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Abstract 

Background: Shiftwork is associated with increased sleep disturbance and 

cardiovascular and metabolic disease risk. This thesis will focus on shiftwork-related 

sleep disturbance and the potential mediating role of reduced sleep duration in the 

relationship between a current rotational shiftwork schedule and the metabolic syndrome 

among female hospital employees.  

Objectives: 1) To describe sleep patterns in relation to different shiftwork exposure 

metrics (current status, cumulative exposure, number of consecutive night shifts); 2) To 

assess the association between shiftwork metrics and sleep duration; 3) To determine 

whether sleep duration on work shifts mediates the relationship between a current 

rotational shiftwork pattern and the metabolic syndrome; and 4) To assess whether 

cumulative shiftwork exposure and the number of consecutive night shifts are associated 

with the metabolic syndrome.  

Methods: 294 female hospital employees (142 rotating shiftworkers, 152 dayworkers) 

participated in a cross-sectional study. Shiftwork parameters were determined through 

self-report. Sleep was measured for one week with the ActiGraph GT3X+, a tri-axial 

accelerometer. The metabolic syndrome was defined according to the Joint Interim 

Studies Consensus Statement. Sleep was described by shiftwork exposure parameters, 

and multivariable linear regression was used to determine associations between shiftwork 

variables and sleep duration. Regression path analysis was used to assess whether sleep 

duration was a mediator between a current shiftwork schedule and the metabolic 

syndrome, and the significance of the indirect (mediating) effect was tested with 

bootstrap confidence intervals. Logistic regression was used to determine associations 
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between cumulative shiftwork exposure, number of consecutive night shifts, and the 

metabolic syndrome.  

Results: Current shiftworkers slept less on work shifts, more on free days, and were more 

likely to nap compared to dayworkers. Sleep duration on work shifts was a strong 

intermediate in the relationship between a current shiftwork pattern and the metabolic 

syndrome. Cumulative shiftwork exposure and the number of consecutive night shifts did 

not affect sleep or the metabolic syndrome.  

 Conclusions: A current shiftwork pattern disrupts sleep, and reduced sleep duration is an 

important intermediate between shiftwork and the metabolic syndrome among female 

hospital employees.  
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Chapter 1 

Introduction 

1.1 Background and Rationale 

 One of the most common health concerns associated with shiftwork is sleep 

disturbance1. Two reviews concluded that both early morning and night work are 

associated with reduced sleep duration1,2, while subjective sleepiness has been reported to 

be greatest on night shifts3,4 and may persist for a few days after a night shift is 

complete5. Other sleep-related issues include premature awakenings during daytime sleep 

after night shifts, difficulty awakening for early morning shifts, and not feeling refreshed 

after sleep6. A number of studies have also shown that past shiftwork exposure is 

detrimental to current sleep patterns7–10. The biological mechanism explaining shiftwork-

related sleep disturbance can be attributed to a work schedule that is in opposition to the 

normal circadian rhythm that promotes wakefulness during the day and sleepiness at 

night1.  

 Emerging clinical and epidemiological evidence supports associations between 

sleep disturbances and several negative health outcomes, including cardiovascular and 

metabolic diseases. Three recent meta-analyses have concluded that short sleep duration 

is associated with increased risk of the metabolic syndrome11–13, a clustering of risk 

factors associated with cardiovascular disease14. Other sleep disturbances such as 

difficulty falling asleep15,16, unrefreshing sleep15, and overall poor sleep quality17,18 have 

also been shown to increase the risk of the metabolic syndrome. In addition, both short 

and long sleep duration is associated with a greater risk of developing and dying from 

coronary heart disease and stroke19.  
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 Epidemiological research has also shown an association between shiftwork and 

cardiovascular and metabolic diseases20–23. Knutsson and Boggild24 hypothesized that 

social problems, behavioural changes, and a disruption to the circadian rhythm are three 

main mechanisms in which shiftwork increases cardiovascular disease risk, where sleep 

disturbance was identified as a component of altered circadian rhythms. Similarly, 

Puttonen and colleagues25 have postulated that shiftwork and circadian stress lead to poor 

sleep quality and shortened sleep duration, which in turn increases the risk of 

cardiovascular disease through modifying a number of physiological mechanisms (e.g., 

activating the sympathetic nervous system, altering hormone regulation, etc.).   

 Studies exploring the relationship between shiftwork, sleep disturbance and 

cardiometabolic health have a number of shortcomings. Firstly, sleep is most commonly 

measured through self-report questionnaires or sleep diaries, potentially leading to 

imprecise and inaccurate estimates26,27. Studies that have measured sleep objectively, 

through actigraphy or polysomnography, often have small sample sizes. In addition, 

studies that use polysomnography to measure sleep may have biased samples because 

selection bias is common in sleep-lab studies28. Furthermore, shiftwork has been 

inconsistently defined29, and few studies have explored the role of different shiftwork 

parameters, including cumulative shiftwork exposure and the number of consecutive 

night shifts, on sleep patterns or cardiometabolic health. Lastly, despite sleep disturbance 

as a hypothesized mechanism in which shiftwork increases cardiovascular disease 

risk24,25, a study by our research group is the only study we are aware of that has explored 

whether sleep disturbance is an intermediate in this association30. This project aims to fill 

these gaps in knowledge.  
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 Studying the association between shiftwork and health outcomes is an important 

area of research because shiftwork is a very prevalent work pattern. Approximately one-

third of the Canadian labour force works irregular hours, including work during the night, 

early morning shifts, and rotating shifts31, while about 12% of the total workforce works 

regular night or rotating night shifts32.  Although approximately the same proportion of 

men and women are engaged in shiftwork, differences between sexes exist across 

occupations33. This project is focused on a population of exclusively female healthcare 

workers for a few reasons. Firstly, the sector with the greatest number of female rotating 

and night shiftworkers in Canada is healthcare and social assistance33. Secondly, the 

Heart and Stroke Foundation has recently identified women entering their adult years and 

middle aged adults as a population at risk for heart disease34.  

 Sleep disturbance is a modifiable risk factor that has been linked to cardiovascular 

disease risk. Although shiftwork is a necessary work pattern in many industries, including 

healthcare, a greater understanding of the mechanisms linking shiftwork to 

cardiovascular and metabolic diseases can help guide preventive strategies and healthy 

workplace policies.  

 

1.2 Objectives 

 The first objective of this thesis is to describe a number of sleep parameters in 

relation to different shiftwork exposure variables (current status, cumulative exposure, 

number of consecutive night shifts) among female healthcare workers. The second 

objective is to assess the association between shiftwork variables and one of these sleep 

parameters: sleep duration. Third, we aim to determine whether sleep duration on work 
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shifts mediates the relationship between a current rotational shiftwork pattern and the 

metabolic syndrome. Lastly, we will assess whether cumulative shiftwork exposure and 

the number of consecutive night shifts are associated with the metabolic syndrome.  

 

1.3 Overview of Study Design 

 This thesis uses data from a cross-sectional study conducted at Kingston General 

Hospital in Kingston, Ontario. Participants included women working fixed-day or 

rotating day and night shifts, where shiftwork was defined as a work schedule that 

includes night shifts. Participants were enrolled into the study during three recruitment 

periods throughout September 2011 to February 2014. Recruitment efforts were made 

through posters on bulletin boards within different areas of the hospital, advertisements 

within unit communication books, and notices through the local intranet. A total of 294 

women were included in this study (142 shiftworkers, 152 dayworkers). Data collection 

was one-week in length. On the first day of the study, participants filled out a 

questionnaire and completed a physical examination. Information on shiftwork exposure 

variables were determined through a self-report questionnaire and an in-person interview. 

Over the weeklong study period, sleep was measured with the ActiGraph GT3X+, a tri-

axial accelerometer. The metabolic syndrome was defined according to the Joint Interim 

Studies Consensus Statement35. Physical measurements and blood samples were collected 

by the study nurse to determine the status of the metabolic syndrome for all participants.   
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1.4 Thesis Organization 

 Following this introduction, Chapter 2 is a review of the literature on shiftwork, 

sleep disturbance and the metabolic syndrome. Chapter 3 provides a detailed description 

of the methods used throughout this thesis. Chapter 4 contains the first manuscript titled 

“The Impact of Shiftwork on Actigraph Measures of Sleep Among Female Hospital 

Employees”, while Chapter 5 is comprised of the second manuscript titled “Sleep 

Duration as a Mediator Between Shiftwork and the Metabolic Syndrome Among Female 

Hospital Employees”. Chapter 6 is a general discussion of the findings presented in 

Chapters 4 and 5, epidemiological considerations, strengths and limitations, and future 

research directions. Supporting documents are included in the appendices.  
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Chapter 2 

Literature Review 

2.0 Shiftwork 

 Shiftwork refers to any work schedule that deviates from the conventional 8-hour 

workday, typically including weekend, night and evening work, rotating and split-shifts, 

on-call jobs, and irregular shifts1. In order to meet the demands of globalization and 

around-the-clock service provision, shiftwork has become increasingly prevalent over the 

past few decades; in Canada, approximately one-third of the labour force works irregular 

hours2, and about 12% work a pattern that includes night shifts3. The dominant shiftwork 

pattern is a rotational schedule, in which individuals rotate between morning, afternoon 

and/or night shifts1,2.  

 Shiftwork is especially common in certain industries, notably healthcare and 

social assistance, manufacturing, accommodation and food service, protective services, 

and trade1,4. Many individuals are employed in a shiftwork position as it is a necessity of 

their job, although some individuals opt into a shiftwork schedule for personal 

preferences, better pay, and easier childcare accommodations5. The prevalence of 

shiftwork is similar for men and women, but sex differences exist depending on the 

specific industry4. For women, the industry with the greatest number of rotating and night 

shiftworkers in Canada is healthcare and social assistance4.  

 Shiftwork has been associated with many negative health effects, including sleep 

disturbance6,7, cardiovascular disease8–12, the metabolic syndrome13–15, various types of 

cancers16–18, and diabetes19,20. Shiftwork can also have negative psychological effects, 

where shiftworkers experience more stress, anxiety and depression than individuals who 
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work regular daytime hours21,22. Furthermore, working evening, night and rotating shifts 

can increase the risk of occupational injuries23,24.   

 

2.1 Sleep Disturbance and Shiftwork 

2.1.1 Sleep Physiology and Function 

 A basic understanding of sleep physiology and function is important to 

understand the relationships between shiftwork, sleep disturbance and cardiometabolic 

health. There are two main types of sleep: rapid eye-movement (REM) and non-rapid 

eye-movement (NREM) sleep. NREM sleep is further divided into four stages (1, 2, 3, 4) 

of increasing depth25. During NREM sleep, brain activity, heart rate, blood pressure, 

sympathetic nervous system activity, respiration, and body temperature are reduced 

compared to during wakefulness, particularly during slow-wave (stages 3 and 4) sleep25. 

Alternatively, REM sleep is an active period of sleep in which these physiological 

processes increase25. During REM sleep, breathing may also become irregular, eyes move 

rapidly, and muscles may become temporality paralyzed25. Over the course of a sleep 

episode, people cycle between NREM and REM sleep, where NREM sleep constitutes 

about 75-80% of total sleep time in adults, and the remaining 20-25% of time is spent in 

REM sleep25.  

 Although there are various theories regarding the function of sleep, it is likely that 

sleep has a restorative role. REM sleep is thought to be important for brain 

development26, memory formation27,28, processing emotional information29, and neuronal 

plasticity and excitability30. During slow-wave sleep, a surge in the release of growth 
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hormones31 is likely important for tissue recovery and repair. In addition, other theories 

suggest that slow-wave sleep is important for cerebral restoration and recovery32,33.  

2.1.2 Sleep Disturbance by Different Aspects of Shiftwork 

 One of the most common health concerns associated with shiftwork is sleep 

disturbance6, which was the focus of two thorough reviews6,7. These reviews have 

established the importance of differentiating between specific shiftwork patterns when 

describing shiftwork-related sleep disturbance, as different aspects of shiftwork have 

varying effects on sleep.  

2.1.2.1 Type of Shift 

 Sleep will vary depending on the type of shift (morning, evening, night) an 

individual works. A meta-analysis found that average sleep duration after a night shift 

(5.8 hours) and before a morning shift (6.6 hours) is shorter than sleep associated with 

evening shifts (8.0 hours)34. More recent studies that have objectively measured sleep 

using actigraphy found similar reductions in sleep duration due to morning and night 

shifts35–37. Subjective sleepiness was reported to be greatest on night shifts38,39 and may 

persist after a night shift is complete, where one study showed that two nighttime sleep 

periods were needed before individuals felt fully recovered40. Premature awakening from 

a daytime sleep after a night shift is a common complaint among shiftworkers, while 

early morning shifts may lead to difficulties awakening and not feeling refreshed after 

sleep41. Chronotype, a variable which reflects an individual’s internal clock, has been 

shown to modify the relationship between type of shift and sleep duration42. Research has 

demonstrated that evening-type shiftworkers have shorter sleeps before morning shifts 

and longer sleeps after night shifts, while the opposite is true for morning-types42.  
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2.1.2.2 Shift Length 

 The majority of studies that have investigated the effect of shift length on sleep 

suggest that 12-hour shifts are generally less disruptive than 8-hour shifts43–46. This 

finding may not be due to shift length, per se, but because 12-hour shift systems often 

allow for a compressed workweek with a greater block of free days7. It is common for 

individuals to work three to four 12-hour shifts followed by four to five days off, 

allowing for more sufficient recovery time. However, excessively long shifts result in 

more sleep disturbance. For example, a study among approximately 2,700 medical 

residents found that work shifts ≥24 hours increased the odds of being involved in a 

motor vehicle crash, a finding that was largely attributed to being exhausted while 

driving47. Similarly, an intervention trial among medical interns showed that sleep 

duration increased by about one hour when shift length was limited to 16-hours48.  

2.1.2.3 Timing of Shifts 

 The timing of shifts influences sleep among shiftworkers. In a few studies that 

have examined the effects of 6:00 AM and 7:00 AM shift changeover times on sleep, it 

was found that starting a shift at 7:00 AM allowed for longer and/or better quality sleep 

prior to a morning shift because individuals had an extra hour to sleep in43,49,50. However, 

ending a night shift at 7:00 AM led to shorter and more disturbed daytime sleep after a 

night shift43,49,50.  

2.1.2.4 Direction of Rotation 

 Shift rotations can be classified as forward rotating (clockwise), in which morning 

shifts precede afternoon and night shifts, or backward rotating (counterclockwise), in 

which night shifts precede afternoon and morning shifts. Most modern shift systems 
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operate in a forward rotating pattern because it is less disruptive to the circadian rhythm 

than a backward rotating pattern51. Various observational studies have demonstrated that 

forward rotating shifts are better for sleep quality and quantity than backwards rotating 

shifts52,53, although an intervention trial found that forward rotations led to reductions in 

sleep quality on evening shift54.  

2.1.2.5 Permanent Night Work  

 It has been postulated that permanent night work may be less disruptive than a 

rotational shiftwork schedule because an individual’s circadian rhythm may adapt to 

working strictly night shifts. However, a review by Folkard55 found that <25% of 

permanent night workers demonstrated sufficient circadian rhythm adjustment, with <3% 

showing complete adjustment. An early meta-analysis found that permanent night shift 

employees slept approximately one hour longer than rapidly rotating shiftworkers56, 

while a more recent meta-analysis found permanent night workers slept only marginally 

longer than rotational shiftworkers34. Subjective sleep quality has been reported to be 

lower among permanent night workers than rotational shiftworkers57. Compared to 

individuals who work fixed-day or evening shifts, sleep duration among permanent night 

workers is less34,58. A study that measured sleep with actigraphy also found that 

permanent night workers experienced reduced sleep efficiency, longer sleep latency, and 

greater sleep fragmentation compared to dayworkers58. Permanent night work is an 

undesirable work schedule for most individuals so is a relatively uncommon work 

pattern.  
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2.1.2.6 Cumulative Shiftwork Exposure 

 There is some evidence suggesting that past shiftwork exposure may chronically 

disrupt sleep. An early study found elevated levels of insomnia among people who 

worked ≥5 nights/month for 4-10 years59. A cross-sectional study among female hospital 

employees found adjusted odds ratios (ORs) for maintaining sleep in women with 3-9 

and ≥10 years of shiftwork history compared to a baseline of <3 years were 1.84 (95% 

CI: 1.03, 3.30) and 2.32 (95% CI: 1.19, 4.51)60, respectively, while an additional study on 

retired citizens found that past shiftwork exposure reduced current subjective sleep 

quality61. A number of sleep disturbances were reported more often in former night 

workers compared to people who never worked night work in the Million Women Study, 

a large prospective cohort study in the United Kingdom62. However, results from the 

Nurses’ Health Study have shown that sleep duration is similar among women with 

different shiftwork exposure histories63. The majority of this research suggests that past 

shiftwork exposure has deleterious effects on current sleep patterns, although inconsistent 

classifications of shiftwork exposure history poses some challenges when interpreting the 

results.  

2.1.3 Shift Work Sleep Disorder 

 Shiftworkers who experience significant sleep disturbance may be diagnosed with 

shift work sleep disorder (SWSD). SWSD results from a misalignment in a shiftworkers’ 

circadian rhythm and sleep-wake pattern due to their work schedule64. The prevalence of 

SWSD among night workers and rotational shiftworkers has been reported at 14-32% and 

8-26%, respectively65. The two key symptoms of SWSD include excessive nighttime 

sleepiness during working hours and daytime insomnia after a night shift64. Nighttime 
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sleepiness may result in unwanted naps and reduced mental acuity during a night shift, 

while daytime insomnia is often related to problems falling and staying asleep66.  

2.1.4 Shiftwork-Related Sleep Disturbance: The Biological Mechanism 

 In order to understand why shiftwork is so strongly associated with disturbed 

sleep, it is first necessary to understand how sleep is regulated. Although sleep regulation 

is complex and multifaceted, a highly influential model first described by Borbely67 and 

further refined by Daan, Beersma, and Borbely68 explains the basic principles of sleep-

wake regulation. Within this model, two interacting processes are responsible for 

moderating sleep: the circadian rhythm (process ‘C’) and sleep-wake homeostasis 

(process ‘S’) (Figure 1).  

 

 

 

 

 

Figure 1:  Two-process model of sleep regulation. The homeostatic process 'S' (sleep 
pressure) increases during wakefulness and decreases during sleep. The circadian process 
'C' (alertness) works in opposition to process ‘S’. Source: Figure retrieved from Chellappa 
and Cajochen, 200969 
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2.1.4.1 Circadian Rhythm (Process ‘C’) 

 Circadian rhythms are endogenous biological rhythms that exhibit an approximate 

24-hour predictable pattern, including sleep-wake cycles, body temperature, and hormone 

production. The master clock, located in the suprachiasmatic nucleus (SNC) of the 

hypothalamus, regulates the circadian rhythm of humans70. Although circadian rhythms 

are endogenous and persist in constant conditions (e.g., complete darkness), external 

factors (known as zeitgebers) can entrain the circadian rhythm. In mammals, the light-

dark cycle is the strongest zeitgeber, where light cues are sent by the optic nerve to the 

SNC70, although other external cues such as exercise and social interactions can also 

entrain the circadian clock71. Process ‘C’ represents the circadian drive for arousal, in 

which the SNC releases alerting signals throughout the day to promote wakefulness67. 

This drive for wakefulness follows the shape of a sinusoidal curve and peaks sometime 

before habitual bedtime, while the trough occurs in the early morning, in the second half 

of a regular sleep episode67. An increase in the production of the hormone melatonin by 

the pineal gland is thought to partially be responsible for the suppression of wake-

promoting signals in the late evening72. It is important to note that the circadian drive for 

arousal is independent of previous sleep; it will promote wakefulness throughout the day, 

even if an individual is sleep deprived.  

2.1.4.2 Homeostatic Process (Process ‘S’) 

 Process ‘S’, or sleep-wake homeostasis, works in opposition to process ‘C’: 

instead of increasing alertness with each waking hour, the pressure for sleep increases67. 

Once sleep is initiated, sleep pressure decreases exponentially, eventually leading to a 
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propensity towards awakening67. Various endogenous substances play a role in this 

process, including the neurotransmitter adenosine (for a detailed review, see: Landolt73).    

2.1.4.3 Interaction Between Process ‘C’ and Process ‘S’ 

 Alertness and the timing of sleep can be explained by the interaction between 

process ‘C’ and process ‘S’, which can then elucidate why sleep disturbance is so 

prevalent among shiftworkers. Although the drive for sleep increases throughout the day, 

this process is moderated by the circadian drive for arousal which also increases67. This 

allows for a relatively stable level of alertness in waking hours. Once the circadian 

alerting signals start to dissipate in the late evening, sleep onset can occur. Although 

sleep drive decreases exponentially once sleep is initiated, the circadian drive for arousal 

is lowest in the second half of a sleep period, which prolongs sleep duration67.  

 Among shiftworkers working an overnight shift, sleep pressure may have 

accumulated for upwards of 20 hours, leading to sleepiness during a night shift6. In 

addition, shiftworkers during night shifts are awake when their circadian rhythm is 

promoting sleep6. Daytime sleep after a night shift is often truncated early because the 

circadian drive for arousal increases in a time-dependent manner throughout the day6. 

Although one may expect a phase shift in the circadian rhythm (i.e., a change in the 

timing of the circadian rhythm to adjust to the shiftwork schedule), the speed at which 

this occurs (approximately one hour/day6) is unlikely to be quick enough to allow for an 

adjustment when working a rotational schedule or when regular sleep patterns are 

resumed on free days. 
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2.2 Shiftwork, Sleep Disturbance, and Cardiovascular Health 

2.2.1 Introduction 

 Cardiovascular diseases (CVD) are the greatest cause of mortality worldwide74 

and pose an important public health problem. The etiology of CVD is multifactorial, but 

working conditions, notably shiftwork, have been identified as modifiable risk factors 

that contribute to the development of CVD75. An early meta-analysis of 17 studies that 

looked at this association showed a 40% higher risk of CVD among shiftworkers 

compared to dayworkers8. A more recent meta-analysis of 34 studies found that shiftwork 

led to a 24% higher risk of coronary events (95% CI: 1.10, 1.39) compared to day work, 

with a corresponding population attributable risk of approximately 7% in Canada9.  

 An influential model developed by Knutsson and Boggild76 hypothesized a 

number of possible pathways in which shiftwork is associated with CVD (Figure 2). 

Disturbed socio-temporal patterns, behavioural changes, and a disruption to the circadian 

rhythm are three main mechanisms that are described in this conceptual model. The 

authors identified shiftwork-related sleep disturbance as a component of altered circadian 

rhythms. More recent work by Puttonen and colleagues77 which built upon this model has 

also postulated that poor sleep quality and reduced sleep duration are intermediates 

between shiftwork and cardiometabolic diseases. The metabolic syndrome is a strong 

predictor of CVD78, so it is likely that the same pathways in which shiftwork affects CVD 

also apply to the metabolic syndrome.  
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2.2.2 The Metabolic Syndrome  

 The metabolic syndrome is a clustering of risk factors that frequently occur 

together and raise an individual’s risk of CVD78. The metabolic syndrome is much more 

common than CVD, so is often used as an alternative disease outcome to CVD in 

epidemiological research. Worldwide, the prevalence of the metabolic syndrome is 

estimated to range from 10-84%, depending on the geographic region and composition 

(race, age, sex) of the population79,80. Results from the 2012-2013 Canadian Health 

Measures Survey estimate that approximately 20% of Canadian adults (18-79) have the 

metabolic syndrome, with a higher prevalence (39%) in the 60-79 age group81.   

 Various definitions of the metabolic syndrome have been developed, which poses 

some challenges when comparing research focused on this disease outcome. The first 

definition of the metabolic syndrome was developed by the World Health Organization 

(WHO) in 199882. Within this definition, glucose intolerance, impaired glucose tolerance 

Figure 2: A conceptual model of mechanisms in which shiftworkers are at increased risk of 
cardiovascular disease Source: Figure retrieved from Knutsson and Boggild, 200076 
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or diabetes mellitus and/or insulin resistance must be present with at least two of the 

following components: impaired glucose regulation, insulin resistance, high blood 

pressure, raised plasma triglycerides and/or low high-density liptoprotein (HDL) 

cholesterol, central obesity (determined from body mass index or hip-to-waist ratio), and 

microalbuminuria. In 1999, the European Group for the Study of Insulin Resistance 

modified the WHO definition, in which insulin resistance was re-defined as fasting 

plasma insulin greater than the 75th percentile, central obesity was identified by elevated 

waist circumference, and microalbuminuria was removed from the diagnostic criteria83. 

In 2001, the National Cholesterol Education Program Adult Treatment Panel III 

definition of the metabolic syndrome was developed84, which was further adapted by the 

International Diabetes Foundation (IDF)85. By these definitions, the metabolic syndrome 

comprised of elevated blood pressure, triglycerides, and blood glucose, low HDL 

cholesterol, and obesity (determined from waist circumference). Three of the five 

components were required for diagnosis, and within the IDF definition, obesity was a 

necessary component.  

 In an attempt to unify all previous criteria, a number of organizations established 

the most current definition of the metabolic syndrome in the Joint Scientific Statement86. 

In this definition, at least three of the following five criteria must be present in order to be 

diagnosed with the metabolic syndrome: elevated waist circumference (population-

specific definitions), elevated triglycerides (≥1.7 mmol/L), reduced HDL cholesterol 

(males: <1 mmol/L; females: <1.3 mmol/L), elevated blood pressure (systolic ≥130 

mmHg and/or diastolic ≥85 mmHg), and elevated fasting glucose (≥100 mg/dL). If an 
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individual is on drug treatment for any of the criteria, they should be identified as positive 

for the respective component.  

2.2.3 Shiftwork and the Metabolic Syndrome 

 The association between shiftwork and the metabolic syndrome has been 

investigated in a number of studies, and results have been summarized in one systematic 

review13 and one meta-analysis14. Within the systematic review, 8 of the 10 included 

observational studies (all considered high quality) supported an association between 

shiftwork and the metabolic syndrome, with relative risks (RRs) ranging from 1.5-5.113. 

The review included three cohort studies, six cross-sectional studies, and one case-control 

study. A later meta-analysis of 13 studies (three cohort studies, one case-control study, 

and nine cross-sectional studies) provides quantitative evidence supporting this 

association. Overall, the authors found a pooled RR of 1.57 (95% CI: 1.24, 1.98), while a 

stronger association was found when only cohort and case-control studies were 

considered (RR=2.03, 95% CI: 1.31, 3.15)14. Additional analyses found that ≥10 years of 

shiftwork exposure was more strongly associated with the metabolic syndrome compared 

to <10 years of shiftwork exposure (RR=1.77, 95% CI: 1.32, 2.36), although only a few 

studies were included in this subgroup analysis14. An additional sensitivity analysis found 

a slightly stronger association between shiftwork and the metabolic syndrome among 

women (RR=1.61, 95% CI: 1.10, 2.34) than men (RR=1.36, 95% CI: 1.03, 1.81)14.  

 Since the time this meta-analysis was published, an additional study looking at the 

relationship between shiftwork and the metabolic syndrome was published15. In this study 

of over 25 000 Chinese workers, a dose-response relationship between increasing years 

of shiftwork history and the metabolic syndrome was found among women: every 10 
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years of shiftwork increased the OR by 10% (95% CI: 1%-20%). No dose-response 

relationship was found among men.  

  In terms of the relationship between shiftwork and individual components of the 

metabolic syndrome, 6 of the 13 studies included in the meta-analysis on shiftwork and 

the metabolic syndrome14 investigated these associations. Shiftwork was found to 

increase the risk of obesity, hyperglycaemia and high blood pressure, but triglyceride 

levels and HDL cholesterol were unaffected14. In addition, a recent systematic review of 

22 longitudinal studies found that shiftwork was strongly related to increased body mass 

index/body weight, risk for overweight, and impaired glucose tolerance, while blood 

pressure and lipid metabolism were not related to shiftwork87.  

 There are some limitations in the body of literature investigating the association 

between shiftwork and the metabolic syndrome. Firstly, the classification of shiftwork 

exposure has been inconsistent and is often imprecisely defined. For example, some 

studies discuss the intensity of night shifts in a schedule (e.g., 2-3 night shifts/rotation), 

while others classify shiftwork as a binary exposure (e.g., never or ever worked). 

Inconsistent exposure definitions make it challenging to compare results between 

different studies88,89. Similar problems arise regarding the use of different definitions of 

the metabolic syndrome. Another issue is that most studies that have looked at the 

association between shiftwork and the metabolic syndrome are cross-sectional designs so 

establishing a temporal relationship within these studies is not possible. And lastly, there 

are some issues surrounding the adjustment of confounders. Although most studies have 

controlled for demographic and socioeconomic variables, some studies have also 

erroneously controlled for variables that are more likely on the causal pathway between 
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shiftwork and the metabolic syndrome (e.g., smoking, physical activity, diet, alcohol 

consumption, etc.).   

2.2.4 Sleep Disturbance and the Metabolic Syndrome 

2.2.4.1 Epidemiologic Evidence 

 Epidemiologic evidence generally supports an association between sleep 

disturbance and the metabolic syndrome. The effect of sleep duration, in particular, on 

the metabolic syndrome has been studied in detail and summarized in three meta-

analyses90–92. The first meta-analysis of 15 observational studies (12 cross-sectional, 3 

cohort designs) conducted by Ju and Choi90 found both long (>8-10 hours) and short (<5-

6 hours) sleep duration increased the odds of the metabolic syndrome. Within the cross-

sectional studies, the pooled ORs between short and long sleep and the metabolic 

syndrome were 1.27 (95% CI: 1.10, 1.48) and 1.23 (95% CI: 1.02, 1.49), respectively, 

while the associations were stronger but not statistically significant in cohort studies 

(short sleep OR=1.62, 95% CI: 0.74, 3.55; long sleep OR=1.62, 95% CI: 0.86, 3.04)90. 

The authors also found some evidence of a U-shaped relationship, in which departures 

from a reference sleep duration of 7 hours led to an increasingly greater risk of the 

metabolic syndrome.  

 Another meta-analysis published by Xi and colleagues91 had slightly different 

results. Short sleep duration was associated with the metabolic syndrome (OR=1.27, 95% 

CI: 1.04, 1.46), but unlike Ju and Choi90, an association was not found with long sleep 

duration (OR=1.07, 95% CI: 0.66, 1.79)91. All results were similar when the analyses 

were stratified by sex. Different results between the two meta-analyses could be 

explained by a few factors. Firstly, although both studies were published during the same 
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year and had similar inclusion/exclusion criteria, Xi and colleagues91 only included 12 

studies (10 cross-sectional, 2 cohort). Secondly, Xi and colleagues91 did not stratify their 

analyses by study design.  

 Iftikhar and colleagues92 published the most recent meta-analysis that has 

investigated the association between sleep duration and the metabolic syndrome. This 

meta-analysis included 18 studies (all cross-sectional designs) and found the OR for short 

sleep (<7 hour) was 1.23 (95% CI: 1.11, 1.37)92. Similar to Xi and colleagues91, no clear 

association was found between long sleep duration and the metabolic syndrome. 

Different durations of short and long sleep were then compared to a reference sleep 

duration of 7-8 hours to investigate whether a dose-risk relationship exists. The ORs for 

<5 hours, 5-6 hours, and 6-7 hours of sleep were 1.51 (95% CI: 1.10, 2.08), 1.28 (95% 

CI: 1.11, 1.48), and 1.16 (95% CI: 1.02, 1.31), respectively, demonstrating greater risk of 

the metabolic syndrome as sleep duration decreases92. Sleep duration between 8-9 hours 

was not associated with the metabolic syndrome (OR=1.09, 95% CI: 0.94, 1.27), while 

>9 hours of sleep was almost statistically significant (OR=1.21, 95% CI: 0.99, 1.46). 

Lastly, a meta-regression analysis was also conducted. After excluding people who slept 

>9 hours, a dose-dependent response was found, in which every 1 hour decrease in sleep 

duration corresponded to a 0.06 increase in the OR of having the metabolic syndrome92.  

 Together, these results imply that short sleep duration is more strongly associated 

with the metabolic syndrome than long sleep duration, with a possible dose-risk 

relationship from <5 hours to <9 hours of sleep. Research investigating this association is 

limited in that most studies are cross-sectional designs; that is, few studies are 

longitudinal. Furthermore, different cut-offs of short vs. long sleep, as well as different 
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definitions of the metabolic syndrome, have been used.  Lastly, the majority of studies 

have measured sleep through self-report, so there is likely some non-differential exposure 

misclassification which attenuates the association.  

 In addition to sleep duration, the relationship between other aspects of sleep 

disturbance and the metabolic syndrome have been explored. A prospective cohort study 

found that unrefreshing sleep and difficulty falling asleep predicted the development of 

the metabolic syndrome93, while a large cross-sectional study of over 10,000 people 

found similar results in relation to difficulties falling asleep94. In three studies, poor sleep 

quality measured by the Pittsburg Sleep Quality Index (PSQI) was shown to predict the 

metabolic syndrome95,96,97, while another study did not find an association98. Previous 

work by our research group among women in the same base population as those studied 

in this project also did not find an association between sleep quality, sleep latency, and 

sleep efficiency (measured from the PSQI) and the metabolic syndrome99. The PSQI is a 

self-report questionnaire that touches on different components of sleep disturbance100.  

2.2.4.2 Biological Mechanisms  

 To understand the biological mechanisms linking sleep to the metabolic 

syndrome, it is best to look at the individual components of the metabolic syndrome: 

elevated waist circumference, hypertension, elevated fasting blood glucose, elevated 

triglycerides, and reduced HDL cholesterol.  

2.2.4.2.1 Waist Circumference  

 Waist circumference is used as an indictor of overweight/obesity. A number of 

pathways likely mediate the association between sleep and overweight/obesity. Firstly, 

sleep loss affects appetite-regulating hormones and may lead to increased caloric 
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consumption. Ghrelin, an appetite-promoting hormone, increases with sleep restriction 

while leptin, an appetite-suppressor, decreases101–103. In addition, being awake for more 

hours of the day increases the opportunity to eat104,105. Disturbed sleep can also activate 

inflammatory pathways which likely contribute to the development of obesity106. 

Furthermore, sleep deprivation can reduce core body temperature and may thus reduce 

energy expenditure through altered thermoregulation104. Reduced energy expenditure 

may also result from limited physical activity that is often associated with sleep loss, as 

individuals may feel too tired or fatigued to exercise105,107.  

2.2.4.2.2 Hypertension  

 Blood pressure follows a 24-hour circadian pattern that is synchronized to the 

sleep-wake cycle108. Blood pressure is lowest at night, during regular sleeping hours, and 

highest during the day109. A disruption in the sleep-wake cycle can cause a loss in the 

normal nighttime dip in blood pressure110,111, which may result in hypertension if sleep is 

chronically disturbed110. Furthermore, sleep restriction and awakening during the night 

act as physiological stressors that increase sympathetic nervous system activity, leading 

to elevated blood pressure during the night and/or the following day after short/disturbed 

sleep112–114. Short sleep duration may also change the activity of the hypothalamic-

pituitaryadrenal axis resulting in higher cortisol levels115,116. Cortisol is important in 

maintaining blood pressure and hypertension may result when cortisol is found in 

excess117.  

2.2.4.2.3 Fasting Blood Glucose  

 The effect of sleep disturbance on elevated fasting blood glucose levels may be 

mediated through a couple of pathways in which sleep affects insulin. Insulin plays an 
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important role in regulating blood sugar, and lack of insulin or the body’s inability to 

respond to insulin can contribute to elevated blood glucose levels. Firstly, sleep 

restriction can increase cortisol production115 and various cytokines (e.g., interleukin 6, 

tumor-necrosis factor alpha)118, which may then lead to insulin resistance and elevated 

blood glucose119. In addition, increased sympathetic nervous system activity resulting 

from sleep disturbance has been suggested to contribute to insulin resistance and reduced 

insulin secretion119. Sleep restriction may also increase fasting blood glucose levels 

because sleep loss reduces the amount of glucose utilized by the brain120. Lastly, obesity 

is a likely intermediate between sleep disturbance and elevated blood glucose119. Obesity 

can lead to altered glucose homeostasis, in which glucose output by the liver increases 

while glucose uptake by muscles decreases121.  

2.2.4.2.4 Elevated Triglycerides  

 A disruption in the circadian sleep-wake cycle can lead to elevated triglycerides. 

Triglycerides have been shown to follow a circadian pattern, with lower levels present 

during sleep and higher levels present during wakefulness122. In an animal study that 

compared triglyceride levels between mice with a functioning circadian-regulating 

CLOCK gene to mice with a CLOCK mutation122, in which the CLOCK mutation caused 

irregular sleep patterns, triglyceride levels dipped during sleeping hours among mice with 

the normal CLOCK gene but remained relatively high among mice with the CLOCK 

mutation122. Similar results were found in other animal studies123–125. In addition, 

alterations in leptin production resulting from sleep disturbance may also contribute to 

elevated triglycerides because leptin helps moderate triglycerides126.   
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2.2.4.2.5 HDL Cholesterol 

 A number of similar biological mechanisms may explain how sleep disturbance 

can reduce HDL cholesterol. Firstly, the influence of sleep on appetite-regulating 

hormones may lead to a greater intake of trans-fats and saturated fats, which can then 

affect cholesterol127.  Furthermore, increased cortisol production and reduced physical 

activity that often result from sleep disturbance can lower HDL cholesterol levels128,129. 

 

2.3 Potential Confounders and Other Important Variables 

2.3.1 Potential Confounders 

 A number of possible confounders must be considered when assessing the 

associations between shiftwork, sleep, and the metabolic syndrome, as shown in a 

conceptual model (Figure 3). A confounding variable must be independently associated 

with the exposure in the source population, an independent predictor of the outcome, and 

not on the causal pathway between exposure and outcome130.   

2.3.1.1 Age 

 Age is an important confounder that will be considered in this project. Age is 

strongly associated with the metabolic syndrome, where the risk of the metabolic 

syndrome increases with age81,131,132. Increasing age has also been associated with a 

decline in sleep duration and an increase in sleep complaints133. Age is also associated 

with shiftwork because the age distribution among shiftworkers tends to be younger than  

dayworkers1.  
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2.3.1.2 Menopausal Status 

 Menopause leads to physiological and hormonal changes associated with the 

metabolic syndrome, independent of age134–136. Menopause also affects sleep quantity and 

quality and has been associated with various sleep disorders137,138. As dayworkers tend to 

be older than shiftworkers, shiftworkers and dayworkers may also differ in terms of 

menopausal status.  

2.3.1.3 Education 

 The highest level of educational attainment is often used as a proxy for 

socioeconomic status139. In a number of prospective cohort studies, lower education led 

to an elevated risk of the metabolic syndrome140,141. Similarly, low education has been 

strongly associated with self-reported sleep disturbance142,143, and may also predispose 

individuals to shiftwork schedules63,144.  

2.3.1.4 Number of Children 

 Parity is associated with the metabolic syndrome, where risk increases with each 

additional child145–148. This could be explained by physiological changes that occur 

during pregnancy and often persist after childbirth, including insulin resistance, increased 

adiposity, and inflammation145. Number of children may also be associated with sleep 

because young children often disrupt sleep149. Although the relationship between 

shiftwork and parity is less clear, it has been suggested that women with children may opt 

into shiftwork because it can often allow for easier childcare accomodations5,150.  
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2.3.1.5 Marital Status 

  Marital status may be related to the metabolic syndrome, where research has 

shown that married women are more likely to develop the metabolic syndrome than 

unmarried women151,152.  Prior research also suggests that martial status is related to 

sleep, where people who are married or living with a partner have better sleep quality and 

longer sleep durations than single, separated, or divorced individuals35,133,153. 

Shiftworkers and dayworkers have also been shown to differ in terms of marital 

status154,155.  

 

 

 

Figure 3: Conceptual model of the relationships between shiftwork, sleep and the metabolic syndrome 
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2.3.2 Other Variables  

 Other important variables were considered in this thesis, but are more likely to lie 

on the causal pathway between any of the shiftwork, sleep and the metabolic syndrome 

relationships. When using mediation analysis, as was done in the second manuscript of 

this thesis, variables that lay on the causal pathway in either the exposure-outcome, 

exposure-mediator, or mediator-outcome relationship should not be adjusted for. This 

holds true even if the variable is a possible confounder in one of the other relationships.  

2.3.2.1 Caffeine and Sleep Medication 

 Shiftwork likely influences the use of caffeine and sleep medication, which in 

turn affects sleep duration156,157. It has been shown that caffeine is protective in the 

development of the metabolic syndrome and other associated cardiometabolic 

diseases158–160, while sleep medication use is unlikely to predict the metabolic syndrome.  

Because caffeine and sleep medication are likely intermediates between shiftwork and 

sleep, we should not adjust for these variables.   

2.3.2.2 Behavioural and Lifestyle Factors 

 A number of behavioural and lifestyle factors affect sleep duration and/or the 

metabolic syndrome, including tobacco and alcohol use, physical activity and diet.   

Two meta-analyses have identified tobacco use and heavy alcohol consumption as 

important risk factors for the metabolic syndrome161,162, while a healthy diet and physical 

activity are protective against the development of the metabolic syndrome163,164. Tobacco 

use and alcohol consumption can also disrupt sleep165–169, while a recent meta-analysis of 

intervention trials found beneficial effects of acute and regular exercise on sleep 

duration170. Shiftworkers may be more likely to engage in some of these unhealthy 
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behaviours62, and it has been hypothesized that these lifestyle factors are mechanisms in 

which shiftworkers are at increased risk of cardiovascular disease8,76,77.  

2.3.2.3 Depression and Stress 

 Both depression and psychosocial stress can lead to increased sleep 

disturbance171–174 and risk of the metabolic syndrome175–177. Shiftworkers have also been 

shown to have poorer mental health than dayworkers178–180.  However, these variables are 

postulated to be mechanisms in which shiftwork increases cardiovascular disease 

risk8,76,77. 

2.3.2.4 Body Mass Index (BMI) 

 Although night shiftwork is associated with elevated BMI181, BMI was not 

considered in this project for a few reasons. Firstly, BMI correlates strongly with waist 

circumference182, so is captured in the outcome of the metabolic syndrome. Secondly, the 

majority of prospective evidence suggests the relationship between BMI and sleep 

disturbance goes in the direction of sleep predicting BMI183–187. Therefore, because BMI 

correlates with waist circumference and is unlikely to predict sleep, BMI is neither a 

confounder nor intermediate in any of the relationships between shiftwork, sleep and the 

metabolic syndrome.  

2.3.2.5 Shift-Specific Sleep Duration Modified by Chronotype 

 Chronotype reflects an individual’s internal biological clock; in essence, whether 

someone is a morning-oriented person or an evening-oriented person. Sleep duration of 

shiftworkers on specific shifts may be modified by chronotype42. Previous research has 

shown that evening-type shiftworkers have shortened sleep associated with morning 

shifts and long sleep associated with night shifts, while the opposite is true for morning-
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types42. Shift-specific sleep duration comparisons will be stratified by chronotype to 

explore the possible influence of chronotype on day shift, night shift and free day sleep 

duration. 

 

2.4 Summary of Rationale 

 Sleep disturbance is one of the most common problems associated with 

shiftwork6. Reduced sleep quantity and poor sleep quality have been associated with 

many negative health outcomes, including the metabolic syndrome90–92,95–97. Similarly, 

shiftworkers are also at greater risk of cardiovascular and metabolic disease8–14,19,20. 

Therefore, it is possible that sleep disturbance mediates the relationship between 

shiftwork and the metabolic syndrome76,77.  

 There are some shortcomings in the literature looking at the relationship between 

shiftwork, sleep disturbance and the metabolic syndrome. Firstly, sleep is often measured 

through self-report questionnaires or sleep diaries. These approaches to measure sleep are 

less accurate than objective techniques such as actigraphy188,189. Retrospective 

questionnaires are particularly problematic because they are often short, lack detail, and 

are unsuited to capture the multidimensional aspects of sleep that actigraphy can 

describe188. Therefore, there is a need to objectively describe sleep patterns of 

shiftworkers and dayworkers. In addition, studies that have used actigraphy to measure 

sleep typically have small sample sizes. Further, definitions of shiftwork exposure used in 

the literature have been inconsistent and imprecise88. To help better understand what 

specific aspects of shiftwork most affect sleep and the metabolic syndrome risk, this 
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project will use clearly defined shiftwork exposure metrics (current status, cumulative 

shiftwork exposure, number of consecutive night shifts).  

 Lastly, despite sleep disturbance as a suspected mediator in the relationship 

between shiftwork and the metabolic syndrome76,77, to our knowledge this relationship 

has only been explored in one study (by our research group)99. It has been suggested that 

sleep duration, in particular, be assessed as a possible intermediate13; this project will be 

the first study to explore this.  
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Chapter 3 

  Methods 

3.1 Study Design 

 The data used in this thesis was from a larger study, titled “Shiftwork and 

Cardiovascular Risk in Working Women”. This was a cross-sectional study with 

retrospective shiftwork exposure assessment designed by an interdisciplinary team with 

expertise in nursing, population health, physical activity, biomarker measurement, 

analytic modeling and health policy. Team members were Joan Tranmer (P.I.), Kristan 

Aronson, Ian Janssen, Linda McGillis-Hall, Christine Collier and Andrew Day. 

 

3.2 Study Population and Subject Accrual 

 The study population was female hospital employees at Kingston General 

Hospital (KGH), a tertiary acute care teaching hospital associated with Queen’s 

University in Southeastern Ontario. All female hospital employees were invited to 

participate in the study, including women working fixed-day schedules or rotating shifts. 

The dominant work schedule for dayworkers included five days of 8-hour shifts 

(typically Monday-Friday), followed by two days off (Saturday-Sunday). The routine 

schedule among shiftworkers included two 12-hour day shifts, two 12-hour night shifts, 

and four to five days off, although this pattern was highly variable as women often traded 

shifts.  

 Participants were recruited on a voluntary basis and included staff from inpatient 

units (e.g., registered nurses, patient care assistants), as well as laboratory, research, 

diagnostic and support services (e.g., environmental services). Recruitment efforts were 
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made through posters on bulletin boards within different areas of the hospital, 

advertisements within unit communication books, and notices through the local intranet. 

Women who were currently pregnant, who had given birth in the previous year, or who 

had less than one year of work history self-excluded from the study.  

 

3.3 Data Collection 

3.3.1 Basic Data Collection Procedures 

 There were three data collection periods: September 2011-May 2012, September 

2012-May 2013, and September 2013-February 2014. Multiple data collection periods 

allowed for efficient use of resources and equipment. Data collection did not take place 

during summer months because previous experience demonstrated minimal participation 

during this time. On the first day of the study, participants filled out a detailed 

questionnaire (Appendix A) and completed a physical examination. The questionnaire 

included information pertaining to health history, socio-demographics, diet, physical 

activity, stress, emotional health, sleep, and working patterns. The study took place over 

eight days, and sleep was objectively measured with the ActiGraph GT3X+ (a tri-axial 

accelerometer) for one week (seven days and nights).  

3.3.2 Shiftwork Exposure Assessment 

  Information was collected on three shiftwork exposure variables (Table 1). The 

primary shiftwork exposure metric was current shiftwork status, in which women self-

reported as current dayworkers or shiftworkers. Shiftwork was defined as a rotational 

work schedule that included a night shift. Because most women (both current 

shiftworkers and dayworkers) may have worked shiftwork at some point in their careers, 
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information on past (cumulative) shiftwork exposure was also collected. Cumulative 

shiftwork exposure was determined through interview and estimated as full-time years + 

0.5*part-time years. For analysis purposes, cumulative shiftwork exposure was 

categorized into <10 years and ≥10 years, because a cut-off of 10 years has been shown 

to affect sleep and be associated with the metabolic syndrome1–3.  

 Among shiftworkers only, information was also collected through self-report on 

the number of consecutive night shifts worked in a rotation4. Cut-offs typically ranging 

from two to four nights have been shown to increase sleep disturbance or other associated 

health risks5–7. A threshold of three night shifts was used to ensure an adequate sample 

size in each group, as the majority of women worked between two and three consecutive 

nights.  

 

	  
Exposure Measurement tool Classification 

Current shiftwork status Self-report Current shiftworker  
Current dayworker 

Cumulative shiftwork exposure Self-report, estimated as 
full-time years + 0.5*part-
time years 

≥10 years 
<10 years 
 

Number of consecutive night shifts 
(for shiftworkers only) 

Self-report ≥3 consecutive night shifts 
<3 consecutive night shifts 

 

3.3.3 Sleep Assessment 

3.3.3.1 Sleep Logs 

 Daily sleep and waking times were tracked through self-report sleep logs 

(Appendix A), which were used to help with the collation of actigraph data. Participants 

were advised to fill out the sleep logs upon waking up from a sleep (whether that be in 

the morning after a regular nighttime sleep, or after a daytime sleep or nap). To improve 

Table 1: Shiftwork exposure variables 
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compliance, it was suggested that participants keep the logs near their bed. Participants 

were asked to record the time they went to bed, when they got out of bed, whether and 

what time they had a nap, whether it was a work or free day, whether they removed the 

actiwatch (for how long and why), and any additional comments pertaining to their sleep.  

3.3.3.2 Actigraphy 

 Sleep-wake cycles were objectively monitored with the ActiGraph GT3X+; a 

small (4.6 cm x 3.3 cm x 1.5 cm), lightweight (19 g) device that looks similar to a watch. 

The ActiGraph GT3X+ contains a tri-axial accelerometer to measure vertical, horizontal, 

and perpendicular movement and record accelerations ranging from -6 to +6 G’s. Data 

were collected at a sampling rate of 30 Hz, downloaded in ten-second epochs, and were 

aggregated to one-minute epochs representing activity counts/min. For one week, 

participants wore the ActiGraph GT3X+ on their non-dominant wrist during sleep 

(attached with an elastic band) and on their hip while awake. The watch is water-resistant 

and participants were told they could wear it in the shower for up to 20 minutes and when 

exercising, but were advised to remove it if they swam or took a bath.  

 Sleep data were analyzed with ActiLife (version 6.5.3) software. Embedded 

within this software is the popular Cole-Kripke algorithm that is used to score sleep8. The 

algorithm was developed for and validated in adult populations8. By measuring the 

amount of activity during, before and after each 60-second epoch, the algorithm scores 

every minute as sleep or wake time. In order for the algorithm to calculate sleep 

parameters, bedtime (“lights off”) and wakeup (“lights on”) times need to be manually 

inputted into the software. Estimates of these times were determined through cross-



	   	   69	  
	  

referencing the sleep logs, and exact sleep times were adjusted by a visual inspection of 

the data, looking for a shift from relatively high to low activity.  

3.3.3.2.1 Sleep Parameters 

 Five sleep parameters were calculated from the actigraph data by the Cole-Kripke 

algorithm and were used in this thesis: time in bed, sleep duration (often referred to as 

total sleep time in the literature), wake after sleep onset, number of awakenings, and 

awakening length. A description of these sleep parameters is presented in Table 2. In 

each 24-hour period, these sleep parameters were calculated for main sleep, naps, and 

total sleep (main sleep + nap). We distinguished between main sleep and naps by 

referencing the sleep logs. 

Sleep Parameter Definition 

Time in bed (minutes) The total number of minutes between bed and wakeup times 
during a sleep period 

Sleep duration (minutes)  The number of minutes in a sleep period that were scored as 
sleep (excludes any time during the sleep period scored as 
wake) 

Wake after sleep onset (minutes) The number of waking minutes during a sleep period after 
sleep has been initiated  

Number of awakenings Frequency of ≥1 minute epochs scored as awake after sleep 
onset until wakeup time 

Awakening length (minutes) Average duration of awakenings during a sleep period 
  

 Two additional parameters that are automatically calculated from the Cole-Kripke 

algorithm but were not included in this thesis are sleep latency and sleep efficiency. Sleep 

latency refers to the time it takes to fall asleep, while sleep efficiency is the proportion of 

time during a sleep period spent asleep. Sleep latency was systematically underestimated 

due to the way sleep start times were edited as a shift from high to low activity. Because 

Table 2: Sleep parameters measured from actigraphy calculated with the Cole-Kripke algorithm 
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sleep latency is used to calculate sleep efficiency, sleep efficiency was overestimated and 

very homogenous among participants.  

3.3.3.2.2 Validity of the ActiGraph GT3X+ to Measure Sleep 

 The ActiGraph GT3X+ has been validated against polysomnography (PSG), the 

gold standard in sleep measurement. Accuracy and sensitivity were high (>80%), while 

specificity was lower (~45%-60%)9,10. Intraclass correlations were fairly strong for sleep 

duration (ICC=0.51-0.76), wake after sleep onset (ICC=0.51-0.68), and sleep efficiency 

(ICC=0.49-0.59), while the relationship was weaker for sleep latency (ICC=0.32-

0.49)9,10. Actigraphy identifies sleep based on lack of movement, so is prone to some 

misclassification. More specifically, the ActiGraph GT3X+ tends to overestimate sleep 

duration and efficiency and underestimate sleep latency and wake after sleep onset9. This 

is because periods of wakeful resting may be incorrectly coded as sleep if there is 

minimal movement. Despite these shortcomings, actigraphy is a more accurate method to 

monitor sleep than self-report questionnaires and sleep diaries that are often used in 

epidemiologic research11,12, and is a more practical alternative to the laboratory-based 

PSG in large, observational studies. 

3.3.3.3 Classification of Sleep on Day Shifts, Night Shifts and Free Days 

 Sleep periods were coded as day shifts, night shifts, and free days depending on 

the impact of the work schedule on sleep. Sleep before a morning shift is affected by the 

upcoming shift, so was identified as a day shift sleep. The opposite is true for night shifts: 

sleep after a night shift is influenced by the previous night of work, and was thus coded 

as a night shift sleep. Sleep before a non-working day was coded as free day sleep.  
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3.3.4 The Metabolic Syndrome  

 The metabolic syndrome was defined according to the Joint Interim Studies 

Consensus Statement13. A participant was considered positive for the metabolic 

syndrome if she fulfilled at least three of the five following criteria: high waist 

circumference (≥80 cm), elevated triglycerides (≥1.7 mmol/L), reduced high-density 

lipoprotein (HDL) cholesterol (<1.3 mmol/L), elevated blood pressure (systolic ≥130 

and/or diastolic ≥85 mm Hg), and elevated fasting blood glucose (≥100 mg/dl)13. In 

addition, the study questionnaire asked participants to identify whether they were 

currently taking medication for high blood pressure and cholesterol, and women who 

responded positively were categorized as positive for these respective risk factors. 

 A trained study coordinator measured blood pressure with the BpTRU blood 

pressure monitor (VSM MedTech Ltd, Coquitlam, Canada), and a mean of three 

consecutive readings was used. A study nurse measured waist circumference at the 

midway point between the iliac crest and the lower rib. To measure triglycerides, HDL 

cholesterol, and blood glucose, blood samples (after a nightly fast) were collected by a 

nurse and were kept in a freezer until they were analyzed at the KGH Pathology and 

Molecular Medicine laboratory using standardized techniques.  

3.3.5 Measurement of Confounders and Other Important Variables 

3.3.5.1 Personal Characteristics 

 Age was calculated from self-reported date of birth. The highest level of 

educational attainment was used as a proxy for socioeconomic status14 and was 

determined through self-report. Number of children was also determined through self-

report. A study nurse measured height (meters) and weight (kilograms) of participants to 
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calculate body mass index (BMI). Information on caffeine and alcohol consumption was 

determined from a questionnaire on nutrition. Women were asked whether they regularly 

drank ≥3 caffeinated beverages per day (1 serving=100 mg caffeine=8 ounces coffee) and 

≥1-2 alcohol beverages per day (1 serving= 5 ounces of wine, 1 shot of hard liquor, or 12 

ounces of beer). Smoking status was also determined in the questionnaire, where women 

reported as current smokers or non-smokers. Women were identified as post-menopausal 

if they fulfilled one of the following criteria: 

1. They were not menstruating for at least one year at the time of the study 

2. They were not menstruating and were over the age of 50 years 

3. They had stopped menstruating and had had a bilateral oophorectomy  

4. They had a bilateral oophorectomy and were over the age of 55 years 

3.3.5.2 Physical Activity 

 To measure physical activity, the Global Physical Activity Questionnaire (GPAQ) 

developed by the World Health Organization (WHO) was used15. The GPAQ collects 

information on the duration, intensity and frequency of occupational, transport-related, 

and leisure time physical activity. Participants were identified as having met the 

requirements for adequate physical activity established by the WHO if they achieved: 

1. ≥150 minutes of moderate-intensity aerobic physical activity (increases heart rate 

and breathing) per week for at least 10 continuous minutes, or 

2. ≥75 minutes of vigorous-intensity aerobic physical activity per week for at least 

10 continuous minutes, or 

3. An equivalent combination 
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  In a validity study that included participants from nine countries, the GPAQ 

measures showed moderate to strong correlations with the validated International 

Physical Activity Questionnaire16. Moderate agreement between measurements of 

physical activity from the GPAQ and objectively-measured physical activity from 

actigraphy has also been demonstrated17.  

3.3.5.3 Chronotype 

 Chronotype, a variable that reflects an individual’s internal clock, was measured 

using the Munich Chronotype Questionnaire (MCTQ)18. The MCTQ estimates 

chronotype from mid-sleep time on free days (MSF). Participants reported their regular 

time of sleep onset (SO) and awakening/sleep end (SE) on work and free days. Sleep 

duration (SD) is estimated as SE-SO. Mid-sleep time on free days was calculated using 

the following equation: MSF=SO + (SD/2). For example, if someone reported going to 

bed at 12:00 AM and waking up at 8:00 AM on free days, mid-sleep time would be 4:00 

AM, which equals a chronotype score of 4. Lower MSF values reflect earlier chronotypes 

(i.e., morning-oriented people). 

 Mid-sleep time estimated from the MCTQ has been shown to correlate well with 

MSF estimated from the frequently used Horne-Ostberg Morningness-Eveningness 

Questionnaire (r=-0.73)19. Similarly, a strong correlation was also found between MSF 

estimated from the MCTQ and dim-light melatonin onset, the most reliable measure of 

circadian timing (r=-0.68)20.  

 It should be recognized that our estimate of chronotype was limited by a few 

factors. The MCTQ was developed for individuals who work regular daytime hours. At 

the time this study was conducted, the Munich Chronotype Questionnaire for 
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Shiftworkers (MCTQshift)21 had not yet been validated and published. Although both the 

MCTQ and MCTQshift estimate chronotype from mid-sleep time on free days, the two 

questionnaires differ in that the MCTQshift collects information on sleep duration 

particular to each type of shift (e.g., morning, evening, night). Among individuals who 

have later mid-sleep times on free days than workdays, an adjustment to the MSF value 

should have been made to compensate for sleep debt that accumulated over the 

workweek. To make this adjustment, information on sleep duration on each shift is 

needed. Despite having enough information to apply this correction to dayworkers, 

correcting only one group for sleep debt would lead to differential misclassification. 

Therefore, chronotype was estimated from an unadjusted mid-sleep time on free days for 

both dayworkers and shiftworkers. In addition, chronotype can only be estimated for 

individuals who indicate they wake up without an alarm on free days18. Individuals who 

indicated otherwise could not be assigned a chronotype.  

3.3.5.4 Job Stress 

 The Job Content Questionnaire (JCQ)22 was used to measure psychological job 

stress. This 49-question instrument is based on the high-demand/low-control/low-support 

model of job strain and assesses: a) decision latitude; b) decision authority; c) 

psychological job demands; d) social support from supervisors and colleagues; and e) job 

insecurity. Using Likert-scale responses (strongly disagree, disagree, agree, strongly 

agree) to rate job-related statements, a summary score for each job strain domain was 

derived. Job stress can occur when there is low decision latitude and authority, high 

psychological job demands, low support from supervisors and colleagues, and job 
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insecurity. The JCQ is a validated and reliable tool to assess job stress and has been used 

in many large epidemiologic studies23.  

3.3.5.5 Life Stress 

 Life stress was measured with the Derogatis Stress Profile (DSP), a validated, 77-

item self-report questionnaire24,25. The DSP is based on the interactional stress theory 

paradigm, in which stress is derived from three interacting components: environmental 

stimuli (domestic, vocational, health), personality mediators (time pressure, driven 

behaviour, attitude posture, relaxation potential, role definition), and emotional responses 

(anxiety, hostility, depression). Each item on the DSP is rated on a 5-point scale ranging 

from 0= “not at all true for me” to 4= “extremely true for me”. Total Stress Scores (TSS) 

were converted to t-scores using a conversion table from the analysis guide. Life stress is 

present if an individual’s t-scores is >80 (population mean + 1 standard deviation). 

However, few participants met this threshold so life stress was defined as a t-score >50 

(sample mean + 1 standard deviation)24.  

3.3.5.6 Emotional Health 

 Emotional health was measured with the Centre for Epidemiologic Studies 

Depression Scale Revised (CESD-R), a screening test for depression and depressive 

disorders26. This 20-item questionnaire measures nine different domains of depression: 

sadness (dysphoria), loss of interest (anhedonia), appetite, sleep, thinking/concentration, 

guilt (worthlessness), tiredness (fatigue), movement (agitation), and suicidal ideation. 

Each item was rated on a scale of 0-4, relating to the frequency in which an individual 

agreed with each item in the past two weeks (0=“not at all or less than one day”; 1=“1-2 

days”; 2=“3-4 days”; 3=“5-7 days”; 4= “nearly every day for two weeks”). A total score 



	   	   76	  
	  

ranging from 0-60 was calculated by finding the sum of all 20 items. A score ≥16 

suggests an individual might be at risk of depression. A validity study among a large 

sample of American adults demonstrated that the CESD-R is an accurate and valid tool to 

screen for depression27.  

 

3.4 Participant Exclusions 

 A schema depicting participant exclusions is shown in Figure 1. The original 

study recruited 330 women (168 rotating shiftworkers, 162 dayworkers). Participants 

were excluded if they did not have at least three days of accelerometer data in which the 

ActiGraph GT3X+ was turned on during sleep periods. The recommended minimum 

length for actigraph monitoring is three days28. Sleep periods in which the actiwatch was 

turned off were excluded. Of the 168 shiftworkers and 162 dayworkers, three dayworkers 

and one shiftworker were initially excluded because they did not have any actigraph data, 

and an additional two shiftworkers were excluded because they had less than three days 

of data. Reasons for missing data may be due to technical problems or issues with 

participant compliance. Among an additional two shiftworkers, sleep logs and actigraph 

data were illogical and mismatched throughout the entire week of data collection, 

limiting the ability to accurately estimate sleep periods. These data were considered poor 

quality and these participants were excluded from the analyses. In addition, one 

dayworker indicated they worked night shifts at a second job so was also excluded from 

the analyses.   

 To capture sleep patterns common of a work rotation, some additional exclusion 

criteria based on shift requirements were set. Among dayworkers, data was required from 
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at least one work day and one free day. Among shiftworkers, data was required from at 

least one night shift, one day shift, and one free day. When daily main sleep was 

analyzed, an additional twenty-one shiftworkers and six dayworkers were excluded once 

the minimum shift requirements were accounted for, leading to a final sample size of 294 

participants (142 shiftworkers, 152 dayworkers). When daily total sleep (main sleep + 

naps) was analyzed, days in which nap times were missing were excluded. An additional 

two shiftworkers and one dayworker were excluded from the analysis for total sleep 

because they no longer fulfilled the shift requirements or had less than three days of valid 

sleep data. The final sample size for the total sleep analyses was 291 participants (140 

shiftworkers, 151 dayworkers).  
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Figure 1: Schema of participant exclusions. 294 and 291 participants remained in the final sample for main 
and total sleep analyses, respectively 
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3.5 Statistical Analyses 

3.5.1. Description of Study Population  

	   To describe the study population by socio-demographic variables, health 

behaviours and qualities, and work characteristics, means and standard deviations were 

calculated for continuous variables, and counts and percentages were calculated for 

categorical variables. For continuous variables, current shiftworkers and dayworkers 

were compared using Wilcoxon rank-sum tests. Wilcoxon rank-sum tests were used 

instead of t-tests because variables were non-parametric. Categorical variables were 

compared between current shiftworkers and dayworkers using Chi-Square and Fisher’s 

Exact tests. In addition, as a validity exercise women who were excluded from the study 

were compared to those who remained in the study in terms of some descriptive 

variables. Although this analysis had limited power, women excluded from the study 

were comparable to those who remained in the final sample for most variables (Appendix 

B). 

3.5.2 Analyses for Manuscript 1  

3.5.2.1 Descriptive Analyses for All Sleep Parameters 

 Using the entire week of available data, daily means and standard deviations were 

calculated for sleep duration, time in bed, wake after sleep onset, awakening length, and 

number of awakenings. This was done for main sleep, total sleep, and naps. Using 

Wilcoxon rank-sum tests, comparisons were made between current shiftworkers and 

dayworkers, women with ≥10 and <10 years of shiftwork history (cumulative exposure), 

and women who worked ≥3 and <3 consecutive night shifts by these sleep parameters. 
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The analysis for cumulative shiftwork exposure was stratified by current shiftworkers and 

dayworkers to remove the effect of a current shiftwork status on sleep.  

 The remainder of the analyses focused on one sleep parameter: sleep duration. We 

chose to focus on sleep duration because it is particularly affected by shiftwork, and has 

strong implications for health and disease.  

3.5.2.2 Shift-Specific Sleep Duration Descriptive Analyses for Current Shiftworkers 

and Dayworkers 

 Sleep duration of current shiftworkers and dayworkers is likely highly variable 

depending on the type of shift that is worked. To explore how sleep duration varied 

throughout a workweek, shift-specific comparisons between current shiftworkers and 

dayworkers, and within current shiftworkers only were conducted. Daily main and total 

sleep duration means and standard deviations were calculated particular to: 1) day shifts; 

2) night shifts (for shiftworkers only); and 3) free days. Shift-specific nap durations were 

not calculated because the nap data were too scarce once the analyses were separated by 

the type of shift. Using Wilcoxon rank-sum tests, main and total sleep duration were 

compared between current shiftworkers and dayworkers for: 1) day shifts; 2) free days; 

and 3) night shifts (shiftworker) vs. day shifts (dayworkers). To account for matching in 

the data, sign-rank tests were used for within current shiftworker comparisons of main 

and total sleep duration. This was done for: 1) night shifts vs. day shifts; 2) night shifts 

vs. free days; and 3) day shifts vs. free days.  

3.5.2.3 Multivariable Analyses 

 Multivariable linear regression analyses were used to assess the association 

between shiftwork exposure parameters and sleep duration. Using mean daily sleep 
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duration calculated from the entire week of data, the influence of current shiftwork status, 

cumulative exposure, and number of consecutive night shifts on main, total, and nap 

duration was investigated. Multivariable analyses were also conducted to assess the 

association between a current shiftwork status and shift-specific main and total sleep 

duration using the same comparisons as the descriptive analyses.  

 Possible confounders considered in the analysis were age, number of children, 

marital status, menopausal status, and education. Other variables, including caffeine use, 

sleep medication use, physical activity, smoking status, alcohol consumption, emotional 

health, and stress potentially lie on the causal pathway between shiftwork and sleep 

duration, so were not considered as confounders. A conceptual model developed for both 

Manuscript 1 and 2 depicts this relationship in Figure 2. Specifically, the relationship 

between shiftwork and sleep is represented by path a.  

  A backwards elimination procedure was used as a screening step to retain any 

potential confounder that was significant at a liberal p-value of ≤0.2. Once a more 

parsimonious model was selected, the parameter estimate for shiftwork was noted and an 

all-possible backwards deletion method using the change-in-estimate approach was used 

to select empirical confounders29. If any variable changed the parameter estimate for 

shiftwork by ≥10%, it was retained in the final model.   

3.5.2.4 Sensitivity Analyses 

 Previous research has shown that sleep duration of shiftworkers on different types 

of shifts is modulated by chronotype30. To explore whether shift-specific comparisons 

were affected by chronotype, shiftworkers were stratified into tertiles reflecting relative 

early, middle and late chronotypes, and all comparisons for main and total sleep duration 
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were repeated. One-way ANOVA and Tukey post-hoc tests were also conducted to see 

whether early, middle, and late chronotypes had similar sleep duration within day shifts, 

night shifts, and free days. The purpose of this sensitivity analysis was to ensure that 

conclusions made about the effect of shiftwork on sleep duration on different types of 

shifts were consistent regardless of chronotype. Shiftworkers who indicated they 

typically wake-up with an alarm on free days could not be assigned a chronotype, so 42 

and 44 shiftworkers were excluded from this sensitivity analysis for main and total sleep, 

respectively.   

As an additional sensitivity analysis, the descriptive analysis for cumulative 

shiftwork exposure was repeated where women with ≥20 years of shiftwork exposure 

were excluded. Individuals with >15-20 years of shiftwork exposure are considered a 

unique group who are particularly tolerant to shiftwork, as most workers who cannot 

adapt to shiftwork self-select out of this schedule earlier in their careers31. As a final 

sensitivity analysis, the descriptive analysis was repeated among nurses only, as nurses 

may have different occupationally-related stressors32 that may impact sleep.  

3.5.3 Analyses for Manuscript 2 

3.5.3.1 Description of the Metabolic Syndrome and Its Components by Different 

Shiftwork Variables 

 Using Wilcoxon rank-sum tests, the presence of the metabolic syndrome and its 

individual components were compared between current shiftworkers and dayworkers, 

women who have worked ≥10 and <10 years of shiftwork, and current shiftworkers who 

worked ≥3 and <3 consecutive night shifts.  
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3.5.3.2 Mediation Analysis 

 Mediation analysis assessing the relationships between shiftwork, sleep duration 

on work shifts, and the metabolic syndrome was conduced using the PROCESS 

procedure for SAS33. We chose to focus on sleep duration during the workweek to best 

capture the effect of a work schedule on sleep. Mean work-related sleep duration was 

calculated using all available main work shift sleep periods measured from actigraphy. 

On average, this included five days for dayworkers and four days for shiftworkers.  

 The PROCESS procedure uses regression path analysis to estimate the total, 

direct and indirect effect of a predictor variable on a dependent variable, and the 

significance of the indirect effect can then be tested with the generation of bootstrap 

confidence intervals. A conceptual model to illustrate the proposed association between 

shiftwork (predictor variable X), sleep duration on work shifts (mediator M), and the 

metabolic syndrome (dependent variable Y) is shown in Figure 2. The total effect of 

shiftwork on the metabolic syndrome can be partitioned into a direct and indirect effect. 

The direct effect is the influence of shiftwork on the metabolic syndrome without passing 

through sleep duration (i.e., controlled for sleep duration), while the indirect effect is the 

influence of shiftwork on the metabolic syndrome by passing through sleep duration. 

That is to say, the indirect effect is a causal sequence in which shiftwork predicts sleep 

duration, and sleep duration subsequently predicts the metabolic syndrome. 

 Regression path analysis was used to estimate: 1) the total effect of shiftwork (X) 

on the metabolic syndrome (Y), unadjusted for group differences in sleep duration (M)- 

path c; 2) the direct effect of shiftwork (X) on the metabolic syndrome (Y), holding the 

effect of sleep duration (M) constant- path c’; 3) the association between shiftwork (X) 
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and the proposed mediator, sleep duration (M)- path a; 4) the association between sleep 

duration (M) and the metabolic syndrome, while holding the independent variable X 

constant- path b. Three statistical equations can describe the regression models used to 

estimate all pathways:   

1) Y= B0 + cX  + confounders 

2) M=B0 + aX + confounders 

3) Y=B0 +c’X +bM + confounders 

	  
	  

Figure 2: Conceptual model of the relationship between shiftwork, sleep, and the metabolic syndrome. 
Path c is the total effect of shiftwork on the metabolic syndrome; path c’ is the direct effect of shiftwork on 
the metabolic syndrome; path a is the effect of shiftwork on sleep; path b is the effect of sleep duration on 
the metabolic syndrome, adjusted for shiftwork status. Age, marital status, menopausal status, education 
and number of children may confound all paths; physical activity, smoking status, caffeine use, alcohol 
use, stress, and emotional health may confound path b but are potential intermediates in paths a, c’, and c. 
Sleep medication use likely lies between shiftwork and sleep, but is not associated with the metabolic 
syndrome. 
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 Logistic regression was used for models 1 and 3 because the metabolic syndrome 

is a dichotomous outcome, while ordinary least-squares regression was used for model 2 

because sleep duration is continuous. The indirect effect was calculated as the product of 

coefficients ab and was estimated from 10 000 bootstrap samples with replacement. To 

test the significance of the indirect effect (i.e., whether work-related sleep duration is a 

significant mediator in the relationship between shiftwork and the metabolic syndrome), 

bias-corrected 95% confidence interval around the indirect effect were constructed. Bias-

corrected confidence intervals adjust for the proportion of the bootstrap-estimated 

indirect effects (ab*) that are less than the estimate of the indirect effect (ab) calculated 

from the original data33. The indirect effect is considered statistically significant if the 

95% confidence interval does not include the null value of one.  

 The conceptual model (Figure 2) was also used to decide what variables may be 

confounders. Age, menopausal status, number of children, marital status and education 

may confound all paths, while smoking, caffeine and alcohol consumption, emotional 

health, stress, and physical activity may confound path b but are potential intermediates 

in paths a, c, and c’. Sleep medication use is a likely intermediate in path a, but is not a 

known risk factor for the metabolic syndrome. Any variable that violates a condition of 

confounding should not be included in the mediation model. Therefore, the primary 

analysis assessed the potential confounding role of age, menopausal status, number of 

children, marital status and education. Before conducting the PROCESS procedure, each 

individual regression analysis was run to select empirical confounders. A backwards 

elimination procedure (using a liberal p-value of 0.2) was initially used to select more 

parsimonious models. The parameter estimate for shiftwork (for models 1 and 3) and 
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sleep duration (model 2) were noted and the change-in-estimate approach was then 

used29. If a variable changed the parameter estimate for shiftwork or sleep duration by 

≥10%, it was included in the PROCESS procedure code and adjusted for in the analysis.  

 Since mediator-outcome confounding is a particularly important source of bias in 

mediation analysis34 and there is some uncertainty as to whether smoking, caffeine and 

alcohol consumption, emotional health, stress, and physical activity are true intermediates 

in paths a, c and c’, we explored whether these variables were empirical confounders in 

the sleep duration-metabolic syndrome relationship to rule out the possibility of 

mediator-outcome confounding. None were found to be empirical confounders.  

 Although there are similarities between this approach to mediation analysis and 

the more traditional causal step method popularized by Baron and Kenny35, the approach 

used in this project has a number of advantages. Firstly, the causal step approach does not 

directly quantify the indirect effect (ab), nor does it test the significance of the indirect 

effect. Instead, the causal step approach infers that if a and b are statistically significant, 

the product ab must also be statistically significant. Inferential tests surrounding the 

indirect effect should be based on the indirect effect itself, not individual components that 

make up the indirect effect33. Furthermore, simulation studies have shown that the causal 

step approach has low power unless an effect size or sample size is very large36.  

 To test the indirect effect, the normal theory approach37 (also referred to as the 

product of coefficients approach to inference, the delta method, and the Sobel test) has 

often been used in conjunction with the causal step approach. Despite its use, it has a 

couple of prominent shortcomings that bootstrapping methods can overcome. Firstly, the 

normal theory approach assumes the indirect effect ab is normally distributed, but 
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simulation studies have demonstrated that this assumption is often violated36,38. 

Bootstrapping does not make any assumptions about the sampling distribution of the 

indirect effect ab. Secondly, the normal theory approach has low power and produces less 

accurate confidence intervals39.  

 Other approaches to mediation analysis include structural equation modeling 

(SEM)40 and the counterfactual framework41–43. SEM is ideal when a model includes 

latent variables (e.g., happiness, stress, etc.), while both SEM and the counterfactual 

framework are useful methods for complex models, such as those containing multiple 

mediators or interactions40,41. Because the model in this project was fairly simple, the 

regression-based method was a suitable choice.  

3.5.3.3 Multivariable Association Between Cumulative Shiftwork Exposure and 

Number of Consecutive Night Shifts and the Metabolic Syndrome 

   Lastly, a similar change-in-estimate approach was used to select confounders to 

include in multivariable models assessing the relationship between cumulative shiftwork 

exposure, the number of consecutive nights shifts and the metabolic syndrome. The same 

subset of potential confounders were assessed, and for cumulative shiftwork exposure, 

current shiftwork status was also included as a possible confounder. All statistical 

analyses were conducted on SAS V.9.4 (SAS Institute Inc., Cary, North Carolina).  

 

3.6 Ethical Considerations 

 The original study received ethics approval from the Health Sciences Research 

Ethics Board at Queen’s University, while additional ethics approval was granted to 

access data for this thesis (Appendix C). Volunteers provided informed consent to 
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participate in the study. All electronic data were stored on a shared drive at KGH and 

required an approved login and password to access. Hardcopies of questionnaires and 

intake interviews were securely stored in a locked office at KGH.  
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The Impact of Shiftwork on Actigraph Measures of Sleep Among Female Hospital 
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4.1 Abstract 

Objectives: The objectives were to describe sleep patterns by different shiftwork 

exposure variables (current status, cumulative exposure, number of consecutive night 

shifts) and to determine associations between shiftwork variables and sleep duration 

among female hospital employees.  

Methods: In this cross-sectional study, sleep was measured with the ActiGraph GT3X+ 

for one week in 294 female hospital workers (142 rotational shiftworkers, 152 

dayworkers). Shiftwork exposure parameters were determined through self-report.  

Results: When all study days were used to calculate average sleep duration, results from 

age-adjusted models show that current shiftworkers sleep less than current dayworkers 

during main sleep periods by approximately 18 minutes, while a current shiftwork 

schedule is not associated with total 24-hour sleep duration. After adjusting for age, main 

sleep duration of current shiftworkers on day and night shifts is less than dayworkers by 

approximately 28 and 112 minutes, respectively, while sleep duration of current 

shiftworkers is longer on free days compared to day workers by a mean of 24 minutes. 

Similar trends are apparent for total 24-hour sleep. Approximately 75% of current 

shiftworkers and 35% of current dayworkers took one or more nap during the study 

period of one week, where nap duration among shiftworkers is longer by a mean of 28 

minutes after adjusting for age. Cumulative shiftwork exposure and the number of 

consecutive night shifts minimally affects most sleep parameters, and are not associated 

with sleep duration. 

Conclusions: A current rotational shiftwork schedule negatively impacts sleep in female 

hospital workers.  
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4.2 Introduction 

 Approximately 12% of the Canadian labour force works regular or rotating night 

shifts1. For women, the industry with the greatest number of rotating and night 

shiftworkers is healthcare and social assistance2. Shiftwork disrupts sleep quality and 

quantity3,4 which may contribute to increased chronic disease risk among shiftworkers, 

including cancer, cardiovascular disease, diabetes and the metabolic syndrome5–8. In 

order to understand a possible mechanism by which shiftwork affects chronic disease, it 

is first necessary to have a good description of sleep patterns of shiftworkers. 

 One of the most significant effects of shiftwork on sleep is its role in reducing 

sleep duration, where two reviews have concluded that early morning and night work 

limits sleep quantity3,4. Sleep duration of shiftworkers may be modified by chronotype, 

i.e., an individual’s preference towards morningness or eveningness. Previous research 

has shown that evening-type shiftworkers have shortened sleep duration on morning 

shifts and long sleep on night shifts, while the opposite is true for morning-types9. 

Shiftwork-related sleep disturbance can also include reduced sleep quality and increased 

sleepiness and fatigue3,4. Evidence also suggests that past shiftwork history may 

adversely affect current sleep patterns10–13. The number of consecutive night shifts in a 

rotation is another important shiftwork exposure variable14 that may impact sleep. The 

biological mechanism explaining shiftwork-related sleep disturbance can largely be 

attributed to work schedules that are in opposition to the normal circadian rhythm that 

promotes wakefulness during the day and sleep at night3.   

 A limitation in research assessing the association between shiftwork and sleep is 

that sleep is often measured with self-report methods, potentially leading to inaccurate 
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and imprecise measurements15,16. An additional limitation of previous research is that 

exposure classification of shiftwork has been inconsistent14 and few studies have 

explored the influence of different aspects of shiftwork, including cumulative shiftwork 

exposure and the number of consecutive night shifts, on sleep disturbance.  

 Actigraphy is an objective alternative to self-report methods of measuring sleep. 

Actigraphs contain an accelerometer that record individual movement to monitor sleep-

wake cycles in real-time. Validated against polysomnography, actigraphy has been shown 

to be over 80% accurate17,18, with high sensitivity (>80%) but lower specificity (~35%-

65%)17,18. Actigraphy is a particularly useful tool for shiftwork studies because it can 

capture variability in sleep across a work schedule to describe when exactly sleep is most 

disturbed. 

 The main objectives of this paper are two-fold. Firstly, we aim to describe various 

sleep parameters by different shiftwork exposure metrics (current status, cumulative 

exposure, number of consecutive night shifts) in a large sample of female hospital 

employees. Our second objective is to assess the association between shiftwork variables 

and one of these outcome parameters that is particularly important: sleep duration. To 

elucidate when sleep duration is most affected in a shiftwork schedule, we will also 

explore the variability in sleep duration across different types of shifts (days, nights, free 

days) between current shiftworkers and dayworkers, as well as within current 

shiftworkers only.  
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4.3 Methods 

4.3.1 Target Population  

 This cross-sectional study includes 294 female hospital employees (142 

shiftworkers, 152 dayworkers) at Kingston General Hospital (KGH) in Kingston, 

Ontario. Shiftwork was defined as a rotational work schedule that includes a night shift. 

The routine schedule among shiftworkers was two 12-hour day shifts, two 12-hour night 

shifts, and four to five days off, although we found this schedule was highly variable as 

women often traded shifts. The dominant schedule for dayworkers included five days of 

8-hour shifts followed by two off days. Participation was voluntary and included staff 

from inpatient units (e.g., nurses, patient care assistants), as well as laboratory, diagnostic 

and support services. All participants provided informed consent and the study was 

approved by the Health Sciences Research Ethics Board at Queen’s University.  

4.3.2 Basic Data Collection Procedures 

 Data collection was one week in length. At enrollment, the study nurse measured 

weight and height to calculate body mass index (BMI). Participants completed a detailed 

questionnaire pertaining to socio-demographic factors, health history and behaviours, and 

working patterns. Physical activity was measured with the Global Physical Activity 

Questionnaire19, life stress was measured with the Derogatis Stress Profile20, emotional 

health was measured with the Centre for Epidemiologic Studies Depression Scale 

Revised21, and occupational stress was measured with the Job Content Questionnaire22. 

Chronotype was measured from mid-sleep time on free days with the Munich Chronotype 

Questionnaire23. 
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4.3.3 Shiftwork Exposure Assessment 

  As the main shiftwork exposure metric, current shiftwork status was determined 

through self-report. Information on cumulative shiftwork exposure was collected through 

interview and estimated as full-time years + 0.5*part-time years. For comparative 

purposes, women were categorized by ≥10 and <10 years of shiftwork history, because a 

cut-off of 10 years has been shown to affect sleep11,13. Among shiftworkers only, 

information on the number of consecutive night shifts worked in a rotation was collected 

through self-report. Although there is no definitive answer as to how many consecutive 

night shifts affect sleep the most4, cut-offs typically ranging from two to four nights have 

been associated with increased sleep disturbance or other associated health risks24–27. A 

threshold of three night shifts was chosen to ensure an adequate sample size in each 

group.  

4.3.4 Sleep Assessment  

 Sleep was monitored with the ActiGraph GT3X+; a small (4.6 cm x 3.3 cm x 1.5 

cm), lightweight (19 g) device containing a tri-axial accelerometer.  For one week, 

participants wore the ActiGraph GT3X+ on their non-dominant wrist (affixed with an 

elastic band) during sleep. Data were collected at a sampling rate of 30 Hz, downloaded 

in ten-second epochs, and were aggregated to one-minute epochs representing activity 

counts/min. Participants also recorded their sleep and wake times (for naps and main 

sleep periods) using sleep logs, which were then used to aid the collation of actigraph 

data. 

 Actigraph data were analyzed using ActiLife (version 6.5.3) software, using the 

embedded Cole-Kripke algorithm28. Using data from the vertical axis, data were scored in 
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one-minute epochs as “wake” or “sleep” by measuring activity levels during each minute, 

as well as activity immediately prior to and after each epoch. In order for the algorithm to 

calculate sleep parameters, bed and wake-up times were manually inputted into the 

software. Estimates of these times were determined by cross-referencing information in 

the sleep logs, and exact times were adjusted by a visual inspection of the data looking 

for a change from relatively high to low activity.  

 Five sleep parameters were measured with actigraphy for main sleep, naps, and 

total 24-hour sleep (main sleep + nap). Sleep duration (also called total sleep time in the 

literature) refers to the number of one-minute epochs in a sleep episode scored as “sleep”, 

excluding any minutes scored as “wake”. Time in bed refers to the number of minutes 

from bed to wake-up time, including both time spent asleep and awake. Wake after sleep 

onset (WASO) is the number of waking minutes in a sleep episode after sleep has been 

initiated. Awakening length is the average duration of wake periods in a sleep episode, 

while number of awakenings is the frequency of awakenings during a sleep episode. 

Sleep episodes were identified as day shifts, night shifts, and free days, depending on the 

impact of the work schedule on sleep. Sleep before a morning shift is affected by the 

upcoming workday and was coded as a day shift-associated sleep. Sleep after a night 

shift is influenced by the previous night of work and was thus coded as a night shift sleep 

period. Sleep before a day not at work was coded as a free day. 

4.3.5 Exclusions  

 Of the 330 women that participated in the study, 36 were excluded from the main 

sleep analyses due to missing sleep data. Women that had <3 days of actigraph data were 

excluded. Among shiftworkers, at least one day of sleep data was required for each of a 
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day shift, night shift and free day; among dayworkers, at least one day of data was 

required from a day shift and free day. Two additional shiftworkers and one additional 

dayworker had missing nap times in their sleep logs and were excluded from the total 

sleep analyses. 

4.3.6 Statistical Analyses 

 To compare current shiftworkers and dayworkers in terms of socio-demographic, 

work and health characteristics, Wilcoxon rank-sum tests were used for continuous 

variables and Chi-Square and Fisher’s Exact tests were used for categorical variables. 

Using the entire week of available data, daily means and standard deviations were 

calculated for all sleep parameters. This was done for main sleep, total sleep, and naps, 

and comparisons between shiftwork exposure variables were conducted using Wilcoxon 

rank-sum tests. The analyses for cumulative shiftwork exposure were stratified by current 

shiftwork status to remove this effect.  

 To further explore the influence of current shiftwork status on sleep duration, 

descriptive shift-specific comparisons were conducted. Main and total sleep duration 

means and standard deviations were calculated for: 1) day shifts; 2) night shifts (for 

shiftworkers only); and 3) free days. Using Wilcoxon rank-sum tests, main and total sleep 

duration were compared between current shiftworkers and dayworkers for: 1) day shifts; 

2) free days; and 3) night shifts (shiftworkers) vs. day shifts (dayworkers). Using sign-

rank tests, main and total sleep duration were compared within current shiftworkers for: 

1) night shifts vs. day shifts; 2) night shifts vs. free days; and 3) day shifts vs. free days. 

Shift-specific comparisons were not conducted for naps because nap data were too scarce 

once the analyses were separated by type of shift.  
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 Multivariable linear regression analyses were then used to assess associations 

between shiftwork parameters and sleep duration. Using mean daily sleep duration 

calculated from the entire week of data, the influence of current shiftwork status, 

cumulative exposure, and the number of consecutive night shifts on main sleep, total 

sleep and nap duration was investigated. Multivariable analyses were also conducted to 

assess associations between current shiftwork status and shift-specific main and total 

sleep duration using the same comparisons as the descriptive analyses.  

 Possible confounders considered in these analyses were age, number of children, 

marital status, menopausal status, and education. Other variables, including caffeine and 

sleep medication use, physical activity, smoking status, alcohol consumption, emotional 

health, and stress potentially lie on the causal pathway between shiftwork and sleep 

duration, so were not considered as confounders. It was decided a priori that age would 

be included in all models, while empirical confounders were assessed using the change-

in-estimate approach29. If any variable changed the parameter estimate for shiftwork by 

≥10%, it was retained in the final model. All analyses were conducted using SAS version 

9.4 (SAS Institute Inc., Cary, NC, USA).  

4.3.7 Sensitivity Analyses 

 Previous research has shown that chronotype modulates sleep duration of 

shiftworkers on different types of shifts9. To explore whether shift-specific comparisons 

were affected by chronotype, shiftworkers were stratified into tertiles reflecting relative 

early, middle and late chronotypes, and all shift-specific comparisons were repeated. 

Chronotype can only be estimated among people who awaken without an alarm on free 

days, so 42 and 44 shiftworkers were excluded from the chronotype-specific main and 
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total sleep analyses, respectively. One-way ANOVA and Tukey post-hoc tests were also 

conducted to assess whether shiftworkers of early, middle, and late chronotypes had 

similar sleep duration within day shifts, night shifts, and free days.  

As an additional sensitivity analysis, the descriptive analysis for cumulative 

shiftwork exposure was repeated where women with ≥20 years of shiftwork exposure 

were excluded. Individuals with >15-20 years of shiftwork experience are considered a 

unique group who are particularly tolerant to shiftwork; most workers who cannot adapt 

to shiftwork self-select out of this schedule earlier in their careers12. A final sensitivity 

analysis repeated the descriptive sleep analysis among nurses only, as nurses may have 

different occupationally-related stressors30 that may impact sleep.  

 

4.4 Results 

4.4.1 Description of the Study Population 

 Current shiftworkers and dayworkers differ by some socio-demographic, lifestyle 

and work characteristics (Table 1). Shiftworkers are younger, have later chronotypes, 

fewer children, are more likely to have graduated university, are less likely to smoke, and 

have lower life stress. Shiftworkers are also more likely to be nurses, have greater 

cumulative shiftwork history, more job security, less social support at work, and greater 

psychological job demands.  

4.4.2 Description of Sleep Parameters by Shiftwork Exposure Variables 

 Activity plots of a shiftworker and a dayworker generated from the actigraph data 

are shown in Figure 1. Sleep for shiftworkers is irregular and includes daytime sleep after 

night shifts and more naps. Sleep on free days is fairly long while sleep after a night shift 
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is typically shorter. Sleep among dayworkers is more consistent and napping is less 

common.  

 A description of mean daily sleep patterns (using all available days of data) by 

different shiftwork exposure metrics is displayed in Table 2. Compared to current 

dayworkers, current shiftworkers sleep less and spend less time in bed during main sleep, 

but total sleep duration and time in bed are similar. Main sleep awakening length among 

current shiftworkers is marginally longer than dayworkers. Among current shiftworkers 

only, those with ≥10 years of shiftwork history sleep less, spend less time in bed, and 

have fewer awakenings in main and total sleep. Among current dayworkers, the number 

of awakenings is greater in those with <10 years of shiftwork history for main and total 

sleep, while all other sleep parameters are similar. The number of consecutive night shifts 

does not affect main and total sleep.  

 A greater proportion of current shiftworkers are more likely to take ≥1 nap during 

the study period compared to dayworkers (75% vs. 35%) (Table 2). Nap duration, time in 

bed, WASO and awakening length are longer, and awakening frequency is greater among 

current shiftworkers than dayworkers. Cumulative shiftwork exposure among current 

shiftworkers does not affect most nap parameters, except the number of awakenings is 

fewer in those with ≥10 years of shiftwork history compared to those with <10 years of 

shiftwork history. Nap parameters are similar among current dayworkers by cumulative 

shiftwork exposure, and the number of consecutive night shifts also does not affect nap 

parameters.   
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4.4.3 Shift-Specific Comparisons of Sleep Duration 

 Shift-specific comparisons for main and total sleep duration are displayed in 

Table 3.  All comparisons within shiftworkers and between current shiftworkers and 

dayworkers are statistically significant. Main sleep duration of current shiftworkers is 

shortest on night shifts (295 min; 4 h 55 min) followed by day shifts (376 min; 6 h 16 

min), and is longest on free days (481 min; 8 h 1 min). Main sleep duration of current 

dayworkers during day shifts (404 min; 6 h 44 min) is longer than shiftworkers on day 

shifts and night shifts, but sleep duration of dayworkers on free days (449 min; 7 h 29 

min) is shorter. Similar trends are apparent with total sleep duration, although sleep 

duration is longer. 

4.4.4 Multivariable Associations Between Shiftwork and Sleep Duration 

 Multivariable associations between shiftwork parameters and sleep duration are 

displayed in Table 4. Using a change-in-estimate approach, age is the only variable 

retained in multivariable models. Main sleep duration calculated from all study days for 

shiftworkers is less than sleep duration among dayworkers by approximately 18 minutes, 

nap duration is longer by 28 minutes, and total sleep is similar between groups. After 

adjusting for age, cumulative shiftwork exposure among current shiftworkers no longer 

impacts sleep duration. Similarly, cumulative shiftwork exposure among dayworkers and 

the number of consecutive nightshifts does not impact sleep duration in multivariable 

models. Main sleep duration among shiftworkers on night and day shifts are 112 minutes 

(1 h 52 min) and 28 minutes shorter, respectively, than sleep duration among dayworkers 

on day shifts, and results are similar for total sleep. Main and total sleep duration of 
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shiftworkers on free days are approximately 24 and 47 minutes longer than main and total 

sleep duration of dayworkers on free days, respectively.  

4.4.5 Sensitivity Analyses 

 Results exploring shift-specific sleep duration stratified by chronotype are mostly 

consistent with the overall analyses (Table S1 and S2); however, a difference was 

observed for main sleep on free days, where only shiftworkers with late chronotypes 

sleep longer than dayworkers on free days. Excluding women with ≥20 years of 

shiftwork history (Table S3) and non-nurses (Table S4) minimally affects the results.   

 

4.5 Discussions 

 The results of this study indicated that a rotational shiftwork schedule influenced 

sleep patterns, while cumulative shiftwork exposure and number of consecutive night 

shifts had less of an impact on current sleep. Greater differences in sleep duration 

between current shiftworkers and dayworkers were apparent in shift-specific 

comparisons, where shiftworkers slept less than dayworkers on day and night shifts, but 

longer on free days.  

 Although we found that main sleep duration of current shiftworkers was shorter 

than sleep duration among dayworkers when all study days were used to estimate sleep, 

total sleep duration was similar because of more frequent and longer naps among 

shiftworkers. Benefits of napping among shiftworkers include reductions in sleepiness 

and improvements in alertness and performance at work31,32. Despite these known 

benefits, the influence of daytime napping on chronic disease development is less 

understood, and napping may be an indicator of nighttime sleep disturbance. A number of 
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prospective studies have associated napping with chronic disease incidence and all-cause 

mortality33,34, although a causal association has not been established. 

 WASO was not different in all main and total sleep comparisons, but this is 

challenging to interpret when time in bed differs because a longer attempted sleep 

episode offers a greater opportunity for awakening during sleep. However, WASO was 

very similar between current shiftworkers and dayworkers in total sleep (where time in 

bed was close), suggesting that shiftwork-related sleep disturbance may be unrelated to 

awakening during sleep.   

 Results comparing sleep duration between current shiftworkers and dayworkers 

are in accordance with results from a meta-analysis by Pilcher and colleagues35. Both 

results demonstrated that differences in sleep duration between rotational shiftworkers 

and dayworkers were most apparent when shift-specific sleep was compared, rather than 

average sleep collapsed across various types of shifts. This brings insight into previous 

work conducted by our research group in a subset of this study sample, in which sleep 

duration, measured by the Pittsburg Sleep Quality Index (PSQI), was not different 

between current shiftworkers and dayworkers36. The PSQI estimates average nightly 

sleep duration in the past 30 days, without attention to shift-specific sleep37. This 

highlights the importance of measuring sleep particular to each shift, as questionnaires 

like the PSQI cannot capture variability in sleep that occurs within a shift schedule. 

 In further agreement with results by Pilcher and colleauges35, we found that 

shiftworkers on day shifts slept less than dayworkers on day shifts. Differences in shift 

length and timing likely explain this finding, as day shifts among shiftworkers in this 
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study are 12 hours in duration and typically start at 7:00 am, compared to 8 hour shifts 

among dayworkers which start later (8:00-9:00 am).  

 Our results showing long sleep duration of shiftworkers on free days is in 

agreement with past research38,39. Extended sleep duration on free days suggests that 

shiftworkers offset sleep loss that may have occurred during the workweek. However, the 

sensitivity analysis in which shiftworkers were stratified by chronotype showed that only 

shiftworkers with late chronotypes had longer main sleep periods than dayworkers on 

free days (although all chronotype groups slept longer than dayworkers on free days 

when total sleep was investigated). To our knowledge, this has not been shown before 

and should be further explored in future studies.  

Sleep duration of shiftworkers on work shifts was consistently shorter than sleep 

among dayworkers on work shifts. Notably, a shiftworker’s sleep after a night shift was 

especially short. This repeated pattern of sleep restriction might have implications for 

chronic disease development. A review concluded that short-term sleep restriction 

negatively affects a number of physiologic conditions, including reduced glucose 

tolerance, increased blood pressure, increased inflammatory markers, elevated blood 

pressure, and changes in appetite-regulating hormones40.   

 The number of consecutive night shifts did not impact sleep in this study. The 

arbitrary cut-off of ≥3 consecutive night shifts may explain why all sleep parameters 

were similar, although previous research by our group with the same study population 

found that this cut-off affected melatonin41, a marker of circadian disruption that is 

related to sleep. Shiftworkers at KGH are routinely scheduled for two consecutive night 

shifts, so women who worked ≥3 night shifts picked up extra shifts. Few differences in 
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sleep between those who worked ≥3 and <3 night shifts might suggest that those who 

picked up extra night shifts are more tolerant to night work. Alternatively, these women 

might have slept especially long on free days so that average sleep duration throughout 

the study week was approximately the same as those who worked fewer night shifts.    

 After confounder adjustment, there was no difference in sleep duration by 

cumulative shiftwork exposure. Results from the Nurses’ Health Study have also shown 

that sleep duration is fairly similar among women with different shiftwork exposure 

histories42, while past shiftwork exposure was associated with increased sleep 

disturbance, poor sleep quality, and insomnia in other studies10–13. Inconsistent cut-offs 

and definitions of cumulative shiftwork exposure may explain the variability in results 

between studies.  

 Important strengths of this study are the objective measurement of sleep and the 

large sample size in relation to other occupational health studies that use actigraphy to 

monitor sleep. This study is also unique in that it includes a group of strictly dayworkers 

as a comparison group, as many shiftwork studies assess sleep disturbance within 

shiftworkers only. Further, through collecting information on cumulative shiftwork 

exposure and the number of consecutive night shifts, we were able to explore the effects 

of other important shiftwork parameters on sleep. 

 There are some limitations of this study. First, we did not have good information 

on current comorbidities that might impact sleep so were unable to account for these. 

Second, our measurement of chronotype was imperfect since, at the time the study took 

place, the Munich Chronotype Questionnaire for Shiftworkers43 had not yet been 

published so the original MCTQ23 was used for both dayworkers and shiftworkers. Both 
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questionnaires calculate chronotype by mid-sleep time on free days, but using the original 

MCTQ limits our ability to make the proper correction for sleep debt accumulated over 

the workweek among shiftworkers. Despite having enough information to apply this 

correction to dayworkers, correcting only one of our comparison groups for sleep debt 

would lead to differential misclassification. Consequently, chronotype was estimated 

with an uncorrected mid-sleep time for both shiftworkers and dayworkers. Future studies 

should use the appropriate questionnaire to estimate chronotype more accurately.  

 This study may also include some non-differential misclassification of sleep 

because actigraphy is not the gold standard in sleep measurement. Another limitation is 

that shift-specific sleep duration was calculated from fewer days of data so is less reliable 

than estimates of sleep using the entire week of data. Future studies should consider using 

actigraphy for a longer duration. Lastly, this study is limited in that it did not describe 

shiftworkers and dayworkers in terms of two additional sleep parameters calculated from 

the Cole-Kripke algorithm28: sleep latency (time it takes to fall asleep) and sleep 

efficiency (proportion of time in bed that is spent sleeping). We found that sleep latency 

was systematically underestimated due to the way sleep start times were edited as a shift 

from high to low activity. Because sleep latency is used to calculate sleep efficiency, 

sleep efficiency was overestimated and very homogenous between shiftwork exposure 

groups. Future studies may want to better capture these sleep parameters, as they are 

additional indicators of sleep disturbance.  

 In conclusion, these results show that a quickly rotating shiftwork schedule 

impacts sleep in a population of female hospital workers, while cumulative shiftwork 

exposure and number of consecutive night shifts had minimal effect on current sleep 
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patterns. Sleep duration is particularly influenced by shiftwork, with the greatest 

reductions in sleep occurring after night shifts. Future studies should continue to explore 

the influence of precise shiftwork exposure metrics on objectively measured sleep 

patterns, with the ultimate goal of guiding preventive strategies and healthy workplace 

policies	  
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4.6 Tables and Figures 
 
Table 1: Description of the study population by current shiftwork statusψ 

ψ Data are presented as means ± SD or n (%) 
* p<0.05 using Wilcoxon rank-sum test for continuous variables and Chi-Square or Fischer’s Exact test for 
categorical variables  
a. Mid-sleep time on free days measured by the Munich Chronotype Questionnaire 
b. WHO guidelines 
c. Derogatis Stress Profile 
d. Centre for Epidemiologic Studies Depression Scale Revised  
e. Nutrition services, lab technician, radiation therapist, environmental services, ergonomist, education, research, 
total compensation association, abilities claim specialist, concurrent reviewer, child life specialist 

f. Job Content Questionnaire 
 

 

Variable Shiftworker  
(n=142) 

Dayworker 
(n=152) 

Socio-Demographic and Lifestyle Characteristics  
Age (years) 38.7 ± 11.1* 44.9 ± 10.0 
Post-menopausal 44 (31) 56 (37) 
Chronotypea 3.7 ± 1.3* 3.3 ± 0.9 
Number of children  1.0 ± 1.2* 1.6 ± 1.2 
Education 
     High school/ post-secondary (diploma, certificate) 
     Undergraduate, graduate, other 

 
68 (48)* 

72 (51) 

 
90 (59) 
59 (39) 

Marital Status 
     Married/common law 
     Single/divorced/separated/widowed 

 
93 (65) 
48 (34) 

 
114 (75) 
35 (23) 

BMI (kg/m2) 27.7 ± 6.0 27.0 ± 6.0 
Achieve physical activity recommendationsb 64 (45) 57 (37) 
Current smoker 8 (6)* 20 (13) 
Drink >3 caffeinated beverages/day 
     Usually/often/sometimes 
     Rarely/never 

 
76 (53) 
66 (46) 

 
72 (47) 
79 (52) 

Drink >1-2 alcoholic beverages/day 
     Usually/often/sometimes 
     Rarely/never 

 
36 (25) 
106 (75) 

 
34 (22) 
117 (77) 

Regular use of a sleep aid 27 (19) 22 (14) 
High life stress presentc 15 (11)* 32 (21) 
Emotional health scored 8.5 ± 7.7 9.8 ± 8.2 
Work Characteristics  
Employment category 
     Nursing 
     Othere 

 
126 (89)* 

16 (11) 

 
74 (49) 
78 (51) 

Years of shiftwork history 11.8 ± 9.8* 7.9 ± 8.4 
Number of consecutive night shifts 
     <3  
     ≥3 

 
74 (52) 
56 (39) 

 
- 
- 

Job content characteristicsf 

     Decision latitude 
     Macro-level decision authority  
     Psychological job demands 
     Job insecurity 
     Social support (from supervisors, coworkers) 

 
68.0 ± 8.1 
17.5 ± 3.9 
21.1 ± 4.8* 

4.2 ± 0.7* 

22.2 ± 2.9* 

 
67.9 ± 9.6 
18.3 ± 5.1 
19.2 ± 5.6 
4.9 ± 1.4 
23.5 ± 3.3 
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Table 2: Description of main, total and nap sleep parameters by different shiftwork exposure 
variables 

* p<0.05 using Wilcoxon rank-sum test 
a. Measured with actigraphy and calculated with the Cole-Kripke algorithm. Values represent daily averages using all 
available study days. Sleep duration, time in bed, wake after sleep onset and awakening length are in minutes; number 
of awakenings is a count 
 
 

 

 

 

 

 Main Sleep (mean ± SD) Total Sleep (mean ± SD) Nap (mean ± SD) 
CURRENT SHIFTWORK STATUS 

Sleep Parametera Shiftworker 
(n=142) 

Dayworker 
(n=152) 

Shiftworker 
(n=140) 

Dayworker 
(n=151) 

Shiftworker 
(n=106) 

Dayworker 
(n=54) 

Sleep duration  404.9 ± 46.4* 417.7 ± 40.8 427.5 ± 41.5 425.9 ± 41.5 110.2 ± 51.6* 82.0 ± 61.3 
Time in bed 443.4 ± 46.9* 458.1 ± 43.4 468.5 ± 47.4 467.0 ± 43.2 121.5 ± 54.4* 88.4 ± 63.0 
Wake after sleep onset 35.1 ± 17.4 37.2 ± 21.1 37.1 ± 18.4 37.7 ± 21.1 8.7 ± 8.9* 3.9 ± 5.7 
Awakening length  3.1 ± 0.9* 2.9 ± 0.9 3.2 ± 1.0 2.9 ± 0.9 3.3 ± 2.8* 2.1 ± 2.0 
Number of awakenings 13.3 ± 4.9 14.2 ± 6.0 13.9 ± 5.1 14.4 ± 5.9 3.1 ± 2.4* 1.7 ± 1.9 

CONSECUTIVE NIGHT SHIFTS 
 ≥3 night shifts 

(n=57) 
<3 night shifts 
(n=74) 

≥3 night shifts 
(n=57) 

<3 night shifts 
(n=73) 

≥3 night shifts 
(n=42) 

<3 night shifts 
(n=56) 

Sleep duration  402.8 ± 50.4 409.1 ± 42.4 427.1 ± 49.1 426.8 ± 41.2 111.6 ± 40.7 105.7 ± 55.2 
Time in bed 442.4 ± 50.6 446.2 ± 43.8 469.4 ± 50.6 465.7 ± 43.5 125.0 ± 44.0 116.0 ± 57.8 
Wake after sleep onset 36.1 ± 18.2 33.9 ± 16.2 38.2 ± 19.2 35.1 ± 17.3 10.4 ± 11.1 7.7 ± 7.2 
Awakening length  3.2 ± 1.0 3.0 ± 0.8 3.2 ± 1.1 3.1 ± 0.9 3.5 ± 2.9 3.3 ± 2.6 
Number of awakenings 13.4 ± 5.0 13.4 ± 5.0 14.1 ± 5.3 13.8 ± 5.1 3.2 ± 2.2 3.1 ± 2.7 

CUMULATIVE SHIFTWORK 
Current Shiftworker 
 ≥10 years 

(n=70) 
<10 years 
(n=72) 

≥10 years 
(n=69) 

<10 years 
(n=71) 

≥10 years 
(n=50) 

<10 years 
(n=56) 

Sleep duration  395.8 ± 43.4* 417.6 ± 47.3 415.0 ± 43.0* 439.6 ± 45.4 105.5 ± 51.2 114.4 ± 52.2 
Time in bed 432.5 ± 44.0* 458.3 ± 47.0 453.8 ± 44.8* 482.7 ± 45.8 115.5 ± 51.7 127.0 ± 56.6 
Wake after sleep onset 33.3 ± 16.2 37.3 ± 18.4 34.9 ± 17.4 39.2 ± 19.1 7.2 ± 8.3 9.9 ± 9.3 
Awakening length  3.2 ± 1.1 3.0 ± 0.8 3.3 ± 1.1 3.0 ± 0.8 3.6 ± 3.4 2.9 ± 2.1 
Number of awakenings 12.3 ± 4.2* 14.5 ± 5.3 12.8 ± 4.5* 15.0 ± 5.4 2.6 ± 2.0* 3.7 ± 2.7 
Current Dayworker 
 ≥10 years 

(n=52) 
<10 years 
(n=100) 

≥10 years 
(n=52) 

<10 years 
(n=99) 

≥10 years 
(n=16) 

<10 years 
(n=38) 

Sleep duration  424.3 ± 35.6 417.1 ± 42.8 428.4 ± 38.7 424.6 ± 43.1 76.1 ± 46.4 84.5 ± 67.0 
Time in bed 462.3 ± 36.1 459.1 ± 47.9 466.8 ± 38.4 467.1 ± 45.8 82.8 ± 48.2 90.8 ± 68.7 
Wake after sleep onset 34.7 ± 20.2 38.7 ± 21.7 35.0 ± 20.3 39.0 ± 21.4 3.8 ± 4.8 4.0 ± 6.1 
Awakening length  3.1 ± 1.1 2.8 ± 0.8 3.1 ± 1.0 2.8 ± 0.8 2.7 ± 2.1 1.9 ± 1.9 
Number of awakenings 12.9 ± 5.9* 15.0 ± 5.9 13.0 ± 5.9* 15.1 ± 5.8 1.7 ± 1.6 1.6 ± 1.9 
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Table 3: Description of shift-specific daily main and total sleep duration (minutes) by current 
shiftwork statusψ 

 N Day Shift 
mean ± SD 

Night Shift 
mean ± SD 

Free Day 
mean ± SD 

Main Sleep Durationa  
     Shiftworker 142 376.3 ± 54.1 294.9 ± 61.1 480.7 ± 70.1 
     Dayworker 152 403.9 ± 40.1 ------------------- 449.4 ± 59.5 
Total Sleep Durationa   
     Shiftworker 140 379.1 ± 56.7 307.5 ± 59.4 516.20 ± 72.1 
     Dayworker 151 408.3 ± 43.3 ------------------- 460.80 ± 63.7 

ψ Wilcoxon rank-sum test for shiftworker vs. dayworker comparisons, sign-rank test for within-shiftworker 
comparisons. All comparisons were statistically significant (p <0.05) 

a. Sleep duration measured from actigraphy and calculated with the Cole-Kripke algorithm. Values represent daily 
averages using shift-specific sleep  

 

 

Table 4: Multivariable associations between shiftwork parameters and daily main sleep, total 
sleep and nap duration (minutes)ψ 

 Main Sleep Duration 
β (95% CI) 

Total Sleep Duration 
β (95% CI) 

Nap Duration 
β (95% CI) 

Current Shiftwork Status 

     Dayworker  Ref Ref Ref 
     Shiftworker -17.8 (-28.0, -7.0)* -3.7 (-13.9, 6.5) 28.2 (9.3, 47.1)* 

Consecutive Night Shifts  
     <3 night shifts Ref Ref Ref 
     ≥3 night shifts -4.8 (-20.4, 10.8) 1.8 (-13.2, 16.9) -0.3 (-21.0, 20.5) 
Cumulative Shiftwork Exposure  
Current Shiftworker 
     <10 years Ref Ref Ref 
     ≥10 years -1.9 (-24.4, 20.5) -4.5 (-26.1, 17.1) -11.1 (-43.2, 20.9) 
Current Dayworker 
     <10 years Ref Ref Ref 
     ≥10 years 5.1 (-9.5, 19.7) 7.7 (-7.2, 22.6) -5.9 (-48.7, 36.8) 
Shift-Specific Comparisonsa  

Day Shift  
     Dayworker Ref  Ref _ _ _ _ _ _ _ _  _  _  _  

     Shiftworker -28.2 (-39.6, -16.8)* -29.8 (-41.9, -17.8)* 

Free Day  

     Dayworker Ref  Ref _ _ _ _ _ _ _ _  _  _  _  

     Shiftworker  23.7 (8.5, 38.8)* 47.0 (31.0, 63.0)* 

Shiftworker Night Shift vs. Dayworker Day Shift 
     Dayworker Ref  Ref _ _ _ _ _ _ _ _  _  _  _  

     Shiftworker  -111.8 (-124.2, -99.4)* -104.2 (-116.2, -92.2)* 

ψ All models adjusted for age 
* Different from reference group (p<0.05) 
a. Comparing current shiftworkers and current dayworkers 
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Figure 1: Sleep-wake pattern for a shiftworker (left) and a dayworker (right) over the seven-day 
study period. Shaded pink blocks indicate sleep periods. Y-axis scale is 0-3000 counts/minute	  
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4.8 Supplementary Material  
 
Table S1: Description of shift-specific main and total sleep duration (minutes) stratified by 
chronotype (mid-sleep time on free days)ψ 

Chronotype N Day Shift 

mean ± SD 
Night Shift 

mean ± SD 
Free Day 

mean ± SD 

Main Sleep     
Dayworker 152 403.9 ± 40.1 ------------------ 449.4 ± 59.5 
Shiftworker     
     Early 33 380.0 ± 51.2 280.1 ± 75.9* 457.8 ± 53.5 
     Middle 32 374.2 ± 49.8* 281.8 ± 64.8* 461.0 ± 67.5 
     Late 35 379.6 ± 49.4* 301.7 ± 55.8* 504.2 ± 59.2ŧ,δ 

Total Sleep  
Dayworker 151 408.3 ± 43.3 ------------------ 460.8 ± 63.7 
Shiftworker     
     Early 32 380.1 ± 51.8* 292.0 ± 63.1* 489.7 ± 63.1ŧ 
     Middle 32 376.1 ± 51.4* 295.4 ± 62.7* 498.8 ± 67.8ŧ 
     Late 34 384.7 ± 56.5* 316.2 ± 53.4* 541.8 ± 65.2ŧ,δ 

 ψ Sign-rank tests for within-shiftworker comparisons stratified by chronotype were all significant (p<0.05) 
* Different than sleep duration of dayworkers on day shifts using Wilcoxon rank-sum tests (p<0.05)  
ŧ  Different than sleep duration of dayworkers on free days using Wilcoxon rank-sum tests (p<0.05) 
δ One-way ANOVA and Tukey post-hoc tests indicate that late chronotypes sleep longer (p<0.05) than early and 
middle chronotypes on free days (for main and total sleep), while early, middle and late chronotypes sleep 
similarly on day and night shifts 

 
 
 
Table S2: Multivariable shift-specific comparisons of main and total sleep duration stratified by 
chronotypeψ 

 Main Sleep 
β (95% CI) 

Total Sleep 
β (95% CI) 

Day Shift   
Dayworker Ref Ref 
Shiftworker    
     Early  -24.0 (-40.0, -8.0)* -29.2 (-46.4, -12.0)* 
     Middle  -30.3 (-46.3, -14.3)* -32.7 (-49.9, -15.6)* 

     Late  -23.4 (-40.7, -6.2)* -21.8 (-40.9, -2.7)* 

Free Day   
Dayworker Ref Ref 
Shiftworker   
     Early  7.5 (-15.0, 30.0) 28.6 (4.0, 53.3)* 
     Middle  10.5 (-12.8, 33.9) 37.5 (12.7, 62.4)* 

     Late  51.3 (26.5, 76.1)* 74.8 (48.0, 101.5)* 

Shiftworker Night Shift vs. Dayworker Day Shift  
Dayworker Ref Ref 
Shiftworker   
     Early -124.5 (-142.8, -106.2)* -116.7 (-134.8, -98.5)* 
     Middle -122.5 (-139.9, -105.2)* -113.4 (-131.4, -95.3)* 

     Late -99.0 (-116.8, -81.2)* -89.6 (-108.4, -70.8)* 

ψ All models adjusted for age  
* Different from current dayworkers (p<0.05)  
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Table S3: Description of main, total, and nap sleep parameters by cumulative shiftwork exposure 
status, excluding women with ≥20 years of shiftwork exposure 

* p<0.05 using Wilcoxon rank-sum test 

a. Measured with actigraphy and calculated with the Cole-Kripke algorithm. Values represent daily averages using all 
available study days. Sleep duration, time in bed, wake after sleep onset and awakening length are in minutes; number 
of awakenings is a count 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Sleep Parametersa Main Sleep (mean ± SD) Total Sleep (mean ± SD) Nap (mean ± SD) 
Current Shiftworker 
 ≥10 years 

(n=37) 
<10 years 
(n=72) 

≥10 years 
(n=36) 

<10 years 
(n=71) 

≥10 years 
(n=27) 

<10 years 
(n=56) 

Sleep duration  393.6 ± 40.4* 417.6 ± 47.3 412.8 ± 40.0* 439.6 ± 45.4 102.2 ± 36.7 114.4 ± 52.2 
Time in bed 432.1 ± 41.9* 458.3 ± 47.0 454.0 ± 44.6* 482.7 ± 45.8 113.1 ± 42.8 127.0 ± 56.6 
Wake after sleep onset 35.0 ± 13.1 37.3 ± 18.4 37.1 ± 15.2 39.2 ± 19.1 7.9 ± 9.3 9.9 ± 9.3 
Awakening length  3.4 ± 1.2 3.0 ± 0.8 3.5 ± 1.3* 3.0 ± 0.8 4.0 ± 3.6 3.0 ± 2.1 
Number of awakenings 13.0 ± 3.7 14.5± 5.3 13.6 ± 4.2 15.0 ± 5.4 2.8 ± 2.4 3.7 ± 2.7 
Current Dayworker  
 ≥10 years 

(n=32) 
<10 years 
(n=100) 

≥10 years 
(n=32) 

<10 years 
(n=99) 

≥10 years 
(n=6) 

<10 years 
(n=38) 

Sleep duration  428.6 ± 40.7 417.1 ± 42.8 430.4 ± 44.0 424.6 ± 43.1 84.7 ± 57.7 84.5 ± 67.0 
Time in bed 464.3 ± 39.2 459.1 ± 47.9 466.5 ± 42.1 467.1 ± 45.8 91.8 ± 56.7 90.8 ± 68.7 
Wake after sleep onset 32.3 ± 20.5 38.7 ± 21.7 32.7 ± 20.8 39.0 ± 21.4 4.1 ± 4.6 4.0 ± 6.1 
Awakening length  3.1 ± 0.8 2.8 ± 0.8 3.1 ± 0.8* 2.8 ± 0.8 4.4 ± 2.1* 1.9 ± 1.9 

Number of awakenings 11.9 ± 5.5* 15.0 ± 5.9 12.0 ± 5.6* 15.1 ± 5.8 1.7 ± 1.0 1.6 ± 2.0 
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Table S4: Description of main, total and nap sleep parameters by different shiftwork exposure 
variables among nurses only 

* p<0.05 using Wilcoxon rank-sum test 

a. Measured with actigraphy and calculated with the Cole-Kripke algorithm. Values represent daily averages using all 
available study days. Sleep duration, time in bed, wake after sleep onset and awakening length are in minutes; number 
of awakenings is a count 
 
 

 

	  
 

 

 

 Main Sleep (mean ± SD) Main Sleep (mean ± SD) Main Sleep (mean ± SD) 
CURRENT SHIFTWORK STATUS 

Sleep Parametera Shiftworker 

(n=126) 
Dayworker 

(n=74) 
Shiftworker 

 (n=124) 
Dayworker 

 (n=73) 
Shiftworker 

 (n=94) 
Dayworker 

 (n=31) 
Sleep duration  407.2 ± 47.7* 420.9 ± 41.1 428.6 ± 47.1 429.2 ± 41.7 111.7 ± 52.1* 87.1 ± 70.7 
Time in bed 446.3 ± 48.5* 460.6 ± 44.5 470.2 ± 48.7 469.8 ± 45.3 123.4 ± 55.3* 94.2 ± 73.6 
Wake after sleep onset 35.8 ± 18.0 36.3 ± 21.1 37.7 ± 19.0 37.0 ± 21.2 9.0 ± 8.8* 4.5 ± 5.6 
Awakening length  3.1 ± 0.8 3.0 ± 0.9 3.1 ± 0.9* 2.9 ± 0.9 3.2 ± 2.6 2.4 ± 2.2 
Number of awakenings 13.6 ± 5.0 14.1 ± 6.4 14.2 ± 5.2 14.3 ± 6.5 3.3 ± 2.5* 2.0 ± 2.0 

CONSECUTIVE NIGHT SHIFTS 
 ≥3 night shifts 

(n=47) 
<3 night shifts 
(n=71) 

≥3 night shifts 
(n=47) 

<3 night shifts 
(n=70) 

≥3 night shifts 
(n=34) 

<3 night shifts 
(n=54) 

Sleep duration  404.5 ± 52.5 408.2 ± 42.7 430.2 ± 50.8 426.5 ± 41.7 112.6 ± 38.26 107.0 ± 55.9 
Time in bed 444.9 ± 54.8 445.9 ± 44.3 473.7 ± 52.1 466.0 ± 44.0 126.4 ± 43.77 117.6 ± 58.1 
Wake after sleep onset 37.0 ± 19.6 34.4 ± 16.3 39.4 ± 20.6 35.7 ± 17.4 11.0 ± 11.2 7.9 ± 7.2 
Awakening length  3.0 ± 0.7 3.0 ± 0.8 3.1 ± 0.9 3.0 ± 0.8 3.0 ± 2.2 3.4 ± 2.6 
Number of awakenings 13.8 ± 5.3 13.5 ± 5.0 14.5 ± 5.6 13.9 ± 5.1 3.5 ± 2.3 3.2 ± 2.7 

CUMULATIVE SHIFTWORK 
Current Shiftworker 
 ≥10 years 

(n=62) 
<10 years 
(n=64) 

≥10 years 
(n=61) 

<10 years 
(n=63) 

≥10 years 
(n=42) 

<10 years 
(n=52) 

Sleep duration  396.4 ± 44.3* 417.6 ± 48.9 415.6 ± 43.5* 441.2 ± 47.2 108.8 ± 52.4 114.1 ± 52.3 
Time in bed 433.4 ± 44.9* 458.9 ± 49.0 454.8 ± 45.4* 485.1 ± 47.4 118.5 ± 53.6 127.4 ± 56.9 
Wake after sleep onset 33.6 ± 17.0 37.9 ± 18.9 35.3 ± 18.2 40.0 ± 19.7 7.2 ± 7.9* 10.5 ± 9.3 
Awakening length  3.2 ± 0.8 3.0 ± 0.8 3.2 ± 0.9 3.0 ± 0.9 3.3 ± 3.1 3.1 ± 2.1 
Number of awakenings 12.3 ± 4.3* 14.9 ± 5.4 12.8 ± 4.6* 15.5 ± 5.4 2.7 ± 2.1* 3.8 ± 2.7 
Current Dayworker 
 ≥10 years 

(n=36) 
<10 years 
(n=38) 

≥10 years 
(n=37) 

<10 years 
(n=36) 

≥10 years 
(n=12) 

<10 years 
(n=19) 

Sleep duration  422.3 ± 37.8 419.6 ± 44.4 426.3 ± 39.3 432.1 ± 44.3 76.3 ± 34.7 94.0 ± 86.5 
Time in bed 460.3 ± 41.6 460.8 ± 47.6 464.9 ± 41.8 474.5 ± 48.5 83.8 ± 36.9 101.1 ± 89.8 
Wake after sleep onset 34.7 ± 19.6 37.8 ± 22.5 35.1 ± 19.8 38.8 ± 21.6 4.5 ± 5.3 4.5 ± 5.8 
Awakening length  3.2 ± 1.1* 2.7 ± 0.6 3.2 ± 1.0* 2.6 ± 0.6 3.1 ± 2.2 2.0 ± 2.1 
Number of awakenings 12.6 ± 6.2 15.5 ± 6.4 12.8 ± 6.3 15.8 ± 6.4 1.8 ± 1.7 2.0 ± 2.2 
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Chapter 5 

 

Sleep Duration as a Mediator Between Shiftwork and the Metabolic Syndrome 

Among Female Hospital Employees 
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5.1 Abstract 

Objectives: The main objective was to determine whether sleep duration on work shifts 

mediates the relationship between a current rotational shiftwork schedule and the 

metabolic syndrome among female hospital employees. The secondary objective was to 

assess whether cumulative shiftwork exposure and the number of consecutive night shifts 

are associated with the metabolic syndrome.  

Methods: In this cross-sectional study of 294 female hospital employees, sleep duration 

was measured with the ActiGraph GT3X+. Shiftwork exposure parameters were 

determined through self-report. Investigation of the total, direct and indirect effects 

between shiftwork, sleep duration on work shifts and the metabolic syndrome was 

conducted using regression path analysis. Logistic regression was used to determine the 

associations between cumulative shiftwork exposure, the number of consecutive night 

shifts and the metabolic syndrome.  

Results: Shiftwork is strongly associated with the metabolic syndrome (ORTotal= 2.72, 

95% CI: 1.38, 5.36), and the relationship is attenuated when sleep duration is added to the 

model (ORDirect=1.18, 95% CI: 0.49, 2.89). Sleep duration is an important intermediate 

between shiftwork and the metabolic syndrome (ORIndirect=2.25, 95% CI: 1.27, 4.26). 

Cumulative shiftwork exposure and the number of consecutive night shifts are not 

associated with the metabolic syndrome in this population.  

Conclusion:  Sleep duration mediates the association between a current shiftwork pattern 

and the metabolic syndrome.  
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5.2 Introduction 

 Shiftwork describes a work schedule that includes early morning, evening and 

night shifts, rotational work, and irregular shifts. Many industries rely heavily on 

shiftwork, including healthcare, accommodation and food services, manufacturing, and 

trade1. Although a similar proportion of men and women are shiftworkers in Canada, sex 

differences exist depending on occupations1. The industry with the greatest amount of 

female shiftworkers is healthcare and social assistance1. 

  Shiftwork is a risk factor for many negative health outcomes, including 

cardiovascular and metabolic diseases2–9. For example, recent data from the Nurses’ 

Health Study found that rotating shiftwork for 6-14 and ≥15 years was associated with a 

19% and 23% increased risk of cardiovascular disease mortality, respectively8, while a 

meta-analysis concluded that any exposure to night shiftwork increased the risk of the 

metabolic syndrome by almost 60%6.  

	   A number of potential pathways by which shiftwork affects cardiovascular health 

have been postulated, including social problems, behavioural changes, and circadian 

disruption10. It is likely that the hypothesized pathways linking shiftwork and 

cardiovascular disease should similarly affect the metabolic syndrome occurrence 

because the metabolic syndrome is a strong predictor of cardiovascular disease11.  

 Sleep disturbance is one of the most common consequences of shiftwork12 and is 

on the circadian disruption pathway10. Sleep duration is particularly affected by 

shiftwork, where two reviews concluded that early morning and night shifts are 

associated with reduced sleep duration12,13. Three meta-analyses have found that short 

sleep duration is a risk factor for the metabolic syndrome14–16, while one of these meta-
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analyses also found a similar trend with long sleep duration14.  

 In a systematic review that looked at the relationship between shiftwork and the 

metabolic syndrome, it was suggested that sleep duration should be assessed as a 

potential mediating variable7. To our knowledge, a previous study by our research group 

is the only study that has investigated whether sleep disturbance is an intermediate in the 

shiftwork-metabolic syndrome relationship17. Our previous research did not investigate 

sleep duration specifically, but instead focused on other indices of sleep disturbance 

measured by the Pittsburg Sleep Quality Index (PSQI)18. In that study, the potential 

mediators (sleep efficiency, sleep latency, and the total PSQI score) were not identified as 

intermediates17, although these results may be attributed to limitations surrounding the 

use of self-report measurements of sleep.  

 Objective measures of sleep-wake cycles can be obtained using actigraphy. 

Actigraphs are small devices, similar in appearance to a watch, that contain an 

accelerometer to continuously measure individual movement. With the use of specialized 

algorithms and actigraph software, sleep is identified as periods of very little movement. 

Unlike polysomnography (PSG), the gold standard in sleep measurement, actigraphy can 

be used outside of the laboratory and is therefore very useful in observational studies. 

Compared to PSG, the accuracy and sensitivity of actigraphy are high (>80%), while 

specificity is lower (~35%-65%)19,20. 

 The primary objective of this project was to assess whether sleep duration 

mediates the relationship between a current rotating shiftwork schedule and the metabolic 

syndrome among female hospital employees. We chose to focus on sleep duration on 

work shifts to best capture the effect of a work schedule on sleep. An additional objective 
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was to assess whether two additional shiftwork exposure metrics (cumulative shiftwork 

exposure and the number of consecutive night shifts) are associated with the metabolic 

syndrome. Mediation analysis with these additional parameters is not warranted because 

previous work by our group in this study population did not find that these variables were 

related to sleep duration21. Exclusively women were studied for two reasons: they are 

differentially affected by shiftwork in healthcare because most employees in this sector 

are women1, and the Canadian Heart and Stroke Foundation has recently identified 

women entering their adult years and middle-aged adults as populations at risk for heart 

disease22.   

 

5.3 Methods 

 A cross-sectional study was conducted in a tertiary-level acute care teaching 

hospital in Kingston, Ontario between 2011-2014. The target population included female 

shiftworkers and dayworkers (n=294), where shiftwork was defined as a rotating day and 

night schedule. Participants were volunteers recruited through advertisements in the 

hospital. Women self-excluded if they were pregnant, had given birth in the previous 

year, or had less than one year of work history. Most participants were nurses, although 

women in research, laboratory, diagnostic and support services were also included. All 

participants provided informed consent and the study was approved by the Health 

Sciences Research Ethics Board at Queen’s University. 

The routine schedule among current shiftworkers was two 12-hour day shifts, two 

12-hour night shifts, and four to five off days, although women often traded shifts so this 

schedule varied. Current dayworkers typically worked five 8-hour days followed by two 
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days off. Cumulative lifetime shiftwork exposure was determined through interview and 

estimated as full-time years + 0.5*part-time years. For comparative purposes, women 

were classified as working ≥10 and <10 years of shiftwork, because a cut-off of ten years 

has been linked to increased metabolic syndrome risk6. Among current shiftworkers only, 

the number of consecutive night shifts worked was identified through self-report. Women 

were classified as working ≥3 and <3 night shifts to ensure an adequate sample size in 

each group.  

  On the first day of data collection, participants completed a physical exam and a 

detailed questionnaire to collect information on socio-demographic factors, health history 

and behaviours, and working patterns. Sleep was objectively monitored for one week 

with the ActiGraph GT3X+; a small (4.6 cm x 3.3 cm x 1.5 cm), lightweight (19 g) 

actigraph that contains a tri-axial accelerometer. During sleeping hours, the ActiGraph 

GT3X+ was worn on the non-dominant wrist attached with an elastic band. Women were 

asked to record any times when the device was removed. Data were collected at a 

sampling rate of 30 Hz, downloaded in 10-second epochs, and were aggregated to one-

minute epochs representing counts/min. Participants were also required to track their 

sleep timing using sleep logs, which were then used to aid the collation of actigraph data. 

 ActiLife (version 6.5.3) software and the embedded Cole-Kripke algorithm23 was 

used to determine main sleep duration on work shifts. The Cole-Kripke algorithm uses 

actigraph data from the vertical axis and scores each one-minute epoch as sleep or wake 

by measuring movement during each minute, as well as movement immediately prior to 

and after each minute. Sleep duration was defined as the total number of one-minute 

epochs scored as sleep during a sleep episode (i.e., from “lights off” to “lights on”), 
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excluding any epochs scored as wake. “Lights off” and “lights on” times were manually 

entered into the software by referencing the sleep logs and through a visual inspection of 

the data.  

 Sleep parameters were attributed to a day shift or night shift depending on the 

impact of the shift on sleep. A day shift influences the nighttime sleep prior to the 

workday, so this was coded as a day shift sleep. Sleep after a night shift is influenced by 

the previous night of work so was coded as a night shift sleep. Mean work-related sleep 

duration was calculated using all available work shift main sleep periods. On average, 

this included five days for dayworkers and four days for shiftworkers. Of the total 330 

women recruited for the original study, 36 were excluded due to missing sleep data. A 

minimum of three work-related sleep periods were required to be included in this 

analysis, and among shiftworkers this must include at least one day and one night shift.   

 The metabolic syndrome was defined according to the 2009 Joint Interim Studies 

Consensus Statement24. To be positive for the metabolic syndrome, at least three of the 

following five criteria must be fulfilled: high waist circumference (≥80 cm), elevated 

triglycerides (≥1.7 mmol/L), reduced high-density lipoprotein (HDL) cholesterol (<1.3 

mmol/L), elevated blood pressure (systolic ≥130 and/or diastolic ≥85 mm Hg), elevated 

fasting blood glucose (≥100 mg/dl)24. Participants identified whether they were currently 

taking medication for high blood pressure or cholesterol, and women responding 

positively were categorized as positive for these respective risk factors. 

 A trained research coordinator measured blood pressure using the BpTRU blood 

pressure monitor (VSM MedTech Ltd, Coquitlam, Canada), and the mean of three 

consecutive readings was used. A study nurse measured waist circumference at the 
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midway point between the iliac crest and the lower rib. To measure triglycerides, HDL 

cholesterol, and blood glucose, blood samples (after a nightly fast) were drawn by the 

study nurse and kept in a freezer until analysis at the Pathology and Molecular Medicine 

Laboratory at Kingston General Hospital using standardized laboratory techniques. 

 	  

5.4 Statistical Analysis 

 Descriptive statistics were used to compare current shiftworkers and dayworkers 

in terms of socio-demographic factors, work patterns, lifestyle choices, and health 

behaviours. Wilcoxon rank-sum tests were used for continuous variables while Chi-

Square and Fischer’s Exact tests were used for categorical variables. The presence of the 

metabolic syndrome (as well as its individual components) were compared between 

current shiftworkers and dayworkers, as well as between women who worked ≥10 and 

<10 years of shiftwork, and ≥3 and <3 consecutive night shifts.  

 Mediation analysis was conducted using the PROCESS procedure for SAS25. This 

regression path analysis estimates the total, direct and indirect effect of a predictor 

variable on a dependent variable, and the significance of the indirect (mediating) effect 

can then be tested through generating bootstrap confidence intervals. A conceptual model 

to illustrate the proposed association between shiftwork (predictor variable X), sleep 

duration (mediator M), and the metabolic syndrome (dependent variable Y) is shown in 

Figure 1. The total effect of shiftwork on the metabolic syndrome can be partitioned into 

a direct and indirect effect. The direct effect is the influence of shiftwork on the 

metabolic syndrome without the effect of sleep duration, while the indirect effect is the 

influence of shiftwork on the metabolic syndrome in relation to sleep duration. That is to 
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say, the indirect effect is a causal sequence in which shiftwork is associated with sleep 

duration, and sleep duration is subsequently associated with the metabolic syndrome. 

Using regression analysis, we estimated: 1) the total effect of shiftwork (X) on the 

metabolic syndrome (Y), unadjusted for group differences in sleep duration (M)- path c; 

2) the direct effect of shiftwork (X) on the metabolic syndrome (Y), holding the effect of 

sleep duration (M) constant- path c’; 3) the relationship between shiftwork (X) and the 

proposed mediator, sleep duration (M)- path a; and 4) the association between sleep 

duration (M) and the metabolic syndrome (Y), holding the independent variable 

shiftwork (X) constant- path b. Three statistical equations can describe the regression 

models used to estimate all pathways:   

1) Y= B0 + cX  + confounders 

2) M=B0 + aX + confounders 

3) Y=B0 +c’X +bM + confounders 

 Logistic regression was used for models 1 and 3 because the metabolic syndrome 

is a dichotomous outcome, while ordinary least-squares regression was used for model 2 

because sleep duration is continuous. The indirect effect was calculated as the product of 

coefficients ab and was estimated from 10 000 bootstrap samples with replacement. To 

test the significance of the indirect effect (i.e., whether sleep duration is a significant 

mediator), bias-corrected 95% confidence intervals around the indirect effect were 

constructed. The indirect effect is considered statistically significant if the confidence 

interval does not include the null value. Bootstrapping is a recommended approach to 

testing the significance of the indirect effect because it does not assume normality in the 

sampling distribution26,27.  
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 The conceptual model (Figure 1) was also used to determine the inclusion of 

potential confounding variables. Age, menopausal status, number of children, marital 

status and education may confound all paths, while smoking, caffeine and alcohol 

consumption, emotional health, stress, and physical activity may confound path b but are 

potential intermediates in paths a, c, and/or c’. Any variable that violates a condition of 

confounding should not be included in the mediation model. Therefore, the primary 

analysis assessed the potential confounding role of age, menopausal status, number of 

children, marital status and education. Before conducting the PROCESS procedure, each 

individual regression analysis was run to select empirical confounders using the change-

in-estimate approach28. If a variable changed the parameter estimate for shiftwork or 

sleep duration by ≥10%, it was included in the modeling. Since mediator-outcome 

confounding is a particularly important source of bias in mediation analysis29 and there is 

some uncertainty as to whether smoking, caffeine and alcohol consumption, emotional 

health, stress, and physical activity are true intermediates in paths a, c and c’, we 

explored whether these variables were empirical confounders in the sleep-metabolic 

syndrome relationship to rule out the possibility of mediator-outcome confounding. None 

were an empirical confounder.  

   Lastly, a similar change-in-estimate approach was used to select confounders to 

include in multivariable models assessing the relationships between cumulative shiftwork 

exposure, the number of consecutive night shifts and the metabolic syndrome. The same 

subset of potential confounders was assessed, and for cumulative shiftwork exposure, 

current shiftwork status was also included as a possible confounder. All statistical 

analyses were conducted using SAS V.9.4 (SAS Institute Inc., Cary, North Carolina).  
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5.5 Results 

 Comparisons between current shiftworkers and dayworkers by socio-

demographic, lifestyle and work characteristics are seen in Table 1. Shiftworkers are 

younger, have later chronotypes, fewer children, are more likely to have an 

undergraduate or graduate education, are less likely to currently smoke, have less life 

stress, greater psychological job demands, less social support from co-workers and 

supervisors, and more job security. Shiftworkers sleep less than dayworkers on work 

shifts: sleep duration of shiftworkers is 332 minutes (5 h 32 min), while sleep duration of 

dayworkers is 404 minutes (6 h 44 min). Shiftworkers are also more likely to be nurses 

and have greater cumulative shiftwork exposure. Shiftworkers and dayworkers are 

similar in terms of other variables.  

 Comparisons between shiftwork exposure parameters for the presence of the 

metabolic syndrome and its individual components are shown in Table 2. In terms of the 

components of the metabolic syndrome, there is a trend of higher blood glucose and 

blood pressure among current shiftworkers compared to dayworkers, but these 

differences are not statistically significant. Waist circumference of current shiftworkers 

and dayworkers is very similar, while shiftworkers are more likely to have low HDL 

cholesterol and elevated serum triglyceride levels. Current shiftworkers are also more 

likely to have the metabolic syndrome than dayworkers (20% vs. 12%), corresponding to 

a crude OR of 1.91 (95% CI: 1.00, 3.62). After adjusting for age (the only empirical 

confounder), the relationship is stronger (OR=2.72, 95% CI: 1.38, 5.36). This adjusted 

OR reflects the total effect of shiftwork on the metabolic syndrome.  
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 Women with ≥10 years of shiftwork history are more likely to have elevated 

blood pressure, high blood glucose, and the metabolic syndrome than those with <10 

years of shiftwork history. Although the crude OR demonstrates an almost 3-fold higher 

risk (OR=2.97, 95% CI: 1.55, 5.69), adjustment for age, menopausal status and current 

shiftwork status (the empirical confounders) attenuates the association between 

cumulative shiftwork and the metabolic syndrome (OR=1.60, 95% CI: 0.69, 3.74). The 

number of consecutive night shifts is not associated with the individual components or 

overall presence of the metabolic syndrome.  

 Table 3 presents the results of the mediating role of work-related sleep duration in 

the shiftwork-metabolic syndrome relationship. After controlling for age, shiftwork is 

related to work shift sleep duration (path a), where shiftworkers sleep 74 minutes (1 h 14 

min) fewer than dayworkers. After controlling for current shiftwork status and age, each 

additional minute of sleep duration decreases the odds of the metabolic syndrome (path b; 

OR=0.99, 95% CI: 0.98, 0.99). This corresponds to an OR of 0.52 (0.33, 0.82) per each 

additional hour of sleep. Controlling for sleep duration (in addition to age) attenuates the 

relationship between shiftwork and the metabolic syndrome (ORDirect =1.18, 95% CI: 

0.49, 2.89). The confidence interval for the indirect effect of work shift sleep duration on 

the relationship between shiftwork and the metabolic syndrome excludes the null value 

(path ab; OR=2.25, 95% CI: 1.27, 4.26), indicating that sleep duration on work shifts is 

an important mediator. In terms of the ratio of the indirect effect to the total effect, the 

contribution of work-related sleep duration is 83%.  
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5.6 Discussion 

 We demonstrated that sleep duration on rotating (day and night) work shifts 

mediated the relationship between a shiftwork schedule and the metabolic syndrome in 

female hospital employees. Current shiftworkers slept less than dayworkers and were 

more likely to have the metabolic syndrome. Although we found that some individual 

components and the overall presence of the metabolic syndrome was more common in 

women with ≥10 years compared to those with <10 years of shiftwork history, 

cumulative shiftwork exposure was no longer associated with the metabolic syndrome 

after confounder adjustment. Among current shiftworkers, the number of consecutive 

night shifts was not associated with the metabolic syndrome. 

 A strong association between shiftwork and the metabolic syndrome was found. 

This effect was larger than that reported in a recent meta-analysis, where shiftwork 

elevated the risk of the metabolic syndrome by approximately 60%6. Differences may be 

attributed to inconsistent definitions of shiftwork among studies included in the meta-

analysis (e.g., “ever exposed” to night shiftwork, night work ≥1 night/week, etc.), 

different diagnostic criteria for the metabolic syndrome, different confounders, and the 

diversity of study populations. In terms of individual components of the metabolic 

syndrome, a greater proportion of shiftworkers compared to dayworkers were more likely 

to have elevated serum triglyceride levels and low HDL cholesterol. While there 

appeared to be a trend of elevated blood glucose and blood pressure, these were not 

statistically different. Approximately the same proportion of current shiftworkers and 

dayworkers had elevated waist circumferences, reflecting the high prevalence of 

overweight and obesity in this sample of women.  
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Although the risk of the metabolic syndrome was elevated among women who 

worked ≥10 years of shiftwork, the confidence intervals were wide and crossed the null 

value after confounder adjustment. These findings imply that a long-term rotational 

schedule does not affect the development of the metabolic syndrome. These findings are 

in contrast to results from a meta-analysis that reported ten or more years of shiftwork 

increased the risk of the metabolic syndrome by 77%6. Furthermore, a dose-response 

relationship between increasing years of shiftwork history and the metabolic syndrome 

was found among women in a recent large study of Chinese workers, where every 10 

years of shiftwork increased the OR for the metabolic syndrome by 10%9. It is possible 

that our study was underpowered, did not include enough variability in cumulative 

shiftwork exposure to detect a difference, or our comparator group included employees 

with other personal or work characteristics that contributed to cardiometabolic risk.  

 The number of consecutive night shifts worked was not associated with the 

metabolic syndrome in this study. It is possible that a threshold of three consecutive 

nights might not be great enough to affect metabolic syndrome risk, but due to limited 

variability in this shiftwork exposure parameter in our sample, we were unable to explore 

the impact of greater consecutive nights. Previous work has advocated for a limited 

number of consecutive night shifts to minimize circadian disruption associated with 

shiftwork30,31, with one study suggesting a maximum of four consecutive night shifts31. 

Future studies with more variability in this shiftwork parameter should continue to 

explore the effect of the number of consecutive night shifts on the metabolic syndrome 

risk.   
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 A number of biological mechanisms may explain why sleep restriction increases 

the risk of the metabolic syndrome. Firstly, it has been shown that ghrelin, an appetite-

promoting hormone, increases with sleep restriction while leptin, an appetite-suppressor, 

decreases32–34. Greater caloric consumption and intake of high-fat foods resulting from 

alterations in appetite-regulating hormones can contribute to obesity and can also affect 

cholesterol levels35. Furthermore, leptin is an important moderator of triglycerides so 

alterations in leptin may lead to elevated triglyceride levels36. Sleep restriction may also 

increase cortisol levels, resulting in elevated blood pressure37, reduced HDL cholesterol38 

and increased blood sugar39. In addition, sleep restriction can lead to inflammation40 and 

increased sympathetic nervous system activity41, which has been associated with 

metabolic abnormalities41.  

 We chose to investigate work-related sleep duration as a mediator to best capture 

the effect of a rotational shiftwork schedule on sleep. In previous work, we found that 

this sample of shiftworkers slept approximately 20 minutes fewer than dayworkers when 

sleep duration was averaged across the entire week (including work shifts and free 

days)21. The reason for this relatively small difference is because shiftworkers slept 

considerably longer than dayworkers on free days. Although shiftworkers “catch up” on 

sleep on free days, it is conceivable that a repeated pattern of sleep restriction on work 

shifts increases cardiovascular and metabolic disease risk. Short-term sleep restriction has 

been linked to a number of similar cardiometabolic risk indices as chronic sleep 

restriction. For example, sleep restriction for one to three nights has been associated with 

altered cortisol levels42, insulin resistance43, glucose homeostasis44, disrupted appetite-
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regulating hormones33, increased total and low-density liptoprotein cholesterol45, 

increased subjective hunger33 and higher caloric consumption46.  

 This study has a number of key strengths. It is novel in that it is one of the few 

studies that have assessed the mediating role of sleep in the relationship between 

shiftwork and the metabolic syndrome. This is a large sample size in relation to other 

occupational health studies, and the use of actigraphy to objectively measure sleep is a 

more accurate method than estimates from self-report47,48. In addition, the use of 

bootstrapping to construct 95% confidence intervals around the indirect effect provides a 

more accurate estimate of the significance and variability of the mediating effect 

compared to traditional methods that assume normality in the sampling distribution27.  

 There are some limitations in this study. First, mediation analysis should ideally 

be conducted using longitudinal studies, and the cross-sectional design of this study 

limits the ability to establish a temporal and causal relationship. To provide more 

evidence of causality, this analysis should be replicated in cohort studies. Second, some 

misclassification of sleep duration is likely because actigraphy is not the gold standard to 

measure sleep. In a validation study that compared the ActiGraph GT3X+ to PSG, 

actigraphy was shown to overestimate mean nap duration by approximately nine 

minutes20. Although we cannot quantify the degree of sleep misclassification in our 

study, any misclassification was likely non-differential and would attenuate the measure 

of association towards the null value. Despite some potential misclassification, actigraphy 

is able to measure sleep in the natural environment so is the most practical method to 

objectively measure sleep in large observational studies. Another limitation of this study 

is that we investigated only one potential mechanism in which shiftwork affects the 
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metabolic syndrome, whereas this relationship is undoubtedly multifactorial. For 

example, other potential mediators may include changes in cortisol, melatonin, other 

disturbances to the sleep-wake cycle (e.g., sleep quality, timing of sleep, etc.) and diet. 

The strong mediating effect found for sleep duration is likely related to some of these 

other variables, and when assessing sleep duration as a mediator, we also captured the 

effect of other potential mediators related to sleep duration. Future studies should build 

upon this model and better disentangle individual effects by incorporating other possible 

mediators. Lastly, uncontrolled confounding may be possible in this study. We did not 

have good information on comorbidities or medication use that may influence sleep 

duration or the metabolic syndrome, so were unable to account for these variables. Future 

studies should attempt to incorporate these variables into their data collection and 

analyses.  

 In conclusion, these results provide evidence that reduced sleep duration is a 

pathway by which shiftworkers are at increased risk for the metabolic syndrome. Future 

work that builds upon this model will allow for the development of healthy workplace 

policies to help reduce the adverse health effects of shiftwork.  
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5.7 Tables and Figures 
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Figure 1: Conceptual model of the relationships between shiftwork, sleep duration, and the metabolic 
syndrome. Path c reflects the total effect, path c’ reflects the direct effect, path ab is the indirect effect   
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Table 1: Description of the study population by current shiftwork statusψ 

Variable Shiftworker  
(n=142) 

Dayworker 
(n=152) 

Socio-Demographic and Lifestyle Characteristics  
Age (years) 38.72 ± 11.08* 44.92 ± 10.04 
Post-menopausal 44 (31) 56 (37) 
Chronotypea 3.72 ± 1.26* 3.29 ± 0.92 
Number of children  1.00 ± 1.21* 1.60 ± 1.22 
Education 
     High school/ post-secondary (diploma, certificate) 
     Undergraduate, graduate, other 

 
68 (48)* 

72 (51) 

 
90 (59) 
59 (39) 

Marital Status 
     Married/common law 
     Single/divorced/separated/widowed 

 
93 (65) 
48 (34) 

 
114 (75) 
35 (23) 

BMI (kg/m2) 27.75 ± 6.00 27.04 ± 6.03 
Achieve physical activity recommendationsb 64 (45) 57 (37) 
Current smoker 8 (6)* 20 (13) 
Drink >3 caffeinated beverages/day 
     Usually/often/sometimes 
     Rarely/never 

 
76 (53) 
66 (46) 

 
72 (47) 
79 (52) 

Drink >1-2 alcoholic beverages/day 
     Usually/often/sometimes 
     Rarely/never 

 
36 (25) 
106 (75) 

 
34 (22) 
117 (77) 

Regular use of a sleep aid 27 (19) 22 (14) 
High life stress presentc 15 (11)* 32 (21) 
Emotional health scored 8.54 ± 7.70 9.82 ± 8.21 
Sleep duration on work shifts (minutes) 332.16 ± 46.49* 403.92 ± 40.15 
Work Characteristics  
Employment category 
     Nursing 
     Othere 

 
126 (89)* 

16 (11) 

 
74 (49) 
78 (51) 

Years of shiftwork history 11.85 ± 9.76* 7.91 ± 8.43 
Number of consecutive night shifts 
     <3  
     ≥3 

 
74 (52) 
56 (39) 

 
- 
- 

Job content characteristicf 

     Decision latitude 
     Macro-level decision authority  
     Psychological job demands 
     Job insecurity 
     Social support (from supervisors, coworkers) 

 
68.03 ± 8.10 
17.46 ± 3.86 
21.14 ± 4.84* 

4.21 ± 0.75* 

22.23 ± 2.93* 

 
67.92 ± 9.57 
18.35 ± 5.16 
19.22 ± 5.59 
4.89 ± 1.40 
23.55 ± 3.30 

ψ Data are presented as means ± SD or n (%) 
* p<0.05 using Wilcoxon rank-sum test for continuous variables and Chi-Square or Fischer’s Exact test for   
categorical variables  
a. Mid-sleep time on free days measured by the Munich Chronotype Questionnaire 
b. WHO guidelines 
c. Derogatis Stress Profile 
d. Centre for Epidemiologic Studies Depression Scale Revised  
e. Nutrition services, lab technician, radiation therapist, environmental services, ergonomist, education, research, 
total compensation association, abilities claim specialist, concurrent reviewer, child life specialist 

f. Job Content Questionnaire	  
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Table 2: Elements of the metabolic syndrome and its association with shiftwork parameters 

* p<0.05  
a.	  Adjusted for age 
b. Adjusted for age, menopausal status and current shiftwork status 
	  
	  
	  
Table 3: Mediation analysis of the relationship between shiftwork and the metabolic syndrome 
by work shift sleep duration 

 Parameter Estimate (95% CI) OR (95% CI) 
Direct effect- path c’a 0.17 (-0.72, 1.06) 1.18 (0.49, 2.89) 
Path ab -74.42 (-84.67, -64.16)* ------------------- 
Path bc  -per minute increase in sleep duration 
             -per hour increase in sleep duration 

-0.01 (-0.02, -0.003)* 
-0.65 (-1.11, -0.20) 

0.99 (0.98, 0.99) 
0.52 (0.33, 0.82) 

Indirect effect path abd 0.81 (0.24, 1.45)* 2.25 (1.27, 4.26) 
Total effect (c): OR=2.72, 95% CI: 1.38, 5.36 
* p<0.05 
a. Effect of shiftwork on the metabolic syndrome, adjusted for sleep duration and age 
b. Effect of shiftwork on sleep duration, adjusted for age 
c. Effect of sleep duration on the metabolic syndrome, adjusted for current shiftwork status and age.  
d. The mediating effect (indirect effect). Path ab coefficients represent 10 000 bootstrapped samples and bias-corrected 
95% confidence intervals. The estimate of the ab path is considered statistically significant if the 95% confidence 
interval around the OR does not include one 
	  
 

 

 Current 
shiftworker 
(n=142) 
n (%) 

Current 
dayworker  
(n=152) 
n (%) 

≥10 years 
shiftwork 
(n=122) 
n (%) 

<10 years 
shiftwork 
(n=172) 
n (%) 

≥3 
consecutive 
night shifts 
(n=57) n (%)  

< 3 
consecutive 
night shifts 
(n=74) n (%) 

Elevated waist circumference 
(≥80 cm)  
 

90 (63) 95 (62) 79 (65) 106 (62) 32 (24) 49 (37) 

Elevated blood pressure 
(systolic ≥130 and/or diastolic 
≥85 mm Hg)  
 

22 (15) 36 (24) 34 (28)* 24 (14) 8 (6) 9 (7) 

Elevated serum triglycerides 
(≥1.7 mmol/L)  
 

18 (13)* 9 (6) 13 (11) 14 (8) 6 (5) 9 (7) 

Elevated fasting blood glucose 
(≥5.55 mmol/L)  
 

30 (21) 23 (15) 31 (25)* 22 (13) 16 (12) 12 (9) 

Low HDL cholesterol (<1.3 
mmol/L) 
 

48 (34)* 31 (20) 36 (29) 43 (25) 18 (14) 24 (18) 

Metabolic syndrome (≥3 
positive risk factors)  
 

29 (20)* 18 (12) 30 (25)* 17 (10) 10 (8) 15 (12) 

Crude OR (95% CI) 1.91 (1.00, 3.62)* 2.97 (1.55, 5.69)* 0.84 (0.34, 2.03) 

Adjusted OR (95% CI) 2.72 (1.38, 5.36)*a 1.60 (0.69, 3.74)b 0.71 (0.28, 1.83)a 



	   	   147	  
	  

5.7 References 

1.  Wong IS, McLeod CB, Demers PA. Shift work trends and risk of work injury 

among Canadian workers. Scandinavian Journal of Work, Environment & Health. 

2011;37(1):54-61. doi:10.5271/sjweh.3124. 

2.  Bøggild H, Knutsson A. Shift work, risk factors and cardiovascular disease. 

Scandinavian Journal of Work, Environment & Health. 1999;25(2):85-99. 

3.  Vyas M V, Garg AX, Iansavichus A V, Costella J, Donner A, Laugsand LE, 

Janszky I, Mrkobrada M, Parraga G, Hackam DG. Shift work and vascular events: 

systematic review and meta-analysis. BMJ Open. 2012;345:e4800. 

doi:10.1136/bmj.e4800. 

4.  Kawachi I, Colditz GA, Stampfer MJ, Willett WC, Manson JE, Speizer FE, 

Hennekens CH. Prospective study of shift work and risk of coronary heart disease 

in women. Circulation. 1995;92(11):3178-3182. 

5.  Esquirol Y, Perret B, Ruidavets JB, Marquie JC, Dienne E, Niezborala M, 

Ferrieres J. Shift work and cardiovascular risk factors: new knowledge from the 

past decade. Archives of Cardiovascular Diseases. 2011;104(12):636-668. 

doi:10.1016/j.acvd.2011.09.004. 

6.  Wang F, Zhang L, Zhang Y, Zhang B, He Y, Xie S, Li M, Miao X, Chan EYY, 

Tang JL, Wong MCS, Li Z, Yu ITS, Tse LA. Meta-analysis on night shift work 

and risk of metabolic syndrome. Obesity Reviews. 2014;15(9):709-720. 

doi:10.1111/obr.12194. 

7.  Canuto R, Garcez AS, Olinto MTA. Metabolic syndrome and shift work: a 

systematic review. Sleep Medicine Reviews. 2013;17(6):425-431. 



	   	   148	  
	  

doi:10.1016/j.smrv.2012.10.004. 

8.  Gu F, Han J, Laden F, Pan A, Caporaso NE, Stampfer MJ, Kawachi I, Rexrode 

KM, Willett WC, Hankinson SE, Speizer FE, Schernhammer ES. Total and cause-

specific mortality of U.S. nurses working rotating night shifts. American Journal 

of Preventive Medicine. 2015;48(3):241-252. doi:10.1016/j.amepre.2014.10.018. 

9.  Guo Y, Rong Y, Huang X, Lai H, Luo X, Zhang Z, Liu Y, He M, Wu T, Chen W. 

Shift work and the relationship with metabolic syndrome in Chinese aged workers. 

PLoS ONE. 2015;10(3):e0120632. doi:10.1371/journal.pone.0120632. 

10.  Knutsson A, Bøggild H. Shiftwork and cardiovascular disease: review of disease 

mechanisms. Reviews on Environmental Health. 2000;15(4):359-372. 

doi:10.1515/REVEH.2000.15.4.359. 

11.  Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, Rinfret S, Schiffrin 

EL, Eisenberg MJ. The metabolic syndrome and cardiovascular risk a systematic 

review and meta-analysis. Journal of the American College of Cardiology. 

2010;56(14):1113-1132. doi:10.1016/j.jacc.2010.05.034. 

12.  Akerstedt T. Shift work and disturbed sleep/wakefulness. Occupational Medicine. 

2003;53(2):89-94. doi:10.1093/occmed/kqg046. 

13.  Sallinen M, Kecklund G. Shift work, sleep, and sleepiness- differences between 

shift schedules and systems. Scandinavian Journal of Work, Environment & 

Health. 2010;36(2):121-133. doi:10.2307/40967838. 

14.  Ju S, Choi W. Sleep duration and metabolic syndrome in adult populations: a 

meta-analysis of observational studies. Nutrition & Diabetes. 2013;3(April):e65. 

doi:10.1038/nutd.2013.8. 



	   	   149	  
	  

15.  Xi B, He D, Zhang M, Xue J, Zhou D. Short sleep duration predicts risk of 

metabolic syndrome: a systematic review and meta-analysis. Sleep Medicine 

Reviews. 2014;18(4):293-297. doi:10.1016/j.smrv.2013.06.001. 

16.  Iftikhar IH, Donley MA, Mindel J, Pleister A, Soriano S, Magalang UJ. Sleep 

duration and metabolic syndrome: An updated dose-risk metaanalysis. Annals of 

the American Thoracic Society. 2015;12(9):1364-1372. 

doi:10.1513/AnnalsATS.201504-190OC. 

17.  Lajoie P, Aronson KJ, Day A, Tranmer J. A cross-sectional study of shift work, 

sleep quality and cardiometabolic risk in female hospital employees. BMJ Open. 

2015;5(3):e007327-e007327. doi:10.1136/bmjopen-2014-007327. 

18.  Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep 

quality index: A new instrument for psychiatric practice and research. Psychiatry 

Research. 1989;28(2):193-213. doi:10.1016/0165-1781(89)90047-4. 

19.  Slater JA, Botsis T, Walsh J, King S, Straker LM, Eastwood PR. Assessing sleep 

using hip and wrist actigraphy. Sleep and Biological Rhythms. 2015;13(2):172-

180. doi:10.1111/sbr.12103. 

20.  Cellini N, Buman MP, McDevitt EA, Ricker AA, Mednick SC. Direct comparison 

of two actigraphy devices with polysomnographically recorded naps in healthy 

young adults. Chronobiology International. 2013;30(5):691-698. 

doi:10.3109/07420528.2013.782312. 

21.  Korsiak J, Tranmer J, Leung M, Borghese M, Aronson KJ. The impact of 

shiftwork on actigraph measures of sleep among female hospital employees. 

Unpublished. 2016;? 



	   	   150	  
	  

22.  Heart and Stroke Foundation Annual Report on Canadians’ Health.; 2010. 

http://www.hsf.ca/research/sites/default/files/2010 hsf report card on health - 

perfect storm.pdf. 

23.  Cole RJ, Kripke DF, Gruen W, Mullaney DJ, Gillin JC. Automatic sleep/wake 

identification from wrist activity. Sleep. 1992;15(5):461-469. 

24.  Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, 

Fruchart J-CC, James WPT, Loria CM, Smith SC, Eckel RH, Grundy SM, Zimmet 

PZ, Cleeman JI, Donato KA, Fruchart J-CC, James WPT, Loria CM, Smith SC. 

Harmonizing the metabolic syndrome: A joint interim statement of the 

International Diabetes Federation Task Force on Epidemiology and Prevention; 

National Heart, Lung, and Blood Institute; American Heart Association; World 

Heart Federation; International . Circulation. 2009;120(16):1640-1645. 

doi:10.1161/CIRCULATIONAHA.109.192644. 

25.  Hayes A. Introduction to Mediation, Moderation and Conditional Process 

Analysis: A Regression-Based Approach. New York, New York: Guilford Press; 

2013. 

26.  Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and 

comparing indirect effects in multiple mediator models. Behavior Research 

Methods. 2008;40(3):879-891. doi:10.3758/BRM.40.3.879. 

27.  Mackinnon DP, Lockwood CM, Williams J. Confidence limits for the indirect 

effect: distribution of the product and resampling methods. Multivariate 

Behavioral Research. 2004;39(1):99-128. doi:10.1207/s15327906mbr3901_4. 

28.  Rothman KJ, Greenland S, Lash T. Modern Epidemiology. 3rd ed. Philadelphia, 



	   	   151	  
	  

PA: Lippincott Williams and Wilkins; 2008. doi:0-316-75780-2. 

29.  Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology: methods, 

interpretation and bias. International Journal of Epidemiology. 2013;42(5):1511-

1519. doi:10.1093/ije/dyt127. 

30.  Costa G. Shift work and health: current problems and preventive actions. Safety 

and Health at Work. 2010;1(2):112-123. doi:10.5491/SHAW.2010.1.2.112. 

31.  Haus E, Smolensky M. Biological clocks and shift work: Circadian dysregulation 

and potential long-term effects. Cancer Causes and Control. 2006;17(4):489-500. 

doi:10.1007/s10552-005-9015-4. 

32.  Spiegel K, Leproult R, L’hermite-Balériaux M, Copinschi G, Penev PD, Van 

Cauter E. Leptin levels are dependent on sleep duration: relationships with 

sympathovagal balance, carbohydrate regulation, cortisol, and thyrotropin. The 

Journal of Clinical Endocrinology and Metabolism. 2004;89(11):5762-5771. 

doi:10.1210/jc.2004-1003. 

33.  Spiegel K, Tasali E, Penev P, Van Cauter E. Brief communication: Sleep 

curtailment in healthy young men is associated with decreased leptin levels, 

elevated ghrelin levels, and increased hunger and appetite. Annals of Internal 

Medicine. 2004;141(11):846-850. 

34.  Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is associated 

with reduced leptin, elevated ghrelin, and increased body mass index. PLoS 

Medicine. 2004;1:210-217. doi:10.1371/journal.pmed.0010062. 

35.  Gangwisch JE, Malaspina D, Babiss LA, Opler MG, Posner K, Shen S, Turner JB, 

Zammit GK, Ginsberg HN. Short sleep duration as a risk factor for 



	   	   152	  
	  

hypercholesterolemia: analyses of the National Longitudinal Study of Adolescent 

Health. Sleep. 2010;33(7):956-961. 

36.  Oral EA, Simha V, Ruiz E, Andewelt A, Premkumar A, Snell P, Wagner AJ, 

DePaoli AM, Reitman ML, Taylor SI, Gorden P, Garg A. Leptin-replacement 

therapy for lipodystrophy. The New England Journal of Medicine. 

2002;346(8):570-578. doi:10.1056/NEJMoa012437. 

37.  Kelly JJ, Mangos G, Williamson PM, Whitworth JA. Cortisol and hypertension. 

Clinical and Experimental Pharmacology & Physiology. 1998;25:S51-S56. 

38.  Fraser R, Ingram MC, Anderson NH, Morrison C, Davies E, Connell JM. Cortisol 

effects on body mass, blood pressure, and cholesterol in the general population. 

Hypertension. 1999;33(6):1364-1368. doi:10.1161/01.HYP.33.6.1364. 

39.  Reynolds RM, Syddall HE, Walker BR, Wood PJ, Phillips DIW. Predicting 

cardiovascular risk factors from plasma cortisol measured during oral glucose 

tolerance tests. Metabolism: Clinical and Experimental. 2003;52(5):524-527. 

doi:10.1053/meta.2003.50090. 

40.  Mullington JM, Simpson NS, Meier-Ewert HK, Haack M. Sleep loss and 

inflammation. Best Practice and Research: Clinical Endocrinology and 

Metabolism. 2010;24(5):775-784. doi:10.1016/j.beem.2010.08.014. 

41.  Mullington J., Haack M, Toth M, Serrador J, Meier-Ewert H. Cardiovascular, 

inflammatory and metabolic consequences of sleep deprivation. Progress in 

Cardiovascular Disease. 2009;51(4):294-302. 

doi:10.1016/j.pcad.2008.10.003.Cardiovascular. 

42.  Omisade A, Buxton OM, Rusak B. Impact of acute sleep restriction on cortisol and 



	   	   153	  
	  

leptin levels in young women. Physiology & Behavior. 2010;99(5):651-656. 

doi:10.1016/j.physbeh.2010.01.028. 

43.  Donga E, van Dijk M, van Dijk JG, Biermasz NR, Lammers G-J, van Kralingen 

KW, Corssmit EPM, Romijn JA. A single night of partial sleep deprivation 

induces insulin resistance in multiple metabolic pathways in healthy subjects. The 

Journal of Clinical Endocrinology and Metabolism. 2010;95(6):2963-2968. 

doi:10.1210/jc.2009-2430. 

44.  Schmid SM, Jauch-Chara K, Hallschmid M, Schultes B. Mild sleep restriction 

acutely reduces plasma glucagon levels in healthy men. Journal of Clinical 

Endocrinology and Metabolism. 2009;94(12):5169-5173. doi:10.1210/jc.2009-

0969. 

45.  Kerkhofs M, Boudjeltia KZ, Stenuit P, Brohée D, Cauchie P, Vanhaeverbeek M. 

Sleep restriction increases blood neutrophils, total cholesterol and low density 

lipoprotein cholesterol in postmenopausal women: A preliminary study. Maturitas. 

2007;56(2):212-215. doi:10.1016/j.maturitas.2006.07.007. 

46.  Brondel L, Romer MA, Nougues PM, Touyarou P, Davenne D. Acute partial sleep 

deprivation increases food intake in healthy men. American Journal of Clinical 

Nutrition. 2010;91(6):1550-1559. doi:10.3945/ajcn.2009.28523. 

47.  Lockley SW, Skene DJ, Arendt J. Comparison between subjective and actigraphic 

measurement of sleep and sleep rhythms. Journal of Sleep Research. 

1999;8(3):175-183. doi:10.1046/j.1365-2869.1999.00155.x. 

48.  Girschik J, Fritschi L, Heyworth J, Waters F. Validation of self-reported sleep 

against actigraphy. Journal of Epidemiology. 2012;22(5):462-468. 



	   	   154	  
	  

doi:10.2188/jea.JE20120012. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	   	   155	  
	  

Chapter 6 

General Discussion 

6.1 Summary of Main Findings 

 The objectives of this thesis were to: 1) describe sleep patterns in relation to 

shiftwork parameters (current status, cumulative exposure, number of consecutive night 

shifts); 2) determine associations between shiftwork parameters and sleep duration; 3) 

determine whether sleep duration on work shifts mediates the relationship between a 

current shiftwork schedule and the metabolic syndrome; and 4) assess associations 

between cumulative shiftwork exposure, the number of consecutive night shifts, and the 

metabolic syndrome.  

6.1.1 Shiftwork and Sleep Patterns 

 Chapter 4, which contained Manuscript 1, addressed objectives 1 and 2 of this 

project. The descriptive analyses showed some differences in terms of sleep duration, 

time in bed, and number of awakenings, while fewer differences were observed with 

wake after sleep onset and awakening length. Using all available study days, mean sleep 

duration and time in bed of current shiftworkers was less than dayworkers for main sleep, 

but no difference was observed when total 24-hour sleep was considered. This is because 

shiftworkers napped more frequently and for a longer duration than dayworkers, a finding 

that supports previous research in this field1.  

 Shift-specific comparisons revealed that current shiftworkers slept less than 

dayworkers on day and night shifts, but slept longer than dayworkers on free days. These 

results are consistent with other research that has described sleep duration by different 
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types of shifts2–4. This suggests that, by sleeping longer on free days, shiftworkers 

attempt to offset sleep loss that might have occurred due to their work schedule.  

 Cumulative shiftwork exposure minimally affected most sleep parameters. This 

finding is in accordance with results from the Nurses’ Health Study that found sleep 

duration was similar regardless of shiftwork exposure history5, but discordant with other 

research6–9. Among current shiftworkers, the number of consecutive night shifts did not 

affect all sleep parameters, which suggests that women who opted to work a greater 

number of night shifts are more tolerant to shiftwork. 

6.1.2 Shiftwork, Sleep Duration on Work Shifts, and the Metabolic Syndrome 

 Objectives 3 and 4 of this project were addressed in Chapter 5 (Manuscript 2). 

Mediation analysis was conducted to quantify the total, direct and indirect effect of the 

relationships between a current shiftwork schedule, sleep duration on work shifts and the 

metabolic syndrome. A current rotational shiftwork pattern increased the odds of the 

metabolic syndrome (total effect), and the relationship was attenuated when sleep 

duration on work shifts was controlled for (direct effect). Shiftwork led to reduced sleep 

duration on work shifts (path a), while the odds of the metabolic syndrome increased as 

sleep duration decreased, even after controlling for current shiftwork status (path b). The 

odds ratio and confidence interval for the indirect effect ab were well above one, 

indicating that sleep duration on work shifts was a strong and statistically significant 

intermediate between shiftwork and the metabolic syndrome. 

 Previous work by our research group is the only study we are aware of that has 

investigated whether sleep disturbance mediates the shiftwork-metabolic syndrome 

relationship10. Although the previous project was conducted among a subset of 
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participants included in this current project, contrasting results can most likely be 

attributed to differences in how sleep was measured. Actigraphy is able to capture sleep 

disturbance particular to work shifts in the current study, while the Pittsburg Sleep 

Quality Index11 described average sleep patterns in our previous research. Therefore, 

differences in sleep patterns between shiftworkers and dayworkers are best captured with 

actigraphy. However, it is important to recognize the strong mediating effect we found 

was likely not only through sleep duration. Mechanisms linking shiftwork to 

cardiovascular health are multifactorial12,13, and sleep duration is related to many other 

potential mechanisms (e.g., melatonin, cortisol, etc.) that were not considered as 

additional mediators.  

  The number of consecutive night shifts was not related to the metabolic 

syndrome in this study. Although there is limited research investigating how the number 

of consecutive night shifts affects metabolic health, a maximum of four consecutive night 

shifts per rotation has been suggested to limit circadian disruption14. Further exploration 

into the effect of consecutive night shifts (with greater variability in this parameter) and 

metabolic syndrome risk is warranted. Similarly, we did not find an association between 

cumulative shiftwork exposure and the metabolic syndrome. This conflicts with previous 

research demonstrating greater metabolic syndrome risk as years of shiftwork history 

increases15,16. Our results should be interpreted cautiously because the analysis may be 

underpowered.  

 

 

 



	   	   158	  
	  

6.2 Epidemiologic Considerations 

 Important epidemiologic considerations, including some strengths and limitations, 

related to internal validity will be discussed in this section. More general strengths and 

limitations will be touched upon in sections 6.3 Strengths and 6.4 Limitations.  

6.2.1 Confounding 

 Confounders in epidemiological research are generally identified as empirical or 

theoretical. A priori, we decided that all models would be age-adjusted, while the 

remainder of confounders would be identified through an empirical, change-in-estimate 

approach17. After thorough consideration, we cautiously excluded variables that may lie 

on the causal pathway between shiftwork and sleep duration or the metabolic syndrome. 

A similar approach was used in other published work by our group investigating health 

impacts of shiftwork10,18. Therefore, the key confounders that were considered in this 

project were socio-demographic variables.  

 Using this strategy to identify confounders, age was the only variable included in 

most models. This did not surprise us because shiftworkers and dayworkers were similar 

on most variables. Although it is slightly unconventional to only control for age, forcing 

other variables into the models would have little effect on the measure of association.  

 It is important to recognize this study may have included some unmeasured 

potential confounders or strong predictors of sleep and/or the metabolic syndrome. For 

example, we did not have good information on the use of medications (e.g., 

antihistamines, selective serotonin reuptake inhibitors, beta blockers, etc.19) or 

comorbidities (e.g., chronic pain20) that affect sleep or the metabolic syndrome risk, and 

may be related to shiftwork.  
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6.2.2 Selection Bias 

 The use of volunteers in epidemiologic research can result in selection bias. 

Selection bias by volunteers can occur when exposure and outcome status influence who 

participates in the study. This project was not advertised as a sleep study, so it is unlikely 

that women volunteered on the basis of their sleep characteristics. However, it was 

clearly elucidated in recruitment efforts that the overall study objective was to explore 

how working conditions impact cardiovascular disease risk. Many women may have been 

aware of their cardiovascular disease risk factors prior to entering the study, which might 

have influenced their participation. If this is related to shiftwork status, selection bias 

may have been introduced into the study. However, we did not disclose that shiftwork 

was the main exposure metric; rather, we were interested in the cardiovascular health 

effects of general working conditions common in the healthcare industry. Therefore, 

selection bias was likely limited through this approach.  

 In addition, to help ensure selection bias was not introduced through excluding 

women with missing/inadequate sleep data, we compared women who were excluded 

from the study to women who remained in the final sample by socio-demographic, health 

and work characteristics. Women were comparable by most variables, suggesting that 

excluding participants did not meaningfully affect the results.  

 Although we believe selection bias was limited, it is possible the volunteers 

included in this study were not representative of the population of interest. Volunteers in 

epidemiological research often differ by certain characteristics than those who do not 

volunteer to participate in scientific research, which can affect the prevalence of various 
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measures. For example, respondents (volunteers) have been shown to be more educated21 

and health-conscious22,23 than non-respondents.  

6.2.3 Information Bias 

 The following sections will discuss information bias and misclassification in 

relation to shiftwork, sleep and the metabolic syndrome.  

6.2.3.1 Shiftwork  

 Shiftwork exposure was determined through self-report. There was unlikely any 

misclassification of current shiftwork status or number of consecutive night shifts, as this 

information did not rely on retrospective memory. Previous validity studies have 

demonstrated that work history obtained through interviews and questionnaires is valid24–

26, however it is possible that retrospectively assessing cumulative shiftwork exposure led 

to non-differential misclassification. However, it is unlikely that misclassification of 

cumulative shiftwork exposure was related to outcome (sleep or the metabolic syndrome) 

status. Furthermore, our calculation of cumulative shiftwork exposure was somewhat 

crude and potentially introduced non-differential misclassification by making the 

assumption that part-time schedules include half as many hours as full-time schedules. 

Although using objective work records would have reduced potential misclassification of 

cumulative shiftwork exposure, evidence from validity studies strongly suggest that 

misclassification of self-reported work history is minimal24–26.   

6.2.3.2 Sleep  

 Actigraphy objectively measures sleep and is a more precise and accurate method 

than both self-report questionnaires and sleep diaries27,28. This method helped limit sleep 

misclassification and overcome biases inherent in self-report measurements of sleep. 
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Although polysomnography, the gold standard, was not used in this study, actigraphy was 

a preferred method because it measures sleep in the natural environment. 

 Despite objectively measuring sleep, this study potentially included some non-

differential misclassification of sleep. Although we cannot quantify the degree of 

misclassification that occurred in this study, one validation study found that the 

ActiGraph GT3X+ overestimates sleep duration29. It is possible sleep duration was 

overestimated in this study as well because periods of wakeful resting with little 

movement may be incorrectly identified as sleep. Furthermore, non-differential 

misclassification of sleep may have been introduced in the study through only measuring 

sleep for one week. The recommended minimum length for actigraph monitoring is three 

days30, while as many as three weeks may be needed to obtain valid measures of sleep-

wake cycles31. Few days of data (often <3) were available to estimate sleep particular to 

each type of shift, resulting in less reliable shift-specific sleep estimates. Non-differential 

misclassification of sleep would attenuate associations between shiftwork/the metabolic 

syndrome and sleep. This study would have benefited from 2-3 weeks of actigraph 

monitoring, spanning a few work rotations, although issues with participant compliance 

would likely have occurred.  

6.2.3.3 The Metabolic Syndrome 

 All variables required to diagnose the metabolic syndrome were measured by a 

trained nurse or study coordinator; no variable was determined through self-report. 

Although we believe this approach was valid, this study potentially still included some 

misclassification of “the metabolic syndrome” as a study outcome. Firstly, blood samples 

and physical measurements needed to diagnose the metabolic syndrome were conducted 
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at one time only (although a mean of three consecutive readings was used to determine 

blood pressure), while components that constitute the metabolic syndrome may vary in 

time. For example, serum lipid levels vary within an individual due to hormonal factors32 

and illness33. Misclassification of the metabolic syndrome and its components may have 

occurred due to one-time measurements, but misclassification would almost certainly 

have been non-differential.  

6.2.4 Chance 

 Many of the associations we found produced strong effects that were unlikely 

attributed to chance. Alternatively, very small but statistically significant effects, such as 

a difference in awakening length between current shiftworkers and dayworkers in the 

descriptive sleep analysis (Manuscript 1), may potentially be due to chance. Furthermore, 

some null results (e.g., the lack of association between cumulative shiftwork exposure 

and the metabolic syndrome) are discordant with past research, suggesting this study may 

be underpowered to detect an association.   

 

6.3 Strengths 

 In addition to the various strengths related to internal validity previously 

addressed, an important strength of this study was the large sample size in relation to 

other occupational health studies that use actigraphy to measure sleep. A large sample 

size improves power and reduces random error. Furthermore, another strength of this 

project was the incorporation of various precisely defined shiftwork exposure parameters 

to help clarify what specific aspects of shiftwork affect sleep and the metabolic syndrome 

risk. An additional strength of this project is the inclusion of a group of dayworkers to 
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serve as a comparison group, as many shiftwork studies are conducted among 

shiftworkers only. Another strength is the novelty of this project: few studies have 

explored mechanisms in which shiftwork affects cardiometabolic health through 

mediation analysis, and only one study10 has investigated sleep disturbance specifically. 

A final strength of this project is the focus on women’s health, as many shiftwork studies 

are conducted in male populations. Women are particularly susceptible to sleep 

disturbance34,35 and the metabolic syndrome36, and it is important to understand the 

relationship between work patterns and these health outcomes in female populations. 

 

6.4 Limitations 

 In addition to previously mentioned limitations related to internal validity, this 

study was also limited due to its cross-sectional design. Without a long-term longitudinal 

cohort design, we were unable to conclusively establish a temporal sequence between 

shiftwork, sleep disturbance, and the metabolic syndrome. It is possible sleep disturbance 

may affect an individual’s decision to participate in shiftwork. Tolerance to shiftwork has 

been strongly associated with sleep quality, where more tolerant shiftworkers are those 

who report having good quality sleep37. Individuals who are less tolerant to shiftwork 

may not engage in this work pattern. For example, a frequently-cited study found that 

men who applied for shiftwork positions had less rigid sleep schedules than those who 

applied for day jobs38. If more adaptable sleepers self-selected into shiftwork schedules in 

this study, the observed relationship between shiftwork and sleep disturbance would 

appear weaker here than the true relationship. Furthermore, we also cannot be sure that 

reduced sleep duration on work shifts preceded the development of the metabolic 
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syndrome. Although there is compelling laboratory and epidemiologic evidence 

indicating that sleep predicts cardiometabolic health, some evidence suggests the 

relationship is bi-directional. For example, central obesity (a component of the metabolic 

syndrome) is a strong risk factor for sleep apnea, a sleep disorder than can lead to sleep 

fragmentation and sleep loss39.  

 In addition, this project was unable to evaluate the effects of other shiftwork 

exposure parameters on sleep disturbance, including social components of shift work 

(e.g., predictability of working hours) and shift length40. Although we had collected 

information on shift length, there was minimal variability in this parameter so that all 

analyses would be underpowered. We did not collect information on social components 

of shiftwork. Furthermore, our definition of current shiftwork status was less precise than 

anticipated. We had expected that most shiftworkers worked two day shifts, two night 

shifts, followed by four to five free days, but we found this schedule was highly variable 

because women traded shifts. Although this reflects working patterns in a hospital 

environment, it is more challenging to reach conclusions about the effects of a current 

shiftwork schedule on sleep and the metabolic syndrome when the shiftwork pattern is 

inconsistent. 

 A final limitation of this study is the dichotomization of the diagnosis of the 

metabolic syndrome and its risk factors because discreet thresholds are sometimes 

arbitrary41. Further, summing the components into a single diagnosis assumes that each 

risk factor is essentially equal in weight, when in truth some risk factors may be more 

predictive of cardiovascular disease than others41. An alternative approach to 

dichotomizing the metabolic syndrome include using a weighted continuous score42. 
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Despite these limitations, the metabolic syndrome is a frequently used disease outcome, 

and the use of a standardized definition allows for easier comparisons between studies.  

 

6.5 Generalizability 

 Having established that these results are internally valid in our view, these results 

can be generalized to other female healthcare employees of approximately the same age 

and race (Caucasian) with similar work schedules. These results should not be 

generalized to those who work very different shiftwork patterns (e.g., permanent night 

work, very early morning shifts) or to industries other than healthcare. Furthermore, the 

results should not be generalized to men due to sex differences in terms of shiftwork-

related sleep disturbance34,35 and metabolic syndrome risk36.     

 

6.6 Future Directions 

 Future research should continue to explore the influence of shiftwork on sleep 

disturbance and the metabolic syndrome. Ideally, sleep should be measured by actigraphy 

to obtain objective estimates. If this is not feasible due to resource constraints, 

questionnaires that describe sleep according to each type of shift should be used (e.g., 

The Bergen Shift Work Sleep Questionnaire43). This is important because we 

demonstrated that sleep differs depending on the type of shift that is worked, and 

questionnaires that ask about general sleep patterns will not be able to capture the 

variability in sleep across a rotation. In addition to sleep duration, other measures of sleep 

disturbance (e.g., sleep quality, timing of sleep) should be explored as possible mediators 

between shiftwork and the metabolic syndrome. However, the mechanisms in which 
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shiftwork affects cardiometabolic health is multifaceted and includes other pathways than 

disruptions to the sleep-wake cycle12,13. The next steps are to incorporate these mediators 

into the model.  

 In addition, future research should be explicit in definitions of shiftwork. To help 

clarify what aspects of shiftwork affect sleep and the metabolic syndrome risk, shiftwork 

should be defined according to specific parameters, such as those used in this project. 

Other parameters such as shift length and social aspects of shiftwork40 should also be 

incorporated. Future studies with greater variability in the number of consecutive night 

shifts would help elucidate how this shiftwork parameter affects sleep and the metabolic 

syndrome, as few studies have explored these relationships. 

 Future work should also investigate how both the timing and duration of naps 

among shiftworkers affects cardiometabolic health. Although the benefits of napping 

with regards to performance and alertness are fairly well studied44–46, fewer studies 

explore health outcomes of shiftworkers who nap compared to those who do not. We 

collected information on napping but we did not explicitly investigate its relationship to 

the metabolic syndrome. One recent study found that napping during night shifts 

decreased the prevalence of hypertension among shiftworkers, with the speculation that 

napping during the night can reduce the negative effects of circadian disruption on blood 

pressure and melatonin levels47. Future studies should continue to investigate which nap 

durations and schedules could help alleviate the negative cardiometabolic effects of 

shiftwork.  

 Lastly, there is a need for long-term, longitudinal studies exploring the effects of 

shiftwork on health outcomes, as few studies to date are cohort designs. Cohort studies 
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can help overcome many biases inherent in other observational designs and are essential 

for establishing temporal relationships. The metabolic syndrome is an appropriate and 

practical study outcome for longitudinal studies because, as a precursor for 

cardiovascular disease, the biological timeframe from exposure to disease development is 

shorter.  

6.7 Conclusions 

 Current shiftwork was associated with sleep disturbance, particularly when sleep 

duration was compared between different types of shifts. We demonstrated that sleep 

duration attributed to work shifts is an important intermediate between shiftwork and the 

metabolic syndrome. Cumulative shiftwork exposure and the number of consecutive 

nights were not associated with most measures of sleep disturbance or the metabolic 

syndrome and its components. 

 These results can help inform prevention efforts targeted at reducing sleep 

disturbance among shiftworkers. Results should be shared with healthcare providers who 

can then guide their patients on strategies to reduce sleep disturbance associated with 

shiftwork. For example, sleep hygiene strategies, non-pharmacological interventions 

(e.g., regular exercise, light exposure, avoidance of caffeine, alcohol, tobacco, etc.) and 

pharmacological interventions (when absolutely necessary) may help alleviate shiftwork-

related sleep disturbances48.  

 Understanding the mechanisms in which shiftwork contributes to cardiometabolic 

health is important for the development of healthy workplace policies. Although this 

project has added to the body of literature on shiftwork-related sleep disturbance and 

metabolic syndrome risk, additional research investigating the relative contribution of 
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other important mechanisms is required. Ultimately, integrating all mechanistic evidence 

can guide public health interventions aimed at mitigating the negative effects of 

shiftwork. 
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Appendix A 
Study Questionnaire 
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Appendix B 
Sleep Log 

 

 
 

Sleep Diary  WatchID__________ Study #______________ 
Fill out this diary each day by circling yes or no for each question and filling in the details (where appropriate).  An example is provided. 

 

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 7.30am 45 mins swimming 

Comments:     Had a cold and took two cold and flu tablets before going to bed 

Day 1 

___/___/___ 
Yes     No ! ! ! ! ! Yes      No ! ! !

Comments:!

Day 2 

___/___/___ 
Yes     No ! ! ! ! ! Yes      No ! ! !

Comments:!

Day 3 

___/___/___ 
Yes     No ! ! ! ! ! Yes      No ! ! !

Comments:!

Please continue over the page 

1 
 

Please continue over the page 
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 4 

___/___/___ 
Yes     No ! ! ! ! ! Yes      No ! ! !

Comments:!

Day 5 

___/___/___ 
Yes     No ! ! ! ! ! Yes      No ! ! !

Comments:!

Day 6 

___/___/___ 
Yes     No ! ! ! ! ! Yes      No ! ! !

Comments:!

Day 7 

___/___/___ 
Yes     No ! ! ! ! ! Yes      No ! ! !

Comments:!

Day 8 

___/___/___ 
Yes     No ! ! ! ! ! Yes      No ! ! !

Comments:!
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Appendix C 
Comparison of Excluded and Included Participants 

 
 

 
Table 1: Comparison of participants excluded vs. included in the studyψ  

ψ Data are presented as means ± SD or n(%) 
* p<0.05 using the Wilcoxon rank-sum test for continuous variables and Chi-Square or Fischer’s Exact test for 
categorical variables  
a. Mid-sleep time on free days using the Munich Chronotype Questionnaire 
b. WHO guidelines 
c. Derogatis Stress Profile 
d. Centre for Epidemiologic Studies Depression Scale Revised (CEDS-R)  
e. Job Content Questionnaire	  
f. Nutrition services, lab technician, radiation therapist, environmental services, ergonomist, education, research, 
total compensation association, abilities claim specialist, concurrent reviewer, child life specialist 

 
 
 

Variable Excluded (n=36) Included (n=294) 
Demographic and Lifestyle Characteristics  
Age (years) 40.7 ± 9.8 41.9 ± 11.3 
Post-menopausal 12 (33) 100 (34) 
Chronotypea 3.2 ± 1.2 3.5 ± 1.1 
Number of children  1.6 ± 1.1 1.3 ± 1.2 
Education 
     High school/ post-secondary (diploma, certificate) 
     Undergraduate, graduate, other 

 
27 (75)* 
9 (25) 

 
158 (54) 
131 (45) 

Marital Status 
     Married/common law 
     Single/divorced/separated/widowed 

  
23 (64) 
13 (36) 

 
207 (70) 
83 (28) 

BMI (kg/m2) 27.7 ± 6.1 27.4 ± 6.0 
Achieve physical activity recommendationsb 18 (50) 121 (41) 
Current smoker  2 (5) 28 (9) 
Drink >3 caffeinated beverages/day 
     Usually/often/sometimes 
     Rarely/never 

 
23 (64) 
13 (36) 

 
148 (50) 
145 (49) 

Drink >1-2 alcoholic beverages/day 
     Usually/often/sometimes 
     Rarely/never 

 
6 (17) 
30(83) 

 
70 (24) 
223 (76) 

Regular use of a sleep aid  7 (19) 49 (17) 
High life stress presentc 5 (14) 47 (16) 
Emotional health scored 10.6 ± 10.1 9.2 ± 8.0 
Positive for the Metabolic Syndrome 7 (19) 47 (16) 
Work Characteristics   
Job content characteristicse 

     Decision latitude 
     Macro-level decision authority  
     Psychological job demands 
     Job insecurity 
     Social support (from supervisors, coworkers) 

 
66.0 ± 10.3 
17.2 ± 4.3 
21.0 ± 4.8 

4.4 ± 1.2 

22.8 ± 3.0 

 
68.0 ± 8.9 
17.9 ± 4.6 
20.1 ± 5.3 
4.5 ± 1.2 
22.9 ± 3.2 

Employment category 
     Nursing 
     Otherf 

 
20 (56) 

16 (44) 

 
200 (67) 
94 (32) 

Years of shiftwork history 9.8 ± 8.8 9.8 ± 9.3 
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complaint. Note: All documents supplied to participants must have the contact information for the 
Research Ethics Board.  

Investigators please note that if your trial is registered by the sponsor, you must take responsibility to 
ensure that the registration information is accurate and complete.  
 
Yours sincerely, 

 
Chair, Health Sciences Research Ethics Board  

The HSREB operates in compliance with, and is constituted in accordance with, the requirements of the 
TriCouncil Policy Statement: Ethical Conduct for Research Involving Humans (TCPS 2); the 
International Conference on Harmonisation Good Clinical Practice Consolidated Guideline (ICH GCP); 
Part C, Division 5 of the Food and Drug Regulations; Part 4 of the Natural Health Products Regulations; 
Part 3 of the Medical Devices Regulations, Canadian General Standards Board, and the provisions of the 
Ontario Personal Health Information Protection Act (PHIPA 2004) and its applicable regulations. The 
HSREB is qualified through the CTO REB Qualification Program and is registered with the U.S. 
Department of Health and Human Services (DHHS) Office for Human Research Protection (OHRP). 
Federalwide Assurance Number: FWA#:00004184, IRB#:00001173  

HSREB members involved in the research project do not participate in the review, discussion or decision.

  
 


