating shift workers 

than day workers during a day shift cycle and a non-work day.51 Unlike previous studies, Wong et al 

measured cortisol on non-work days to capture the effect of shift work beyond working periods.51 

However, their study was underpowered due to the small number of participants, and they failed to 

fully characterize cortisol in rotating shift workers as they did not measure production during the night 
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shift cycle.51 Nevertheless, Mirick et al (2013) also found that 24-hour cortisol curves were flatter in 

rotating shift workers compared to day workers (n=185 and 157 respectively) in a study of healthcare 

employees.52 Findings of the latter two studies may not be generalizable to females as they had 

predominantly or exclusively male samples. Moreover, none of these studies considered chronotype, an 

important confounder (see Section 2.3.4). Collectively, these studies suggest that both the CAR and 

circadian rhythm of cortisol was disrupted by shift work. However, more accurate and complete cortisol 

measures, larger studies, and an improved assessment of potential confounders are required to validate 

these findings, particularly in women.   

The effect of past shift work on cortisol 

Chronic exposure to shift work has been associated with both increased and decreased total 

cortisol levels.53,54 Manenschijn et al (2011) observed a positive association between years of shift work 

exposure and cortisol production over a span of twenty-five years (n= 122).53 However, Fekedulegn et al 

(2012) observed decreasing cortisol in shift workers over a seven year period (n=65).54 This discrepancy 

may be due to different methods being used to measure cortisol. Manenschijin et al (2011) used cortisol 

measured in hair, a more stable method that represents cortisol production over a three-month period, 

whereas Fekedulegn et al (2012) used an arguably less reliable protocol in which salivary samples were 

collected at 0, 15, 30, and 45 minutes after awakening on a single day. However, Fekeudlegn et al (2012) 

considered potential confounders such as socioeconomic status and perceived stress that Maneschijin 

et al (2011) did not account for. These two studies highlight some of the difficulties in assessing the 

long-term effect of past shift work history on biological pathways, and the importance of clearly defining 

the exposure and characterizing the outcomes.  

Further research is required to clarify these discordant findings as both studies have limitations 

that could have led to erroneous results. However, if we assume that both these findings are valid, the 
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discrepancy in results may be due to differences the length of time used to defi e chronic exposure . 

We do not know the precise timeline of long-term changes in cortisol; the effect of shift work on cortisol 

after seven years of exposure may be different from the effect after twenty-five years.  Furthermore, 

female-specific studies are required as both of these studies were either exclusively or predominantly 

male. 

The effect of shift work time on cortisol 

Among shift workers, cortisol levels during non-day shifts are generally associated with lower 

levels of cortisol.41,46 Kudielka et al (2007) studied the effect of various work patterns among 118 

electronic manufacturing workers in West Germany (63% male) and they found that the average total 

amount of cortisol, as measured by the area under the cortisol curve over a 16-hour period, was lower 

during night shifts than during morning or evening shifts.41 Bostock and Steptoe (2013) had similar 

results in a study of 30 male pilots using six saliva samples taken from time of awakening to bedtime.46 

They reported that afternoon shifts (starting at 1200 hours) were associated with attenuated cortisol 

production relative to earlier shifts.46 Collectively, these studies suggest that a spectrum of non-day 

shifts attenuates cortisol production. Kudielka et al (2007) also noted that two months after some 

participants switched from day schedules to shift work schedules, the attenuation of total cortisol 

production during non-day shifts was lessened.41 While this may be evidence for adaptation, studies of 

chronic shift work and its impact on cortisol pattern suggest that complete adaptation was not achieved; 

cortisol production may remain attenuated after many years of exposure.54,55   

In these studies, the typical diurnal pattern of cortisol was consistently maintained with respect to 

waking times (i.e. CAR, peak, etc. occurred after awakening).41,46,50,51 This implies that the cortisol curve 

u de e t a phase shift , he e the o tisol profiles were shifted with respect to clock time to align 

with changes in sleep-wake cycles during non-day shifts.   
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The effect of shift work intensity on cortisol 

More intense shift work schedules (i.e. more consecutive night time shifts) have been reportedly 

associated with adaptive changes in cortisol production.56,57 Among 24 nurses, Henning et al (1998) 

observed a reversal of circadian rhythm after the 5th consecutive night shift.56 During typical sleep-wake 

cycles (i.e. when individuals sleep during the night), cortisol production is higher in the morning.56 Levels 

on the first night shift reflected this pattern as participants exhibited higher cortisol levels at 6 AM in 

comparison to levels at 9 PM.56 However, by the 5th consecutive night shift, levels were higher at 9 PM 

than 6 AM; this change may signify adaptation to shift work conditions.56 More recently, Greifahn et al 

(2010) conducted an experimental study of shift work intensity, and also observed potentially adaptive 

changes in cortisol (n=18 working students).57 Participants slept at night for four consecutive day shifts, 

and slept during the day for four consecutive night shifts.57 Although cortisol disruption was observed 

when individuals began working nights, the CAR and the cortisol shift difference (cortisol levels at the 

beginning of the work shift minus levels at the end of a work shift) returned to levels exhibited during 

typical sleep-wake cycles by the fourth consecutive night shift.57  

While the findings of the observational study by Henning et al (1998) are not as convincing due to 

the small sample size, its consistency with results from the experimental study by Greifahn et al (2010) 

conducted under a relatively more controlled environment with frequent (i.e. hourly) cortisol 

measurements over eight 24-hour periods lends more credibility to the theory that increased shift work 

intensity leads to adaptive changes in cortisol. In the context of CVD development however, the 

suggestion that these ha ges i  o tisol a e adapti e  is i o g ue t ith the afo e e tio ed 

e ide e that shift o k of g eate  i te sit  i eases the isk of CVD s. This dis epa  equires 

additional exploration, as there are limited studies in both areas. 
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The effect of shift length on cortisol  

There is currently no study specifically on the effect of the length of working hours on cortisol 

among shift workers. In general, however, longer work hours have been associated with elevated 

cortisol production. In a study involving 200 Swedish women with mixed work patterns, Lundberg and 

Hellström (2002) found that that morning cortisol levels were twice as high in women with 10 or more 

hours of overtime per week in comparison to women with less than 10 hours of overtime per week.58 In 

a more recent Canadian study of 132 day workers, Marchand et al (2013) noted increasing cortisol levels 

with longer work hours.59 Although the association has not been explicitly demonstrated in shift 

workers, it is reasonable to infer that shift workers with longer work hours would tend to have elevated 

cortisol levels in comparison to shift workers with shorter work hours.  

While evidence to date indicates that shift work generally disrupts cortisol and that there may 

also be long-term changes in its production, studies of specific shift work parameters highlight that shift 

work parameters should be distinguished as their effects on cortisol may differ. Later non-day shifts 

tend to be associated with attenuated cortisol production relative to earlier shifts, while more intense 

shift work may reverse this attenuation, and longer hours may increase cortisol production. The extent 

to which they impact cortisol may also differ, and the clinical relevance of these changes has yet to be 

established.   

2.3.3 Potential mechanisms of cortisol disruption by shift work 

As discussed in Section 2.3.1, the characteristic diurnal pattern of cortisol and the amount 

produced by the HPA axis is regulated by sleep-wake cycles, a negative feedback loop, and light-dark 

cycles.41,43,44,48 Shift work may disrupt cortisol by interfering with these regulatory mechanisms. Normal 

light-dark cycles are disrupted when shift workers are exposed to ambient light during night work. 

Bedrosian et al (2014) demonstrated that exposure to light at night attenuated cortisol secretion in 
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Siberian hamsters.60 Although we should be cautious in generalizing changes observed in a single 

hamster study to humans, this finding is a potential explanation for the attenuation of cortisol 

production during non-day shifts. In addition, chronic shift work may disrupt the negative feedback loop, 

resulting in a sustained increase in overall cortisol production.44 Irregular sleep-wake cycles during non-

day shifts, especially during night work, likely leads to a phase shift of the cortisol curve because the CAR 

occurs upon awakening regardless of clock time. 

2.4 Cortisol and cardiovascular diseases 

Changes in cortisol associated with shift work are not unidirectional, and both increases and 

decreases in cortisol production may contribute to MetS and atherosclerosis, precursors of CVD. 

Changes in cortisol can impact CVD risk due to its roles in the regulation of fat metabolism and 

distribution, blood pressure, and insulin secretion.3,40,44,61  

2.4.1 Role of cortisol in development of MetS 

Increased cortisol has been associated with components of MetS, the aforementioned cluster of 

risk factors for CVD development. 23,62–64 Elevated cortisol levels can lead to increased adipose tissue, 

resulting in visceral obesity.61 It can also decrease insulin secretion from beta cells in the pancreas and 

interfere with interactions between insulin and cells, both of which result in elevated glucose 

levels.63,65,66 Moreover, elevated cortisol increases serum triglycerides.67  

However, some studies have contradictory results.68,69 In a cross-sectional study of 1,002 multi-

ethnic Americans, Champaneri et al (2013) noted that decreased cortisol production was associated 

with increased BMI and visceral obesity.69 This was the first epidemiological study to relate diurnal 

cortisol with measures of obesity, and one of the greatest strengths of this study was the rigorous 

cortisol sampling protocol; multiple saliva samples were taken over a 3-day period. While this study 
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could not establish the temporal sequence of this relationship due to its cross-sectional nature, its 

findings leads to some uncertainty as to whether it is increased or decreased cortisol production that 

leads to MetS development. 

2.4.2 Role of cortisol in development of atherosclerosis 

Shift work may also increase the risk of atherosclerotic-related CVD.17–21 Both increases and 

decreases in cortisol production can contribute to atherosclerosis through different pathways. In the 

development of atherosclerosis, initial lesions (fatty streaks) form due to focal accumulation of 

lipoproteins within the arterial wall.17 Although lipoproteins can enter and exit the arterial wall, cortisol 

increases the rate of lipid influx relative to the rate of efflux, encouraging the growth of fatty streaks.70 

Lipoproteins within the arterial wall later undergo oxidative modification, which induces a local 

inflammatory response leading to the recruitment of leukocytes.17 Leukocytes enter the arterial wall and 

mature into macrophages, which engulf resident lipoproteins to become foam cells.17 As foam cells 

undergo apoptosis, they form a fatty necrotic core that is characteristic of a more advanced 

atherosclerotic lesion.17 Decreases in cortisol levels may amplify these inflammatory responses due to 

o tisol s a ti-inflammatory properties, advancing atherosclerosis.3 In a cross-sectional study of 869 

adults, Desantis et al found that flatter diurnal cortisol curves and lower cortisol production were 

associated with increased pro-inflammatory factors in plasma.71 This was a strong study with repeated 

salivary cortisol measurements (30 minutes after awakening, 10 AM, 12 PM, 6 PM and bedtime) over 

the course of three days to account for inter-day variability within participants.71 Although the 

measurement of inflammatory markers from plasma did not occur within this three-day period, levels of 

these markers are known to be relatively stable.71   
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2.5 Confounders and strong predictors 

Confounders and strong predictors can affect the relationship between shift work and cortisol. 

Figure 2.2 summarizes the conceptual framework of this thesis derived from an a priori directed acyclic 

graph (DAG; see Chapter 3).  

 

 

 

 

 

 

 

2.5.1 Confounders 

Traditionally, a confounder must meet the following 3 conditions: (1) a risk factor for the 

outcome, (2) independently associated with the exposure in the source population, and (3) is not an 

intermediate step in the causal pathway between exposure and disease.72 An additional requirement for 

a true confounder in the context of a DAG is that the exposure must also precede the outcome. 

Controlling for true confounders elicits the total effect of shift work on cortisol that includes the direct 

effect of shift work, as well as its indirect effect through strong predictors. The following text elaborates 

on a priori confounders.  

 

Cortisol 

Physical activity 

Life stress 

Occupational stress 

 

Shift work 

Age 

Education 

Chronotype 

Figure 2.2 Conceptual model. The impact of shift work on cortisol is the main relationship of interest. Age, 

education, and chronotype are a priori confounders. Levels of physical activity, life stress, and occupational 

stress are strong predictors. 
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Age 

Age has been associated with decreased cortisol levels and changes in work patterns.30,73,74 In 

general, older workers may choose to work day shifts exclusively and have less intense schedules 

because they experience more fatigue and sleep loss during shift work than their younger 

counterparts.74 Confirmation of this trend in nurses is most relevant as they compose the majority of our 

sample. The Nurse s Health “tud  = ,724) found that older nurses were more likely to participate in 

day work (80% of nurses older than 45 versus 44.6 % between 20-25).30 This would imply that shift 

workers may have a lower mean age, and higher cortisol levels than their day working counterparts. 

Education 

Education is a univariate proxy for socioeconomic status (SES).75 Socioeconomic status can be 

o eptualized as a  i di idual s a ilit  to a ess olle ti el  desi ed esou es su h as o e , po e , 

material goods, educational opportunities, friendship networks, and health care.75 Given that education 

dictates occupation, differential distribution of occupations by shift work status may imply that 

education is also differentially distributed. In general, SES can also affect cortisol as it is considered a 

stressor. 12 Thus, SES may confound the relationship between shift work and cortisol.   

Chronotype 

Ch o ot pe efe s to a  i di idual s p efe ed sleep-wake cycles, where preferences are 

influenced by the circadian rhythm of various hormones, and body temperature.76 I di iduals  

preferences fall along a spectrum. At one extreme, individuals are strongly morning-oriented, preferring 

to rise earlier and sleep earlier. At the other extreme, individuals have the opposite preference (i.e. are 

strongly evening-oriented).77  
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Chronotype influences cortisol levels. 77–79 Morning-oriented individuals exhibit higher levels of 

cortisol and a relatively more pronounced curve when compared to their evening-oriented 

counterparts.77–79 I  additio , a  i di idual s illi g ess to pa ti ipate i  shift work, may be influenced 

by chronotype. For example, evening-oriented individuals may be more likely to participate in night 

shifts. This is suppo ted  fi di gs i  the afo e e tio ed Nu se s Health “tud ; i di iduals ho o k 

night shifts are more likely to be have an evening chronotype (36% evening versus 33% morning 

chronotype; p-value <0.01).30  

2.5.2 Strong predictors 

Strong predictors are markers for exposure that form indirect pathways through which shift work 

affects cortisol. 80 Although their effects can be adjusted for in the analysis in order to determine the 

direct effect of shift work on cortisol, excluding these indirect effects theoretically diminishes some of 

the effect of shift work on cortisol.  

Occupational stress 

 As mentioned above, shift work is conceptualized as a form of occupational stress. Other 

aspects of occupational stress such as sense of control and reward at work, or variation in job demands 

may also affect cortisol.  In a meta-analysis of 22 studies, Chida and Steptoe (2009) found greater 

occupational stress resulted in a more pronounced CAR (r=0.06; 95% CI: 0.01-0.11).81 In the same 

review, they identified two articles that suggested that overall quantity of cortisol is increased as well, 

but the results were non-significant (r= 0.08; 95% CI: -0.07-0.23).81  

Occupational stress may be differentially distributed by shift work status depending on the 

distribution of occupations. 82 Although the majority of our sample consists of nurses, there was 

substantial variation in the specific roles and responsibilities within nurses (e.g. nurse manager versus 
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practical nurse), and there were participants from other occupations. If the distribution of participants 

into shift work groups is related to their levels of occupational stress, it may impact effect estimates.  

Life stress 

Life stress results from interaction between environmental stimuli, personality traits, and 

emotional responses.83 Like other forms of stress, life stress affects cortisol. In a meta-analysis of 35 

studies, Chida and Steptoe (2009) found life stress was associated with a more pronounced CAR (r=0.07; 

95% CI: 0.01-0.12).81 The same review also found that life stress was positively associated with total 

quantities of cortisol (r=0.13; 95% CI: 0.04-0.21).81 Life stress may also be differentially distributed 

between shift workers and day workers. Previous analysis of our study sample found that day workers 

may have higher levels of life stress (OR: 0.19; 95% CI: 0.07-0.52).84 This would suggest that day workers 

might have higher levels of cortisol, biasing our effect estimate.  

Physical Activity 

Females with active lifestyles exhibit slower elevation of cortisol when a stressor is applied, and a 

faster decline upon removal of the stressor in comparison to sedentary females.85 High intensity physical 

activity is also associated with acute increases in plasma cortisol.86 As shift workers typically report high 

levels of physical demands at work, these physical demands may influence effect estimate.87,88 

2.6 Rationale and objectives 

Most evidence suggests that shift work is a risk factor for CVD. However, we require stronger 

evidence to improve our understanding of cortisol disruption as one of the underlying biological 

mechanisms. Evidence to date is limited by poor quality studies that have small sample sizes. Most 

importantly, studies lack a systematic approach to conceptualizing shift work where inconsistent shift 

work definitions have impaired our ability to articulate associations with cortisol. To fully analyze the 
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impact of shift work on cortisol, we must define parameters such as intensity, length of working hours, 

and time of shift work. In our study, we do this in addition to using a much larger sample than previous 

studies. These methodological improvements will help clarify some existing discrepancies and more fully 

explain the effect of shift work on cortisol, a hypothesized pathway to CVD. Shift work is necessary in 

healthcare, and understanding the impact of shift work is an important and relevant societal issue. 

Given that the majority of healthcare workers are female, and that sex modifies mechanisms of CVD 

development, sex-specific studies are needed.89 The majority of existing studies predominantly or 

exclusively involve males.  
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Chapter 3 

Methods 

3.1 Objectives 

1. To describe the diurnal quantity and pattern of cortisol production according to shift work 

status (days only or rotating days and nights), and according to parameters of rotating shift 

work (timing, length, and intensity).  

2. To determine how current shift work status and past shift work exposure affects diurnal 

quantity and pattern of cortisol production.  

3. To determine the effects of rotating shift work parameters on diurnal pattern and quantity 

of cortisol production.   

3.2 Study population 

A cross-sectional study entitled Shift Work and Cardiovascular Risk in Working Women was 

conducted at Kingston General Hospital, a tertiary acute-care teaching hospital in Southeastern Ontario 

affiliated ith Quee s U i e sit . Participants were female hospital employees recruited on a voluntary 

basis between September 2011 and February 2014 in hospital units through meetings with program 

managers, direct email communication, notices on hospital intranet, communication boards, and staff 

meetings (see Fig. 3.1). Pregnant participants1,2 and those with less than one year of shift work history 

were asked to self-exclude. There were no other exclusionary criteria.  
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The final sample consisted of 328 female hospital employees; 168 were rotating shift workers, 160 

were day workers. Typical shift work rotations consisted of two consecutive 12-hour day shifts, followed 

by two consecutive 12-hour night shifts, and five consecutive free days. Typically, day workers worked 5 

consecutive 8-hour shifts per day starting at 0800 or 0900 hours.   

3.3 Data collection  

A copy of the questionnaire and intake interview questions are included in Appendix A. Questions 

in Appendix A are in the order that they are presented in the following text. 

 

 

Participants 

(n=331) 

Participants 

(n=328) 

Current shift workers 

(n=168) 

Current day workers 

(n=160) 

Day shift  

(n=167) 

Night shift  

(n=161) 

Day shift 1  

(n=158) 

Day shift 2  

(n=155) 

No time or cortisol data 

(n=3) 

Missing time 

data 

(n=6)  

Missing cortisol data 

(n=1)  

Missing 

time data 

(n=8)  

Figure 3.1 Study participant flow. For shift workers, there was sufficient data for 167 day shift cycles and 161 night shift 

cycles to graph curves and calculate summary measures of 24-hour cortisol production. For day workers, there was 

sufficient data for 158 and 155 of the first and second day shift cycles respectively. 
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3.3.1 Shift work measurement 

This thesis conceptualized shift work on two levels (see Table 3.1). Firstly, shift work was 

considered as a general work pattern (Level 1). Secondly, three parameters of shift work were used to 

facilitate a more specific analysis of how different aspects of shift work affect cortisol (Level 2).   

Table 3.1 Operational definitions of shift work exposure. 

Level 1: Work patterns Rotating shift work Exclusive-day work 

 

Level 2: Rotating Shift 

work parameters 

Time Day or night 

 Intensity ≥  o  <  o se uti e ights pe  otatio  

 Length of work day ≥  o  <  hou s pe  a e age shift 

 

All information on current and past shift work exposure was self-reported. Participants 

completed a questionnaire package that included detailed questions about current shift work status and 

past shift work history. Shift work status, ased o  the pa ti ipa t s o k patte  at the time of study 

entry, was defined as work that included hours between 12 AM and 5 AM (i.e. night work). Participants 

were known to be either exclusive day-workers or shift workers rotating between day and night shifts; 

no other non-day times were present in the sample. Past exposure was measured as years of 

accumulated exposure: (Years of shift work)= (full-time years of shift work) + 0.5×(part-time years of 

shift work). Based on prior knowledge, it was assumed that part-time employees worked half as much as 

their full-time counterparts. No distinction was made between permanent night work and rotating shift 

work. To measure the length of working hours, the questionnaire asked current rotating shift workers to 

report the average number of hours per shift (8, 12, variable, or other). If participants reported having 

variable working hours, the mean of the range they recorded was considered their average hours per 

shift. In the analysis, participants were categorized as working 12 or more, or less than 12 hours per 
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shift, as most rotating shift included 12-hour shifts. A threshold of 12 hours was chosen based on 

European legislature, and the cutoffs used in recent studies.3 The intensity of current rotating shift work 

was approximated as the average number of consecutive night shifts per rotation.3 Participants were 

asked to report the intensity of all shift work patterns they were involved in, past or present, but only 

their current shift work intensity was used in the analysis. Rotating shift workers were classified as 

working 3 or more, or less than 3 consecutive night shifts per rotation. While four or five consecutive 

night shifts would be a more biologically relevant threshold for changes in cortisol, few participants met 

this threshold.3–5 

3.3.2 Cortisol measurement 

Cortisol is a commonly used, robust marker for HPA axis-mediated stress responses.6,7 Saliva, 

serum, hair, and 24- hour urine samples are the most common biospecimens used for measurement; 

each have their respective advantages and disadvantages.7 This thesis used urine-derived measures of 

cortisol. In comparison to other methods, urine cortisol is moderately invasive and has been criticized as 

being burdensome to participants.7 However, the nature of 24-hour urine sampling was best suited for 

the objectives of this thesis. Unlike serum, urine cortisol exclusively measures the biologically active 

form of cortisol (free cortisol).7,8 Hair cortisol was not used because of its complexity; it is difficult to 

control factors that affect cortisol in hair such as use of particular hair dyes, shampoos, and 

conditioners.7,9 While the parent study of this thesis did measure cortisol in both saliva and urine, we 

only analyzed urine-derived measures because more samples were available, facilitating a more 

accurate description of 24-hour cortisol production.  

Participants were asked to collect midstream urine at every void over two 24-hour cycles and to 

record times of voids. Each 24-hour cycle included one work shift. Exclusive-day workers collected 

samples during two cycles with day shifts. Rotating shift workers collected samples during a cycle with a 
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day shift, and cycle with a night shift. The night shift cycle was the second of two consecutive night 

shifts. Approximately 7 samples were collected per day.  Samples were assayed using a DiaMetra urinary 

f ee  o tisol ELI“A kit ith a se siti it  of .  g/ L. This assa  used o tisol-specific antibodies and 

enzymes with colour-producing substrates to determine the concentration of free cortisol from a 

standard curve.8 Differences in volume of urinary output were accounted for by adjusting each urine 

cortisol sample by the urine creatinine concentration from the same sample using the cortisol: 

creatinine ratio.10 Creatinine was assayed using a ParameterTM Jaffe reaction. Sensitivity of this assay 

was 0.02 mg/dL. Internal quality control and external quality assurance were performed on all samples.   

Urine specimen collection did not follow a strict sampling schedule (e.g. samples at 0, 0.5, 5, and 

10 hours after awakening). On average, participants gave their first sample within the first 1.6 hours of 

waking up, and stopped sample collection at the end of the 24-hour period, as per the protocol. Protocol 

adherence was similar regardless of shift work status, and there were few differences between 24-hour 

cycles. However, the standard deviations are large, suggesting variation in protocol adherence between 

individuals (see Table 3.2).  

Table 3.2. Urine sample frequencies by current shift work status.  

 Shift workers Day workers 

Day shift cycle Night shift cycle Day shift cycle 1 Day Shift cycle 2 

Time of first sample 

(hours since waking) 

1.0 ± 2.4 1.6 ± 2.8 0.8 ± 2.2 0.8 ± 2.2 

Total sampling period 

(hours since waking) 

24.1 ± 3.4 22.4 ± 4.3 24.1 ± 2.1 23.7 ± 3.5 

Average time between 

samples (hours) 

3.8 ± 2.5 3.7 ± 2.5 3.6 ±2.8 3.7 ±2.9 

Average samples per day 6.9±1.8 6.3±2.2 7.2±1.9 6.9±2.2 

 

3.3.3 Covariates 

A priori confounders and strong predictors were determined using a directed a-cyclic graph (DAG; 

see Fig. 3.2).11 A DAG is a causal structure; causal pathways were determined by reviewing current 

literature.12 
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3.3.4 Measurement of confounders 

A pa ti ipa t s age as al ulated as the diffe e e et ee  the date of the fi st u i e sa ple 

and their self-reported date of birth. Participants reported the highest level of education they achieved. 

Education is a commonly used univariate proxy for socioeconomic status.13 Chronotype was measured 

using the Munich Chronotype Questionnaire (MCTQ), where participants reported time of sleep onset 

“O , a d ti e of a ake i g o  sleep e d  “E  o  f ee da s a d o kda s.14,15 The quantitative value of 

the chronotype score is equal to mid-sleep time on free days (MSF). MSF was calculated as 

follows14 ��  �� � = � = � − �� �  �� = �� − ��2  

MSF was then used to interpret chronotype.  For example, a mid-sleep time of 3:00 AM is equal to 

a chronotype score of 3; a score of 3 would represent an earlier chronotype than a score of 7. In 

Exposure 

Outcome  

Confounder 

Strong predictor 

No adjustment  

Figure 3.2. DAG used to determine a-priori confounders and strong predictors of the shift work-cortisol 

relationship.
11
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validation studies, MSF calculated using the MCTQ was found to be a highly repeatable measure that 

correlated with MSF determined by sleep logs, and wrist actimetry.16,17 A validation study also found 

that the interpretation of chronotype using MSF was consistent with the preferences determined 

through the Morningness-Eveningness Questionnaire.18 It should be noted that our calculation of 

chronotype was limited by several factors. An adjustment should have been made to compensate for 

sleep debt accumulated during the workweek by late chronotypes. This sleep debt lengthens the sleep 

duration on free days, potentially skewing the MSF.14 However, we did not have adequate information 

to make this adjustment. Also, the MCTQ was originally designed for individuals working normal daytime 

hours.14 Additional adjustments for the shift work population are necessary because the sleep 

parameters used to measure MSF are influenced by irregular sleeping schedules in shift work.14 While a 

separate version of the questionnaire is now available for shift workers specifically, it was not fully 

developed at the time of data collection.19  

3.3.5 Measurement of strong predictors of cortisol 

Physical activity  

Physical activity was measured using the Global Physical Activity Questionnaire (GPAQ) developed 

by the World Health Organization (WHO).20 The GPAQ quantifies physical activity by calculating scores 

that represent self-reported levels of physical activity in 3 domains (work, travel, recreational) adjusted 

for the intensity of this activity (vigorous or moderate).21 It also records information on sedentary 

behaviour.21 Participants were classified as having met or not met criteria for physical activity 

requirements published by the WHO:22  

 ≥  i utes of ode ate i te sit  ae o i  a ti it  i eases hea t ate o  eathi g  pe  eek 

for ≥10 continuous minutes OR 
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 ≥  i utes of igo ous-intensity aerobic physical activity per week for ≥10 continuous minutes 

OR 

 An equivalent combination 

The GPAQ is a valid and reliable measure of physical activity.23 In a validity study involving 

participants from 9 countries, GPAQ summary measures were shown to have a moderate-to-strong 

correlation with measures from the previously validated International Physical Activity Questionnaire.23 

Job stress 

Psychological job stress was measured using the Job Content Questionnaire (JCQ), a self-

ad i iste ed i e to  used to easu e the o te ts  of a  i di idual s jo  asso iated ith 

psychosocial stress.24,25 The JCQ uses Likert Scale responses (strongly disagree, disagree, agree, strongly 

agree) to rate job-related statements. 24–26 These statements are grouped into the following domains: 

skill discretion, decision latitude, psychological and physical job demands, social support from 

supervisors and colleagues, as well as sense of job insecurity. 24–26 Quantitative summary scores are 

derived from these responses. 24–26 Job stress can occur in conditions where there is low social support, 

high demands, low decision latitude, job insecurity, and low social support.27 Multiple studies have 

shown that job stress reported by the JCQ is predictive of stress-related chronic diseases, including 

CVD.27 The JCQ has been used in many large scale studies, and has been demonstrated as a valid and 

reliable tool.27 

Life stress 

Life stress was measured using the Derogatis Stress Profile (DSP), a 77-item inventory used to 

quantify stress from environmental stimuli (domestic, vocational, health), personality traits (time 

pressure, driven behaviour, attitude posture, relaxation potential, role definition), and emotional 

responses (anxiety, hostility, depression).28 It takes approximately 12 minutes to complete. Total Stress 
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Scores (TSS) were converted to a t-score based on a conversion table from the analysis guide.29 

Customarily, an individual with a t-score of greater than 80 (population mean plus 1 standard deviation) 

is considered to have life stress.29 However, since few participants met this threshold, life stress was 

defined as the sample mean plus one standard deviation (t-score >50).29,30 In a validity study, the TSS in 

the DSP was correlated with that of the Daily Hassles Scale and the Life Experiences Survey. 31 Most 

convincingly, DSP scores were associated with heart rate reactivity in both laboratory and observational 

settings, indicating that stress scores were related to physiological changes expected under stressful 

conditions.31 

3.4 Statistical analysis 

3.4.1 Outcome assessment: Cortisol 

There are many different measures of cortisol.32 Using principal component analysis, Fekedulegn 

et al determined that these measures generally describe either the diurnal pattern of cortisol, or the 

total diurnal amount produced.32 In this thesis, area under the curve from the increase (AUCI) was used 

to describe the diurnal cortisol pattern, while the total diurnal cortisol production was described using 

the total area under the curve (AUCG). While the CAR is often used to describe changes in cortisol (see 

Chapter 2), it is not associated with the development of CVD.33 In addition, the CAR was not adequately 

captured in our study due to the random nature of urine sampling.  

All analyses excluded cortisol outliers, defined as values that were outside ±1.5 of the 

interquartile range in each of the four 24-hour periods. These values were excluded because they were 

biologically implausible, and qualitative analyses confirmed that the curves did not resemble the well-

established shape of a 24-hour cortisol profile. In the following text, we will first describe the summary 

measures that were used. Then, we will describe the decision rules used to clean the data in order to 

calculate these summary measures.  



53 

 

 

Cortisol summary measure: AUCG 

Total area under the curve approximates the total quantity of cortisol produced over a 24-hour 

period. Relative differences in magnitude of production are commonly measured by comparing total 

area under the curve also known as the area under the curve above the ground (AUCG), where the 

g ou d  is the -axis in the graph of a diurnal cortisol curve.34 AUCG is commonly calculated using the 

trapezoidal rule (see Fig. 3.3). 35  

 

 

 

 

 

 

 

 

 

The curve is broken into trapezoidal segments, and the area beneath the curve between two 

consecutive samples defines a trapezoid.35 The sum of all the individual trapezoidal areas is 

approximately equal to the area under the area under the curve. More samples would give rise to more 

segments, which would make the trapezoidal rule a better approximation of the true area under the 

curve.35  

Sample number 
1 2 3 4 5 6 7 8 9 10 

Cortisol 

concentration 

b 
c d 

f g 

a 

h i 

e 

Figure 3.3 Trapezoidal rule used to calculate total area under the curve (AUCG).  

AUCG =a+ + +….+i. 
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Cortisol summary measure: Incremental AUCI 

The area under the curve with respect to the increase (AUCI) is a measure of cortisol pattern. It is 

calculated as the area under the curve above the baseline concentration, minus the area of the curve 

below the baseline concentration above the curve (see Fig. 3.4). 32,34,35  

 

 

 

 

 

 

 

 

Baseline concentration refers to the concentration of cortisol upon awakening; this was 

approximated by the concentration of the first urine sample.35 AUCI was calculated using a variation of 

the trapezoidal rule. In general, a more negative AUCI is interpreted as a flatter cortisol curve because 

the cortisol concentration falls below the baseline for a greater proportion of a 24-hour period in 

comparison to a more positive AUCI. In contrast to the AUCG, AUCI uses the baseline measure, not the x-

axis, as a reference point; this emphasizes the change in cortisol over time.32  

 

 

Sample number 
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 Figure 3.4 Trapezoidal rule used to calculate the incremental area under the curve 

(incremental AUC). Incremental AUC=(a+b+c+d)-(e+f+g+h+i). 
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Decision rules  

There were several challenges in calculating these summary measures. To address these 

challenges, issues were identified, recorded, and addressed based on consensus decision rules.  

Occasionally, times of urine voids recorded by participants did not follow a chronological order 

(e.g. the first sample was said to be taken at 1200 hours, second sample at 0500 hours). Inconsistent use 

of 24-hour time and AM- PM ti e as a easo a le e pla atio  fo  this e o  e.g.  hou s  should 

be 1700 hours). Thus, times were changed to 24-hour time if it places the samples in chronological 

order.  If the sequence was still illogical, then one of the samples was arbitrarily excluded from the 

analysis. Samples needed to be in logical chronological order to calculate the area under the curve 

summary measures. In some cases, there were 1 or 2 samples taken in one 24-hour cycle. This was 

problematic because two points cannot represent a diurnal curve; at least 3 points are required. In this 

case, the entire 24-hour period was excluded. There was one permanent night worker in our sample. 

This participant took urine samples in two 24-hour cycles that both included a night shift. In order to 

prevent misclassification from grouping their first 24-hour period with that of rotating shift workers, 

their first 24-hour cycle was excluded. The second 24-hour cycle remained in the analysis.  

3.4.2 Descriptive analysis of study population 

Univariate descriptive analyses were completed for demographic variables, work characteristics, 

and measures of stress to contrast participants by current shift work status (i.e. exclusive day-workers or 

rotating shift workers). Continuous variables were described by the mean and standard deviation, while 

categorical variables were described as the number of participants in each category, and as a proportion 

of shift workers or day workers. For continuous variables, the Wilcoxon rank-sum test was used to test 

the null hypothesis that there was no difference between shift workers and day workers. It was used 

instead of the t-test because the variables were non-parametric.  For categorical variables, the Chi-
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s ua e Test o  Fishe s E a t Test as used to test the null hypothesis that there was no difference 

between rotating shift workers and day workers. 

3.4.3 Objective 1 

To illustrate summary curves by current shift work status, individual curves were averaged using 

the Lowess curve (a curve of best fit for a set of data points .  Fi st, ea h pa ti ipa t s eati i e-

adjusted cortisol concentration was graphed as a function of hours from awakening (individual awakens 

at 0 hours); hours post-awakening was calculated as the difference between the self-reported the wake 

time and recorded times of urine voids. These individual curves were then grouped by shift work status. 

Then, the Lowess curve was used to aggregate these i di idual u es to p odu e a e age  cortisol 

profiles for day workers and shift workers respectively. This allowed us to contrast profiles between two 

different work patterns.  

The Lowess curve was then used to average cortisol profiles by parameters of shift work 

exposure. Individual cortisol profiles of current shift workers were stratified by time of shift (i.e. day or 

night) and the average curve for each time was determined using the Lowess curve. Cortisol profiles of 

shift workers were also graphed as a function of clock time, stratified by time of shift (day or night) to 

determine if there was a phase shift during the night shift cycle. To describe cortisol by shift work 

intensity, the cortisol profile of shift workers were stratified using the aforementioned a priori 

threshold; the average profile of a shift worker with 3 or more consecutive night shifts per rotation were 

compared to those with less than 3 consecutive night shifts. To describe cortisol by length of working 

hours in shift workers, the cortisol profiles of participants with more than 12 hours per average shift 

were compared to those with less than 12 hours.  

To supplement these graphs, AUCG and AUCI were calculated from individual curves and averaged 

within groups defined by shift work status and rotating shift work parameters. These means were 
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compared using the Wilcoxon rank-sum test due to the non-parametric nature of AUCG and AUCI. It 

should be noted that in day workers, the arithmetic means of AUCI and AUCG from the two 24-hour 

cycles were used in all analyses. Combining summary measures over two cycles reduces variability, 

giving rise to more reliable estimates of cortisol production in this group.  

3.4.4 Objective 2 

The effect of current shift work status and past shift work exposure on AUCG and AUCI were 

modeled using multivariable linear regression to determine the impact of shift work on cortisol as an 

overall work pattern. Models of shift work status determined the acute changes in cortisol associated 

with shift work, whereas models of cumulative shift work exposure determined potential chronic 

effects. The primary models were adjusted for a priori confounders. A secondary analysis was completed 

to control for a priori strong predictors in addition to a priori confounders. AUCG was right-skewed and 

thus, log transformed in all models.  

3.4.5 Objective 3  

The effects of rotating shift work time, length, and intensity on cortisol were modeled to 

determine how individual parameters affected cortisol. To determine how adjusting for other shift work 

parameters in a model of a specific parameter impacted effect estimates, these models were contrasted 

to the same models without this adjustment. All aforementioned analyses were performed using SAS 

version 9.4 (SAS Institute Inc., Cary, NC, 2013).  

3.5 Ethical considerations 

Ethics approval for the overall study entitled Shift Work and Cardiovascular Risk in Working 

Wo e  e ei ed app o al f o  Quee s U i e sit  Health Research and Ethics Board. The candidate 

also recei ed ethi al app o al fo  the o k i  this thesis f o  the Quee s U i e sit  Health “ ie es 
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Research Ethics Board (see Appendix B). All completed questionnaire and intake interview data are 

stored securely in locked offices at Kingston General Hospital. All electronic data is stored is stored on a 

shared drive with limited access. All analysis was done with anonymous data. 
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Chapter 4 

Shift ork para eters a d disruptio  of diur al cortisol productio  i  fe ale 
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ABSTRACT 

Objective: To assess the effect of current and past shift work exposure on total cortisol production and 

its diurnal pattern. 

Methods: 328 female employees (n=168 rotating shift workers and 160 day workers) from a hospital in 

Ontario, Canada participated in a cross-sectional study. Current and past shift work exposure was 

determined through self-report. Urinary free cortisol was measured at every void over two 24-hour 

cycles, which included one night shift for shift workers.  

Results: Rotating shift work was associated with reduced cortisol production and flattened diurnal 

curves during night shift cycles after controlling for a priori confounders. Past shift work history was 

associated with higher total production and more pronounced curves in day workers only.  

Conclusions: Current and past shift work affects cortisol production patterns in differential ways.   
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INTRODUCTION 

Shift work is an increasingly prevalent work pattern associated with occupational stress.1–3 Similar 

to other industrialized countries, approximately 1/4 full-time employees in Canada are shift workers.1,4 

Of all occupations, shift work prevalence is highest among healthcare workers (45%), a larger proportion 

of whom are female.1,4 Shift work is commonly defined as any work pattern that includes work outside 

of conventional daylight working hours (0700/0800- 1700/1800 hours).5,6  It can be further described by 

four parameters: (1) Time of shifts: non-day shifts (afternoon, evening, night), or rotating day and non-

day shifts; (2) Length of working hours; (3) Shift intensity: number of consecutive shifts, and recovery 

time between shifts; and (4) Social aspects of working hours: number of free days and predictability of 

working hours.7  

Studies across different occupations, cultural contexts, and ethnicities suggest that shift work is 

associated with increased risk for cardiovascular diseases (CVD).8–11 Vyas et al (2012) pooled data from 

34 studies (ncomposite=2,011,935) and determined that shift workers had a moderately increased risk of 

myocardial infarction and ischemic stroke in comparison to day workers.8 They were also at a higher risk 

for hospital admissions due to coronary heart disease and coronary mortality.8 In addition, more years 

of past exposure has been associated with increased risk of CVD development indicating a positive dose-

response relationship.10,11 Gu et al  follo ed ,  pa ti ipa ts i  the Nu se s Health “tud  f o  

1988 to 2010 and concluded that the risk of CVD-related mortality was 10% higher in women with 5 or 

more years of rotating shift work exposure in comparison to women with less than 5 years of 

exposure.10  

Several mechanisms underlying the association between shift work and CVD have been explored. 

These integrated pathways include circadian-related physiological disruption, behavioural changes, and 

socio-temporal disruption.12,13 This study focuses on one hypothesized pathway in which shift work 
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disrupts production of cortisol, a circadian-regulated biomarker for stress.14,15 The purpose of 

maintaining a consistent 24-hour rhythm in cortisol production is to synchronize physiological function 

with environmental circumstances.16 Typically, cortisol levels increase by 38-75% upon awakening.17 This 

increase is termed the cortisol awakening response (CAR).17 Levels peak approximately 30 minutes after 

awakening.17 Cortisol levels then decline steeply, and level off; cortisol is generally lowest during the 

first half of sleep, and begins increasing slowly during the second half.18,19 Regulation of cortisol is 

complex involving sleep-wake cycles, light-dark cycle, and self-regulation through a negative feedback 

loop. 15,17 Shift work may disrupt these regulatory mechanisms leading to physiological changes that 

promote the development of CVD.19–27 

Studies of the effect of shift work on cortisol production have had mixed results, making it difficult 

to generalize the direction or magnitude of cortisol disruption. Among shift workers, non-day shifts are 

generally associated with lower levels of cortisol production.19,21 More intense shift work schedules are 

associated with adaptive changes where the attenuation of cortisol during night shifts is reversed by the 

4th or 5th consecutive night shift.28,29 There is no study specifically exploring the effect of the length of 

working hours on cortisol among shift workers exclusively. Studies of the effect of past shift work on 

cortisol have mixed findings; chronic exposure has been associated with both increased and decreased 

total cortisol levels.30,31 In summary, studies generally suggest that shift work disrupts cortisol 

production, but the available evidence is limited by small sample sizes, and the understanding of how 

different parameters of shift work and chronic exposure affects cortisol remains poor.  

The methods used in these studies are also very heterogeneous. The quality of cortisol 

measurements is variable, and the assessment of shift work exposure is often incomplete (i.e. there is 

no reference to intensity, length, or social aspects of shift work). This study systematically 

parameterized shift work exposure, has a much larger sample size than most previous studies, and has 

48 hours of continuously collected urine during work and non-work hours. These methodological 
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improvements may help clarify some existing discrepancies and improve our understanding of the 

relationship between shift work and cortisol as a potential mechanism for CVD development. The 

objectives of this thesis were to describe and determine the effect of current shift work status, past shift 

work exposure, and parameters of rotating shift work (time, intensity, length) on the diurnal quantity 

and pattern of cortisol production. 

METHODS   

Study sample  

A cross-sectional study was conducted among female employees at Kingston General Hospital, a 

tertiary acute-care teaching hospital in southeastern Ontario, Canada. Participants were recruited 

through posters in hospital units, meetings with program managers, direct email communication, 

notices on hospital intranet, communication boards, and staff meetings. Pregnant participants and those 

with less than one year of shift work history were asked to self-exclude, and there were no other 

exclusion criteria. Of the 331 participants recruited, 3 were excluded from all analyses due to missing 

data on cortisol or time of urine collection. This analysis included 328 participants (168 rotating shift 

workers, 160 day workers). Typical shift work rotations consisted of two consecutive 12-hour day shifts, 

followed by two consecutive 12-hour night shifts, and five consecutive free days, while day workers 

worked 5 consecutive 8-hour shifts per day starting at 0800 or 0900 hours.    

Data collections 

Shift work exposures 

All shift work patterns were either measured through an intake interview or a questionnaire. 

Participants were known to be either exclusive day-workers, or shift workers with day and night work 

(work that included hours between 12:00 AM and 5:00 AM); no other non-day times were present in the 

sample. Past shift work exposure was measured as years of accumulated exposure: (Years of shift 

work)= (full-time years of shift work) + 0.5x(part-time years of shift work).  
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Rotating shift workers reported having long work hou s ≥  hou s per workday), or shorter work 

hours (<12 hours). The average number of consecutive night shifts per rotation approximated intensity 

of otati g shift o k. Pa ti ipa ts e e lassified as ha i g ≥  o  <  o se uti e ights shifts pe  

rotation. Although evidence to date suggested that a threshold of four or five consecutive nights would 

have been more appropriate, this study was unable to use this cut-off due to limited variability within 

the sample.7,29,30  

Cortisol 

The biologically active form of cortisol, free cortisol, was measured through urine samples. 

Participants collected midstream urine at every void over two 24-hour cycles and recorded times of 

voids. Each 24-hour cycle included one work shift. Exclusive-day workers collected samples during two 

cycles with day shifts. Shift workers collected samples during a cycle with a day shift, and cycle with a 

night shift. The night shift cycle was the second of the two consecutive night shifts. Approximately 7 

samples we e olle ted pe  da .  “a ples e e assa ed usi g a DiaMet a u i a  f ee  o tisol ELI“A kit 

with a sensitivity of 2.0 ng/mL. Differences in volume of urinary output were accounted for by adjusting 

each cortisol sample by its creatinine concentration using the cortisol: creatinine ratio. Creatinine was 

assayed using a ParameterTM Jaffe reaction. Sensitivity of this assay was 0.02 mg/dL. Measures of 

cortisol and creatinine concentration were repeated twice, and the duplicate values were compared to 

ensure that the assays were reliable. An external quality assurance test was also completed by 

comparing creatinine-adjusted cortisol values to an established range for females above 18 years of 

age.32  

Covariates 

A priori confounders and other known determinants of cortisol production were identified using a 

directed acyclic graph (DAG; see Appendix A Fig. 4.3).33 Age and education were measured using a 
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questionnaire. Chronotype was measured using the Munich Chronotype Questionnaire.34 Levels of 

physical activity were measured using the Global Physical Activity Questionnaire.35 Life stress was 

determined using the Derogatis Stress Profile.36 Psychological job strain was measured using the Job 

Content Questionnaire.37 

Statistical analyses 

Demographic, lifestyle, and work characteristics of shift workers and day workers were compared 

using the Chi-“ ua e test o  Fishe s E a t test fo  atego i al a ia les, a d Wil o o  a k-sum test for 

non-parametric continuous variables. Cortisol outliers (beyond ± 1.5 times the interquartile range) were 

e o ed f o  all a al ses. To g aph ea h pa ti ipa t s diurnal cortisol curves, cortisol was plotted first 

as a function of clock time, and then as a function of hours from awakening (functional time). The 

functional time of each sample was calculated as the difference between self-reported wake time and 

the recorded time of urine void. All curves were individually assessed for logical consistency. Individual 

pa ti ipa ts  o tisol u es e e g ouped  shift o k e posu es, a d a Lo ess u e as used to 

create a curve of best fit. These summary curves were overlaid to facilitate unadjusted comparisons 

between groups.  

To supplement these curves, two quantitative summary measures of 24-hour cortisol production 

were calculated and compared using the Wilcoxon rank-sum test. AUCG (area under the curve with 

respect to the ground) is the total area under a diurnal curve, which represents total daily cortisol 

production38,39  AUCI (area under the curve with respect to the increase) is the total area under the curve 

above the baseline (first cortisol sample upon awakening) minus the total area above the curve under 

the baseline.38,39 This represents the diurnal pattern of cortisol.38,39 More negative values were 

interpreted as flatter curves.35 Area under the curve was calculated using the trapezoidal rule.40 In day 
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workers, the arithmetic means of AUCI and AUCG from the two 24-hour cycles were used in all analyses 

as a more reliable estimate of diurnal cortisol production in this group. 

The effects of shift work on AUCG and AUCI were modeled using multivariable linear regression. 

The effect of current shift work status and years of past shift work exposure on AUCI and AUCG were 

modeled to determine the impact of shift work on cortisol as an overall work pattern. Then, the effects 

of rotating shift work time, length, and intensity on cortisol were modeled to determine how individual 

parameters affected cortisol. To determine how adjusting for other shift work parameters in a model of 

a specific parameter impacted effect estimates, the results from these models were compared to 

models that did not make this adjustment.  

All models were adjusted for a priori confounders.  To contrast the findings using confounders 

defi ed  DAG s see Appe di  Fig. .  ith fi di gs usi g the t aditio al defi itio  of o fou de s, 

secondary analyses were performed where all models were adjusted for strong predictors in addition to 

a priori confounders.  AUCG was right-skewed and thus, log transformed for all models. All analyses were 

completed using SAS version 9.4 (SAS Institute Inc., Cary, NC, 2013).  

RESULTS 

Characteristics of study population 

Several demographic, lifestyle, and work characteristics differed by current shift work status (see 

Table 4.1). Shift workers were younger (39 vs. 45 years old), were more likely to be nurses (85.1% vs. 

46.9%), reported experiencing less life stress (11.3% vs. 20.6%), greater job security, more psychological 

job demands, and less support from supervisors and coworkers. Although both groups had some history 

of shift work, rotating shift workers had more years of past exposure (11.7 vs. 7.8 years). There was no 

difference in education, levels of physical activity, or chronotype. 

Cortisol 



72 

 

Figure 1 contrasts the average cortisol profile by current shift work status, where profiles of 

rotating shift worker are stratified by the time of shift (day or night). The general shape of the diurnal 

cortisol profile during day shift cycle was consistent with the typical diurnal pattern in both day workers 

and rotating shift workers. However, the cortisol profile during the night shift cycle deviated from the 

expected pattern. It conformed to the expected shape until approximately 17 hours post-awakening 

where a second peak was observed. Comparing unadjusted total cortisol production (AUCG) of rotating 

shift workers and day workers indicated that the total diurnal cortisol was lower in shift workers; less 

cortisol was produced on both day shifts and night shifts (Table 4.2). The AUCI indicated that the shift 

time influenced how the diurnal cortisol pattern in shift workers compared to day workers; the diurnal 

curve during the night shift cycle was flatter than that of a day worker, but the curve during a day shift 

cycle was more pronounced.  

When comparing the diurnal cortisol profiles among shift workers by time of shift (day or night), 

less cortisol was produced during the night shift cycle (see Table 4.2). This decrease was accompanied by 

a flatter diurnal curve (see Fig. 4.1 and Table 4.2). When the night shift cycle is graphed by clock time, a 

minimal phase shift was observed (Fig. 4.2).  The diurnal quantity and pattern of cortisol production did 

not a   i te sit  of otati g shift o k ≥  o  <  o se uti e ights of shift o k pe  otatio . 

Ho e e , otati g shift o ke s ith lo ge  hou s ≥  hou s pe  shift  had o e p o ou ed u es 

than those with shorter hours (<12 hours) during the day shift cycles only (Table 4.2).  

Random sampling of urine cortisol was reasonably effective; samples were well distributed within 

24-hour cycles (see Appendix Fig. 4.4a-b, Fig. 4.5a-b). It should also be noted that a positive correlation 

was observed between values of AUCG and AUCI suggesting that lower diurnal production is associated 

with a flattened diurnal curve(r=0.14; p=0.01).  

 

 



73 

 

Multivariable associations between shift work and cortisol 

Total diurnal cortisol production was 16.7% lower during night shift cycles in shift workers 

compared to day shift cycles in day workers after adjusting for a priori confounders. This attenuation in 

production was accompanied by a flatter curve. There was no difference in the quantity of cortisol 

produced during day shift cycles by shift work status, although the diurnal pattern was more 

pronounced during the day shift cycle of a shift worker (see Table 4.3).   

Among day workers, each additional year of shift work exposure was associated with a 0.6 % 

increase in creatinine-adjusted cortisol, and curves became increasingly more pronounced after 

adjusting for a priori confounders. An analogous association was not observed in rotating shift workers 

regardless of shift timing (see Table 4.3). Furthermore, no change was observed in total cortisol 

production among shift workers when measures of day and night shift cortisol were combined.   

The timing of shift work exposure (day or night) was associated with changes in cortisol after 

adjusting for a priori confounders, other parameters of rotating shift work exposure (intensity, length of 

working hours), and years of past exposure. During the night shift cycle, rotating shift workers exhibited 

a 10.8% decrease in amount of diurnal cortisol production and flatter curves when compared to cortisol 

profiles from their day shift cycle (see Table 4.4).  

Mo e i te se shift o k ≥  o se uti e ight shifts pe  otatio  as ot asso iated ith 

changes in diurnal quantities and patterns of cortisol in shift workers after adjusting for a priori 

confounders, other parameters of rotating shift work exposure, and years of past exposure (see Table 

. . Lo ge  o k hou s i  otati g shift o k ≥  hou s pe  a e age shift  as ot associated with 

changes in diurnal quantity of cortisol production. However, the pattern of production was more 

pronounced in those with longer hours during a day shift cycle (see Table 4.4).  

In determining the effect of a specific shift work parameter, a model that adjusted for other shift 

work parameters did not substantially change effect estimates when compared to models without this 
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adjustment, nor did it change the overall interpretation (See Table 4.4). Models adjusting for both 

strong predictors and a priori confounders did not change the majority of results (see Appendix Tables 

4.5 and 4.6) 

DISCUSSION  

The findings of this study highlight the complexity of the relationship between shift work and 

cortisol. This study demonstrated that rotating shift work disrupted cortisol production in comparison to 

exclusive-day work. The diurnal quantity and pattern of cortisol production in rotating shift workers 

were attenuated compared to day workers, with this difference partially attributed to decreased cortisol 

production during night work sustained by a flattened curve. While the diurnal pattern of cortisol in shift 

workers remained different from day workers when they reverted to day shifts, the absence of any 

differences in the quantity of production suggests that the attenuation during night work is temporary. 

This acute change during night shift cycles may contribute to increased CVD risk among shift workers.8–11 

The Whitehall-II study (2011) of 4047 civil servants in the United Kingdom found that flattened cortisol 

patterns were associated with increased risk for CVD-related deaths (HR=1.87; 95% CI: 1.32-2.64), and a 

study of 1,002 Americans by Champaneri et al (2013) noted that decreased cortisol production was 

associated with increased BMI and visceral obesity. 41,42  

The cortisol curve during the night shift cycle clearly deviates from the expected diurnal shape 

when graphed by functional time (Figure 4.1). According to sleep diaries completed by the participants, 

shift workers usually woke up in midafternoon (e.g. 1500 hours) to begin urine collection for the night 

shift cycle, resulting in the initial CAR. The subsequent curve follows the expected pattern until 

approximately 17 hours post-awakening (e.g. 0800 hours) where there is a second peak that is likely 

explained by a CAR after the typical sleeping period after a night shift. When graphed by clock time, 

these two separate cortisol peaks are conjoined resulting in a minimal phase shift, and the general 
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shape of the curve more closely resembles that of a day shift cycle (Fig. 4.2). This may suggest that 

sleeping upon returning from a night shift diminishes cortisol disruption. 

In this study, shift work intensity was not associated with changes in diurnal quantity of cortisol 

produced, nor its diurnal pattern after controlling for length of working hours, shift work time, years of 

past exposure, and a priori confounders. Initially, this appears to be inconsistent with findings in 

previous studies which observed a reversal of curve flattening and increases in cortisol production after 

four or five consecutive night shifts.28,29,43 Almost all participants in this study, however, worked 

between 1-3 consecutive nights shifts (89.7%) where no effect was expected. In the context of CVD 

development, Ramin et al (2015) reported an association of more consecutive night shifts and increased 

risk of obesity, which is discordant with the suggestion that changes in cortisol associated with increased 

shift work intensity are adaptive. 28,29,43,44 These discrepancies require additional exploration as these 

studies are limited by small sample sizes and imprecise measures of shift work intensity.  

This study also found that greater years of past shift work exposure was associated with higher 

cortisol levels and more pronounced curves in current day workers but not in shift workers. This finding 

highlights the complexity of the shift work-cortisol relationship as night work and years of past exposure 

are associated with cortisol in opposite directions.  The absence of an association in shift workers may 

be due to innate variations in shift work tolerance among participants, possibly due to some genetic 

dispositions and differences in personality traits.45,46 Individuals who are more tolerant to shift work (i.e. 

experience less circadian disruption) may be more likely to continue shift work.31 Alternatively, 

individuals who remain in shift work are continually exposed to circadian stress from night work, which 

may have been conducive to adaptation.  Although decreased cortisol production seen in night work 

may contribute to CVD development, increased production observed in day workers due to long-term 

exposure may also play a role. Mechanisms by which increased cortisol contributes to CVD has been 

thoroughly explored in the literature. Elevated cortisol levels may also cause increased adipose tissue, 
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resulting in visceral obesity.27 It can also decrease insulin secretion from beta cells in the pancreas and 

interfere with interactions between insulin and cells, both of which result in elevated glucose levels.47–49 

Moreover, elevated cortisol contributes to the formation of fat deposits in blood vessels by increasing 

serum triglycerides.50 Cumulatively, visceral obesity, elevated fasting glucose levels, and increased 

serum triglycerides are criteria for metabolic syndrome (MetS), a cluster of risk factors for CVD.51 This is 

consistent with findings where increased cortisol levels were associated with a higher risk of MetS 

development and higher prevalence of CHD.49,52,53  

In determining the effect of specific rotating shift work parameters (e.g. time), adjusting for other 

parameters (e.g. intensity and length) did not result in notable differences compared to models that did 

not make this adjustment. This does not however, negate the importance of measuring and 

incorporating all parameters in shift work studies. It is possible that this particular study did not observe 

differences due to the limited variability of shift work intensity and length of working hours in the study 

sample. Studies with more diverse shift work patterns should continue to explore these parameters in 

their analysis to avoid erroneous conclusions. Even if shift work characteristics are fairly homogeneous, 

studies should be transparent and systematically report the characteristics of shift work in their sample. 

This will significantly reduce the difficulties of interpreting the shift work-cortisol literature, and would 

facilitate generalizations regarding relationships by informing readers of study comparability.  

This study has several strengths. In contrast to highly controlled laboratory settings, the 

observational nature of this study enabled us to capture cortisol fluctuations under realistic 

circumstances at work and at home where behaviours such as napping or eating can affect cortisol.2,31,54 

In particular, we were able to observe a previously undocumented second peak during a night shift 

cycle. This study was also able to capture the complexity of shift work exposure by systematically 

describing parameters of shift work and adjusting for shift work heterogeneity in the analysis. We hope 
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that the additional clarity facilitated by parameterizing shift work will encourage future studies to 

operationalize shift work in a similar manner.  

This study is not without limitations. No information was collected on social aspects of shift work 

on cortisol and thus, the previous analyses did not consider its effects. Non-differential misclassification 

of shift work exposure due to recall error is likely, and the effect of working jobs outside of the hospital 

is unaccounted for. Moreover, none of the changes in cortisol production,  despite biological plausibility, 

directly lead to CVD as there is no established threshold for clinically relevant changes, and the relative 

importance of its contribution to CVD development in comparison to other disruptions by shift work 

(e.g. melatonin, sleep disruption) has yet to be determined.12 Furthermore, it is not clear whether 

persistent higher levels of cortisol as seen in the day workers with a shift work history, or variation in the 

high and low levels of cortisol as seen in the shift workers, are harmful or not.  

The findings of this study may not be generalizable to men or shift workers in other occupations, 

or those working different shift work schedules. Ideally, future studies should measure cortisol during 

non-work days in addition to work days to capture the full effect of shift work on cortisol, as cortisol 

production of rotating shift workers and day workers may also differ on free days.55  

CONCLUSIONS 

In this study, shift work was associated with an acute decrease in total diurnal cortisol production 

and flattened curves, and among day workers only, chronic shift work exposure was associated with 

increased cortisol production and more pronounced curves.  This evidence could be used to inform 

workplace health promotion policies and practices such as health risk screening, implementing shift 

work interventions (e.g. naps, healthy foods), or adopting forward rotating shift schedules to mitigate 

the impact of shift work on health risks.2,19 
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Table 4.1 Demographic, lifestyle, and work characteristics of study population.  

 Shift workers (N=168) 

n (%) 

Day workers (N=160) 

n (%) 

p-value
a
 

Demographics and lifestyle  

Age (mean ± SD) 39 ± 11.6 45 ± 10.0 <0.01 

Education     

High school, Post-Secondary (certificate/diploma) 89 (53.0) 96 (60.0) 0.18 

Undergraduate, graduate degree, other 78 (46.4) 62 (38.8)  

Missing 1 (0.6) 2 (1.2)  

Chronotype 
 

   

Mid sleep time (mean ± SD) 3.30 ± 0.91 3.61 ± 1.29 0.14 

High life stress    

Present 19 (11.3) 33 (20.6) 0.03 

Not present 108 (64.3) 100 (62.5)  

Missing 41 (24.4) 27 (16.9)  

Achieved recommended physical activity
b
    

 

0.19 

 

Yes 76 (45.2) 63 (39.4) 

No 70 (41.7) 79 (49.4) 

Missing 22 (13.1) 18 (11.2) 

Work  

Employment category    

Nursing 143 (85.1) 75 (46.9) <0.01 

Manager, other
c
 25 (14.9) 85 (53.1)  

Full time or part time    

Full-time 135 (80.4) 130 (81.2) 0.84 

Part-time 33 (19.6) 30 (18.8)  

Years of shift work history (mean ± SD) 11.7 (9.6) 7.8 (8.4) <0.01 

Shift work length (hours)
 

   

<12  27 (16.1) -  

≥   140 (83.3) - - 

Missing 1 (0.6) -  

Shift work intensity (consecutive nights/ rotation)
 
    

<3 97 (57.7) - - 

≥  71 (42.3) -  

Job strain (mean ± SD)    

Decision latitude 67.8 ± 8.0 67.7  ± 10.0 0.82 

Macro-level decision authority 17.5 ± 3.9 18.2 ± 5.2 0.15 

Psychological job demands 21.2 ± 4.7 19.3  ± 5.6 <0.01 

Job insecurity 4.2 ± 0.8 4.9 ± 1.4 <0.01 

Social support (supervisor, co-worker) 22.3  ± 2.9 23.5 ± 3.3 <0.01 

a. Continuous variables compared using Wilcoxon rank-sum test. Categorical variables compared using Chi-s ua ed test o  Fishe s e a t 
test. Two-sided p-value. 

b.  According to World Health Organization guidelines.  

c.  Nutrition services, environmental services, ergonomist, cleaner, education, research, total compensation association, abilities claim 

specialist, concurrent reviewer, child life specialist 
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Table 4.2 Description of cortisol by shift work status and parameters of rotating shift work.†   
 N AUCG

a 

(mean ± SD) 

p-value AUCI
b 

(mean ± SD) 

p-value
 

Current work status      

Day 153 1134.2 ± 281.6 <0.01 25.9 ± 438.4 0.70 

Shift 168 1013.8 ± 292.3  12.3 ± 711.7  

Time of shift work
 c
      

Day  167 1058.7 ± 369.9
d 

0.03 212.2 ± 585.8
 d

   <0.01 

Night 161 962.1 ± 324.4
d 

-207.3 ± 459.8
d
 

Shift work intensity
c
 

(Consecutive nights) 

     

Day shift      

<3  97 1046.1 ± 342.9 0.64 265.3 ± 518.8 0.30 

≥  70 1076.3 ± 406.3 138.8 ± 664.5 

Night shift      

<3  93 935.6 ± 280.8 0.25 -220.0 ± 445.5 0.58 

≥  68 998.4 ± 375.2 -190.0 ± 481.4 

Length of working hours
c
      

Day       

<12  27 1041.1 ± 304.7 0.82 -17.1 ± 1.15 <0.01 

≥  139 1056.4 ± 377.2 268.6 ± 557.8 

Night       

<12  26 1021.8 ± 421.8 0.17 -128.5 ± 516.3 0.21 

≥  134 950.0 ± 303.8 -223.1 ± 450.3 

†  Wilcoxon rank-sum test. Two-sided p-value. 

a. Total diurnal cortisol (µmol/mol of creatinine). 

b. Cortisol pattern. More negative values represent flatter curves. 

c. Current shift workers only. 

d. Different from day worker. P-value<0.05. 
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Table 4.3 Multi a iate asso iatio s et ee  shift o k a d o tisol.†   
 N AUCG (95% CI)

 a
 p-value AUCI (95% CI)

b
 p-value 

Current shift work      

Day worker 151  Ref.   

Shift worker on day shift  161 -5.3 (-11.8, 1.8) 0.14 116.0 0.01 

Shift worker on night shift  156 -16.7 (-23.3, -9.7) <0.01 -239.2 (-343.4, -134.9) <0.01 

Past shift work       

Day worker 151 0.6 (0.02, 1.11) 0.04 10.6 (1.2, 19.9) 0.03 

Shift worker on day shift  161 -0.1 (-1.0, 0.1) 0.85 11.1 (-4.7, 26.8) 0.17 

Shift worker on night shift  156 -0.6 (-1.7, 0.6) 0.34 10.3 (-2.1, 22.7) 0.10 

†   Adjusted for a priori confounders (age, education, chronotype). P-values derived from Wald Test.  

a. Percent change in total diurnal cortisol (µmol/mol of creatinine). 

b. Cortisol pattern. More negative values represent flatter curves. 
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Table 4.4. Multivariable associations between parameters of shift work exposure and cortisol.† 

 N
 

AUCG (95% CI)
a 

p-value
 

AUCG (95% CI)
b 

p-value AUCI (95% CI)
c 

p-value AUCI(95% CI)
d 

p-value
 

Time of shift work
 

         

Day  160 Ref 

Night  155 -10.8 (-17.6, -2.1) 0.01 -10.5 (-18.2, -1.9)  0.02 -426.8 (-544.7, -308.8) <0.01 -428.7 (-550.8, -306.6) <0.01 

Shift work intensity
 

(Consecutive nights) 

         

Day shift          

<3  94 Ref. 

≥  67 1.4 (-9.3, 13.5) 0.80 -0.45 (-10.3, 12.5) 0.93 -125.5 (-313.1, 62.0) 0.19 -103.4 (-287.3, 80.4) 0.27 

Night shift          

<3  90 Ref. 

≥   66 4.2 (-9.1, 19.4) 0.55 4.7 (-8.8, 20.3) 0.51 30.7 (-114.1, 178.4) 0.68 15.2 (-130.8, 161.3) 0.84 

Length of working 

hours 

         

Day shift          

<12  24 Ref. 

≥  136 -1.0 (-16.0, 16.6) 0.90 -1.2 (-16.5, 17.0) 0.89 299.8 (32.5, 567.2) 0.03 277.4 (3.9, 551.0) 0.04 

Night shift          

<12  23 Ref. 

≥   132 -0.2 (-18.5, 22.1) 0.98 2.3 (-16.9, 20.3) 0.83 -25.3 (-240.0, 189.5) 0.81 -67.7 (-287.3, 151.8) 0.54 

† Cu e t shift o ke s only.  P-values derived from Wald test. 

a. Percent change in total diurnal cortisol (µmol/mol of creatinine).  Adjusted for a priori confounders (age, education, chronotype). 

b. In addition to past exposure and a priori confounders, effect of timing is also adjusted for intensity and length; effect of intensity is also adjusted for timing and length; effect of 

length is also adjusted for intensity and timing.  

c. Change in cortisol pattern. More negative values represent flatter curves. Adjusted for a priori confounders. 

d. In addition to past exposure and a priori confounders, effect of timing is also adjusted for intensity and length; effect of intensity is also adjusted for timing and length; effect of 

length is also adjusted for intensity and timing.  
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Figure 4.1 Cortisol by current shift work status. Fluctuations in cortisol profiles based on functional time.  
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Figure 4.2 Shift worker cortisol profiles stratified by time of shift. Fluctuations in cortisol based on clock time. 
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MANUSCRIPT APPENDIX 
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Figure 4.3 DAG used to determine a-priori confounders and strong predictors that affect the shift work-cortisol 

relationship.
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a. 
b. 

Figure 4.5 Distribution of cortisol samples across time in shift workers. a. Day shift cycle. b. Night shift cycle 

a. b. 

Figure 4.4 Distribution of cortisol samples across time in day workers. a. First day shift cycle. b. Second day shift cycle 
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Table 4.5 Multi a iate asso iatio s et ee  shift o k a d o tisol.†   

 N AUCG (95% CI)
a
 p-value AUCI(95% CI)

b
 p-value 

Current shift work      

Day worker 111  Ref.   

Shift worker on day shift  107 -2.6 (-10.6, 6.1) 0.54 169.2 (12.3, 326.2) 0.03 

Shift worker on night shift  104 -16.1 (-23.8, -7.6) <0.01 -257.8 (-391.9, -123.8) <0.01 

Past shift work       

Day worker 111 0.9 (0.2, 1.6) 0.01 9.9  (-1.9, 21.7) 0.10 

Shift worker on day shift  107 -0.1 (-1.3, 1.1) 0.85 17.8 (-3.0, 38.6) 0.09 

Shift worker on night shift  104 -0.3 (-1.6, 1.1) 0.66 7.7 (-8.8, 24.3) 0.36 

†   Adjusted for a priori confounders (age, education, chronotype) and strong predictors (life stress, job stress, physical 

activity). P-values derived from Wald test. 

a. Percent change in total diurnal cortisol (µmol/mol of creatinine). 

b. Cortisol pattern. More negative values represent flatter curves. 
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Table 4.6 Multi a iate asso iatio s et ee  pa a ete s of shift o k e posu e a d o tisol. † 

 N
 

AUCG (95% CI)
a
 p-value

 
AUCG (95% CI)

b 

(95% CI)
 

p-value AUCI (95% CI)
c 

p-value AUCI (95% CI)
d 

p-value
 

Time of shift work
 

         

Day  107 Ref 

Night  104 -10.5 (-18.1, -1.9) 0.02 -11.7 (-19.7, -2.7)  0.01 -456.8 (-601.9, -311.8) <0.01 -476.4 (-627.7, -

325.0) 

<0.01 

Shift work intensity
 

(Consecutive nights) 

         

Day shift          

<3  65 Ref. 

≥   41        1.8 (-10.8, 16.4) 0.79 -0.4 (-13.1, 14.1) 0.95 -121.7 (-363.0, 119.5) 0.32 -111.7 (-345.8, 122.5) 0.35 

Night shift          

<3  62 Ref. 

≥   41 1.1 (-13.8, 18.4) 0.90 1.8 (-13.6, 19.8) 0.83 103.6 (-89.7, 297.0) 0.29 92.6 (-107.4, 292.6) 0.36 

Length of working 

hours 

         

Day shift          

<12  18 Ref. 

≥  88    7.6 (-10.5, 29.2) 0.43 8.0 (-11.3, 31.4) 0.44 332.9 (15.8, 649.9) 0.04 318.0 (-19.3, 655.4) 0.06 

Night shift          

<12  17 Ref. 

≥  86 -12.5 (-29.9, 9,1) 0.23 -12.7 (-31.1, 10.5) 0.26 49.0 (-225.0, 323.0) 0.72 -0.21 (-290.3, 289.9) 1.00 

† Cu e t shift o ke s o l .  P-values derived from Wald test. 

a. Percent change in total diurnal cortisol (µmol/mol of creatinine).  Adjusted for a priori confounders (age, education, chronotype) and strong predictors (life stress, occupational stress, 

physical activity) 

b. In addition to past exposure, a priori confounders and strong predictors, effect of timing is also adjusted for intensity and length; effect of intensity is also adjusted for timing and length; 

effect of length is also adjusted for intensity and timing.  

c. Change in cortisol pattern. More negative values represent flatter curves.  Adjusted for a priori confounders and strong predictors.  

d. In addition to past exposure, a priori confounders, and strong predictors, effect of timing is also adjusted for intensity and length; effect of intensity is also adjusted for timing and 

length; effect of length is also adjusted for intensity and timing.  
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Chapter 5 

Ge eral Discussio  

5.1 Main findings 

The purpose of this thesis was to determine the relationship between shift work and 

cortisol production. Changes in cortisol production have been proposed as a mechanism for CVD 

development. Further research was required to clarify findings of previous studies.  The 

objectives of this thesis were achieved in that we described and determined the effect of shift 

work status, parameters of rotating shift work (time, intensity, length), and past shift work 

exposure on the diurnal quantity and pattern of cortisol production.  

The findings of this thesis highlight the complexity of the relationship between shift work 

and cortisol. Night work and past shift work exposures are associated with a decrease and 

increase in cortisol respectively, both of which may contribute to CVD development through 

different pathways. Although we did not find any association between length or intensity of shift 

work and cortisol production, their potentially differential effects (see Chapter 2) add another 

layer of complexity to the shift work-cortisol relationship. The following text discusses these 

findings in further detail.  

5.1.1 Current shift work status and cortisol 

By comparing cortisol profiles of rotating shift workers to day workers, we determined the 

overall effect of rotating shift work on the diurnal quantity and pattern of cortisol production. 

Shift workers produced less cortisol than exclusive-day workers and had a flattened diurnal 

curve, which is consistent with previous studies.1,2 
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5.1.2 Shift work time and cortisol 

Some of the differences in cortisol between rotating shift workers and day workers were 

attributed to night work. When cortisol profiles of rotating shift workers were stratified by the 

time of shifts (day or night), the night shift cycle was associated with decreased diurnal 

production and a flattened diurnal curves compared to their day shift cycle. This is consistent 

with several previous studies which found that various non-day shifts were associated with 

lower levels of cortisol.3,4 While the diurnal pattern of cortisol in shift workers when they revert 

to day shifts remained different from day workers, the absence of any differences in the 

quantity produced suggests that the attenuation during night work is temporary. 

Nevertheless, this attenuation may contribute to CVD development. The Whitehall-II 

study (2011) of 4047 civil servants in the UK found that flattened cortisol profiles were 

associated with increased risk for CVD-related deaths (HR=1.87; 95% CI: 1.32-2.64), and there is 

evidence that lower cortisol levels may be associated with obesity, a risk factor for CVD. 5,6 

Furthermore, sustained decreases in cortisol levels may amplify inflammatory responses that 

a e o du i e to the de elop e t of athe os le osis due to o tisol s a ti-inflammatory 

properties.7,8 Changes in nighttime cortisol levels during the night shift cycle may also increase 

hunger, explaining why several studies have observed higher energy intake during night work.9 

This study, however, cannot comment on these findings because we did not compare cortisol 

levels at nighttime specifically. Furthermore, the contribution of cortisol to changes in eating 

habits needs to be considered within the complex network of other biological factors (e.g. 

leptin), as well as social and organizational factors.9,10 As cortisol plays a role in the metabolism 

of fats and carbohydrates, changes in cortisol reactivity to food during nocturnal eating may also 

play a role in CVD development. Holmbäck et al (2004) noted that while cortisol levels were 
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attenuated after daytime meals (0400, 0800, 1200 hours), they did not decrease after nighttime 

meals (1600, 2000, 0000 hours).11  

Despite the evidence for the plausibility of the relationship between decreased cortisol 

and CVD, we are cautious in suggesting that the acute attenuation we observed in this study 

leads to CVD. There are no established thresholds for clinically relevant changes. Nevertheless, if 

cortisol attenuation in shift work does contribute to CVD development, manipulating light 

exposure may be a potential intervention.12 In a study of Siberian hamsters, hamsters exposed 

to light at night had flattened diurnal cortisol curves, and a decreased serum cortisol 

concentration compared those exposed to a normal light-dark cycle.12 

Relative to the day shift cycle, the curve from the night shift cycle was expected to 

phase shift with respect to clock time due changes in the sleep-wake times. Shift workers 

generally indicated through their sleep diary that they slept until approximately 1500 hours 

before beginning urine collection for the night shift cycle.  Thus, it was hypothesized that the 

CAR and the subsequent pattern would occur in midafternoon rather than the early morning 

hours. Consistent with our hypothesis, a CAR was observed in midafternoon (approximately 

1530 hours). However, the diurnal curve from the night shift cycle deviated from the established 

diurnal pattern with an unexpected second peak approximately 17-hours post awakening ( 0830 

hours), and this increase was sustained until the end of the 24-hour collection period. As a 

result, when the night shift curve was graphed by clock time, these two separate peaks are 

conjoined, and the drastic phase shift we hypothesized did not occur. In fact, the cortisol profile 

with respect to clock time more closely resembled the cortisol curve during the day shift cycle 

with a single peak during the morning hours. This may suggest that sleeping in the morning after 

a night shift helps reduce the disruption of cortisol, having a positive impact on cardiovascular 

health. It should also be noted that the sustained increase from 17 to 24 hours post-awakening 
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(approximately 0830-1530 hours) may not be reflected in individual curves due to the variable 

wake times and thus, variable CAR timing which resulted in a plateau when individual curves are 

aggregated using the Lowess curve.  

5.1.3 Shift work intensity and cortisol  

Shift work intensity was not associated with changes in diurnal quantity of cortisol 

produced or diurnal pattern. Cortisol production in shift workers with 3 or more consecutive 

night shifts per rotation did not differ from those with less than 3 consecutive nights. Initially, 

these findings appear to be inconsistent with previous studies where a reversal of cortisol 

attenuation during a night shift cycle was observed by the 4th or 5th consecutive night shift. 13–15 

An analysis of the distribution of current shift work intensity indicated that the majority of 

rotating shift workers in this sample worked fewer than 4 night shifts (89.7%), where no effect 

was expected. In the context of CVD development, Ramin et al (2015) associated more 

consecutive night shifts with increased risk of obesity. 13–16 However, this is discordant with the 

suggestion that the reversal of cortisol attenuation accompanying increasing shift work intensity 

is adaptive.13–16 This discrepancy requires additional exploration.  

5.1.4 Shift work length and cortisol 

Length of a workday among rotating shift workers did not affect the amount of diurnal 

cortisol production, although there was some evidence that it may affect the pattern of 

production. These results should be interpreted with caution.  Our findings may be inaccurate as 

they are subject to random error due to the small number of rotating shift workers with less 

than 12 hours per shift. Our results are inconsistent with previous studies that concluded longer 

work hours were associated with elevated cortisol production.17,18 However, if our findings are 
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valid, it may imply that the observed association between longer working hours and increased 

CVD risk may be due to a combination of contributory factors that do not include cortisol.19,20  

5.1.5 Accumulated past shift work and cortisol 

Chronic exposure to shift work has been associated with both increased and decreased 

total cortisol production in previous studies.21,22 This study found that each additional year of 

past shift work exposure was associated with an increase in the diurnal quantity of cortisol 

production and more pronounced curves in day workers. Disruption of the HPA-axis may explain 

our findings. Cortisol is partially regulated by a negative feedback loop in which cortisol 

suppresses upstream hormones to prevent its own secretion.23 Chronic stress (e.g. chronic 

exposure to shift work) diminishes the effectiveness of this negative feedback loop, resulting in 

sustained increases in cortisol levels.7,23,24 

Although some contrary evidence has been published, increases in cortisol likely 

contribute to CVD development. 25–32   Elevated cortisol levels can increase adipose tissue, 

resulting in visceral obesity.26 It can also decrease insulin secretion from beta cells in the 

pancreas and interfere with interactions between insulin and cells, both of which result in 

elevated glucose levels.27–29 Moreover, elevated cortisol contributes to the formation of fat 

deposits in blood vessels by increasing serum triglycerides.33 Cumulatively, visceral obesity, 

elevated fasting glucose levels, and increased serum triglycerides are criteria for metabolic 

syndrome (MetS), a cluster of risk factors for CVD.30 This is consistent with findings where 

increased cortisol levels were associated with a higher risk of MetS development and higher 

prevalence of CHD.29,31,32 Increased cortisol levels may also promote the growth of fatty streaks 

in atherosclerosis.34 Napping has been proposed as an intervention as it has been shown to 

reduce increases in cortisol exhibited in shift work-like conditions.7 However, we refrain from 
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concluding that these observed changes lead to CVD development because we do not know the 

clinically relevant threshold of change.  

Among rotating shift workers, there was no association between years of past exposure 

and cortisol. This may be due to differences in shift work tolerance by current shift work status. 

Shift work tolerance is higher in persons with certain genetic dispositions, a later chronotype, 

and an internal locus of control, with certain personality characteristics (less neurotic, more 

extraverted).35 Although we do not have the information to comment on all of these factors, our 

descriptive statistics indicate that day workers may have different personality characteristics as 

they experience greater life stress, which is mediated by personality.36 These innate differences 

could indicate that day workers have a greater tendency to experience disruption of circadian 

rhythm by shift work (e.g. changes in cortisol production), and may explain why shift workers do 

not experience the effects of chronic shift work on cortisol despite having more years of past 

exposure. Alternatively, comparatively more years of past exposure in current shift workers may 

have facilitated adaptive changes that reduce cortisol disruption.  

5.2 Strengths  

In contrast to highly controlled laboratory settings, the observational nature of this study 

enabled us to capture cortisol fluctuations under realistic circumstances where behaviours such 

as napping or eating can affect cortisol.37,22,11 We also had a comprehensive urine sampling 

protocol over a full 48-hour period. This enabled us to record a previously undocumented 

second peak during a night shift cycle. Unlike previous studies of shift work and cortisol, this 

study was able to capture the complexity of shift work exposure by systematically describing 

parameters of rotating shift work and adjusting for shift work heterogeneity in the analysis. The 

clarity of these findings will improve our understanding of the relationship between shift work 

and cortisol. We also hope that the additional clarity facilitated by parameterizing shift work will 
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encourage future studies to operationalize shift work measures in a similar manner. This study 

also had a substantially larger sample size than previous studies of the shift work-cortisol 

relationship; larger samples reduce random error and increase the power to detect an 

association between shift work and cortisol.38  

5.3 Limitations 

As our study was cross-sectional study, we were unable to conclusively determine the 

temporal sequence. It is possible that disruption of cortisol we observed in this study may have 

occurred prior to shift work exposure due to other factors. Although unlikely, there was also 

some potential for selection bias. For instance, those who experience greater circadian 

disruption, including changes in cortisol production, may be less likely to participate. It is also 

possible that shift workers were less likely to participate than day workers, or vice versa. 

Substantiating this would require information on the number of all possible participants and 

their current shift work status, which would be difficult to quantify due to the nature of the 

various recruitment processes. For example, it would be difficult to quantify the number of 

people who viewed a poster in hospital unit.  

Further, the interpretation of these findings was limited to the effect of shift work on 

cortisol during working time, and we cannot make any conclusions about the effect of shift work 

on 24-hour cycles with no work (i.e. free days) because samples were not taken during these 

periods. Wong et el (2012) noted that cortisol levels on free days and workdays were distinctly 

different between rotating shift workers and day workers.1 This could suggest that shift work 

may have some residual effect on cortisol during non-work days. Thus, an assessment of cortisol 

on free days in addition to working days would capture the effect of shift work on cortisol more 

completely.  
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The distribution of shift work length and intensity in this sample limited the ability of this 

study to draw conclusions regarding the association between these parameters and cortisol. 

There may also be recall error in some aspects of shift work exposure assessment. For example, 

while it is unlikely that participants would inaccurately recall their current shift work status, it is 

possible that they would erroneously report their years of past exposure. In some cases, 

participants were asked to recall their work patterns over 20 years prior. Also, in calculating 

accumulated years of shift work exposure, it was assumed that part-time employees worked 

half as much as their full-time counterparts, which may be an inaccurate generalization. 

Rotating shift work intensity and average length of working hours might have also been subject 

to e all e o . The e te t of is lassifi atio  likel  depe ds o  the o siste  of a pa ti ipa t s 

schedule, where a predictable schedule might be recalled more accurately. To address this 

limitation, records of work schedules could be used to assess shift work exposure, but this type 

of validation was beyond the scope of this project.  

While it would have been ideal to compare shift workers to individuals who had never 

experienced shift work, the number of participants with no exposure was very limited in our 

sample. A supplementary statistical analysis in which  cortisol  production in shift workers  was 

compared to day workers while controlling for years of past shift work exposure showed an 

acute attenuation in cortisol during night work. This suggests that the comparison of shift 

workers to a never exposed group would also indicate cortisol disruption by shift work.  

No information was collected on social aspects of shift work on cortisol (i.e. the number 

of free days, predictability of working hours). 7 As a result, we were unable to explore its effect 

on shift work, or adjust for its effects in analyses of other shift work parameters.7 Some 

participants also stated that they had second jobs. Second jobs may result in misclassification of 

participants by current shift work status. For example, participants who report being day 
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workers at Kingston General Hospital may actually be shift workers because of non-day shifts at 

their second job. Second jobs may also impact estimation of rotating shift work parameters. This 

study did not formally incorporate measurement tools to describe the nature of these jobs.  

Using the Lowess curve, or a curve of best fit, to graph cortisol as a function of clock time 

may have produced a less accurate illustration of the phase shift. Cortisol profiles graphed using 

clock time should be identical to the curve graphed by functional time, with the exception that it 

is shifted across the x-axis. However, this may not be the case when the Lowess curve is used. 

Fo  e a ple, if t o pa ti ipa ts  o tisol u es he e supe i posed usi g fu tio al ti e, the 

cortisol peak would occur at similar points on the x-axis (e.g. 30 minutes after awakening). 

However, when they are superimposed using clock time, the relative distance of the individual 

curves will differ depending on participant wake time (e.g. one participant may wake up at 7AM 

with cortisol peaking 7:30 AM, whereas another participant may wake up at 5AM with cortisol 

peaking at 5:30 AM), potentially giving rise to a very different curve of best fit. Ideally, this 

graphical depiction should have been supplemented with a quantitative descriptor such as the 

difference in the clock time of peak cortisol between day and night shift cycles.7 However, the 

random nature our urine samples did not allow us to adequately capture true peak times. 

Our measures of day shift cortisol levels in day workers were more precise than that of a 

shift worker. Using the arithmetic mean of 24-hour cortisol production during first and second 

day shift cycles of day workers reduced the cortisol variability within this group, but we were 

unable to calculate an analogous mean for shift workers. This is because samples were only 

collected for a single day shift. As an alternative, 24- hour cortisol measures in day workers 

could have been represented by a single day shift cycle to eliminate this discrepancy. However, 

it is unlikely to have led to a different conclusion. Preliminary analysis indicated that cortisol 

production did not differ between the two day shifts of the day workers.  
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The creatinine-adjusted cortisol measures were compared to the reference range for 

females at least 18 years of age published by the Mayo clinic.39 These quality control measures 

indicated that a large proportion (approximately 64%) of creatinine-adjusted cortisol measures 

were above the biologically normal threshold. This discrepancy may be due to the use of the 

ELISA and Jaffe reaction instead of liquid chromatography-tandem mass spectrometry, the gold 

standard procedure that was used to determine the standard range.39 Further analysis 

determined that this discrepancy resulted in constant error, which can be attributed to 

measurement instruments. While the absolute values of creatinine-adjusted cortisol may be 

inaccurate, constant error throughout all measurements implies that relative comparisons made 

in this study remain valid. It should also be noted that physical activity and life stress variables 

had significant amounts of missing data, decreasing the number of participants included in the 

secondary models that controlled for their effects. 

This thesis was also unable to determine the extent to which changes in cortisol 

production contributed to shift work-related CVD development because there are no clinically 

relevant threshold of changes.. Furthermore, because of the multifactorial nature of CVD 

development, there is a need to integrate our findings into the broader context of other 

behavioural and physiological disruptions induced by shift work that may also contribute to CVD 

development, such as melatonin, or sleep disruption. 24 

5.4 Generalizability 

These results are generalizable to female employees of approximately the same age and 

occupations in the healthcare sector. Several studies have shown that total excretion of cortisol 

in urine is higher in men.40 In a meta-analysis of 45 studies, Otte et al (2004) demonstrated that 

cortisol responses to psychological and pharmacological stressors as people age is stronger in 
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women.41 Also, these findings may not be generalizable to other shift work patterns, or other 

occupational populations outside of healthcare; truck drivers, bus drivers, manufacturers may 

be very different with respect to factors that affect cortisol.  

5.5 Future directions 

Future research should continue to explore the relationship between shift work and 

cortisol. Samples of shift workers with greater variation in length and intensity can help 

elaborate on findings in this study, and validate findings in previous studies. Further exploration 

of social aspects on shift work is also required to completely describe the impact of shift work 

on cortisol. Moreover samples should be taken on free days in addition to workdays to fully 

characterize changes in cortisol. Ideally, shift work exposure should be assessed through 

complete work records to reduce recall error.  

Future studies should note the importance of specific shift work parameters in analyses. 

Given that parameters of shift work affect cortisol differently, studies using samples with diverse 

shift work patterns will need to measure and account for these parameters in their analysis to 

avoid erroneous conclusions. This will significantly reduce the difficulties of interpreting the shift 

work-cortisol literature, and facilitate generalizations by indicating the comparability of 

individual studies. Future studies should also determine the impact of different cortisol patterns 

on CVD risk, and explore how changes in physical activity, diet, or sleeping habits directly relate 

to cortisol production among shift workers. These studies could identify behaviours that are that 

facilitate adaptive changes in cortisol, or prevent disruption.  

5.6 Conclusions 

Night shifts were associated with an acute decrease in total cortisol levels and a flattened 

cortisol curve. Chronic shift work exposure was associated with increased cortisol production 
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and more pronounced curves in day workers.  Thus, various shift work parameters are 

associated with different acute and chronic effects on cortisol disruption. Both attenuated and 

increased cortisol production may play a role in CVD development by causing physiological 

changes associated with the development of MetS and atherosclerosis.   

Understanding the impact of specific parameters of shift work on cortisol will form the 

foundation for a more directed approach in the development of workplace policies that modify 

shift work schedules to reduce its negative impact on cardiovascular health. Although 

interventions to mitigate the impact of shift work on cortisol have already been proposed, they 

are largely theoretical. Further observational evidence is required to demonstrate their 

effectiveness among shift workers. At this time, we do not have adequate information to make 

public health recommendations. Further research is required to fully understand and integrate 

information on how shift work affects cortisol and other circadian rhythms (e.g. melatonin, 

eating habits) in order to develop well-informed policies that limit harm to shift workers. 
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Appendix A 

Measure e t tools 

 

 

 

 

Have you ever had a job that involved working at night (any work between midnight and 5AM)? 

  Yes   No 

 

In the last 3 months, I worked as a shift worker. 

 Yes  

 No 

 

 

 

 

 

How many years in total did you work in jobs with work at night?  

Full time_________________ 

  Part time_________________ 

 

Please indicate the number of years in each shift pattern. If you did not work the shift pattern, 

please i di ate N/A . 
 

Permanent Night Shifts: FT _______   PT _______ 

Rotating Shifts (mix of day/evening/night shifts): FT _______   PT _______ 

 

 

 

 

Do you usually work? 

 a. 8 hour shifts 

 b. 12 hour shifts 

 c. Various shifts  

 d. Some other shift (please describe):________________________________ 

 

 

 

 

 

 

For each shift type please indicate the number of consecutive nights worked in 1 rotation. If you 

did ot o k the shift patte  please i di ate N/A .  
 

Rotating Shifts (mix of day/evening/night shifts): FT _______   PT _______  

 

Current shift work status 

 

Past shift work  

 

Current shift work intensity 

 

Current shift work length 
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Are you working full-time or part-time? 

 a. Full-time 

 b. Part-time 

 

                                                    

 

 

Date of Birth: _________/_______/_______ 

                           Year          Month         Day 

 

 

 

 

What is the highest level of education you have obtained? 

  High School 

  Post Secondary (certificate/diploma) 

  University Undergraduate Degree 

  Graduate Degree (Master, PhD, etc) 

  Physician or Resident 

  Other _________________________ 

 

 
 

 

I have a regular schedule (this includes being for example, a housewife):   

 Yes…I o k o …     2   3  4  5  6  7    days/per week. 

 No 

 

If ou  a s e  is Yes, o   da s  o  No , please agai  thi k, if ou  sleep ti es a  diffe  
et ee  egula  Wo kda s  a d Weeke d da s , a ho  a d fill out the MCTQ i  this i  this 

respect) 

 

Please use a 24-hour time scale (e.g. 23:00 instead of 11pm) 

 

Workdays 

 

I go to ed at ________ o lo k.  
(Note that some people stay awake for some time while in bed) 

 

I a tuall  get ead  to fall asleep at ________ o lo k 

 

I need ________ minutes to fall asleep 

 

I ake up at ________ o lo k 

 

After ________minutes, I actually get up. 

Education 

 

Munich Chronotype Questionnaire 

Age 
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I use an alarm clock on workdays  

 Yes 

 No 

 

If es , I egula l  ake up BEFO‘E the ala  i gs 

 Yes 

 No 

 

Free Days 

 

I go to ed at ________ o lo k.  
(Note that some people stay awake for some time while in bed) 

 

I a tuall  get ead  to fall asleep at ________ o lo k 

 

I need ________ minutes to fall asleep 

 

I wake up at ________ o lo k 

 

After ________minutes, I actually get up. 

 

My wake-up time is due to the use of an alarm clock 

 Yes 

 No 

 

There are particular reasons why I CANNOT freely choose my sleep times on free days 

 Yes 

 No 

 

If es , is it: 
 Children/pets 

 Hobbies 

 Others, for example __________________________ 

 

 

Time Spent Outdoors 

 

On average, I spend the following amount of time outdoors in daylight (without a roof above my 

head): 

 

In the spring/summer: 

 

On Workdays ________ hours ________ minutes 

 

On Free Days ________ hours ________ minutes 

 

 

In the fall/winter: 
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On Workdays ________ hours ________ minutes 

 

On Free Days ________ hours ________ minutes 

 

 

 

ACTIVITY AT WORK 

 

1. Does your work involve vigorous-intensity activity that causes large increases in    breathing or 

heart rate like [carrying or lifting heavy loads, digging or construction work] for at least 10 

minutes continuously? 

 

Yes   

No  If no, go to Question 4  

 

 

2. In a typical week, on how many days do you do vigorous-intensity activities as part of your 

work? 

 

Number of days ____________ 

 

3. How much time do you spend doing vigorous-intensity activities at work on a typical day? 

(Think of one day you can recall easily. Consider only those activities undertaken continuously for 

10 minutes or more.) 

 

Hours _______ Minutes _______ 

 

 

4. Does your work involve moderate-intensity activity, that causes small increases in breathing 

or heart rate such as brisk walking [or carrying light loads] for at least 10 minutes continuously? 

 

Yes   

No  If no, go to Question 7 

 

5. In a typical week, on how many days do you do moderate-intensity activities as part of your 

work? 

 

Number of days ____________ 

 

6. How much time do you spend doing moderate-intensity activities at work on a typical day? 

(Think of one day you can recall easily. Consider only those activities undertaken continuously for 

10 minutes or more.) 

 

Hours _______ Minutes _______ 

 

 

TRAVEL TO AND FROM PLACES 

Global Physical Activity Questionnaire 
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The next questions exclude the physical activities at work that you have already mentioned. 

Think about the usual way you travel to and from places. For example, to work, for shopping, to 

market, to place of worship.  

 

7. Do you walk or use a bicycle (pedal cycle) for at least 10 minutes continuously to get to and 

from places? (Please circle the appropriate response)  

 
Yes   

No  If no, go to Question 10    

 

8. In a typical week, on how many days do you walk or bicycle for at least 10 minutes 

continuously to get to and from places? 

 
Number of days ____________ 

 

9. How much time do you spend walking or bicycling for travel on a typical day? (Think of one 

day you can recall easily. Consider the total amount of time walking or bicycling for trips of 10 

minutes or more.) 

 
Hours _______ Minutes _______ 

 

 

RECREATIONAL ACTIVITIES 

 

The next questions exclude the work and transport activities that you have already mentioned. 

Think about sports, fitness and recreational activities and leisure activities you participate in on 

a regular basis (not occasionally). It is important to focus on only recreational activities and not 

to include any activities already mentioned.  

 

 

10. Do you do any vigorous-intensity sports, fitness or recreational (leisure) activities that cause 

large increases in breathing or heart rate like running or football for at least 10 minutes 

continuously? 

 
Yes   

No  If no, go to Question 13 

 

 

11. In a typical week, on how many days do you do vigorous-intensity sports, fitness or 

recreational (leisure) activities? 

 
Number of days ____________ 

 

 

12. How much time do you spend doing vigorous-intensity sports, fitness or recreational 

activities on a typical day? (Think of one day you can recall easily. Consider the total 

amount of time doing vigorous recreational activities for periods of 10 minutes or more.)  

 
Hours _______ Minutes _______ 
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13. Do you do any moderate-intensity sports, fitness or recreational (leisure) activities that 

causes a small increase in breathing or heart rate such as brisk walking, cycling, 

swimming, or volleyball for at least 10 minutes continuously? 

 
Yes   

No  If no, go to Question 16 

 

14. In a typical week, on how many days do you do moderate-intensity sports, fitness or 

recreational (leisure) activities? 

 
Number of days ____________ 

 

15. How much time do you spend doing moderate-intensity sports, fitness or recreational 

(leisure) activities on a typical day? (Think of one day you can recall easily. Consider the total 

amount of time doing moderate recreational activities for periods of 10 minutes or more.) 

 

Hours _______ Minutes _______ 

 

 

 

SEDENTARY BEHAVIOUR 

 

The following question is about sitting or reclining at work, at home, getting to and from places, 

or with friends including time spent sitting at a desk, sitting with friends, travelling in car, bus, 

train, reading, playing cards or watching television. DO NOT include the time you spend 

sleeping. 

 

 

16. How much time do you usually spend sitting or reclining on a typical day?  

(Consider total time spent at work sitting, in an office, reading, watching television, using a 

computer, doing hand craft like knitting, resting etc. Do not include time spent sleeping.) 

 

Hours _______ Minutes _______ 
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**REGARDING YOUR CURRENT POSITION, PLEASE CHECK THE BOX IN THE MOST APPROPRIATE 

CATEGORY FOR THE STATEMENTS LISTED IN TABLES 1-8** 

 

TABLE 1.-SKILL DISCRETION 

  

Strongly 

Disagree Disagree Agree 

Strongly 

Agree 

a. My job requires that I learn new things.         

b. My job involves a lot of repetitive work.         

c. My job requires me to be creative.         

d. My job requires a high level of skill.         

e. I get to do a variety of different things in my job.         

f. I have an opportunity to develop my own special   

abilities.         

 

 

 

TABLE 2. –DECISION AUTHORITY 

 

Strongly 

Disagree Disagree Agree 

Strongly 

Agree 

a. My job allows me to make a lot of decisions on my own.     

b. On my job I have very little freedom to decide how I do 

my work.     

c. I have a lot to say about what happens on my job.     

d. I have a significant influence over decisions in my work 

group or unit.      

e. My work group or unit makes decisions democratically.      

f. I have at least some chance that my ideas will be 

considered about company policy (e.g., hiring, firing, wage 

levels, plants closing, new machinery, etc.).      

JOB CONTENT QUESTIONNAIRE 
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g. My union or employee association is influential in 

affecting company policy.      

h. Have influence over the policies of the union or 

employee association.     

 

13.  How many people are in your work group or unit?  

 a. I work alone 

 b. 2-5 people 

 c. 6-10 people 

 d. 10-20 people 

 e. >20 people 

  

14.  I supervise people as a part of my job.  

 a. No 

 b. Yes, 1-4 people 

 c. Yes, 5-10 people 

 d. Yes, 11-20 people 

 e. Yes, more than 20 people 

 

15.  I am a member of a union or employee association.  

 a.Yes 

 b. No 

 

TABLE 3.-PSYCHOLOGICAL JOB DEMANDS 

 

Strongly 

Disagree  Disagree Agree 

Strongly 

Agree 

a. My job requires working very fast.      

b. My job requires working very hard.      

c. I am not asked to do an excessive amount of work.      

d. I have enough time to get the job done.      

e. I am free from conflicting demands that others make.      

f. My job requires long periods of intense concentration on 

the task.      

g. My tasks are often interrupted before they can be 

completed, requiring attention at a later time.      

h. My job is very hectic.      
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i. Waiting on work from other people or departments 

often slows me down on the job.      

 

 

 

TABLE 4. –PHYSICAL JOB DEMANDS 

 

Strongly 

Disagree  Disagree Agree 

Strongly 

Agree 

a. My job requires lots of physical effort.      

b. I am often required to move or lift very heavy loads on 

my job.      

c. My work requires rapid and continuous physical activity.      

d. I am often required to work for long periods with my 

body in physically awkward positions.     

e. I am required to work for long periods with my head or 

arms in physically awkward positions.      

 

 

TABLE 5.-JOB INSECUTRITY 

 

Strongly 

Disagree  Disagree Agree 

Strongly 

Agree 

a. My job security is good.      

b. My prospects for career development and promotions 

are good.      

c. In five years my skills will still be valuable.      

 

16.  How steady is your work? (check one ONLY) 

 a. Regular and steady 

 b. Seasonal 

 c. Frequent layoffs 

 d. Both seasonal and frequent layoffs 

 e. Other: ___________________________________ 

 

17.  During the past year, how often were you in a situation where you faced job loss or layoff? 

 a. Never 

 b. Faced the possibility once 

 c. Faced the possibility more than once 

 d. Constantly 
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     e. Laid off

 

18.  Sometimes people permanently lose jobs they want to keep.  How likely is it that during the 

next couple of years you will lose your present job with your employer?  

 a. Not likely at all 

 b. Not too likely 

 c. Somewhat likely 

 d. Very likely 

 

19.  In the next 12 months, do you plan to leave your current position? 

 a. Yes 

 b. No 

 

TABLE 6. -SUPERVISOR SOCIAL SUPPORT 

 

Strongly 

Disagree  Disagree Agree 

Strongly 

Agree 

a. My supervisor is concerned about the welfare of those 

under him/her.      

b. My supervisor pays attention to what I am saying.      

c. I am exposed to hostility or conflict from my supervisor.      

d. My supervisor is helpful in getting the job done.      

e. My supervisor is successful in getting people to work 

together.      

 

 

 

 

TABLE 7.  – COWORKER SOCIAL SUPPORT 

 

Strongly 

Disagree  Disagree Agree 

Strongly 

Agree 

a. People I work with are competent in doing their jobs.      

b. People I work with take a personal interest in me.      

c. I am exposed to hostility or conflict from the people I 

work with.      

d. People I work with are friendly.      
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e. The people I work with encourage each other to work 

together.      

f. People I work with are helpful in getting the job done.      

 

TABLE 8. 

 

Strongly 

Disagree  Disagree Agree 

Strongly 

Agree 

a. I often have to arrive early or stay late to get my work 

done.     

b. I often have to work through my breaks to complete my 

assigned workload.     

c. It often seems like I have too much work for one person 

to do.     

d. I have too much to do, to do everything well.     

 

20.  If you are planning on leaving, why are you planning to leave? (circle all that apply) 

a. Retirement              i. Burnout 

b. Career advancement               j. Poor salary 

c. Career change                                            k. Workload 

d. More time with family               l. Management practices 

e. Health problems                m. Conflict with management 

 f. Physical demands of your position             n. Lack of respect 

g. Too much responsibility    o. Other: ___________________________ 

h. Inability to provide safe, competent care 

 

 

21.  Do you have another paid position outside of your current position?    

 a. Yes 

 b. No 

 

 

22.  Is this other position full-time or part-time?    

 a. Full-time 

 b. Part-time
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DEROGATIS STRESS PROFILE 
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1.  What is your current position? _______________________         

 

2.  In what year did you start working in your current position?  ___________ 

 

3.  Is this position permanent, temporary, casual, etc? 

a. Permanent 

 b. Temporary  

c. Casual / on call 

 d. Other: _________________________ 

 

4. Do you currently do shift work or night work? 

  Yes    

   No 

 

5.  Are you working full-time or part-time? 

 a. Full-time 

 b. Part-time  

Work characteristics 



 

 

 130 

 

Sample sleep diary 

Fill out this diary each day by circling yes or no for each question and filling in the details (where appropriate).   

Day/Date Was today 

a work 

day? 

At what time did you do the following things? Did you take the 

actiwatch off 

today? 

At what time and for how 

long did you stop wearing 

the actiwatch? And what 

was the reason? 

  Go to bed 

last night 

(lights off)? 

Go to sleep 

last night 

(fall 

asleep)? 

Wake-up 

today? 

Get out of 

bed today? 

Have an 

afternoon 

nap today 

(if any)? 

Time? For 

how 

long? 

Why?  

Day X 

1 / 5/ 09 

 

Yes     No 

 

10.00pm 10.20pm 6.30am 6.45am 3.45pm Yes      

No 

7.30

am 

45 mins swimming 

Comments:     Had a cold and took two cold and flu tablets before going to bed 
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Appendix B 

Ethics 
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 Appe di  C 

Additio al Results 

Our findings cannot be generalized shift work exposures beyond the range in our sample, or to 

underrepresented levels of shift work exposure. This may also be inform the comparability of our results 

with other studies of chronic shift work exposure. Years of accumulated shift work exposure ranged 

from 0-32 years in day workers, and from 0.5-40 years in shift workers (see Fig. 1a-b).  
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Figure 1a. Distribution of years of past shift work exposure among current day workers. Figure 1b. Distribution of years of 

past shift work exposure among current shift workers.   

a.  

b.  
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Fig. 2a-b and Fig. 3a-b show the diurnal cortisol graphs that supplement the cortisol summary 

measures used to describe cortisol by rotating shift work intensity and length in Chapter 4. These 

summary measures generally indicated that cortisol production did not vary by rotating shift work 

length or intensity and thus, the diurnal curves were not an impactful depiction for the manuscript.   
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a.  b.  

Figure 2 Cortisol profiles by shift work intensity among current shift workers. Figure 2a Shift workers worked a day shift. Figure 2b Shift workers on a night shift.  

a.  b.  

Figure 3 Cortisol profiles by length of work hours among current shift workers. Figure 3a Shift worker on a day shift. Figure 3b Shift workers on a night shift.  
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