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Abstract 

Shift work schedules are designed to maintain a continuous operation of goods and 

services. However, engaging in shift work may impact cognitive functioning. This thesis 

assessed the relationship between shift work and cognitive performance. Using cross-

sectional data from the Canadian Longitudinal Study on Aging, multiple linear regression 

models were used to investigate the association between shift work and cognitive 

performance, as well as the moderating effects of psychological distress and sleep 

quality. Differences by sex and retirement status were also investigated. Shift work was 

significantly associated with poor performance for executive functioning but not for 

declarative memory. Poorer cognitive performance was found among completely retired 

and not or partly retired males. No evidence of a moderating effect by psychological 

distress or sleep quality was found. Our findings highlight important occupational health 

and safety implications. Future studies using a prospective cohort design is warranted.  

Keywords 

Shift work, cognition, cognitive performance, psychological distress, sleep quality, 

Canada 
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Summary for Lay Audience 

Shift work refers to work schedules which take place outside the regular work hours of 

7:00 a.m. to 6:00 p.m. Commonly used shift work schedules include work shifts 

occurring early in the morning, afternoon, evening, or night. A person who works shift 

work may even alternate between different types of shifts on a weekly or monthly basis. 

As people with shift work schedules exhibit poor sleep and changes in their body’s 

natural sleep-wake cycle, research has linked the development of many long-term 

diseases to shift work, including cardiovascular disease, hypertension, diabetes, 

gastrointestinal conditions, cancer, metabolic syndrome, depression, or anxiety. Given the 

nature of shift work, negative changes to a person’s mental health, may also play a role in 

the development of disease among shift workers. Research suggests that shift work 

schedules may impair cognitive function, which are functions in the brain involved in 

learning, thinking, problem-solving, decision-making and memory. Not much is known 

about how a person’s mental health, specifically psychological distress -a state of 

emotional suffering- impacts this relationship. The purpose of this thesis was to examine 

the interrelationships between shift work, psychological distress, sleep quality and 

cognitive performance using survey data from a sample of Canadian adults aged 45-85 

years. To assess cognitive performance, we assessed cognitive domains involved in 

problem solving (executive functioning) and long-term memory (declarative memory). 

We found that shift workers performed poorly on cognitive tests for executive 

functioning but not for declarative memory. Completely retired and not or partly retired 

male shift workers performed worse than female shift workers. We found that 

performances on cognitive tests among shift workers were the same regardless of the 

level of psychological distress or by the quality of sleep.  
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Chapter 1  

1 Background and Introduction  

This chapter provides a brief background and overview of the thesis, with Section 1.1 

providing the overall purpose of the thesis, and Sections 1.1.1, 1.1.2 and 1.1.3 discussing 

background information on shift work, cognitive impairment, and psychological distress, 

respectively. The study rationale and thesis objectives are outlined in Section 1.2. An 

overview of the thesis chapters and the role of the student is provided in Section 1.3.  

1.1 Overall Purpose 

The purpose of this thesis is to investigate the association between shift work and 

cognitive performance.  

1.1.1 Shift Work  

In the Canadian context, shift work may be defined as non-standard work hours 

scheduled to occur outside the work hours of 7:00 a.m. to 6:00 p.m.1 As such, different 

types of shift work schedules exist including shift work occurring early in the morning or 

afternoon, or regularly in the evening or night, as well as, “rotating shift work”, “split 

shifts”, “on-call”, or “casual”.2 The use of the shift system has spread globally as a result 

of technological advancements and a shift towards a more demanding economy.3 In 

particular, both developing and developed countries have been found to use shift work 

schedules.3 The shift system is commonly used among certain industries, including the 

health care, transportation, manufacturing, customer service and protective services 

industry.1,2 A number of risk factors and adverse health conditions, which will be 

described in detail in Chapter 2, have been linked with shift work and highlight an 

important role of sleep and circadian rhythm.4,5 Given the nature of shift work schedules, 

particularly night shift schedules, misalignment of the circadian rhythm as a result of 

poor sleep has been proposed as a mechanism leading to the development of disease.4  
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1.1.2 Cognitive Impairment  

Advancements in technology and health care have led to an increase in global life 

expectancy.6 Developed countries, including Canada, are socioeconomically burdened 

with late-life cognitive impairment and dementia as a result of an aging population.7–11  

Changes in cognitive function, which refer to mental processes associated with learning, 

logical thinking, problem-solving, decision-making and memory,12,13  take place on a 

continuum14 and may be classified as normal cognitive aging, cognitive impairment, or 

dementia.15 Cognitive impairment is defined as the deterioration of cognitive domains 

used in daily activities and may range from mild to severe.11–13 People with cognitive 

impairment may not satisfy a diagnosis for dementia,16 however, people with this 

condition do have an increased risk in developing dementia.14,17  

Currently, no pharmacological treatments have been developed to prevent or cure this 

debilitating disease.9,18 As such, studies have been investigating whether modifiable 

lifestyle factors may help to mitigate the risk of cognitive impairment.19 Studies from the 

literature have identified several risk factors and chronic diseases, some of which have 

been reported to slow or accelerate the rate of cognitive impairment.20 Interestingly, 

similar risk factors and chronic diseases have been linked with people engaging in shift 

work.21,22 These risk factors and chronic diseases will be discussed in greater detail in 

Chapter 2. 

1.1.3 Psychological Distress  

Given the nature of shift work, shift schedules can have negative implications on an 

individual’s mental health.23 Mental health problems pose as a significant public health 

concern and burden to society, especially in Canada.24–27 Literature investigating 

relationships between shift work and mental health have assessed psychological 

distress,28 which can be defined as a state of emotional suffering, such that a person’s 

daily life is negatively impacted with experiencing depressive, anxiety and somatic 

symptoms.29,30 Psychological distress can also be used as a measure of the general mental 

health status of a population, as well as a measure of symptom severity and disability 

level among people with mental illnesses.29,30  A number of hypotheses have been 
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proposed to explain relationships between shift work and psychological distress, 

including the job-strain model,31,32 healthy worker effect and the stress-distress 

model.29,33,34 These hypotheses are discussed in greater detail in Chapter 2. Psychological 

distress has also been implicated with cognitive impairment, with studies showing greater 

rates of cognitive decline among people more susceptible to developing psychological 

distress than those less vulnerable.35,36 Hypotheses proposed in explaining this 

relationship include the job-strain and stress-distress model.37,38 The personality trait, 

neuroticism,16,29,37,39 as well as the hypothalamus–pituitary– adrenal (HPA) axis,37,40,41 

are other mechanisms which may link psychological distress and cognitive impairment. 

Detailed explanations regarding these mechanisms are provided in Chapter 2.  

1.2 Study Rationale and Thesis Objectives 

Investigating modifiable risk factors for cognitive impairment is important, given an 

aging population and no pharmacological treatments to date.9 Although there are still 

members of the workforce that work traditional work hours, the demand for a “24/7” 

economy42 has led to the widespread use of shift work schedules in several occupations 

and industries. As shift work and cognitive impairment share common risk factors and 

chronic diseases, shift work could be a potential modifiable risk factor that may have 

implications on the development of cognitive impairment. As such, a better 

understanding on the relationship between shift work and cognitive performance is 

warranted. Furthermore, although we know that sleep plays an important role in this 

relationship, we have limited knowledge on the impact of mental health, particularly, 

psychological distress. Therefore, the objectives of this thesis were:  

1. To examine the association between shift work and cognitive performance  

2. To explore whether psychological distress moderates the relationship between 

shift work and cognitive performance 

3. To explore whether sleep quality moderates the relationship between shift work 

and cognitive performance 

A detailed description of the thesis objectives is provided in Chapter 2.  
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1.3 Overview of Thesis Chapters and Role of Student 

In Chapter 2, detailed background information regarding shift work, cognitive 

functioning, and psychological distress, as well as a literature review investigating the 

association between shift work and cognitive impairment is provided. Chapter 3 outlines 

the methods used in the thesis. Chapter 4 and 5 respectively provide the main findings of 

the thesis and the discussion of the results, including the strengths and weaknesses of the 

study. 

The data used in this study was obtained from the Canadian Longitudinal Study on Aging 

(CLSA). These data were requested by my thesis supervisors Dr. Saverio Stranges and 

Dr. Kelly Anderson. I collaborated with Dr. Stranges and Dr. Anderson to select our 

exposure and outcome of interest, as well as develop the objectives of the thesis. Dr. 

Manuel Montero-Odasso, a member of my thesis committee, provided guidance on which 

outcome variables would be most appropriate to assess cognitive performance. I proposed 

a data analysis plan for the thesis, which was further modified by my two supervisors, by 

providing suggestions on additional confounding variables to adjust for in the analyses, 

as well as providing guidance on the criteria to recode specific variables. The objectives 

and data analysis plan were then checked by Dr. Neil Klar, another member of my thesis 

committee, to ensure statistical methods to assess my thesis objectives were feasible and 

appropriate. With input from Dr. Stranges and Dr. Anderson, I cleaned the data, recoded 

the variables and ran the statistical analyses. Interpretation of the findings was conducted 

in consultation Dr. Stranges and Dr. Anderson. Final revisions of the thesis manuscript 

involved all committee members.  
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Chapter 2  

2 Literature Review  

This chapter provides a review of the literature on the relationship between shift work 

and cognitive impairment. Background information pertaining to shift work, cognition 

and psychological distress are provided in Sections 2.1, 2.2 and 2.3, respectively. Section 

2.4 reviews the literature on shift work and cognitive impairment. Thesis objectives and a 

theoretical conceptual framework to guide analyses is provided in Section 2.5.  

2.1 Shift Work  

Various definitions for shift work exist across the literature, as there is currently no 

universally agreed upon definition.28 Broadly, shift work may constitute a work schedule 

that occurs outside the traditional 9:00 a.m. to 5:00 p.m. work hours1,2 and may also 

occur outside regular business days.2 Shift work schedules are designed to accommodate 

different work time schedules.43 As such, shift schedules can be organized in a variety of 

ways according to the length of the shift and the duration of rest periods within and 

between shifts.44  

In Canada, shift work is referred to as non-standard work hours occurring in the hours 

before 7:00 a.m. or after 6:00 p.m.1 There are several categories of shift work schedules 

used in Canada. “Rotating shift work” typically involves work schedules alternating from 

day shifts to evening or night shifts.2,3 “Split shift” schedules include work days that are 

divided into two or more time periods.3 “On-call” or “casual” work schedules typically 

have no prearranged schedules available and require individuals to report to work when 

needed.4 “Irregular work schedules,” are work schedules which frequently change and 

have prearranged schedules available at least one week in advance.5 Other variations of 

shift work include work schedules occurring early in the morning or afternoon2,6 or 

regularly in the evening or night.2 An important feature of shift work is that the types of 

shifts assigned to workers are usually not optional but rather as a requirement of the 

job.3,7 This differentiates shift work from “overtime” work schedules or “extended hours 
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of work,”42,48 which typically serve as extra time that some workers may choose to do to 

complete work-related tasks.28  

Shift work is designed to uphold a “24/7” economy.42 As workers alternate assigned shift 

schedules with other workers, this allows for the continuous and daily operation of 

production and services.49,50  As a result of technological advancements and a move 

towards a more demanding economy,3 shift work has become more prevalent 

worldwide.28,3 In Canada, one in four Canadians are employed in shift work.51 In 2011, 

12% of the Canadian labour force were involved in night shift work specifically.52 

Similarly, workers in the US, UK and Australia are actively engaged in shift work.53 In 

China, shift work schedules are primarily used in manufacturing, whereas a widespread 

use of shift work can be found in almost every industry in South Korea and Jamaica.54 In 

Peru, split shift schedules are commonly used in the education sector.54 Shift work, 

particularly night shift work, is not less common in Chile and Brazil.54  

Achieving work-life balance was not perceived as a concern as it was traditionally 

assumed that people in the labour force worked full-time hours and were usually men, 

and that domestic duties were placed under the responsibility of women.55 Changes in 

employment policies for women and a shift towards a 24-hour economy has resulted in 

changes in the traditional work and family dynamics between men and women.53,55 Issues 

of work-life balance have emerged as a result of these changes.56 Work-life balance is a 

subjective state, characterized by a person’s ability to balance work, home, and 

community responsibilities.2 Government policies and work practices have been put in 

place to promote work-life balance.57 For instance, in some Scandinavian countries, 

control over work schedules among employees is encouraged, including workday start 

and end times, breaks, days off, and vacation days.58 However, views on work-life 

balance appear to differ between Western and Eastern countries.57 In Western countries, 

achieving work-life balance is viewed as an issue for both men and women.57 In Eastern 

countries, particularly those in Asia where the labour force is predominantly male and 

societal norms include gender-specific division of labour, work-life balance is perceived 

only as an issue for women.57 Studies have found that compressed work weeks and work 

time control is associated with better work-life balance among shift workers.59,60  
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Specific industries and occupations are highly dependent on shift work. Occupations in 

the health care, transportation, manufacturing, customer service and protective services 

sectors commonly use the shift system.1,2 For instance, physicians and nurses employed 

in hospitals often work 12-hour rotational shifts to provide continuous patient care.61–63 

Some shifts may be required to take place overnight64 and others may last for 24-hours, 

which is often the case for anesthesiologists.65 In Europe, physicians employed in 

hospitals are commonly scheduled to work on-call duty, which includes both day and 

night shifts and is also 24 hours in length.66–68 Across Canada, resident doctors may be 

allowed to work shifts of up to 24 to 26 hours in length, with the exception of Quebec, 

which specifies that residents can only work a maximum of 16 consecutive hours.69 

Although peak traffic periods may vary globally, bus drivers often work split shifts to 

accommodate increased traffic flow commonly occurring during periods in the morning 

and in the evening.46 As pilots are required to travel through different time zones, they 

are typically subjected to irregular work schedules.2 To provide 24-hour protection, 

police officers and firefighters often work night shifts.70 Nights shifts are also common 

among occupations in the manufacturing and industrial industry which have machines 

operating continuously to produce goods.70  

Shift work, particularly work that occurs at night, is associated with the development of 

numerous health conditions, including sleep disturbances, cardiovascular diseases, 

gastrointestinal symptoms, diabetes, and immune system problems.4  A systematic review 

by Shariat and colleagues4  describing associated health problems among shift workers 

suggests that the increased risk of developing these health conditions may be a product of 

circadian rhythms disrupted due to abnormal working times. Desynchronization of the 

circadian rhythm may alter the normal regulation of physiological functions in the body, 

thereby leading to the development of disease.4  

2.1.1 Factors Associated with Shift Work 

Sociodemographic Factors  

Age: Studies from the literature suggest that older people have more difficulty engaging 

in shift work.1,71–73 One reason pertains to the desynchronization of the circadian rhythm 
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which naturally occurs as people reach midlife.1,72,74,75 Another reason may be that older 

adults have a reduced ability to handle stress.1,72,74,75 As such, older people may switch to 

working regular day shifts.1  The study by Shields1  found that working shift schedules 

decreased as age increased. They propose that older people who have remained at the 

same job for many years may have acquired seniority overtime, and thus may be able to 

choose more favourable work schedules than younger people.1   

Marital Status: People who engage in shift work are also more likely to be single.1,2 

However, among those who are married, shift work has been reported to disrupt family 

relationships, particularly those with one’s spouse and children.1,2,42,76–78 Compared to 

day workers, people engaged in evening shift work have been found to spend less time 

with their spouses and children.2,79 In fact, links between shift work and marital problems 

have been reported in the literature. Shift work has been found to be associated with poor 

marital satisfaction and higher levels of conflict.1,77,78,80 Disruptions in family routine, as 

well spending less time with one’s spouse due to irregular work schedules, has been 

proposed as a reason for marital strain among shift workers.76  

Socioeconomic Status: As previously discussed, specific industries and occupations are 

tied to shift work,2 meaning that shift work also varies by socioeconomic status. For 

instance, the manufacturing industry is predominantly comprised of people with lower 

educational attainment.81 According to McMenamin,81 people with higher educational 

attainment often find employment in jobs which do not use shift work schedules. 

However, it is the job demands, rather than education, that determine whether shift work 

schedules are necessary.81 Shift work schedules are common among people who earn 

wages and salaries.81  Some employers offer monetary premiums to promote shift work.81 

Shields1 found that people working in the health and protective services sector tend to 

work rotating shift work and come from high-income households, whereas a high 

proportion of people working evening, night or irregular shifts were from low-income 

households.1  

Immigration Status: According to the report on the Canadian Immigrant Labour 

Market,82 which assessed trends from 2006 to 2017, immigrants are more likely to be 



 

 9 

 

employed in specific industries, including the accommodation and food industry, both of 

which have a higher likelihood of shift work schedules.2 In the literature, relationships 

between migrant status and shift work have been investigated among studies assessing 

occupational risks and hazards. One European study reported that migrants in the 

services, manufacturing, construction and agricultural sector with non-manual positions 

were more likely to be scheduled to work shift work relative to non-migrants.83 A 

Canadian study which investigated relationships between immigration status and 

occupational hazards, considered shift work as an occupational risk factor for work-

related injury.84 After adjusting for potential confounding variables, this study found that 

factors related to immigration status, including visible minority status, a non-English or 

French native language, and highest educational attainment outside of Canada, were 

associated with regularly occurring shift work schedules, but not irregular shifts.84  

However, a systematic review investigating working conditions and occupational health 

among immigrants in Canada and Europe found that there was insufficient evidence to 

suggest that immigrants were subjected to poorer working conditions than non-immigrant 

workers.85  

Rurality of Residence: Shift work and rural place appear to be linked through the type of 

occupation and job skill. In 2011, there were more than 6.3 million Canadians residing in 

rural areas.86 A review paper by Bollman and Reimer investigating demographic 

characteristics of rural populations in Canada found that in 2007, of the 3 million rural 

and small town employed Canadians, 8% were employed in agriculture and 13% worked 

in manufacturing,87 with both industries known to use the shift work system.2  In many 

rural areas and small towns, the manufacturing industry may be the only source of 

employment.87 Furthermore, jobs requiring higher skills have been found to aggregate in 

urban centers, whereas lower-skilled jobs tend to center around rural areas.87 A study by 

Saenz88 found that compared to urban workers, rural workers were more likely to work 

non-standard work hours, particularly shifts occurring early in the morning, or during the 

afternoon or evening.  

Social Isolation: Shift work appears to have negative impacts on psychosocial 

functioning, particularly outside work environments. A review by Cheng and Drake 
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investigating the psychological impact of shift work found that people who engage in 

shift work were more likely to feel socially isolated.89–91 They propose that shift workers 

are at a higher risk of social isolation as shift schedules occur outside regular business 

hours, such as during nighttime hours.89 Shift work may also occur outside regular 

business days.2  As such, participation in social activities, which frequently take place on 

the weekends, is lower among shift workers.89  

Lifestyle and Behavioural Factors  

Sleep Habits: As shift work occurs outside the hours of 7:00 a.m. and 6:00 p.m., there is a 

large focus in the literature on the sleep habits of shift workers. Compared to the general 

population, sleep problems are more prevalent among shift workers.5,92 Disruption of the 

natural circadian rhythm is commonly attributed to the sleep problems observed among 

shift workers, as work times for shift work typically occur during normal sleeping 

hours.56,93 Difficulties in sleep experienced by shift workers may resemble symptoms of 

jet leg, as physiological functions responsible for maintaining alertness, including 

increased cortisol levels and body temperature, interfere with sleep.56 Furthermore, prior 

studies have estimated that 10% to 30% of shift workers may suffer from a sleep disorder 

known as, shift work disorder, which results in a misaligned circadian rhythm and 

symptoms of insomnia.5,92,94 

Smoking and Alcohol Consumption: Smoking status and alcohol intake have commonly 

been studied among shift workers. A review by Nea and colleages5 found a higher 

prevalence of smoking among those employed in shift work. They also reported that 

relative to day workers, people employed in shift work are more likely to start smoking 

and less inclined to quit.5,95,96 Alleviation of stress and sleepiness and tiredness were 

some proposed reasons to explain why shift workers were more susceptible to smoking.96 

The literature on alcohol consumption among shift workers is mixed.97 Some studies 

identified by a recent systematic review reported positive associations between shift work 

and heavy alcohol consumption, whereas others did not find any evidence of an 

association or found an inverse relationship.97  Similar to smoking, alcohol may be used 

as a method to appease sleep problems and work-related stress.5  However, opportunities 
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to consume alcohol in a social context may be reduced, as shift schedules may conflict 

with social events.5 

Physical Activity: The associations between shift work and physical activity is unclear, as 

studies have assessed a mixture of occupational and leisure physical activity.5 Two cross-

sectional studies investigating leisure98 and non-occupational99 physical activities 

between shift workers and non-shift workers did not find significant differences. Higher 

occupational and lower leisure physical activity was reported by one study assessing 

nurses and midwives working rotating night shifts, relative to nurses and midwives 

working day shifts.100 In contrast, a study assessing railway shift and daytime workers did 

not find a significant relationship between shift work, and either occupational or leisure 

physical activity.101 Many barriers have been identified that prevent shift workers from 

engaging in physical activity. These include demanding work schedules and consequent 

fatigue resulting from these types of schedules, difficulty in participating in team sports, 

and recreational facilities having hours of operation that do not align with shift work 

schedules.5 Furthermore, shift workers may expect to feel overly exhausted if exercise 

were performed early in the morning or at night, which may deter them from engaging in 

physical activity.5 

Diet: Given the nature of shift work schedules, those who engage in the shift system tend 

to exhibit altered meal patterns and consume poor diets.102 A recent review by Gupta and 

colleagues,102 reported that shift workers often snack at night and commonly consume 

foods high in fat and carbohydrates. Fruit and vegetable consumption was also found to 

be lower among night shift workers relative to day workers.102  

Chronic Disease and Other Health-Related Factors 

Body Mass Index (BMI): Links between shift work and high BMIs have been identified in 

the literature. Two longitudinal studies assessing a sample of nurses reported significant 

increases in BMI after follow-up among those working night shifts,103 as well as those 

working rotating shift schedules.104 A systematic review and meta-analysis by Liu and 

colleagues105 found that shift work  was associated with a high risk being overweight and 

obese. They propose that people who work night shifts are at a higher risk than those who 
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work rotating shift schedules.105 High BMIs among shift workers could occur for a 

variety of reasons. Glucose metabolism and lipid homeostasis may be impaired as a result 

of a disturbed circadian rhythm.106,107  Additionally, hormones that function to regulate 

appetite may be altered by shorter sleep duration,107 thereby resulting in associations 

between shorter sleep duration and higher BMI.5 Poor dietary behaviours have also been 

implicated in the association between shift work and elevated BMI.5 

Menopausal Status: Shift work may impact the age of menopause among women, as 

previous studies and systematic reviews have identified links between shift work, and 

menstrual cycle changes.108–111 Stock and colleagues108 used data from Nurse’s Health 

Study 2 to assess the risk of early menopause among registered nurses working rotating 

night shift work from 1991 to 2013. This prospective cohort study found that rotating 

shift work was associated with an increased risk of early menopause, particularly for 

those who had engaged in the shift schedule for 10 months or more.108 The authors 

propose that shift work and menopause may be linked through disruptions in the 

circadian rhythm.108 

Hypertension and Cardiovascular Disease: Prior evidence suggests that people who 

engage in shift work are at a higher risk of developing hypertension and cardiovascular 

disease.112–114 A meta-analysis of observational studies investigating the relationship 

between shift work status and hypertension found significant associations among rotating 

shift workers.112 However, the studies included in this meta-analysis were predominantly 

focused on male shift workers.112 A recent Canadian population-based cohort study using 

data from the Canadian Community Health Survey, showed that the rate of hypertension 

was higher for both male and female shift workers after a 12-year follow up.113 Both poor 

sleep quality and disrupted circadian rhythms are proposed to increase the risk of 

hypertension among shift workers. 113 A meta-analysis by Torquati and colleagues114 

reported a 17% higher risk of cardiovascular events, including coronary heart diseases, 

cerebrovascular disease, and peripheral arterial disease, among shift workers relative to 

non-shift workers. A dose-response relationship between shift work and cardiovascular 

disease was also observed, such that following the first five years of exposure to shift 

work, the risk of cardiovascular outcomes increased by 7.1% per five years of additional 
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work in the shift system.114 Studies propose that exposure to psychosocial stress, 

engagement in poor health behaviors, and altered metabolism may play a role in the 

relationship between shift work and cardiovascular disease.5,114  

Metabolic Syndrome: Metabolic syndrome has been investigated among shift workers. 

Metabolic syndrome is characterized by the presence of several risk conditions, 

associated with all-cause mortality, occurring simultaneously within an individual.4,115,116 

These risk conditions include hypertension, central obesity, elevated triglycerides, high 

fasting glucose, and reduced high-density lipoprotein cholesterol.4 Two reviews assessing 

the health impacts of shift work suggest that these adverse health conditions tend to occur 

together more frequently among shift workers relative to non-shift workers.4,5,117,118 Shift 

workers, especially those who work night shifts, are susceptible to metabolic syndrome, 

particularly hypertension, obesity, and elevated triglyceride levels.4,117 Poor sleep habits 

and disrupted circadian rhythms are proposed to increase susceptibility to metabolic 

syndrome among shift workers.4,5,118,119 However, the association between shift work and 

metabolic syndrome remains unclear. A systematic review and meta-analysis by Canuto 

and colleagues115 found that positive relationships between shift work and metabolic 

syndrome were no longer significant when adjusting for the confounding effects of socio-

demographic, socioeconomic and behavioural factors.  

Gastrointestinal Conditions: Gastrointestinal disorders and symptoms include peptic 

ulcers, chronic inflammatory diseases, as well as diseases occurring in the digestive 

system.120 Literature dating back to the 1950s concurred that peptic ulcers occurred very 

frequently among shift workers, such that it was classified as the “occupational disease of 

shift workers”.120,121  A systematic review by Knutsson120  suggest that there is an 

association between shift work and gastrointestinal symptoms and disease, including 

ulcers, irritable bowel syndrome and inflammatory bowel disease. However, the evidence 

for this relationship is weak as studies identified in this review did not control for 

confounding variables and were primarily cross-sectional in design.120   

Diabetes: Links between shift work and diabetes, particularly type 2 diabetes mellitus, 

have been reported in the literature. Prospective cohort studies suggest that shift work is 
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independently and positively associated with type 2 diabetes mellitus.5,122–124 However, a 

systematic review of cohort studies conducted by Knutsson and colleagues125 only found 

moderate evidence to support this relationship. Blood sugar regulation is influenced by 

the circadian rhythm.5 Studies propose that glucose homeostasis may be disrupted by 

misaligned circadian rhythms arising from night shift work.5,126–129  

Cancer: Evidence on the relationship between shift work and cancer is mixed. Most 

research has focused on breast cancer, with systematic reviews and meta-analyses all 

reporting links between working shift work and developing breast cancer.5,130–132 Overall, 

there is moderate evidence in support of this association, given the many limitations 

within the studies identified in these reviews.5,133 Evidence on the association between 

shift work and other cancers - such as colon, colorectal, and prostate cancer - are 

inconsistent.5,133–136 There is also a lack of evidence for a significant relationship between 

engaging in shift work and the risk of all-site cancer.5,134,137 Despite the inconclusive 

findings, night shift work has been listed as a potential carcinogen by the International 

Agency for Research on Cancer.138 Studies propose that melatonin, a hormone known to 

be protective against cancer, is lowered when engaging in shift work at night.5  

Mental Disorders: Studies that have investigated associations between shift work and 

mental health conditions have reported poorer mental health among shifts workers, 

particularly for those with irregular and/or unpredictable shift schedules.28 Anxiety and 

depressive disorders are commonly reported among shift workers.139,140 Shift workers 

may be more vulnerable to developing psychiatric problems due to disrupted sleep 

cycles, job strain, demanding work environment and poor work-life balance.5 However, 

as Harrington and colleagues76 pointed out, people self-select themselves into shift work. 

As such, it is difficult to rule out whether people already have a pre-existing mental 

health condition prior to entering the shift work system.76  

Multimorbidity: Studies assessing the association between shift work and multimorbidity 

are limited.141,142 Two international studies reported a higher prevalence of 

multimorbidity among people who engage in shift work compared to those who do not, 

although this relationship was no longer significant after adjustment for other 
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factors.141,142 Most research investigating the association between multimorbidity and 

occupational-related outcomes has focused on work-related aspects, such as work-related 

productivity, leaves, absences, as well as early retirement and unemployment.143–145 

According to a Canadian study by Smith and colleagues,145 multimorbidity is associated 

with a reduction of people in the workforce and poses as a limitation for individuals to 

meet job demands. Another study found that people with multimorbidity were more 

likely to switch to partial or full retirement, or seek accommodation as a disabled 

worker.143 A systematic review of longitudinal studies also reported positive relationships 

between multimorbidity and a higher risk of temporary or permanent leaves among 

workers.144 This review also found that comorbidity specifically for depression and either 

cardiovascular disease or diabetes was associated with early retirement and 

unemployment.144 As such, assessing associations between multimorbidity and shift work 

may be difficult to ascertain as people with multimorbidity tend to be those who leave the 

workforce.  

Self-Rated Health Status: Self-rated health refers to a person’s perception of their general 

health status.146 The level of self-rated health can provide insight about a person’s health 

condition.147 Findings for the association between shift work and self-rated health are 

inconsistent. No significant relationships have been reported in some studies,147,148 

whereas others have found that relative to non-shift workers, those working shift 

schedules perceive themselves to have poorer health.149,150  Despite the mixed findings, 

studies assessing work time control and general health status highlight a link between 

shift work and self-rated health through control over work scheduling.148,151–153 

Particularly, employees who lack control on work-related factors, including choice of 

shift schedules, have been found to report poorer general health.148,151–153 Fenwick and 

Tausig154 found that although shift work was negatively related to self-rated health, lack 

of control over work schedules had a stronger effect. They suggest that control over work 

schedules is beneficial for both shift workers and non-shift workers.154  

2.2 Cognitive Functioning and Cognitive Domains  

Advancements in technology have led to improvements in health care in terms of better 

facilities, supplies, and access, as well as earlier detection of disease, thereby resulting in 
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a global increase in life expectancy.6 As such, populations of older adults have been 

increasing worldwide.8,9,155 In Canada, it is predicted that by 2030, seniors will constitute 

23% of the population, totaling 9.5 million Canadians.7 For many developed countries 

with an aging population, such as Canada, late-life cognitive impairment and dementia 

have generated major social and economic burdens to society, thereby becoming a 

serious public health problem.8–11  

Cognitive function describes mental processes associated with learning, logical thinking, 

problem-solving, decision-making and memory.12,13 There are several domains involved 

in cognitive functioning, which can be categorized into domains of sensation, perception, 

motor skills and construction, attention and concentration, memory, executive 

functioning, processing speed and verbal abilities.156 Cognitive changes over a person’s 

lifespan can be conceptualized to take place on a continuum,14 and in late life can be 

identified as either normal cognitive aging, cognitive impairment or dementia.15 

Cognitive impairment refers to the deterioration or decline in cognitive domains 

commonly used in daily activities, including learning, concentrating, decision-making, 

and memory.11–13 Some people with cognitive impairment may not meet a diagnosis for 

dementia, however they do typically experience greater than normal cognitive 

dysfunction.16  

Cognitive impairment can range from mild to severe.  A diagnosis for Mild Cognitive 

Impairment (MCI) can be made when one or more cognitive domains are moderately 

impaired, such that an individual requires more effort to carry out daily activities 

independently, but in the absence of clinical dementia.157 People with cognitive 

impairment or MCI have an increased risk in developing dementia.14,17 According to the 

DSM-5, a diagnosis of Major Neurocognitive Disorder, also known as severe cognitive 

decline or dementia, can be made when cognitive impairment develops into a severe form 

in which there is significant impairment in one or more cognitive domains, that can 

sufficiently interfere with independent functioning in everyday life.157  

Cognitive impairment can be debilitating. A systematic review and meta-analysis 

examining cognitive impairment in relation to fall-related injuries among older adults 
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found significant associations between impaired cognitive scores and an increased risk of 

falling.158 Poor quality of life and increased mortality have also been associated with 

cognitive impairment among older adults.159,160 Furthermore, compared to individuals 

with other health conditions, those with cognitive impairment have over three times as 

many hospital stays.11,161 To date, there are currently no pharmacological treatments 

available to prevent or cure cognitive impairment among older adults.9,18 Epidemiological 

studies propose that diet and modifiable lifestyle factors may help minimize the risk of 

cognitive impairment and dementia.19  

Changes in cognition may occur naturally as a consequence of aging, and there are some 

areas of cognition that may be enhanced with age.21 For example, vocabulary and general 

knowledge are cognitive skills and abilities which typically remain constant overtime and 

may even improve across the lifespan.21 Other domains of cognitive functioning are more 

vulnerable to brain aging and progressively deteriorate over time, including cognitive 

domains of memory, executive functioning, processing speed and domains involved in 

reasoning.21 

2.2.1 Factors Associated with Cognitive Impairment 

Many sociodemographic, behavioural and lifestyle factors and chronic diseases have 

been identified as risk factors for declines in cognitive functioning.22 However, some of 

these factors have been shown to protect individuals from cognitive decline through 

maintaining and improving brain health, also known as cognitive reserve.162 The concept 

of cognitive reserve posits that resilience to brain damage observed in some individuals 

may be due to the participation in cognitively stimulating activities throughout their 

life.162,163 For instance, social support and engagement in social activities is known to 

stimulate cognitive domains164,165 and has been shown increase cognitive reserve.164,166 

Another component of cognitive reserve is brain reserve, which proposes that differences 

in brain structure may contribute to increased resilience to brain damage.163  

Employment-Related Factors 
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Employment: Studies suggest that employment may have positive benefits to brain health, 

which in turn reinforce cognitive reserve, through learning new skills, social interactions 

at the workplace, forming routines, providing a sense of purpose and generating 

income.167 Learning new skills at work, as well as socially interacting with co-workers 

and customers, requires activation of cognitive functions, thereby enhancing cognitive 

reserve.167 Healthy lifestyles may be maintained through routines formed by set work 

schedules, which may indirectly enhance cognitive reserve.167  Theoretically, employed 

individuals with set work schedules must be able to balance specific physiological (e.g. 

eat, rest, exercise) and social needs (e.g. time spent with friends or family) to function 

and perform tasks properly at work.167  This balance is suggested to promote a healthy 

lifestyle, which in turn would benefit the brain.167  The income that employment 

generates, as well as the sense of meaning employment offers can help decrease 

activation of HPA axis, thereby lowering cortisol secretion and promoting cognitive 

reserve.167  Having sufficient income for basic necessities helps to lower financial stress, 

whereas having extra income provides funds for individuals to engage in enriching 

activities which enhance cognitive reserve.167 Meaning and purpose allow people to 

obtain a subjective perspective in life.167  As such, they may prioritize the importance of 

certain matters or occurrences over others, which would lead to a reduction of everyday 

stress167  However, this idea does not include work-related stressors which have been 

observed to have a negative impact on cognition.167   

Type of Employment: The type of employment has also been shown to have an impact on 

cognition. Vance and colleagues167  suggest that cognitive reserve may be enhanced 

through learning new skills at work, regardless of job type. Older studies have observed a 

decreased risk of dementia among people working in non-blue collar jobs, as well as 

those with high occupational attainment.168–170  This is characterized as occupations 

involving managerial positions in business or government, as well as professional and/ or 

technical positions.168,169 Associations between occupations involving the production of 

goods, but not services, and incident dementia have also been reported.168,171 Recent 

studies have reported that jobs which are intellectually demanding are associated with 

greater cognitive function later in life.172–175 Intellectually stimulating jobs may expand 
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neural pathways in the brain or promote flexible use of cognitive functions, thus 

enhancing cognitive reserve.172  

Unemployment: There is also evidence of an association between unemployment and 

cognitive impairment. One prospective cohort study found that people who were 

employed had a lower risk of cognitive decline relative to those who were 

unemployed.168,170 Being unemployed due to training or maternity leave was found to be 

inversely associated with cognitive impairment.167,176 However, unemployment due to 

sickness, including depression and HIV, has been linked with poor cognitive 

functioning.167,176 Although these health conditions can directly impact cognition, loss of 

employment may further exacerbate cognitive impairment over time.167 Unemployment 

may be a cause of homelessness,177 which in turn has been found to be associated with 

decline in cognitive functioning.178,179 A recent review by Stone and colleagues,179 

suggest that cognitive impairment may increase the risk of and reinforce homelessness.  

Retirement: Evidence on the relationship between retirement and cognitive decline is 

mixed. Depending on whether a person has retired earlier or later, some studies have 

reported a negative association,180–185 whereas others have reported positive186,187  or no 

association.180,188,189 Retirement as a risk factor for cognitive impairment was derived 

from the “use it or lose it” hypothesis, which posits that engaging in cognitively 

stimulating activities enhances cognition, whereas mental inactivity can expedite decline 

in cognitive functioning.180,190 This hypothesis assumes that people were engaged in 

mentally demanding jobs before retirement.180 A study using data from the Whiteall II 

Cohort study found that verbal memory significantly declined 38% faster 14 years after 

retirement relative to 14 years before, adjusting for the effects of age.180 In contrast, one 

study which used data from the Health and Retirement Study found that slower rates of 

cognitive decline following retirement were associated with mentally demanding jobs.174 

According to Xue and colleagues,180 reverse causality is important to consider when 

assessing the relationship between retirement status and cognitive impairment, as poor 

cognition may influence the ability to meet job requirements, which in turn may impact 

the decision to retire.  
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Sociodemographic Factors 

Age: Older age has been consistently identified as the strongest risk factor for cognitive 

impairment.157  

Education: The level of education has also been associated with cognitive functioning.157 

It is proposed that through higher cognitive activity, higher levels of education are linked 

with greater brain volume, thereby leading to increased cognitive reserve.191 Thus, a high 

prevalence of cognitive impairment has been commonly found among populations with 

lower educational attainment.157 

Marital Status: Cognitive reserve appears to be enhanced among people who are 

married.163,192 According to a systematic review and meta-analysis of observational 

studies, the age-and sex-adjusted risk of developing dementia is 42% and 20% higher 

respectively, among people who have remained single throughout their lifetime and 

people who are widowed, respectively, relative to those who are married.192  Being 

married may expose individuals to healthier lifestyles, different forms of social 

engagement, and increased social interaction.163,192  All of these factors could enhance 

brain health.163,192 Stress on cognition from bereavement among widowed people,53 and 

unusual personality and cognitive traits among lifelong single people, could explain the 

increased risk of cognitive decline among these groups.192  

Socioeconomic Status: Some studies assessing the association between socioeconomic 

status and cognitive impairment among older adults suggest that low income is a risk 

factor for cognitive decline,194–197 whereas other studies did not report a relationship 

between these factors.198–200  

Immigration Status: A systematic review investigating the relationship between migrant 

status and cognitive function among older adults reported mixed findings.201 Compared to 

non-immigrants, some studies observed poorer cognitive function among middled-aged 

and older immigrants,201–205 whereas, other studies, including one conducted in 

Canada,206 did not find a significant association.201 Lower socioeconomic status, which is 

common among some immigrant groups, may explain the negative associations.201 The 
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authors also proposed that language may confound the relationship between migrant 

status and cognition.201  

Rural Residence: A recent review investigating the association between urbanicity and 

cognitive disorders reported lower rates of dementia among older adults living in urban 

settings relative to rural dwellers.207 Interestingly, exposure to pollution, particularly air 

pollution and traffic related pollutants, are greater in urban areas208 and are associated 

with an increased risk of cognitive decline.209,210 Robbins and colleagues207 suggest that 

greater access to health care services and higher quality education could explain the 

differences in cognition between urban and rural settings.207  

Social Isolation: A systematic review and meta-analysis of longitudinal studies found 

that social isolation, including low engagement in social activities and small social circles 

was inversely related to healthy cognitive functioning in late life.166 As with marriage, 

participation in social activities and interacting with others may enhance cognitive 

reserve through the stimulation of cognitive and sensory domains.211,212 Feelings of social 

isolation may trigger stress responses which are linked with chronic activation of the 

HPA axis, thereby promoting cognitive decline.211,213,214  

Lifestyle and Behavioural Factors 

Physical Activity: Engagement in physical activity has been linked with greater resilience 

to brain damage.191 The literature suggests that the positive association between physical 

activity and brain volume results in better cognitive health.191  

Fruit and Vegetable Consumption: Two recent meta-analyses have reported associations 

between a reduced risk of cognitive impairment and dementia with increased 

consumption of fruit and vegetables.215,216 Oxidative stress has been physiologically 

implicated in cognitive decline.216–218 As the brain is susceptible to damage by oxidative 

stress, prior studies suggest that the high antioxidants found in fruits and vegetables may 

be related to its protective effect on cognitive functioning.215,216 Despite these findings, 

Jiang et al215 noted that higher intake of fruits and vegetables could be an indicator of 
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healthier lifestyles and dietary patterns overall, such as the Mediterranean Diet,219,220 

which may contribute to healthier cognitive functioning.215,219,220  

Smoking: Previous studies investigating the effects of smoking on cognition have 

observed poorer cognitive scores among middle aged current smokers.221–223 It is 

proposed that the effects of smoking may act through pathways associated with the 

cardiovascular system.223 However, some studies have detected a protective effect of 

smoking.224 This protective effect may be due to the stimulating effects of nicotine on 

dopamine activity157,224 or be an artefact due to confounding or survival bias.157,225  

Alcohol Consumption: Chronic intake of alcohol in excessive quantities has been 

associated with deterioration of memory and executive function.191 In contrast, a 

protective effect on cognitive impairment and dementia has been observed with mild to 

moderate alcohol intake in several population-based studies.157,226–229  

Chronic Disease and Other Health-Related Factors 

Body Mass Index (BMI): BMI status has been associated with cognitive impairment, 

however conclusions regarding this relationship are mixed. Studies using population-

based data have reported significantly poorer scores on neuropsychological assessments 

among people who were overweight or obese.230,231 One study proposed that the presence 

of other health problems known to impact cognitive functioning are common among 

people who are overweight or obese.230 On the other hand, it has been proposed that age 

may interact with BMI status, such that elevated BMI may be associated with decline in 

cognitive functioning during midlife, but neutral or protective in the late life.232 

Menopause Status: Findings from a meta-analysis suggest that compared to pre-

menopausal women, the transition stages into menopause are associated with a decline in 

the cognitive domain of memory, particularly delayed verbal memory.233 A recent review 

conducted by Pertesi and colleagues234 suggest that there is strong evidence of an 

association between menopause and cognition. Changes in estrogen levels during 

menopause have been proposed as a biological mechanism linking menopause to 

cognitive changes.233,234 With regards to hormone therapy, a meta-analysis of prospective 
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cohort studies assessing relationships between estrogen hormone therapy and dementia 

did not find any significant associations.235 

Cardiovascular Disease: Cardiovascular disease is a well-established risk factor for both 

vascular and degenerative dementias such as Alzheimer’s Disease.157 Evidence from a 

recent systemic review and meta-analysis suggests that coronary heart diseases, such as 

myocardial infarction and angina are risk factors for cognitive impairment or dementia.236 

Peripheral vascular disease is common among people with coronary heart disease.237 

Associations between peripheral vascular disease and cognitive impairment have been 

observed in past studies.238,239  

Hypertension: According to a review paper examining relationships between 

hypertension and cognitive decline, hypertension is associated with alterations in the 

structure and function of the brain.240 This suggests that middle-aged adults with chronic 

high blood pressure were at a higher risk of developing late life cognitive impairment.240 

In particular, the cognitive domains of executive function and processing speed were 

particularly susceptible to the effects of hypertension.240  

Diabetes: Impairments in many cognitive domains have been observed among people 

with type 1 and type 2 diabetes mellitus.241–243 MRI scans of people with type 2 diabetes 

show reduced hippocampal volume.241,243  Deficits in insulin signaling and metabolism, 

as well as increased oxidative stress have been proposed as mechanisms to explain the 

association between diabetes and cognition.241  

Cancer: Treatment with chemotherapy can induce cognitive impairment among cancer 

patients.244,245 A meta-analysis conducted by Hodgson and colleagues244 found 

impairments in the cognitive domains of executive function and memory among cancer 

patients following chemotherapy treatment. A recent review by Pendergrass and 

colleagues245 found that cognitive impairment has also been observed among patients 

with brain tumors and breast cancer prior to chemotherapy treatment. This review also 

suggested that cognitive functioning may be affected by comorbid conditions, such as 

fatigue, depression and anxiety, among cancer patients and patients in remission.245 
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Gastrointestinal Disorders: Gastrointestinal disorders may be associated with decline in 

cognitive functioning through the brain-gut axis theory.246,247 The theory posits that the 

gastrointestinal tract and the central nervous system bidirectionally and continuously 

communicate through neural, immune, hormonal and metabolic signaling.246,247  As such, 

disturbances in the gastrointestinal system which may alter the gut microbiota may have 

detrimental impacts on cognitive functioning.246,247  Irritable bowel syndrome and 

inflammatory bowel diseases are gastrointestinal diseases found to be associated with 

cognitive impairment.246–249 Associations with cognitive impairment have also been 

found for ulcers, including peptic, gastric and intestinal ulcers.246,250 Studies have also 

reported positive associations between the helicobacter pylori, the bacteria known to 

cause ulcers, and impairment in cognitive functioning.246,251,252 Activation of the HPA 

axis has been proposed as the mechanism linking ulcers to cognitive impairment.246,250 

Metabolic Syndrome: The metabolic syndrome is a risk factor for cardiovascular 

disease.253 As such, studies have linked metabolic syndrome to vascular cognitive 

impairment.254 With regards to non-vascular cognitive decline, findings in the literature 

are unclear. Siervo and colleagues255 conducted a systematic review and meta-analysis of 

longitudinal studies and found weak evidence of an association between metabolic 

syndrome and cognitive changes among young and old people. However, when they 

analyzed studies which only used the Mini-Mental State Examination (MMSE) to assess 

cognition, they found a significant association between metabolic syndrome and poor 

cognition only among people aged 70 and younger.255 Another systematic review by 

Assuncao and colleagues256 investigated this relationship among older adults and also 

found inconsistent findings. When they assessed individual components of metabolic 

syndrome, they reported that high blood sugar was commonly associated with poor 

cognitive function.256 The authors proposed that the mixed findings may be due to 

heterogeneity of diagnostic criteria for metabolic syndrome across the studies.256 Despite 

the inconsistent findings metabolic syndrome may be linked to decline in cognitive 

functioning through its associations with health conditions involving inflammation, 

insulin resistance, oxidative stress, abnormal blood coagulation and altered 

endothelium.255 
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Mental Disorders: Cognitive impairment is a well-known symptom of major 

depression.257 Hugo and Ganguli157 propose that there is a bi-directional relationship 

between depression and cognitive decline, that is dependent on the life stage in which the 

onset of depression occurs. In particular, major depression experienced repeatedly during 

early adulthood could be a risk factor for late life dementia,157,258 whereas, depression 

experienced in the later stages of life could be an early symptom of dementia.157,259,260 

Anxiety has also been linked with cognitive impairment, particularly anxiety occurring 

during the late-life stage.157,261,262 Both anxiety and depression have been proposed as 

early symptoms of cognitive decline.157,259–261  

Multimorbidity: Prospective cohort studies have found that adults who are multimorbid 

for chronic conditions at baseline had an increased risk of poor cognitive functioning at 

follow-up, relative to those without multimorbidity.263–267 These studies commonly 

included cardiovascular diseases and cancer in their definition of multimorbidity, among 

other chronic diseases.263–265 Aarts and colleagues263 suggest that the association between 

multimorbidity and cognitive functioning may be explained by common pathological 

mechanisms associated with different types of chronic conditions, including 

inflammatory, immune and mood responses, as well as genetic factors. Other prospective 

cohort studies assessing adults with dementia show a larger decline in cognitive 

functioning among people with multiple chronic conditions.266,267   

Self-Rated Health Status: Prior studies assessing self-rated health and cognition have 

reported that poor self-rated health was related to declines in cognitive functioning.268–270 

A study by Bendayan et al,268 which used a nationally representative sample of older 

adults from the U.S., found that people whose perception of health decreased over time 

showed an accelerated decrease in memory scores, relative to those who maintained a 

positive perception of their health. The findings from this study support the idea that self-

rated health may be a marker of cognitive decline.268 

Due to the nature of shift work schedules, shift work has been commonly associated with 

many of these sociodemographic, lifestyle and behavioral factors, and chronic 

diseases.271,272 
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2.3 Psychological Distress 

Mental health can be impacted by shift work. In particular, the hours of the shift, the 

number of breaks within and between shifts, as well as the number of successive shifts 

required to work in a given work week44  may each influence the mental health of an 

individual.23  Mental health problems are another significant public health concern,28 due 

to the high prevalence worldwide and the social and economic burden to society.24 

Mental health problems are the leading cause of disability in Canada, which carry a 

burden of disease that is almost twice as high as all the cancers combined.25–27 In the 

literature, research exploring relationships between shift work and mental health are 

limited.5,28 A recent systematic review and meta-analysis by Zhao and colleagues28 

examining the association between shift work and mental health using population-based 

samples found that most studies investigated depression and psychological distress. 

Psychological distress is a broad term that describes a state of emotional suffering, such 

that people with psychological distress experience depressive, anxiety, and somatic 

symptoms which have detrimental impacts on their day-to-day life.29,30 Assessing the 

psychological distress of populations and of individuals has several implications. For 

instance, psychological distress may be used as an indicator of the general mental health 

status of a population, or it may be used to gauge the severity of symptoms and level of 

disability among people with mental health disorders.29,30  

In the general population, psychological distress is pervasive. According to Drapeau and 

colleagues,29 the prevalence of psychological distress in the general population is 

approximately 5% to 27%, with certain subgroups of the population, such as those in the 

workforce, facing greater psychological distress as a result of stressors in the work 

environment. In Europe and North America, 15% to 20% of people in the workforce were 

affected by psychological distress.29 Findings from the systematic review and meta-

analysis by Zhao and colleagues28 suggest that people engaged in shift work were 32% 

more likely to experience psychological distress or depression than those who were not. 

Two prospective cohort studies, identified in the systematic review and meta-analysis,28 

reported significant associations between evening/night shifts and psychological 

distress.1,273 In addition, four cross-sectional studies, also identified in the same 
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systematic review and meta-analysis,28 examined irregular/unpredictable shift work 

schedules and observed significant relationships with psychological distress.274–277  

Several hypotheses have been proposed to explain the relationship observed between 

shift work and psychological distress. One explanation is based on the job-strain 

model.31,32 Shift schedules are assigned to workers by employers. Many occupations, 

particularly those in the health care, industrial, and manufacturing sectors, are commonly 

associated with physically and mentally demanding work environments. These 

characteristics of shift work can be found in the job strain model, which is also referred to 

as the demand-control model.31,32, This model posits that job strain occurs in jobs which 

are highly demanding and offer few opportunities for control and decision-making for 

workers.31 A study examining the relationship between work schedules and levels of job-

related strain among nurses reported that those engaged in night shift schedules were 

more likely to experience higher levels of job strain.278 According to Lopes and 

colleagues,31 observational studies of  workers employed in high strain jobs found a 

higher prevalence of psychological distress.279–283  

Another explanation is the healthy worker effect. People engaged in rotational shift work 

or who work irregular schedules must alternate between more than one working time 

arrangement. Workers with these types of shift schedules may have less stability in their 

work week compared to those who work standard hours daily. The study by Shields1 

investigated the relationship between shift work and changes in psychological distress 

and found that for both male and female workers employed in evening shift work at 

baseline, there was an increase in psychological distress two years later at follow-up. This 

association was no longer significant when participants were followed for an additional 

two years, which suggests that participants employed in shift work at baseline may have 

left the shift system or may have developed a strategy to cope with the psychological 

demands of shift work.1 

The stress-distress model, which proposes additional characteristics to help define 

psychological distress,29 has also been implicated in the relationship between shift work 

and psychological distress. According to the stress-distress model, when the physical or 
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mental health of a person is threatened due to the presence of a stressful event, and when 

strategies used to endure or confront the stressor are ineffective and lead to emotional 

suffering, an individual is in a state of psychological distress.29,33,34 This model further 

postulates that when the stressor is removed or when effective tactics are identified to 

help cope with the stressor, psychological distress is reduced.29,34 If shift work or aspects 

of shift work were considered a stressor, then the results from the previous two 

studies1,284 are in line with the stress-distress model.  

Psychological distress has been linked with cognitive impairment. One potential 

mechanism is through the personality trait of neuroticism.16,29 Individuals with this type 

of personality are more prone to feelings of psychological distress, including feelings of 

anxiety and depression.37 Studies have found a significant association between higher 

neuroticism and psychological distress with mild cognitive impairment.39,285 Studies 

which have looked at proneness to psychological distress, have found that people more 

vulnerable to developing psychological distress had a greater rate of cognitive decline 

compared to those who were not less vulnerable to developing psychological distress.35,36  

Links between psychological distress and cognitive impairment have also been observed 

through the stress-distress model of psychological distress, with studies suggesting that 

psychological distress stems from external stressors.37 One study which characterized 

psychological distress using the stress-distress model, found associations between 

psychological distress and an increased risk of dementia through the job-strain model of 

stress.38  

Pathways involving the HPA system have also been proposed to explain the association 

between psychological distress and cognitive impairment.37,40,41 The HPA system is 

responsible for eliciting neuroendocrine responses to stress37,40,41 and has been implicated 

in other mental health conditions such as depression.29  Hori and colleagues286 examined 

the relationship between HPA system reactivity and psychological distress, observed that 

alterations in the HPA axis reactivity, particularly increased suppression of cortisol, were 

associated with greater psychological distress.  Wilson and colleagues37 have found that 

studies examining chronic stress using animal models have observed significant 
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associations between prolonged stress and changes in brain structure, specifically in the 

limbic-hypothalamic-pituitary-adrenal axis, which leave regions in the brain related to 

learning and memory susceptible to change.37,287 They propose that prolonged 

psychological distress could impair these regions of cognition overtime.37 Another study 

suggested that elevated and dysregulated cortisol levels brought about by psychological 

distress could increase the risk of severe cognitive impairment.288  

2.4 Search Strategy  

Given that shift work and cognitive impairment share common risk factors, a search of 

the literature was conducted to better understand their relationship. Characteristics of the 

included studies are provided in section 2.4.1. Sections 2.4.1.1 and 2.4.1.2 discuss the 

short-term and long-term effects of shift work, respectively. Proposed mechanisms 

linking shift work and cognitive impairment are outlined in Section 2.4.1.3. Knowledge 

gaps and limitations are discussed in Section 2.4.1.4. 

 

In consultation with a research librarian, MEDLINE (OVID) and CINAHL electronic 

databases were searched for studies examining the association between shift work and 

cognitive impairment. Controlled terms and keywords related to shift work and cognitive 

impairment were applied. As decline in cognitive functioning often manifests following 

early adulthood,289  the age-range was restricted to adults 20 years and older and a filter 

focusing on human subjects was applied. Identified articles were collated into Zotero 

Citation Manager and were screened for eligibility. Studies were included if the 

association between shift work and cognitive impairment was examined, and if shift 

workers were compared to non-shift workers or regular day workers. No restrictions were 

imposed on date and language of publication or sample size. Studies without a 

comparison group were excluded. Case studies, book chapters, editorials, review papers, 

and randomized trials examining occupational health interventions for workers were 

excluded. A summary of findings from the included studies is provided in Appendix A.  
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2.4.1 Shift Work and Cognitive Impairment: Existing Literature  

Twenty-five articles investigating the relationship between shift work and cognitive 

impairment were identified. There were five 22,45,272,290,291 cross-sectional studies and 

eleven47,50,61–63,292–297 prospective cohort studies.  Five64,65,298–300 studies had a repeated 

measures design, two67,70 had a randomized cross-over design, and two301,302 were 

controlled trials with only one using randomization. All studies were conducted in 

developed countries, with the majority of studies from the United States (n=7), with the 

remaining studies from Canada (n=3), France (n=2), Brazil (n=2), Austria (n=2), and 

Sweden (n=2). There were also studies conducted in Croatia (n=1), Norway (n=1), 

United Kingdom (n=1), Turkey (n=1), Australia (n=1), Netherlands (n=1), and Germany 

(n=1).  

Most studies (n=12) compared night shift workers to day shift workers. Among studies 

that used population data, shift work was treated either as a binary variable, categorizing 

workers as having worked in shift work or not,45,47,297 or as an ordinal variable, grouping 

workers based on current shift work status22,291 or years of experience in shift work.272  

Assessment instruments and outcomes for cognitive functioning varied across studies in 

this literature review. Specifically, various cognitive domains and subdomains of 

memory, executive functioning, and psychomotor speed were assessed using objective 

and subjective measures across studies. To date, there is no gold standard for outcome 

measurements pertaining to decline in cognitive functioning.303 However, the cognitive 

domains of memory and executive functioning have been recommended as outcome 

measures for assessments of cognitive functioning, as these domains are most applicable 

for daily activities.303 As such, the cognitive domains of memory and executive 

functioning will be assessed for this thesis. 

2.4.1.1 Short Term Effects of Shift Work 

The majority of studies (n=21) examined the short-term effects of shift work on cognitive 

functioning. Across these studies, assessments of cognition were conducted shortly 

before and after work shifts and at multiple times during shifts.  
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Observational Studies - Prospective Cohort Studies 

Nine prospective cohort studies investigated the acute effects of shift work, particularly 

night shift work, with the longest follow up being 30 consecutive days. One study 

examined shift workers in the mining industry while the rest (n=8/9) were shift workers 

in the health care sector. Six50,62,292,293,295,296 of the nine prospective cohort studies 

examined psychomotor speed, most of which (n=4/6) did not find statistically significant 

differences in reaction times between shift workers and those working regular day shifts. 

Executive functioning was examined in six of the nine prospective cohort studies, of 

which four50,294,296,304 found significantly lower cognitive test scores among those in shift 

work relative to those working day shifts. Among the nine cohort studies, four assessed 

cognitive domains in memory function, and only two50,293 observed that shift workers 

obtained significantly poorer scores in memory tasks compared to day shift workers.  

Repeated Measures Studies 

Four64,65,299,300 of the five studies that used a repeated measures design, examined the 

short-term effects of shift work on cognitive functioning among shift workers in the 

health care sector. Two65,300 of the four studies assessed psychomotor speed and found 

that relative to regular day shifts, psychomotor function significantly decreased after 

working a night shift. Executive function was assessed by three64,65,299 of the four studies, 

all of which found significantly lower cognitive scores following a night shift, as 

compared to a day shift. Only two64,65 of the four studies conducted tests for memory. 

When compared to test scores performed during a day shift, both studies showed that 

short term memory scores were significantly lower during overnight64 and 24-hour shift 

work schedules.65 

Cross-sectional Studies  

Among the five cross-sectional studies, four used population data from the National 

Population Health Survey,45 Swedish EpiHealth Cohort study,22 Shift Your Work study290 

and the VISAT longitudinal study of aging.291 These studies examined relationships 

between shift work and short-term impairment in cognitive functioning among shift 
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workers from a variety of occupational sectors.  Significant associations were found in 

three22,45,291 of the four studies. The study by Wong and colleagues45 found an association 

between night shift work and poor subjective cognition through pathways mediated by 

work stress and sleep quality, while adjusting for age, general health, and gender among 

currently employed Canadians. The second study by Titova and colleagues22 found that 

compared to non-shift workers, current and recent former shift workers performed 

significantly worse on tests for processing speed and executive function, after adjusting 

for age, education and sleep duration. Another study by Rouch and colleagues291 found 

significantly lower cognitive scores in processing speed among current male shift 

workers compared to those never exposed to shift work, after adjusting for age and 

education.  

 Experimental Studies 

The acute effects of shift work on cognitive impairment were assessed in two67,70 of the 

five randomized cross-over trials and in the randomized301 and non-randomized 

controlled trials.302 Both randomized cross-over trials67,70 examined the effects of 

overnight shifts on cognition among physicians and found that compared to working a 

regular day schedule, performance on cognitive tests for executive function67 and 

memory70 were significantly worse after working an overnight shift. The controlled trials 

subjected shift workers and non-shift workers to sleep deprivation conditions. Only 

one301 of the controlled trials found a significant effect of shift work on cognition, such 

that performance on memory tests were significantly worse among shift workers under no 

sleep conditions relative to permanent day workers also under no sleep conditions. The 

non-randomized controlled trial by Wehrens and colleagues302 did not find significant 

differences in reaction times between shift workers and non-shift workers.   

Overall, the majority of studies suggest that shift work, particularly night shift work, is 

associated with acute cognitive impairment, particularly in the cognitive domains of 

executive functioning and memory. The prospective cohort and repeated measures 

studies suggest that shortly following a work shift, shift workers exhibit poor cognitive 

functioning compared to their non-shift worker counterparts. The cross-sectional studies 
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demonstrate that shift work remains significantly associated with cognitive impairment, 

even after adjusting for potential confounders. Furthermore, the experimental studies 

suggest that sleep is an important contributor to the relationship between shift work and 

cognitive impairment. 

2.4.1.2 Long Term Effects of Shift Work  

The relationships between shift work and long-term cognitive impairment was examined 

by six observational studies.22,47,272,291,297,298 Across these studies, shift work status was 

assessed once at baseline, and cognitive functioning compared with either among past 

shift workers, long-term shift workers, or from follow-up data obtained at least one year 

after baseline.  

The majority of studies (n=5/6) examining shift work and chronic impairment in 

cognitive functioning were observational studies using population-based data. Of these, 

three22,47,272 found that performance on cognitive tests among workers who had past or 

long-term experience in shift work did not differ from non-shift workers. In contrast, data 

from the VISAT longitudinal study of aging used by Rouch and colleagues,291 as well 

Marquie and colleagues297 both found a significant association between the chronic 

effects of shift work and cognition. Rouch and colleagues291 observed people who have 

past experience working in the shift system exhibited poorer cognitive performance on 

tests for memory, compared to individuals who have never worked shift work. Marquie 

and colleagues297 found that employees who were shift workers at baseline and had left 

shift work within the last five years had significantly lower cognitive scores. 

Although most (n=4/6) of the observational studies did not find evidence to support an 

association between shift work and long-term cognitive impairment, conclusions cannot 

be drawn due to the limited number of studies assessing this relationship.  

2.4.1.3 Mechanisms Associated with Shift Work and Cognitive 

Impairment  

This section discusses mechanisms commonly proposed by studies identified in this 

literature review to explain the association between shift work and cognitive impairment. 
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Findings related to sleep, as well as cortisol and stress, in relation to shift work and 

cognitive impairment will be discussed in section 2.4.1.3.1 and 2.4.1.3.2, respectively.  

2.4.1.3.1 Sleep 

Sleep Behaviours 

The studies identified in this literature review propose that lack of sleep experienced by 

shift workers impact cognitive functioning. Experimental studies in this literature review 

by Osterode and colleagues70 and Saadat and colleagues299 assessed the cognitive abilities 

of healthcare professionals after 24-hour and 17-hour night shifts, respectively. Both 

studies found that healthcare professionals were sleep deprived and exhibited poor 

cognitive functioning following the night shift.70,299 A randomized controlled trial by 

Mawdsley and colleagues subjected shift workers and permanent day workers to 

conditions involving either sleep or no sleep and found a significant interaction effect 

between shift work schedule and sleep. The authors found that when both groups were 

subjected to the sleep deprivation condition, shift workers performed worse on cognitive 

assessments for memory relative to day workers, however shift workers performed better 

than day workers when subjected to the sleep condition.301 Three prospective cohort 

studies also found poorer cognitive scores among shift workers who were sleep 

deprived.62,292,294 

Studies in this literature review suggest that certain sleep behaviours exhibited by 

overnight shift workers may have consequences for cognitive impairment. One 

prospective cohort study by Castro and Almondes63 found that shift workers with good 

sleep quality, assessed through self-reported measures, performed better on decision-

making tasks. Findings from another cohort study by Rheaume and Mullen,61 suggest that 

sleep may alleviate impairment in cognitive abilities. This study found that 12-hour 

rotating shift workers exhibited less sleep efficiency and total sleep time.61 However, as 

they took significantly more naps, 12-hour rotating shift workers did not significantly 

differ from 8-hour day workers in performance of cognitive assessments.61  

The Role of Sleep  
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The cross-sectional studies22,45,47,297 in this literature review, typically conceptualized 

sleep as a potential confounder of the relationship between shift work and cognitive 

impairment. Cross-sectional studies by Marquie and colleagues297 and Titova and 

colleagues22 controlled for sleep and still found significant associations between shift 

work and cognitive impairment. One cross-sectional study by Wong and colleagues,45 

assessed sleep quality and sleep duration as a mediator of the relationship between shift 

work and cognitive impairment. The authors found that only sleep quality mediated the 

relationship, and this was only statistically significant for people employed in night shift 

work.45  

Overall, there is strong evidence from the studies identified in the literature review to 

suggest an important role of sleep on the relationship between shift work and cognitive 

impairment. For this thesis, we will assess sleep quality as a potential moderator of the 

relationship between shift work and cognitive impairment, to determine whether 

differences in the strength or direction of this relationship exist when sleep quality is 

included as a moderator. 

2.4.1.3.2 Cortisol and Stress  

Cortisol and stress have also been implicated in the association between shift work and 

cognitive impairment. Feelings of stress can trigger neuroendocrine responses leading to 

the secretion of cortisol.305 Cortisol is also a biomarker of circadian rhythm306 and 

elevated levels of cortisol have been observed under conditions of sleep 

deprivation.64,126,307 Furthermore, stress has been associated with poor sleep308 and 

impairments in memory function.309,310 

Cortisol  

The experimental studies64,67,70,298 identified in this literature review assessed cortisol 

levels in relation to shift work and cognitive impairment. Two64,67 of these studies, which 

reported lower cognitive performance among shift workers relative to their non-shift 

worker counterparts, found significantly lower cortisol levels for shift workers at the end 

of their work shift.  The studies propose that low levels of cortisol following a night shift 
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may be product of a disrupted circadian rhythm and HPA axis.67,311 Alternatively, it may 

also reflect a circadian rhythm that has adapted to the conditions of shift work.312 

Stress  

From this literature review, observational studies suggest that stress experienced by shift 

workers may be associated with impairments in cognitive functioning.22,45,294,297 Two22,294 

studies reported that high levels of stress among shift workers were associated with lower 

cognitive performance. One297 study conceptualized stress as a potential confounder in 

the relationship between shift work and cognitive impairment and controlled for its 

effects in their analyses. Another study45 proposed that stress from shift work could have 

indirect effects on cognitive functioning through poor sleep quality.  

The studies assessing stress suggest that physiological mechanisms involving cortisol 

secretion and the circadian rhythm may be related to shift work and cognitive 

impairment. These studies also highlight the potential impact of mental health on this 

relationship. As psychological distress has been linked with stress and secretion of 

cortisol,29,286,288 this thesis will assess the moderating effect of psychological distress in 

the relationship between shift work and cognitive impairment. This will allow us to 

investigate whether differences in the strength or direction of the relationship between 

shift work and cognitive impairment exist when psychological distress is included as a 

moderator. 

2.4.1.4 Knowledge Gaps and Limitations in the Literature  

Shift work appears to be associated with acute cognitive impairment. However, as studies 

used both objective and subjective instruments to measure the different cognitive 

domains, further research on the effects of shift work is warranted.  

The literature pertaining to shift work and cognitive impairment is largely focused on 

workers in the healthcare sector. As the shift system is commonly used by a wide range 

of occupations, examining shift workers from a wider range of occupations are needed to 

assess the relationship between shift work and cognitive impairment in a wider context.  
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Studies assessing the role of stress and cortisol highlight the potential influence of mental 

health on the relationship between shift work and cognitive impairment. As common 

mental health outcomes, such as psychological distress, have been identified as an 

associated risk factor for cognitive impairment,288 investigating psychological distress 

may help elucidate the association between shift work and cognitive impairment.  

Studies examining sex and gender differences in the relationship between shift work and 

cognitive impairment are also limited in the literature. As males and females exhibit 

differences in sleep behaviours, health outcomes, and psychological distress brought 

about by job stress,45,313 assessing whether there are sex or gender differences in the 

relationship between shift work and cognitive impairment would be beneficial.  

We identified three45,61,292 Canadian studies in the literature review that investigated the 

relationship between shift work and cognitive impairment. All three studies examined 

acute cognitive impairment, with only one study being a large-scale study. The study by 

Rheaume and Mullen61 examined the short-term impact of long work hours and shift 

work on the cognitive domains of memory and attention among 28 nurses working 12-

hour and 8-hour shifts and found no significant differences. As this study only examined 

female nurses and used a self-reported measure of cognitive outcomes,61 it may be 

vulnerable to information bias and lack external validity. Another is that this study 

combined the effect of shift work and working long hours on cognition.61 Thus, the 

findings may not accurately represent the association between shift work and cognitive 

impairment.  

The Canadian study by Legault and colleagues292 examined the acute effect of sleep 

deprivation arising from rotating shift work on psychomotor speed and attention among a 

sample of 19 workers in the mining industry and did not find any significant differences 

between night shift workers and day shift workers. Although this study used an objective 

measure to assess cognitive outcomes, the generalizability of this study’s findings is 

limited as the sample only consisted of males in one type of occupational sector.  

The last study by Wong and colleagues45 was a large-scale cross-sectional study which 

used data from the 2010 National Population Health Survey to examine whether work 



 

 38 

 

stress and sleep behaviours mediated the relationship between shift work and short-term 

subjective cognitive functioning, and whether gender differences existed in this 

relationship. Using path modelling, this study found evidence to support these 

relationships, however no statistically significant differences were observed between 

males and females.45 Limitations of this study primarily pertain to the use of a self-

reported measure for cognition which mainly focused on the domain of memory. 

Compared to other studies that have also used population data,22,47,272,291,297 this study did 

not control for other important confounders such as alcohol use, smoking status, 

hypertension, physical activity, and education. Thus, the potential confounding factors 

that will be adjusted for in this thesis will include the majority of the sociodemographic, 

behavioural, and lifestyle factors, as well as the chronic diseases identified in sections 

2.1.1 and 2.2.1. A more detailed description and rationale for the covariates to be 

controlled for in the statistical analyses will be provided in Chapter 3.  

Given the limitations identified in these studies, a knowledge gap still exists regarding the 

relationship between shift work and cognitive impairment in the Canadian context.  

2.5 Thesis Objectives 

The aim of this thesis project is to examine the interplay between shift work, 

psychological distress, sleep quality, and cognitive performance among shift workers 

compared to non-shift workers in the Canadian Longitudinal Study on Aging (CLSA). 

The following objectives of this thesis are:  

Objective 1: To examine the association between shift work and cognitive performance 

among shift workers compared to non-shift workers, and to identify whether sex 

differences exist in this association.  

Objective 2: To explore whether psychological distress moderates the relationship 

between shift work and cognitive performance, adjusting for sociodemographic, lifestyle 

and behavioural factors, as well as chronic conditions and other health-related factors, 

and to identify whether there are sex differences in this relationship. 
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Objective 3: To explore whether sleep quality moderates the relationship between shift 

work and cognitive performance, adjusting for sociodemographic, lifestyle and 

behavioural factors, and as well as chronic conditions and other related health factors, 

and to identify whether there are sex differences in this relationship. 

All analyses will be stratified according to retirement status and sex.  

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Theoretical conceptualization of the association between shift work and 

cognitive performance  
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Chapter 3  

3 Methods 

This chapter describes the data source, as well as the inclusion and exclusion criteria, in 

Sections 3.1 and 3.2, respectively. Section 3.3 discusses how the data were cleaned prior 

to conducting the analyses. A description of the variables to be used in the analyses, 

including the outcome variables, exposure variable, effect modifiers, and covariates are 

provided in Section 3.4. Methods to handle missing data and the statistical analyses are 

outlined in Sections 3.5 and 3.6, respectively. 

3.1 Data Source  

Data from the Canadian Longitudinal Study on Aging (CLSA)314 were obtained for this 

thesis project. The CLSA is a national longitudinal study, which collects information 

from a random stratified sample of 51,338 Canadian men and women aged 45-85 years 

old at enrollment.315,316 People residing in the Northwest Territories, Yukon and Nunavut, 

federal First Nations reserves, and provincial First Nations settlements were excluded 

from the sample.316 The CLSA also excluded institutionalized individuals and full-time 

members of the Canadian Armed Forces.316  Baseline data from the 51,338 participants 

were collected between 2010 and 2015.314,316 Depending on the method of data collection 

at the start of the study, the CLSA sample was divided into two cohorts; a Tracking 

cohort and a Comprehensive cohort.316 The Tracking cohort (N= 21,241) consisted of 

participants who participated in telephone interviews.316 Participants who completed in-

person home interviews and lived within 25 to 50 km of the data collection sites, located 

in seven of the provinces, were included in the Comprehensive cohort (N= 30,097).316  

3.2 Inclusion and Exclusion Criteria  

This thesis project is a cross-sectional study using baseline data from the CLSA 

Comprehensive cohort. Of the 30,097 participants, those who self-reported having 

conditions known to affect cognitive functioning were excluded from the study. 

Specifically, respondents were excluded if they were told by a doctor of having memory 

problems, Alzheimer’s Disease, Parkinson’s Disease, epilepsy, or multiple sclerosis.317–
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320 Participants who reported experiencing a head injury in their lifetime157,317 or were 

subjected to chemotherapy treatment within the past month244 at the time of data 

collection were excluded. Participants missing data on any of these conditions were also 

excluded. We also excluded people who had eye, brain, or central nervous system-related 

cancer, as these types of cancers have been found to directly impair cognitive 

functioning.245 People at each level of retirement (completely, partly, or not retired) were 

included in the study. Only participants considered full-time workers at either their main 

or only job321 among the partly and not retired groups, were included in our study. 

Consequently, we excluded participants considered part-time workers, as well as 

participants missing data on employment status. We also excluded participants who have 

never worked and who were currently unemployed at the time the survey was 

administered.  

3.3 Data Cleaning 

Baseline data from the Comprehensive cohort was uploaded and cleaned using Stata/SE, 

version 16.1.322 This involved converting the baseline data into Stata format (csv to .dta). 

The baseline data set was merged with an updated version of the data set, released in 

2020, containing new sampling weights. The distribution of the variables and potential 

outliers were assessed. Recoding and relabeling of variables were also conducted.  

3.4 Variables 

3.4.1 Outcome Variables 

Declarative memory 

The Rey Auditory Verbal Learning Test (RAVLT), a popular neuropsychological test 

used to assess learning and retention,323 was used to measure declarative memory. 

Different versions of the RAVLT exist.324 The most common one assesses participants 

across a total of eight trials.324 In the first five trials, immediate recall is examined.324 

This involved a list of 15 words read aloud to participants, who are then tasked with 

recalling the words immediately after each trial.324 An interference list of words is read 

out loud at the end of the fifth trial and participants must immediately recall those 
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words.324 Delayed recall is assessed in the last three trials.324  In trials six and seven, 

participants must recall the list of words from the first list, however a delay of 20 minutes 

occurs at the start of the seventh trial.324 In the last trial, participants are presented with an 

oral or written story, which uses all the words from the first list.324 Participants must 

correctly identify the words from the first list.324 Good test-retest reliability has been 

reported in the RAVLT (0.51 < r < 0.86).323  The literature has reported that this 

neuropsychological instrument is sensitive to detecting memory impairment.323,324  

In the CLSA, only two of the RAVLT trials were administered, one to test immediate 

recall and the other to test delayed recall. In the first trial, a list of 15 words was read out 

loud to participants, who were then tasked with immediately recalling the 15 words 

within 90 seconds.325 After 30 minutes, the second trial began and participants recalled as 

many of the 15 words from the first trial within 60 seconds.325,326 Trained interviewers 

from the CLSA allocated one point for each correctly recalled word in each of the 

trials.325,326  The test scores for these two trials, the immediate recall trial and the delayed 

recall trial, were used as continuous variables in the current analyses.  

Executive Function  

Executive function was assessed using the Mental Alternation Test (MAT) and the 

Victoria version of the Stroop Test, which were both administered by trained CLSA 

interviewers.325,326 

The MAT measures mental flexibility and processing speed.323 Mental flexibility is a 

subdomain of executive functioning.323 Scores from this neuropsychological test have 

been found to correlate well with scores from the Mini-Mental State Examination 

(MMSE) (r=0.84).327 Billick and colleagues327 found that the MAT had a 91% and 100% 

sensitivity and specificity, respectively, for detecting decline in cognitive functioning in 

older adults, using the MMSE scores as the gold-standard comparison. In the CLSA, 

participants were asked to complete three sub-tasks, each within 30 seconds.325,326 First, 

participants were asked to count from 1 to 20 and then recite the alphabet out loud.325,326 

Participants were then tasked with saying the alphabet in an alternating pattern with 
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numbers (e.g. 1, A, 2, B, 3, C,…).325,326 Each correct alternation was allocated one 

point.325 The MAT test score was used as a continuous variable in the current analyses. 

In the CLSA, the Victoria version of the Stroop Test was administered, which assesses 

inhibition, attention, mental speed and mental control.323 There are three sub-tasks 

involved with this neuropsychological test.323,325 First, participants are presented with 

coloured dots printed on cards and are tasked with identifying the colour of each 

dot.323,325,326 For this thesis, this sub-task will be called “Stroop I”. Another set of cards 

were presented with words printed in different coloured ink and participants must name 

the ink colours of each word.323,325,326 This sub-task will be called “Stroop II”.  The last 

sub-task, also known as the interference condition,323,326 involved a set of cards which 

have coloured words (e.g. blue, green, red, yellow) printed in non-corresponding 

coloured ink.323,325,326 Participants were asked to quickly name the colour of the ink (e.g. 

say “blue” for the word “green” written in blue ink).323,326 Scores for the Stroop Test were 

determined based on how fast the task was completed.323,326 The Victoria version of the 

Stroop Test has demonstrated good test-retest reliability, with coefficients of r= 0.90, r= 

0.83, and r= 0.91 for each of the three sub-tasks, respectively.323,328 For the current 

analyses, we only included the interference condition as a measure of executive 

functioning, as poorer performance on this part of the Stroop Test has been found among 

people with cognitive decline.323 The score for the interference condition was used as a 

continuous variable in the analyses.  

3.4.2 Exposure Variable 

Shift work  

In Canada, shift work is defined as non-standard work hours occurring in the hours 

before 7:00 a.m. or after 6:00 p.m.1 Participants who self-reported being partly retired or 

not retired, were asked to describe their work schedules for work they considered their 

main job, as well as for a job they worked the longest in. Completely retired participants 

were also asked about their work schedule for their longest job ever worked, as well as 

the job they had before retirement. Response options for work schedules included: 

“daytime schedule or shift”, “evening shift”, “night shift”, “rotating shift, changing 
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periodically from days to evenings or nights”, “seasonal, on-call or casual, no pre-

arranged schedules” and “other”. 

Following the convention of many studies identified in the literature review, a binary 

variable for shift work was generated by categorizing “daytime schedule or shift” as 

“non-shift work” and combining the remaining work schedule responses into one 

category of “shift work”.  Participants were considered shift workers if their main job and 

longest job fell under any of the responses categorized as shift work. If a participant’s 

main job was not considered shift work, but their longest job had work schedules that 

were considered shift work, then they were also classified as shift workers. This was done 

to better reflect duration of exposure, as those with shift work schedules during their 

longest job, would have been exposed to shift work for a longer period of time. Using a 

similar approach as Shields,1 the variable for shift work was further derived to only 

include participants who are currently employed and who have worked a duration of at 

least one year or longer at their main job or last job before retirement, prior to completing 

the questionnaire. This was done to ensure that participants included in the analyses were 

workers who have been in the labour force for a substantial period of time.1 

We also derived a second variable for shift work, where participants were classified as 

shift workers if their main job (or last job before retirement) and longest job were 

considered shift work, or if their main job (or last job before retirement) was considered 

shift work but their longest job was not. Results using this definition of shift work were 

compared with our first definition of shift work.  

3.4.3 Effect Modification Variables  

Psychological Distress 

Psychological distress was assessed using the 10-item Kessler Psychological Distress 

Scale (K10),329 which measures non-specific distress.329 An overall K10 score was 

obtained by summing responses to questions related to anxiety and depressive symptoms 

experienced in the previous month.330,331 Response values ranged from 1 (“none of the 

time”) to 5 (“all of the time”), with total scores ranging from 10 to 50, with higher scores 



 

 45 

 

indicating greater levels of psychological distress. The K10 scale has demonstrated good 

psychometric properties in distinguishing between specific mental disorders listed in the 

DSM-IV and non-specific cases.332,333 Following the methods outlined by Menec and 

colleagues,331 the variable for psychological distress was dichotomized, with scores less 

than 20 indicating “low distress” and scores greater than or equal to 20 indicating “high 

distress”. We also derived another variable for psychological distress with a wider cut-off 

score, such that scores less than 15 indicated “low distress” and scores greater than or 

equal to 15 indicated “high distress”. We compared the results of the two variables to 

determine whether cut-off scores had an impact on our point estimates.  

Sleep quality  

Sleep quality, also referred to as sleep satisfaction, is a measure of sleep health that has 

been found to be associated with mortality, metabolic syndrome, diabetes, high blood 

pressure, coronary heart disease, and depression.334 CLSA participants were asked to self-

report their level of satisfaction regarding their current sleep pattern. For the analyses, a 

binary variable for sleep quality was derived, such that participants who were “very 

dissatisfied” or “dissatisfied” with their current sleep pattern were categorized as having 

“poor sleep quality”, whereas those who were “neutral”, “satisfied” or “very satisfied” 

were considered as having “good sleep quality”.  

Sex 

Sex differences in the relationship between shift work and cognitive impairment have not 

been widely investigated by the studies identified in our literature review. To investigate 

whether there are sex differences in the relationship between shift work and cognitive 

performance, we will stratify all analyses to explore effect modification. 

Retirement Status 

We stratified all analyses by retirement status, given that retirement status has been found 

to be associated with cognitive functioning.180–187 As such, we wanted to investigate 

whether there was effect modification in the relationship between shift work and 

cognitive performance by retirement status. Retirement status was assessed at baseline by 
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asking participants whether they considered themselves “completely retired”, “partly 

retired” or “not retired”. The “partly retired” category had a limited number of 

observations. Following the methods of a past CLSA study by Dogra and colleagues,335 

the “partly retired” group was combined with the “not retired” group, only people who 

have ever worked and were currently working at the time of baseline data collection were 

included in this category.  

Menopausal Status 

One recent prospective cohort study reported that shift work may be associated with 

accelerating the age at which women experience menopause.108 Studies have also found 

associations between menopause and changes in cognition.234 Menopause has been 

reported as an important effect modifier in research regarding chronic diseases.336,337 For 

this thesis, we derived a variable for menopause status to be used in additional subgroup 

analyses. We determined whether women were in the stage of menopause using the 

question “have you gone through menopause, meaning that your menstrual periods 

stopped for at least one year and did not restart”. We used menopausal status as a 

categorical variable, classifying women into the following two categories: “pre-

menopausal females” and “post-menopausal women”. We included an additional 

category called “males” for the male participants and excluded participants who reported 

having a hysterectomy. Participants with missing data on menopausal status were also 

excluded.  

3.4.4 Covariates 

3.4.4.1 Sociodemographic Factors  

This thesis will control for the confounding effects of age, education, marital status, 

household income, migrant status, place of residence and social isolation, as these 

sociodemographic factors have been found to be associated with both shift work and 

cognitive functioning. Detailed descriptions regarding the relationship between each of 

these variables with shift work and with cognition is provided in Chapter 2.  

Age Group 
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We adjusted for age in the analyses, as studies suggest that older people have more 

difficulty engaging in shift work1,72,73,338 and that age is a risk factor for cognitive 

decline.157  Furthermore, literature investigating the relationship between shift work and 

cognitive impairment commonly adjusted for age. The age of participants was 

categorized into four groups: “45 - 54 years”, “55 - 64 years”, “65 - 74 years” and “75 - 

85 years”. Age group was used as a categorical variable in all analyses.  

Level of Education  

The relationship between shift work and education level is likely tied to the job demands 

of the occupation or industry,81 some of which are associated with using shift work 

schedules. Education level has been identified as a risk factor for cognitive impairment157  

and has also been commonly adjusted for in past studies. The variable for highest level of 

education was assessed using the following four categories: “less than secondary school 

graduation”, “secondary school graduation, no postsecondary education”, “some post-

secondary education”, and “post-secondary degree/diploma”. Education level was used a 

categorical variable in all analyses.  

Marital Status  

Only three studies identified in the literature review controlled for marital status.62,63,296 

As marital status is associated with both shift work and cognitive functioning, we 

included marital status as a potential confounder in our analyses. Information pertaining 

to marital status was ascertained from the In-Home Questionnaire, using the question 

“what is your current marital/partner status?”, with the following response options: 

“single, never married or lived with a partner”, “married/ living with a partner in a 

common-law relationship”, “widowed”, “divorced”, and “separated”. Following similar 

methodology as a past CLSA study by Nicholson and colleagues,339 the variable for 

marital status was used as a categorical variable in the analyses, with response options 

recoded into the following three groups: “Single/never married/ never lived with a 

partner”, “married/common law”, “widowed/ divorced/separated”.  

Household Income   
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Similar to education, income is likely related to shift work through occupation type or 

industry. One study found that people from lower-income households tend to report 

working evening, night, or irregular shifts, whereas rotating shift work was common 

among people from higher-income households who worked in the health or protective 

services industry.1  With regards to cognition, low-income has been identified as a risk 

factor for cognitive decline.194–197 For this thesis, we adjusted for household income, 

which was derived from the survey question asking CLSA participants to self-report an 

estimate of their total household income before tax deduction in the past year, with the 

following response options: “Less than $20,000”, “20,000 or more, but less than 

$50,000”, “$50,000 or more, but less than $100,000”, “$100,000 or more, but less than 

$150,000” and “$150,000 or more”.  We used household income as a categorical variable 

in all analyses. 

Migrant Status 

The relationship between migrant status and shift work was unclear in the studies 

identified in our literature review. However, we opted to adjust for migrant status in our 

analyses, as two studies reported an association between migrant status and shift 

work.83,84 Furthermore, there were also a few studies which reported an association 

between migrant status and poor cognition among older adults.201–205 Participants were 

asked “in what country were you born?”, and the variable for migrant status was recoded 

into a binary variable, classifying people born in Canada as “non-migrant” and those not 

born in Canada as “immigrant”.  

Place of Residence  

We adjusted for place of residence, as one study found that rural residents were more 

likely to work non-standard hours.88 Furthermore, an association between place of 

residence and decline in cognitive functioning has been identified in the literature.207  

Using the Statistic Canada’s Postal Code Conversion File340 the CLSA derived a variable 

for place of residence, indicating whether an individual resided in an urban or rural 

area.341 For the current analyses, we recoded the variable into the following three 
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categories: “rural”, “urban”, “suburban”. Postal codes linked to dissemination areas were 

categorized into the “urban” category as recommended by the CLSA research team.342 

Social Isolation  

Social isolation has been found to be associated with both shift work89–91 and cognitive 

impairment,166 and one study from the literature review considered living alone as a 

potential confounder of the relationship between shift work and cognitive impairment.272 

For this thesis, a social isolation index was created using the methods provided by Menec 

and colleagues.343 First, five indicators of social isolation were recoded using questions 

related to a person’s social network and participation in social activities.343 These 

indicators were based on information on a person’s living arrangements, as well as their 

marital and retirement status. The first indicator consisted of CLSA participants being 

unmarried or not in a common law relationship and living alone.343 The second indicator 

classified participants as socially isolated if their most recent time spent time with their 

friends or neighbours was “within the last six months” or longer, or if they did not have 

any friends or neighbours.343 Indicators three and four assessed similar criteria for a 

person’s relatives/siblings and children, respectively.343 Indicator five considered a 

person to be socially isolated if they were completely retired and had little participation in 

social activities related to sports, education, the church, volunteering, clubs, recreation, as 

well as spending little or no time with friends, family, or neighbours.343 The social 

isolation index was generated by allocating one point to each indicator, thereby resulting 

in a continuous variable ranging from zero to five.343 We dichotomized the variable for 

social isolation used in the current analyses, classifying people with scores of zero to two 

as “not socially isolated” and scores three to five as “socially isolated”.343  

 

3.4.4.2 Lifestyle and Behavioural Factors  

The confounding effects of physical activity, smoking status, alcohol consumption, and 

fruit and vegetable intake will be adjusted for in this thesis, as these lifestyle and 

behavioural factors have been found to be associated with both shift work and cognitive 

functioning. Detailed descriptions regarding the relationship between these variables with 
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shift work and with cognition are provided in Chapter 2. The variables for physical 

activity, smoking status and alcohol consumption were derived using a similar approach 

as a previous CLSA study.339 

Physical Activity 

Physical activity was included as a potential confounder in our analyses, as the level of 

physical activity has been linked to both shift work5 and cognitive impairment.191 The 

level of physical activity is also a common covariate adjusted for in the studies identified 

in the literature review. Physical activity was measured in the Maintaining Contact 

Questionnaire using the Physical Activity Scale for the Elderly (PASE).344 The PASE 

scale assessed self-reported engagement in different types of physical activities within the 

past week, including: walking outside; light, moderate, and strenuous sports or 

recreational activities; exercises to increase muscle strength or endurance; light and 

heavy housework or chores; home repairs, lawn, or yard maintenance; outdoor gardening; 

work or volunteer-related physical activity; and physical activity related to caring for 

other people.344 The frequency and duration of each type of activity was also assessed.344 

The PASE scale has demonstrated good reliability, with a test-retest reliability coefficient 

of 0.75.344 Strong validity of the PASE scale has been reported as well, with PASE scores 

showing correlations with several physiological and health measures.344 

 

Taking into account the duration and frequency, each type of physical activity was 

multiplied by a specific weight and then summed together to create a PASE score, with 

higher scores reflecting greater levels of physical activity. The derived PASE score was 

used in the current analyses as a continuous variable. For interpretation purposes, the 

variable for PASE score was also centered in the current statistical analyses.  

Smoking Status 

Smoking status is a lifestyle factor that is prevalent among shift workers,5 and is also a 

risk factor for cognitive decline.221–223 Studies identified in the literature review have also 

commonly controlled for smoking. Participants were asked a series of questions related to 

smoking history and habits. For the current analyses, the smoking status variable was 
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recoded into a categorical variable with the following three categories: “never smoker”, 

“former occasional or daily smoker”, “occasional or daily smoker”.  

Alcohol Consumption 

Alcohol consumption is another lifestyle factor associated with shift work schedules.5 

Depending on the amount consumed, studies have reported both protective and harmful 

effects of alcohol on cognitive functioning.157,191,226–229 Alcohol consumption was also 

commonly adjusted for in past studies investigating the association between shift work 

and cognitive impairment. Participants were asked questions pertaining to alcohol 

consumption in the past 12 months. For the current analyses, the variable for alcohol 

consumption was recoded into a categorical variable with the following four categories: 

“never drinker”, “former drinker”, “infrequent drinker”, “occasional drinker” and 

“regular or binge drinker”. The “never drinker” category was recoded using the response 

“no” to the question “have you ever drank alcohol?”, whereas the rest of the alcohol 

consumption categories needed to have a response of “yes”. The survey question, “about 

how often in the past month did you drink alcohol?” was also used to derive the rest of 

the alcohol consumption groups. Responses of “never” and “less than once a month” 

were respectively grouped into the “former drinker” and “infrequent drinker” categories, 

respectively. Participants who answered, “about once a month”, “2-3 times a month,” or 

“once a week” were categorized as “occasional drinkers”. If participants chose responses 

of “2-3 times a week”, “4-5 times a week,” or “almost every day (incl. 6 times a week)”, 

then they were classified as a “regular drinker”. The “binge drinker” category was 

derived from responses “2-3 times a week”, “4-5 times a week,” or “almost every day 

(incl. 6 times a week)” to the questions, “about how often during the past 12 months 

would you say you had five or more drinks at the same sitting or occasion?” and “about 

how often during the past 12 months would you say you had four or more drinks at the 

same sitting or occasion”. Due to few observations, the “binge drinker” category was 

combined with the “regular drinker” category.  

Fruit and Vegetable Intake 
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Fruit and vegetable intake was not adjusted for in any of the studies identified in the 

literature review. However, fruit and vegetable intake has been found to have a positive 

association with cognitive reserve.215,216  As such, we adjusted for this factor, as shift 

workers have been found to have altered food and vegetable consumption.102 Daily intake 

of fruit and vegetables was measured using one item from the abbreviated version of the 

Seniors in the Community: Risk Evaluation for Eating and Nutrition Version II 

(SCREEN II) assessment tool.345 The SCREEN II assessment tool was developed to 

determine the nutritional risk among community-dwelling seniors.345  Items assessed in 

this tool include weight changes, meal patterns, consumption, and preparation of food.345  

The abbreviated SCREEN II instrument demonstrated good test-retest reliability, with an 

ICC of 0.84.345  The reliability of the instrument was also good, with an inter-rater 

reliability of ICC= 0.79 and intra-reliability of ICC= 0.85.345  Fruit and vegetable intake 

was used as a categorical variable in the current analyses, with the following seven 

categories: “Seven or more servings/day”, “Six servings/day”, “Five servings/day”, “Four 

servings/day”, “Three servings/day”, “Two servings/day”, “Less than two servings/day”. 

3.4.4.3 Chronic Disease and Other Health-Related Factors 

We adjusted for the confounding effects of BMI status, diabetes, hypertension, 

cardiovascular disease, cancer, gastrointestinal disease, anxiety, or depression, 

multimorbidity, and self-rated health, as these chronic conditions and other health related 

factors have been found to be associated with both shift work and cognitive impairment. 

The variables for BMI status, diabetes, hypertension, cardiovascular disease, and anxiety 

or depression were recoded using similar methodology as the CLSA study by Nicholson 

and colleagues.339 Metabolic syndrome was not controlled for in the current analyses, as 

we did not have access to hematology or chemistry reports which are needed for defining 

metabolic syndrome. 

BMI Status 

We adjusted for BMI in the current analyses, as elevated BMIs has been found to be 

associated with both shift work105 and cognitive impairment.230–232 Studies identified in 

the literature review also commonly controlled for BMI in the analyses. BMI was 
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extracted from weight and height measurements, which were taken at CLSA data 

collection sites. For all analyses, the variable for BMI status was recoded into a 

categorical variable with the following categories: “underweight or normal weight”, 

“overweight”, and “obese”.  Participants with a BMI of less than 18.5 kg/m2 were 

considered “underweight”, whereas a BMI greater than or equal to 18.5 kg/m2 but less 

than or equal to 24.9 kg/m2 was categorized as “normal weight”. As the “underweight” 

category had too few observations for a meaningful analysis, this category was combined 

with the “normal weight” category. The “overweight” category consisted of BMIs greater 

than or equal to 25 kg/m2 but less than or equal to 29.9 kg/m2. Participants with BMIs 

greater than or equal to 30 kg/m2 were considered “obese”.  

Diabetes 

We controlled for diabetes in the current analyses, as diabetes has been found to be 

associated with both shift work5,122–125 and cognitive impairment.241–243 Participants who 

self-reported being told by a doctor that they had diabetes, or had borderline diabetes 

were considered as having diabetes. A binary variable for diabetes was derived and used 

in all analyses. 

Hypertension  

Hypertension has been widely studied as a risk condition associated with working shift 

work,112,113 as well as a risk factor for cognitive impairment.240 Furthermore, studies 

identified from our literature review commonly adjusted for the presence of hypertension. 

Participants were classified as having hypertension if systolic blood pressure was greater 

than or equal to 140 mmHg, or the diastolic blood pressure was greater than or equal to 

90 mmHg. Those who self-reported currently taking medication for high blood pressure 

or hypertension and were told by a doctor of having high blood pressure or hypertension 

were included in the hypertension category. Furthermore, participants who self-reported 

undergoing non-pharmacological treatments to lower blood pressure were also 

considered as having hypertension.  

Cardiovascular Disease 
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As cardiovascular disease has been linked with both shift work114 and cognitive 

impairment,157 we also adjusted for this in our current analyses. Participants who self-

reported having been told by a doctor of having had a heart attack or myocardial 

infarction, having angina, or having peripheral vascular disease or poor circulation in 

limbs were classified as having cardiovascular disease.  

Cancer 

Although the association between shift work and cancer is unclear, night shift work has 

been classified as a potential carcinogen.138 Both cancer and chemotherapy have also 

been linked with cognitive dysfunctions.244,245 One study identified in the literature 

review controlled for cancer in their analyses.300 As such, the current analyses controlled 

for the confounding effects of cancer in two ways. First, participants who self-reported 

having undergone chemotherapy treatment in the past four weeks or had cancer in the 

eye, brain or central nervous system were excluded from the analyses. We also created a 

binary variable using responses to the question “has a doctor every told you that you had 

cancer?”. 

Gastrointestinal Disease 

Findings from the literature suggest that gastrointestinal diseases, including bowel 

disorders and ulcers, are associated with both shift work120 and cognitive impairment.246–

250 CLSA participants were asked to self-report whether they have ever been told by a 

doctor of having Crohn’s disease, ulcerative colitis, or irritable bowel syndrome, as well 

as having intestinal or stomach disorders. A binary variable was created, categorizing 

people as having “gastrointestinal disease” if they responded “yes” to having any of the 

aforementioned conditions. 

Anxiety or Depression  

We controlled for the presence of anxiety or depression as these two mental health 

conditions have been linked with both shift work139,140 and cognitive decline.157,259–261 

Studies from our literature review also commonly controlled for symptoms of anxiety or 

depression. Participants included in the anxiety or depression category were those who 
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self-reported either being told by a doctor of having an anxiety disorder or having clinical 

depression. 

Multimorbidity  

Having multiple chronic conditions has been found to be associated with decline in 

cognitive functioning.263–265 Although studies did not find an association between shift 

work and multimorbidity, having multiple chronic conditions was found to be associated 

with early retirement.144 As such, we opted to adjust for multimorbidity, given that our 

analyses will include retired people. We used the public health definition of 

multimorbidity provided by Roberts and colleagues,346 which included the following 

chronic conditions: Anxiety or mood disorder, arthritis, asthma, cancer, chronic 

obstructive pulmonary disease, diabetes, cardiovascular disease, and stroke. Alzheimer’s 

disease was also included in the public health definition,346 however, we excluded this 

from our definition as our sample excluded people who had been told by a doctor of 

having Alzheimer’s disease. We also used a cut off score of two chronic diseases for the 

multimorbidity definition, as most studies investigating the relationship between 

multimorbidity and cognitive impairment used this cut-off. Variables for diabetes, 

cardiovascular disease and cancer were recoded as previously described above. For 

anxiety or mood disorders, we used the same definition described previously. Stroke, 

asthma, and chronic obstructive pulmonary disease (COPD) were derived from similar 

questions asking CLSA participants whether they have ever been told by a doctor of 

having each of the chronic conditions. CLSA participants who self-reported having been 

told by a doctor of having osteoarthritis in one or both hands, in the knee or in the hip or 

having rheumatoid arthritis, were considered as having arthritis. Next, a continuous 

variable was generated by summing the chronic condition variables. A binary variable for 

multimorbidity was then derived, such that participants having two or more chronic 

conditions were classified as having “multimorbidity” and having zero to one chronic 

condition were classified as having “no multimorbidity”.  

Self-Rated Health  
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The associations between shift work and self-rated health is most likely linked with 

work-time control.148,151–153 There was one study which found an association between 

shift work and poor self-rated health.154 Also, poor self-rated health has been found to be 

associated with decline in cognitive functioning.268–270 We included self-rated health in 

our analyses, as the prior study by Wong and Colleagues45 controlled for this factor. 

CLSA participants were asked to self-rate their general health, which includes their 

physical health and mental health, and their well-being - as either “excellent”, “very 

good”, “good”, “fair”, or “poor”. The variable for self-rated health used in the current 

analyses was recoded into a binary variable, classified as having either “excellent or good 

self-rated health” and “fair or poor self-rated health”.  

3.5 Missing Data   

After applying our inclusion and exclusion criteria, we assessed the amount of missing 

data in the CLSA dataset, by looking at the total number of observations with missing 

data, as well as the proportion of missing data for each variable. These results are 

provided in Table 4.1 

Missing data can be classified as (i) missing completely at random (MCAR), which 

occurs when missing data does not depend on observed or unobserved data; (ii) missing 

at random (MAR), which occurs when missing data depends on observed data rather than 

unobserved data; and (iii) missing not at random (MNAR), which occurs when missing 

data depends on unobserved data.347 Although it is generally recommended to use 

imputation methods, such as multiple imputation, to handle missing survey data, 

specifically for item non-response348,349 multiple imputation relies on the assumption that 

data are MAR to generate unbiased estimates.350 Biased results could be generated using 

MICE when data are MCAR or MNAR.350,351 Most missing survey data cannot be 

assumed to be MCAR as non-response among participants likely depend on personal 

factors and circumstances.352 However, determining whether data are MAR or MNAR is 

not possible using only observed data.347  

We handled the missing data using multiple imputation (MI), specifically multiple 

imputation by chained equations (MICE). This is a widely used method for large datasets 
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which have missing data occurring in many variables.347 MI can also be used to handle 

missing data for different types of variables (e.g. binary, continuous, categorical, etc),347 

thereby making MICE a reasonable approach to handle missing data for our dataset. As 

our effect modifiers, psychological distress and sleep quality, are binary variables and 

both contain missing data, interaction terms for these variables will be passively 

imputed.353 We also included auxiliary variables (self-rated mental health, personal 

income, Center of Epidemiological Studies Short Depression Scale (CES-D-10) score) to 

improve imputations. To limit the loss of power to be within one percent, we specified 25 

copies in the multiple imputation model.347 Furthermore, we excluded CLSA participants 

with missing data on the immediate recall trial, delayed recall trial, MAT and interference 

condition, as we did not generate imputations for these four cognitive outcomes.  

3.6 Statistical Analyses 

We conducted all analyses using Stata/SE, version 16.1.322 Diagnostic tests were 

performed to determine whether the assumptions for a linear regression were satisfied. 

Given the large sample size, statistical inference could rely to some degree on the Central 

Limit Theorem for the validity of statistical inferences.354 We did find evidence that the 

variance was not constant (i.e. evidence of heteroscedasticity). To ensure validity of 

estimates, we used linearized standard errors in all our regression models.355 Sampling 

weights, particularly, inflation weights for descriptive analyses and analytic weights for 

regression analyses, were applied to account for the complex sampling design of the 

CLSA. Multiple imputation was used to account for missing data for our main analysis 

and we excluded participants missing data on the outcome measures in the multivariable 

regression analyses. A complete case analysis was used in the sensitivity analysis.  

Descriptive Statistics 

We summarized descriptive statistics for categorical variables using percentages and 

frequencies. We generated means and standard deviations for continuous variables. Our 

descriptive analyses were stratified according to retirement status and sex. We also 

computed chi-square tests to assess associations between the following: education level 
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and household income; the individual chronic conditions and the multimorbidity variable; 

gastrointestinal disease and cancer; hypertension and cardiovascular disease.  

Objective 1: Statistical Analyses 

The first objective was to examine the association between shift work and cognitive 

performance among shift workers compared to non-shift workers, and to identify whether 

sex differences exist in this association. We first conducted four separate simple linear 

regression models, one for each of the outcome measures. Each analysis was stratified by 

retirement status and sex. Next multivariable linear regression models were fit separately 

for each of the cognitive tests, adjusting for sociodemographic factors, lifestyle, and 

behavioural factors and for chronic conditions and other health-related factors. Each 

multivariable regression model was also stratified by retirement status and sex. 

Associations were considered statistically significant when the 95% confidence intervals 

did not include zero.  

Objective 2: Statistical Analyses 

The second objective was to explore whether psychological distress moderates the 

relationship between shift work and cognitive performance. We first included the variable 

for psychological distress as a confounder in four separate multivariable regression 

models, while adjusting for sociodemographic factors, lifestyle and behavioural factors 

and chronic diseases and other health-related factors. We then stratified each of the 

regression models according to retirement status and sex. This was done to determine 

whether psychological distress was a confounder of the relationship between shift work 

and psychological distress. Next, we included psychological distress as an interaction 

term with shift work in four other separate multivariable regression models to investigate 

effect modification by psychological distress. These models controlled for 

sociodemographic factors, lifestyle and behavioural factors and chronic conditions and 

other health-related factors and were stratified by retirement status and sex. The results 

were considered statistically significant for variables with 95% confidence intervals that 

excluded regression coefficients of zero. 
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Objective 3: Statistical Analyses 

The third objective was to investigate the moderating effect of sleep quality on the 

association between shift work and cognitive performance. As such, we used the same 

approach as objective 2, but used the sleep quality variable in place of psychological 

distress. 

Subgroup Analyses 

We performed subgroup analyses for objectives 1, 2 and 3 to investigate differences in 

the association between shift work and cognitive performance by menopausal status. 

Sensitivity Analysis  

To assess the robustness of our findings, we conducted a sensitivity analysis comparing 

results for objectives 1, 2 and 3, which classified participants whose longest job was shift 

work as shift workers, to another definition of shift work that classified people whose 

main job, but not longest job was shift work, as shift workers. A second sensitivity 

analysis was performed comparing results for objective 2, which used a cut-off of score 

of 20 to results using a cut-off score of 15 for psychological distress. A third sensitivity 

analysis using both the second definition for shift work and the second psychological 

distress measure was also conducted to assess the robustness of our findings for objective 

2. Furthermore, we performed another sensitivity analysis comparing results for 

objectives 1, 2 and 3 from our complete case analysis to our imputed dataset. This was 

conducted to investigate the impact of multiple imputation on the magnitude and 

direction of point estimates.  



 

 60 

 

Chapter 4  

4 Results 

This chapter provides an outline of the inclusion and exclusion of CLSA participants in 

Section 4.1 and discusses the missingness of data in Section 4.2. Sections 4.3, through 

4.5, present the sample characteristics, associations between categorical variables, and 

assessments for multicollinearity, respectively. Results for objectives 1, 2, and 3 are 

shown, respectively in Sections 4.6, 4.7 and 4.8. The subgroup analyses, and sensitivity 

analyses are presented in Sections 4.9 and 4.10, respectively.  

4.1 Sample  

Of the 30,097 CLSA participants from the Comprehensive cohort, only 13,238 

participants met our inclusion criteria of being a full-time worker at either their main job 

(or last job before retirement) or longest job and having reported no conditions known to 

affect cognitive functioning, as described in Chapter 3. We excluded participants with 

missing data on cognitive outcome measures from our multivariable analyses. Thus, after 

imputation, our multivariable analyses included 12,152 participants in total. An overview 

of the sample of CLSA participants selected into this study, as well as the reasons for 

exclusion, is provided in Figure 4.1.  
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Figure 4.1: Flow chart outlining inclusion and exclusion of CLSA participants  

Participants from the CLSA 

Comprehensive cohort assessed 

at baseline 

n= 30,097 

Excluded (n = 16,859) 

• Never worked (n=46) 

• Currently unemployed (n=795) 

• Part-time employment status* (n= 3,229) 

• Memory problems* (n= 468) 

• Alzheimer’s Disease* (n= 68) 

• Parkinson’s Disease* (n= 115) 

• Multiple Sclerosis* (n= 182) 

• Epilepsy* (n= 280) 

• Ever suffered from a traumatic brain 

injury* (n= 9,297) 

• Chemotherapy in the past 4 weeks* 

•  (n= 37) 

• Cancer in the eye, brain, & other parts of 

the central nervous system (n= 14) 

• Had a hysterectomy (n= 1,089) 

• Missing data on menopause status (n=48) 

 

*Participants with missing data on these 

conditions were also excluded (n=1,191) 

Met study inclusion criteria  

n= 13,238 

Included in the analytic 

sample 

n= 12,152 

Participants with missing data on 

outcomes (n= 1086)  

• Immediate Recall (n=450) 

• Delayed Recall (n=128) 

• MAT (n=376) 

• Interference Condition (n=132)   
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4.2 Extent of Missingness 

A description of the missing data is provided in Table 4.1. Of the 13,238 participants 

included in the study, 25.1% (n=3,326) had missing data on at least one of the variables 

of interest. Variables with a proportion of missingness greater than 5.0% greater were 

variables for migrant status (n=742), household income (n =740) and psychological 

distress (n=672). Variables for age group, place of residence, social isolation, 

multimorbidity, sex, retirement status and menopausal status did not have any missing 

values.  

Given the high case-wise missingness, we performed a sensitivity analysis comparing our 

multiple imputed data set to a complete case analysis. Results for our sensitivity analysis 

are described in Section 4.9.  
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Table 4.1: Description of missing data (N= 13,238) 

 n (% missing) 

Total number of participants with missing data  3326 (25.1) 

Total number of missing values for variables  

Exposure Variable   

Shift work 5 (0.0) 

Outcome variables  

Immediate Recall Trial 450 (3.4) 

Delayed Recall Trial 446 (3.4) 

MAT  658 (5.0) 

Interference Condition 151 (1.1) 

Effect Modifiers  

Psychological Distress 672 (5.1) 

Sleep Quality  7 (0.05) 

Sex 0 (0.0) 

Retirement Status  0 (0.0) 

Menopausal Status 0 (0.0) 

Covariates  

Age group  0 (0.0) 

Education  19 (0.1) 

Marital Status  3 (0.0) 

Household Income  740 (5.6) 

Migrant Status  742 (5.6) 

Place of Residence  0 (0.0) 

Social Isolation   0 (0.0) 

Smoking Status 73 (0.6) 

Alcohol Consumption  6 (0.1) 

Fruit and Vegetable Intake  648 (4.9) 

Physical Activity (PASE Scale) 639 (4.8) 

BMI Status 176 (1.3) 

Self-rated Health  11 (0.1) 

Gastrointestinal Disease  46 (0.4) 

Anxiety or Depression 25 (0.2) 

Diabetes 22 (0.2) 

Cancer 9 (0.1) 

Cardiovascular Disease 69 (0.5) 

Hypertension  72 (0.5) 

Multimorbidity  0 (0.0) 
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4.3 Sample Characteristics  

4.3.1 Sociodemographic Characteristics of Included and Excluded 

Participants  

Table 4.2 presents sociodemographic characteristics of both included and excluded 

participants. Compared to those who were included, most participants who were excluded 

from this study were female and slightly younger in age. Similar to included participants, 

the majority of those excluded received a post-secondary education, had a household 

income between $50,000 and $99,999, were married or in a common law relationship, 

were non-immigrants and lived in urban residences. 
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Table 4.2: Weighted descriptive analysis of sociodemographic characteristics 

comparing included and excluded participants (N=30,097) 

Characteristic 
Included (N= 13,238) Excluded (N= 16,859) 

% % 

Sex   

Male 56.0 45.0 

Age (years)   

Mean (Standard Deviation) 59.6 (10.0) 59.4 (10.0) 

45 – 54 years 41.6 42.3 

55 – 64 years 29.8 29.8 

65 – 74 years 17.5 16.9 

75 – 85 years 11.1 11.1 

Education    

Less than secondary  4.0 5.4 

Secondary  8.9 9.0 

Some post-secondary  6.0 7.2 

Post-secondary 81.0 78.2 

Missing 0.1 0.2 

Household Income   

Less than $20,000 2.3 6.0 

$20,000 - $49,999 15.7 19.1 

$50,000 - $99,999 32.2 30.9 

$100,000 - $149,999 22.5 19.8 

Greater than $150,000 22.6 17.9 

Missing 4.7 6.3 

Marital Status    

Single, never married, or 

never lived with a partner 
7.6 8.9 

Married or common law 78.0 74.3 

Widowed, divorced, or 

separated 
14.5 16.7 

Missing 0.0 0.0 

Migrant Status    

Non-Immigrant 80.8 82.8 

Immigrant 12.6 11.5 

Missing 6.7 5.7 

Place of Residence    

Rural 8.3 8.6 

Urban  87.5 87.1 

Suburban  4.2 4.3 
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4.3.2 Characteristics of Included Participants  

The sample characteristics of the CLSA participants who met the study criteria are 

displayed through Tables 4.3-4.6 and are stratified by retirement status and sex. 

Employment-Related Factors 

The variables for work schedule and shift work displayed in Table 4.3 are based on a 

person’s main job (or last job before retirement) and longest job and is described in detail 

in Chapter 3. In each stratified group, the most common work schedule for all 

participants was daytime schedules or shifts (completely retired and male: 83.5%; 

completely retired and female: 87.0%; not or partly retired and male: 85.0%; not or partly 

retired and female: 85.4%). In terms of shift work, there was only a small proportion of 

shift workers across all groups, which is consistent with the Canadian studies identified in 

the literature review. However, across all groups, completely retired males had the largest 

proportion of prior shift work (completely retired and male: 16.0%; completely retired 

and female: 11.7%; not or partly retired and male: 15.0%; not or partly retired and 

female: 14.5%). 

Sociodemographic Characteristics 

The average age of completely retired male participants was 68.5 years (SD: 8.1) and the 

majority of them were between the ages of 65 to 74 years old (36.2%). Completely 

retired female participants had a mean age of 68.1 years (SD: 8.1) and most of them were 

also between 65 to 74 years old (38.6%). Among not or partly retired participants, the 

average age of males and females was 55.1 years (SD: 7.1) and 53.9 years (SD: 6.1), 

respectively. The majority of participants who were not or partly retired were under the 

age of 55 (males: 60.8%; females: 64.0%).  

In all four groups, the majority of participants had attained post-secondary education 

(70.7% to 84.3%). Compared to the other groups, there was a larger proportion of 

females who were completely retired who had less than secondary school education 

(8.3%).  Household incomes between $50,000 and $99,999 were most common for 
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participants who were completely retired and male, completely retired and female, and 

not or partly retired and female (30.9% to 41.8%). The majority of male participants who 

were not or partly retired had higher household incomes, which were greater than 

$150,000 (33.8%). Most participants in both retirement groups were married or in a 

common law relationship and lived in urban residences (Table 4.3). A small proportion of 

participants were immigrants (11.0% to 15.3%) and considered socially isolated (5.6% to 

38.5%).  

Lifestyle and Behavioural Factors  

Across the four groups, most participants were former smokers and regular or binge 

drinkers (Table 4.4). The majority of participants who were overweight were completely 

retired and male (45.8%), completely retired and female (37.5%), and not or partly retired 

and male (46.0%). Most female participants who were not or partly retired were 

underweight or were normal weight (41.7%). Across the four groups, male participants 

who were not or partly retired were the most physically active, with an average PASE 

score of 177.9 (SD: 82.6). With regards to fruit and vegetable intake, two servings of fruit 

and vegetables per day was the most common for all male participants, whereas five 

servings per day was the most common for female participants (Table 4.4).  

Chronic Diseases and Other Health-Related Factors  

The majority of male and female participants in both retirement groups self-rated their 

health as good or excellent (Table 4.5). There was only a small proportion of participants 

who self-reported having cancer, hypertension, cardiovascular disease, diabetes, anxiety 

or depression, or gastrointestinal disease (Table 4.5). Most participants in all the stratified 

groups reported having 0 to 1 chronic disease (65.0% to 86.3%), good sleep quality 

(71.7% to 81.9%), and low psychological distress (84.8% to 88.2%). For female 

participants, the majority were in post-menopause (completely retired: 96.3%; not or 

partly retired: 57.0%). 
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Table 4.3: Weighted descriptive analysis of employment-related factors, stratified by retirement status and sex (N=13,238) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Males  

(n= 3,351) 

Females 

(n= 2,802) 

Males 

(n= 4,071) 

Females 

(n= 3,014) 

% % % % % 

Work Schedule       

Daytime schedule or shift  85.2 83.5 87.0 85.0 85.4 

Evening shift  1.3  0.7 1.2 1.4 1.7 

Night shift 0.7 0.5 1.2 0.6 0.6 

Rotating shift 7.8 9.4 6.9 7.4 7.7 

Seasonal, on-call or casual, 

no pre-arranged schedules 1.1 1.0 0.9 1.2 1.0 

Other 4.0 5.0 2.7 4.4 3.6 

Missing 0.0 0.0 0.2 0.0 - 

Shift Work Status      

No shift work 85.2 83.5 87.0 85.0 85.4 

Shift work 14.8 16.5 12.9 15.0 14.6 

Missing 0.0 0.0 0.2 0.0 - 

Note: Participants who are not retired includes only those who were currently employed at the time of the survey.  
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Table 4.4: Weighted descriptive analysis of sociodemographic characteristics, stratified by retirement status and sex 

(N=13,238) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Males  

(n= 3,351) 

Females 

(n= 2,802) 

Males 

(n= 4,071) 

Females 

(n= 3,014) 

% % % % % 

Age (years)      

Mean (Standard Deviation) 59.6 (10.0) 69.5 (8.1) 68.1 (8.2) 55.1 (7.1) 53.9 (6.1) 

45 -54 years 41.6 3.3 4.7 60.8 64.0 

55 -64 years 29.8 28.8 31.2 29.3 30.2 

65 - 74 years 17.5 36.2 38.6 7.8 5.1 

75 – 85 years 11.1 31.7 25.5 2.2 0.7 

Education       

Less than secondary  4.0 7.7 8.3 1.8 1.9 

Secondary  8.9  9.3 13.8 7.1 7.9 

Some post-secondary  6.0 6.9 7.2 5.2 5.8 

Post-secondary 81.0 75.9 70.7 85.8 84.3 

Missing 0.1 0.2 0.1 0.1 0.1 

Household Income      

Less than $20,000 2.3 3.8 5.3 0.9 1.3 

$20,000 - $49,999 15.7 25.0 31.2 7.3 11.4 

$50,000 - $99,999 32.2 41.8 36.8 26.5 30.9 

$100,000 - $149,999 22.5 15.8 11.4 28.7 25.5 

Greater than $150,000 22.6 8.3 6.7 33.8 26.7 

Missing 4.7 5.4 8.5 2.8 4.2 
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Table 4.4 (Continued) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Male  

(n= 3,351) 

Female  

(n= 2,802) 

Male  

(n= 4,071) 

Female  

(n= 3,014) 

% % % % % 

Marital Status       

Single, never married, or 

never lived with a partner 
7.6 5.0 7.8 7.2 9.7 

Married or common law 78.0 81.7 63.0 85.9 73.8 

Widowed, divorced, or 

separated 
14.5 13.3 29.2 6.9 16.5 

Missing 0.0 - 0.0 - 0.1 

Migrant Status       

Non-Immigrant 80.8 79.0 82.5 79.5 82.8 

Immigrant 12.6  15.3 12.4 12.4 11.0 

Missing 6.7 5.7 5.1 8.1 6.2 

Place of Residence       

Rural 8.3 7.5 9.1 8.2 8.5 

Urban  87.5 87.8 86.1 87.8 87.7 

Suburban  4.2 4.8 4.8 3.9 3.9 

Socially Isolated       

No 82.3 61.5 62.8 92.6 94.4 

Yes 17.7 38.5 37.2 7.4 5.6 

Missing 0.0 0.0 - - - 
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Table 4.5: Weighted descriptive analysis of behavioural and lifestyle factors, stratified by retirement status and sex (N=13,238) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Male  

(n= 3,351) 

Female  

(n= 2,802) 

Male  

(n= 4,071) 

Female  

(n= 3,014) 

% % % % % 

Smoking Status       

Never smoker 33.7 25.3 33.0 35.5 37.3 

Former smoker 57.9 67.6 59.4 56.2 52.7 

Occasional or daily smoker  7.9 6.2 7.0 7.9 9.7 

Missing 0.5 0.9 0.6  0.4 0.4 

Alcohol Consumption      

Never drinker 2.2 1.5 3.0 1.9 2.7 

Former drinker 9.1 10.6 11.5 7.8 8.3 

Infrequent drinker  10.1 8.3 14.8 7.2 12.1 

Occasional drinker  26.4 22.3 27.0 25.8 29.8 

Regular or binge drinker  52.1 57.2 43.7 57.1 47.0 

Missing 0.1 0.1 - 0.0 0.1 

BMI (kg/m2)      

Underweight or normal 

weight  31.3 26.2 33.7 25.2 41.7 

Overweight  40.8 45.8 37.5 46.0 32.2 

Obese 26.7 26.4 27.7 27.5 24.9 

Missing 1.3 1.6 1.2 1.3 1.2 
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Table 4.5 (Continued) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Male  

(n= 3,351) 

Female  

(n= 2,802) 

Male  

(n= 4,071) 

Female  

(n= 3,014) 

% % % % % 

Past Week Physical 

Activity  

(PASE scale; 0 - 693)    

  

Mean (Standard Deviation) 154.0 (77.2) 128.2 (56.5) 115.6 (53.5) 177.9 (82.6) 162.0 (79.7) 

Missing 639 177 131 187 144 

Fruit and Vegetable 

Intake (Servings/ day)  

    

Seven or more 11.5 7.4 14.2 9.5 15.4 

Six 11.1 7.4 15.1 8.3 15.2 

Five  17.4 14.2 22.7 13.5 21.5 

Four 17.5 15.5 18.0 17.2 19.1 

Three 15.9 18.5 13.4 17.5 13.4 

Two 13.9 18.6 8.7 18.2 7.9 

Less than two  8.3 13.2 3.5 11.6 3.4 

Missing 4.4 5.2 4.4 4.2 4.2 
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Table 4.6: Weighted descriptive analysis of chronic diseases and other-heath related factors, stratified by retirement status 

and sex (N=13,238) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Males  

(n= 3,351) 

Females 

(n= 2,802) 

Males 

(n= 4,071) 

Females 

(n= 3,014) 

% % % % % 

Self-rated Health      

Excellent or Good Self-

Rated Health 94.0 91.0 93.4 94.3 96.0 

Fair or Poor Self-Rated 

Health 5.9 8.9 6.5 5.6 4.0 

Missing 0.1 0.1 0.1 0.0 0.0 

Cancer       

No 88.6 79.0 83.9 93.1 91.7 

Yes 11.3 20.9 16.0 6.9 8.3 

Missing  0.0 0.1 0.1 - 0.0 

Hypertension      

No 85.2 81.1 80.9 84.9 91.1 

Yes 14.2 18.4 18.7 14.1 8.6 

Missing  0.6 0.5 0.4 1.0 0.3 

Cardiovascular Disease      

No 90.7 81.1 87.8 93.5 95.1 

Yes 8.8 18.3 11.6 6.1 4.3 

Missing  0.5 0.7 0.5 0.3 0.6 
a: Gastrointestinal disease includes ulcers or bowel disease. 
b: Multimorbidity is defined as > 2 of the following conditions: anxiety or depression, cancer, cardiovascular disease, asthma, COPD, 

diabetes, arthritis, stroke. 
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Table 4.6 (Continued) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Males  

(n= 3,351) 

Females 

(n= 2,802) 

Males 

(n= 4,071) 

Females 

(n= 3,014) 

% % % % % 

Diabetes      

No 85.9 77.4 84.4 87.7 90.1 

Yes 14.0 22.4 15.5 12.2 9.7 

Missing 0.1 0.2 0.1 0.1 0.2 

Anxiety or Depression      

No 83.7 87.0 78.9 77.7 78.6 

Yes 16.2 12.8 20.9 22.1 21.3 

Missing  0.1 0.2 0.2 0.2 0.2 

Gastrointestinal Diseasea       

No 87.7 86.7 83.2 90.0 87.8 

Yes 12.0 13.0 16.5 9.6 11.9 

Missing 0.3 0.4 0.3 0.4 0.3 

Multimorbidityb       

0 -1 Chronic Disease 77.8 68.7 65.0 86.3 80.2 

> 2 Chronic Diseases 22.2 31.3 35.0 13.7 19.8 

Sleep Quality      

Good Sleep Quality  76.4 81.9 74.8 77.7 71.7 

Poor Sleep Quality  23.6 18.0 25.1 22.3 28.3 

Missing 0.1 0.1 0.1 0.0 - 
a: Gastrointestinal disease includes ulcers or bowel disease. 
b: Multimorbidity is defined as > 2 of the following conditions: anxiety or depression, cancer, cardiovascular disease, asthma, COPD, 

diabetes, arthritis, stroke. 
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Table 4.6 (Continued) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Males  

(n= 3,351) 

Females 

(n= 2,802) 

Males 

(n= 4,071) 

Females 

(n= 3,014) 

% % % % % 

Psychological Distress      

Low Distress 86.7 88.2 84.8 87.9 85.4 

High Distress 8.8 7.1 10.5 7.8 10.4 

Missing 4.4 4.7 4.7 4.3 4.3 

Menopausal Status      

Males 56.0 100.0 - 100.0 - 

Pre-menopause  12.1 - 3.7 - 43.9 

Post-menopause 31.9 - 96.3 - 57.0 
a: Gastrointestinal disease includes ulcers or bowel disease. 
b: Multimorbidity is defined as > 2 of the following conditions: anxiety or depression, cancer, cardiovascular disease, asthma, COPD, 

diabetes, arthritis, stroke.
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4.4 Associations between Categorical Variables 

Weighted chi-square tests were performed for associations between categorical variables 

and are presented in Tables 1 - 4 in Appendix B. Missing observations were excluded 

from the chi-square analyses.  

The chi-square test shows significant associations between education level and household 

income (X2= 956.6, p < 0.001), thereby suggesting that the categorical variables are not 

independent of each other. No significant associations were found between the variables 

for hypertension and cardiovascular disease (Table 2), as well as cancer and 

gastrointestinal disease (Table 3).  

In terms of the individual chronic diseases and multimorbidity, the chi-square tests show 

significant associations between multimorbidity and hypertension (X2= 25.2, p<0.001), 

cancer (X2= 925.3, p<0.001), cardiovascular disease (X2= 1213.6, p<0.001), diabetes 

(X2= 1570.0, p<0.001), anxiety or depression (X2= 1413.2, p<0.001) and gastrointestinal 

disease (X2= 115.2, p<0.001). These results suggest that the individual chronic conditions 

are associated with multimorbidity.  

As significant associations were found among the categorical variables, we performed a 

test of multicollinearity for all the independent variables, and the outputs are described in 

Section 4.5
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4.5 Assessing the Impact of Multicollinearity 

We ran weighted multivariable linear regression models for objectives 1, 2 and 3 for all 

four cognitive outcomes to test for multicollinearity. For objectives 2 and 3, we ran 

regression models including the interaction term between shift work and psychological 

distress (objective 2), as well as the interaction term between shift work and sleep quality 

(objective 3). Missing observations were excluded from all the analyses. The results are 

shown in Tables 1 to 3 in Appendix C.  

The VIFs for objectives 1, 2 and 3 for each of the four outcomes were similar. 

Specifically, the VIF was 1.2, 1.2, 1.1 and 1.4 when the outcome was the immediate 

recall trial, delayed recall trial, the MAT, and the interference condition, respectively. As 

the VIFs were below 10, this suggests low collinearity among the variables in the 

regression models. Therefore, it is not necessary to remove any of the variables from the 

models. However, as the chi-square tests from Section 4.5 show that the individual 

chronic conditions are associated with multimorbidity, we will include hypertension and 

gastrointestinal disease into our definition of multimorbidity and only control for 

multimorbidity in our multivariable analyses. 
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4.6 Objective 1 

In Table 4.7, weighted descriptive analysis of cognition scores stratified by retirement 

status and sex are presented. Table 4.8 shows the unadjusted and adjusted association 

between shift work and performance on the cognitive tests for declarative memory and 

executive functioning. Full models including all covariates are presented in Table 1 and 2 

in Appendix D. Results of the stratified analysis are presented in Table 4.9. 

Female participants who were not or partly retired showed the highest scores for the 

immediate recall trial (Mean= 6.7, SD: 1.8), delayed recall trial (Mean= 5.2, SD: 2.1), 

and the interference condition (Mean= 14.0, SD: 3.2), compared to participants in the 

other groups. Not or partly retired males showed the highest score for the MAT, with an 

average score of 29.6 (SD: 8.9). 

4.6.1 Declarative Memory 

Immediate Recall Trial   

The unadjusted model shows that average performance on the immediate recall trial was 

0.20 points lower among people who engage in shift work (95% CI: -0.30 to -0.09), 

compared to those who do not engage in shift work. After controlling for 

sociodemographic characteristics, behavioural and lifestyle factors and chronic diseases 

and other health-related factors, the estimated decrease in average cognitive score for the 

immediate recall trial was 0.04 points lower among shift workers (95% CI: -0.14 to 0.06) 

relative to non-shift workers, an association that did not remain statistically significant. 

This finding suggests that the unadjusted association between shift work and performance 

on the immediate recall trial can be entirely explained by sociodemographic 

characteristics, behavioural and lifestyle factors and chronic diseases and other health-

related factors.   

Delayed Recall Trial  

In the unadjusted model, average performance on the delayed recall trial was 0.20 points 

lower among shift workers (95% CI: -0.32 to -0.08), compared to non-shift workers. This 



 

 79 

association was attenuated and did not retain statistical significance after adjusting for 

sociodemographic characteristics, behavioural and lifestyle factors, and chronic diseases 

other health-related factors. Specifically, average score for the delayed recall trial is 0.05 

points lower among those who engage in shift work (ß: 0.05; 95% CI: -0.16, to 0.06) 

relative to those that do not, holding all variables constant. These results suggest that the 

sociodemographic characteristics, behavioural and lifestyle factors and chronic diseases 

and other health-related factors can entirely explain the unadjusted association between 

shift work and performance on the delayed recall trial.  

Stratified Analyses 

The estimated effect of shift work was attenuated in all stratified analyses for the 

immediate and delayed recall trial when controlling for confounders in the analyses. The 

stratified analyses revealed that completely retired females performed the worst on the 

immediate recall trial, whereas not or partly retired males had the poorest performance on 

the delayed recall trial. These associations were not statistically significant.  

4.6.2 Executive Functioning 

MAT 

The unadjusted model shows that average score for the MAT was 1.59 points lower 

among shift workers (95% CI: -2.08 to -1.10) compared to non-shift workers. In the fully 

adjusted model, the estimated decrease in average MAT score was 0.89 points lower 

among those with shift work schedules (95% CI: -1.36 to -0.42) relative to those with 

non-shift work schedules, holding all covariates constant. The addition of the covariates 

into the model attenuated the magnitude of the effect of shift work on average MAT 

score, but the association remained statistically significant. This finding suggests that the 

sociodemographic characteristics, behavioural and lifestyle factors and chronic diseases 

and other health-related factors partly explain the unadjusted association between shift 

work and performance on the MAT.  

Interference Condition 
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The unadjusted analysis suggests that average time to complete the interference condition 

test was 0.78 seconds longer among those who engage in shift work (95% CI: 0.54 to 

1.03), relative to those that do not. When adjusting for the confounding effects of 

sociodemographic characteristics, behavioural and lifestyle factors and chronic diseases 

and other health-related factors, the effect of shift work on the performance for the 

interference condition was attenuated and remained statistically significant. In particular, 

average completion time for the interference condition was 0.42 seconds longer among 

shift workers (95% CI: 0.21 to 0.63) compared to non-shift workers, holding all factors 

constant. These findings suggest that the unadjusted association between shift work and 

performance on the interference condition is partly explained by the sociodemographic 

characteristics, behavioural and lifestyle factors and chronic diseases and other health-

related factors.  

Stratified Analyses 

For both the MAT and the interference condition, the point estimate for shift work in all 

stratified analyses was reduced when confounders were adjusted for in the regression 

models. Stratifying by sex and retirement status revealed that performance for executive 

functioning was the worst among completely retired males, followed by not or partly 

retired males. This association was significant for the MAT (completely retired males: ß= 

-1.31, 95% CI: -2.18 to -0.44; not or partly retired males: ß= -1.12, 95% CI: -1.94 to -

0.27) and the interference condition (completely retired males: ß= 0.83, 95% CI: 0.29 to 

1.37; not or partly retired males: ß= 0.47, 95% CI: 0.13 to 0.81). We did not observe any 

significant findings for females in any of the stratified analyses.  
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Table 4.7: Weighted descriptive analysis of cognition scores, stratified by retirement status and sex (N=13,238) 

Characteristic 

All  

(N= 13,238) 

Completely Retired Not or Partly Retired 

Males  

(n= 3,351) 

Females 

(n= 2,802) 

Males 

(n= 4,071) 

Females 

(n= 3,014) 

n n n n n 

Immediate Recall Score 

(0 – 14)  

    

Mean (Standard Deviation) 6.0 (1.9) 5.0 (1.8) 6.0 (1.9) 6.0 (1.8) 6.7 (1.8) 

Missing 450 141 95 122 92 

Delayed Recall Score  

(0 – 14)  

    

Mean (Standard Deviation) 4.3 (2.2) 3.1 (1.9) 4.2 (2.1) 4.2 (2.0) 5.2 (2.1) 

Missing 446 164 96 100 86 

MAT Score (0 - 51)      

Mean (Standard Deviation) 27.7 (8.9) 25.8 (8.9) 24.9 (8.6) 29.6 (8.9) 28.1 (8.2) 

Missing 658 211 147 183 117 

Interference Condition 

Score (1-132 seconds)  

    

Mean (Standard Deviation) 15.5 (4.6) 18.1 (5.3) 17.1 (5.4) 14.6 (3.8) 14.0 (3.2) 

Missing 151 62 22 47 20 
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Table 4.8: Unadjusted and adjusted association between shift work and 

performance on cognitive tests for declarative memory and executive functioning 

among CLSA participants  

 Unadjusted Model Adjusted Model  

ß SE 95% CI ß SE 95% CI 

Immediate Recall Trial  

No Shift Work R   R   

Shift Work -0.20 0.05 -0.30, -0.09 -0.04 0.05 -0.14, 0.06 

Delayed Recall Trial  

No Shift Work R   R   

Shift Work -0.20 0.06 -0.32, -0.08 -0.05 0.06 -0.16, 0.06 

MAT  

No Shift Work R   R   

Shift Work -1.59 0.25 -2.08, -1.10 -0.89 0.24 -1.36, -0.42 

Interference Condition  

No Shift Work R   R   

Shift Work 0.78 0.12 0.54, 1.03 0.42 0.11 0.21, 0.63 

Abbreviations: CI: confidence interval; R: reference; SE: standard error. 

Significant results are bolded. 

Note: Adjusted models were adjusted for sociodemographic factors, behavioural and 

lifestyle factors, and chronic diseases and other health-related factors. 
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Table 4.9: Multiple linear regression models for shift work and performance on cognitive tests, stratified by sex and 

retirement status 

 Males Females  

Completely Retired  

(n=2984) 

Not or Partly Retired  

(n=3775) 

Completely Retired  

(n=2576) 

Not or Partly Retired 

(n=2817)  

Immediate Recall Trial 

Model 1 ß (95% CI)  -0.20 (-0.37, -0.03) -0.23 (-0.40, -0.06) -0.18 (-0.41, 0.05) -0.08 (-0.29, 0.13) 

Model 2 ß (95% CI) -0.05 (-0.21, 0.11) -0.07 (-0.24, 0.10) -0.08 (-0.29, 0.13) 0.03 (-0.17, 0.25) 

Delayed Recall Trial 

Model 1 ß (95% CI)  -0.13 (-0.32, 0.06) -0.25 (-0.44, -0.06) -0.15 (-0.41, 0.10) -0.11 (-0.37, 0.15) 

Model 2 ß (95% CI) 0.01 (-0.16, 0.19) -0.11 (-0.30, 0.07) -0.08 (-0.32, 0.15) -0.02 (-0.27, 0.24) 

MAT 

Model 1 ß (95% CI)  -1.95 (-2.88, -1.02) -2.17 (-3.01, -1.34) -1.85 (-3.10, -0.59) -0.56 (-1.47, 0.35) 

Model 2 ß (95% CI) -1.31 (-2.18, -0.44) -1.12 (-1.94, -0.27) -1.07 (-2.21, 0.06) -0.11 (-1.00, 0.77) 

Interference Condition 

Model 1 ß (95% CI)  1.27 (0.65, 1.89) 0.91 (0.56, 1.26) 0.72 (0.10, 1.34) 0.27 (-0.11, 0.65) 

Model 2 ß (95% CI) 0.83 (0.29, 1.37) 0.47 (0.13, 0.81) 0.31 (-0.24, 0.87) 0.08 (-0.27, 0.44) 

Abbreviations: CI: confidence interval; SE: standard error. 

Significant results are bolded. 

Model 1: Unadjusted association between shift work and performance on cognitive tests. 

Model 2: Adjusted association between shift work and performance on cognitive tests.
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4.7 Objective 2 

We assessed both the moderating and confounding effects of psychological distress on 

the relationship between shift work and performance on cognitive tests for declarative 

memory and executive functioning. Table 4.10 shows the relationship between shift work 

and performance on the cognitive tests with the inclusion of psychological distress as a 

confounder. Results for the interaction effect between psychological distress and shift 

work are shown in Table 4.11.  

4.7.1 Declarative Memory 

Immediate Recall Trial  

The interaction term between psychological distress and shift work was not statistically 

significant (ß: 0.34; 95% CI: -0.06 to 0.73), thereby suggesting that the effect of shift 

work on performance for the immediate recall trial was not modified by psychological 

distress. When psychological distress was included as a confounder in the adjusted 

model, the effect estimate remained the same.  

Delayed Recall Trial  

We did not find evidence of effect modification by psychological distress on the 

relationship between shift work and performance on the delayed recall trial, as the 

product term between psychological distress and shift work was not statistically 

significant (ß: -0.20; 95% CI: -0.24 to 0.64). Inclusion of psychological distress as a 

confounder into the adjusted model also did not change the effect estimate for shift work.  

4.7.2 Executive Functioning 

MAT 

The interaction effect between shift work and psychological distress was not statistically 

significant (ß: -0.31; 95% CI: -1.98 to 1.36), suggesting that the relationship between 

shift work and performance on the MAT was not moderated by psychological distress. 

Furthermore, controlling for psychological distress into the adjusted model did not 
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change the estimated effect of shift work. This result indicates that psychological distress 

was not a confounder of the relationship between shift work and performance on the 

MAT.  

Interference Condition  

When psychological distress was included as an interaction term with shift work, the 

interaction effect was not statistically significant (ß: 0.32; 95% CI: -0.66 to 1.30). This 

finding suggests that the relationship between shift work and performance on the 

interference condition was not modified by psychological distress. Adjusting for the 

confounding effects of psychological distress in the adjusted model did not change the 

association between shift work and performance on the interference condition. This 

indicates that psychological distress does not confound this relationship.  
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Table 4.10: Multiple linear regression models for shift work and performance on 

cognitive tests, adjusting for psychological distress and other potential confounders 

 Adjusted Model Fully Adjusted Model  

ß SE 95% CI ß SE 95% CI 

Immediate Recall Trial  

No Shift Work R   R   

Shift Work -0.04 0.05 -0.14, 0.06 -0.04 0.05 -0.14, 0.06 

Delayed Recall Trial  

No Shift Work R   R   

Shift Work -0.05 0.06 -0.16, 0.06 -0.05 0.06 -0.17, 0.06 

MAT  

No Shift Work R   R   

Shift Work -0.89 0.24 -1.36, -0.42 -0.89 0.24 -1.36, -0.42 

Interference Condition  

No Shift Work R   R   

Shift Work 0.42 0.11 0.21, 0.63 0.43 0.11 0.22, 0.64 

Abbreviations: CI: confidence interval; R: reference; SE: standard error. 

Significant results are bolded. 

Adjusted models adjusted for sociodemographic factors, behavioural and lifestyle factors, 

and chronic diseases and other health-related factors. 

Fully adjusted models adjusted for psychological distress and other confounders. 
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 Table 4.11: Interaction effect between psychological distress and shift work  

 ß SE 95% CI 

Immediate Recall Trial  

Shift Work x High 

Distress 
0.34 0.20 -0.06, 0.73 

Delayed Recall Trial 

Shift Work x High 

Distress 
-0.20 0.22 -0.24, 0.64 

MAT 

Shift Work x High 

Distress 
-0.31 0.85 -1.98, 1.36 

Interference Condition 

Shift Work x High 

Distress 
0.32 0.50 -0.66, 1.30 

Abbreviations: CI: confidence interval; SE: standard error. 

Significant results are bolded.  
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4.8 Objective 3 

We assessed both the moderating and confounding effects of sleep quality on the 

relationship between shift work and performance on cognitive tests for declarative and 

executive functioning. Table 4.12 shows the association between shift work and 

performance on the cognitive tests, while controlling for the confounding effects of sleep 

quality. Results for the interaction effect between sleep quality and shift work are shown 

in Table 4.13.  

4.8.1 Declarative Memory 

Immediate Recall Trial  

The interaction effect between sleep quality and shift work was not statistically 

significant (ß: 0.20; 95% CI: -0.02 to 0.42). This suggests that the effect of shift work on 

performance for the immediate recall trial does not vary by sleep quality. When we 

assessed the confounding effect of sleep quality on this relationship, the inclusion of 

sleep quality into the adjusted model did not change the association between shift work 

and performance on the immediate recall trial. This result indicates that sleep quality is 

not a confounder of this relationship.  

Delayed Recall Trial 

When we included an interaction term between sleep quality and shift work into the 

adjusted model, the product term was not statistically significant (ß: 0.09; 95% CI: -0.16 

to 0.35), thereby suggesting that sleep quality does not modify the relationship between 

shift work and performance on the delayed recall trial. Upon controlling for the 

confounding effects of sleep quality in the adjusted model, the estimated decrease in 

performance on the delayed recall trial among shift workers remained the same. As such, 

the findings indicate sleep quality does not confound the relationship between shift work 

and performance on the delayed recall trial.  

4.8.2 Executive Functioning  

MAT 
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The association between shift work and performance on the MAT was not found to vary 

by sleep quality as there was no evidence of an interaction effect between shift work and 

sleep quality (ß: 0.94; 95% CI: -0.15 to 2.03). The estimate for the effect of shift work on 

MAT performance when adjusting for the confounding effects of sleep quality were 

similar to the estimate of shift work in the adjusted model. This finding suggests that 

sleep quality does not confound the relationship between shift work and performance on 

the MAT.  

Interference Condition  

The analyses for effect modification show that the product term between sleep quality 

and shift work was not statistically significant (ß: -0.25; 95% CI: -0.75 to 0.25). This 

suggests that the effect of shift work on performance for the interference condition does 

not vary by sleep quality. Compared to the adjusted model, the estimated effect of shift 

work was similar when sleep quality was included into the model. This result indicates 

that sleep quality does not confound the relationship between shift work and performance 

on the interference condition.
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Table 4.12: Multiple linear regression models for shift work and performance on 

cognitive tests adjusting for sleep quality and other potential confounders 

 Adjusted Model Fully Adjusted Model  

ß SE 95% CI ß SE 95% CI 

Immediate Recall Trial  

No Shift Work R   R   

Shift Work -0.04 0.05 -0.14, 0.06 -0.04 0.05 -0.14, 0.06 

Delayed Recall Trial  

No Shift Work R   R   

Shift Work -0.05 0.06 -0.16, 0.06 -0.05 0.06 -0.16, 0.06 

MAT  

No Shift Work R   R   

Shift Work -0.89 0.24 -1.36, -0.42 -0.89 0.24 -1.36, -0.42 

Interference Condition  

No Shift Work R   R   

Shift Work 0.42 0.11 0.21, 0.63 0.43 0.11 0.22, 0.64 

Abbreviations: CI: confidence interval; R: reference; SE: standard error. 

Significant results are bolded. 

Adjusted models adjusted for sociodemographic factors, behavioural and lifestyle factors, 

and chronic diseases and other health-related factors. 

Fully adjusted models adjusted for sleep quality and other confounders. 
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Table 4.13: Interaction effect between sleep quality and shift work  

 ß SE 95% CI 

Immediate Recall Trial  

Shift Work x Poor 

Sleep Quality 
0.20  0.11 -0.02, 0.42 

Delayed Recall Trial 

Shift Work x Poor 

Sleep Quality 
0.09 0.13 -0.16, 0.35 

MAT 

Shift Work x Poor 

Sleep Quality 
0.94 0.56 -0.15, 2.03 

Interference Condition 

Shift Work x Poor 

Sleep Quality 
-0.25 0.26 -0.75, 0.25 

Abbreviations: CI: confidence interval; SE: standard error. 

Significant results are bolded.
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4.9 Subgroup Analyses by Menopausal Status 

Results of the subgroup analyses are presented in Table 4.14. For all the cognitive 

outcomes, the subgroup analysis by menopause status showed similar findings to the 

main analyses.  
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Table 4.14: Multiple linear regression models for shift work and performance on cognitive tests, by menopausal status  

 Males (n=6759) Pre-Menopause (n=1052) Post-Menopause (n=4341) 

Immediate Recall Trial 

Model 1 ß (95% CI)  -0.23 (-0.37, -0.10) -0.18 (-0.50, 0.15) -0.09 (-0.27, 0.10) 

Model 2 ß (95% CI) -0.07 (-0.19, 0.06) -0.06 (-0.38, 0.26) 0.03 (-0.13, 0.20) 

Delayed Recall Trial 

Model 1 ß (95% CI)  -0.23 (-0.37, -0.08) -0.19 (-0.61, 0.23) -0.10 (-0.30, 0.10) 

Model 2 ß (95% CI) -0.07 (-0.20, 0.07) -0.11 (-0.52, 0.30) -0.00 (-0.19, 0.18) 

MAT 

Model 1 ß (95% CI)  -2.16 (-2.81, -1.51) -0.84 (-2.20, 0.52) -1.14 (-2.03, -0.25) 

Model 2 ß (95% CI) -1.12 (-1.74, -0.49) -0.34 (-1.67, 0.98) -0.58 (-1.41, 0.26) 

Interference Condition 

Model 1 ß (95% CI)  1.08 (0.75, 1.41) 0.44 (-0.13, 1.00) 0.45 (0.02, 0.87) 

Model 2 ß (95% CI) 0.59 (0.30, 0.89) 0.31 (-0.22, 0.84) 0.11 (-0.25, 0.47) 

Abbreviations: CI: confidence interval; SE: standard error. 

Note: Significant results are bolded. 

Model 1: Unadjusted association between shift work and performance on cognitive tests. 

Model 2: Adjusted association between shift work and performance on cognitive tests.
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4.10 Sensitivity Analyses 

4.10.1 Sensitivity Analysis for Second Shift Work Definition 

The second shift work definition classified participants as shift workers if their main job 

(or last job before retirement) but not their longest job had a shift work schedule, or if 

their main job (or last job before retirement) and longest job had a shift work schedule. 

For objectives 1, 2 and 3, results from the sensitivity analysis which used the second 

definition for shift work showed that the estimated effect of shift work was similar for 

performances on the immediate recall trial and the delayed recall trial. For objective 1, 

although the magnitude of the effect of shift work was larger and smaller, respectively for 

performances on the MAT (unadjusted: ß= -1.59, 95% CI: -2.08 to -1.10; adjusted: ß= -

1.13, 95% CI: -1.62 to -0.65) and the interference condition (unadjusted: ß= 0.72, 95% 

CI: 0.48 to 0.96; adjusted: ß= 0.35, 95% CI: 0.14 to 0.56), the overall conclusions were 

consistent with the main analysis.  

In contrast to the main analysis, the sensitivity analysis revealed a significant interaction 

effect between poor sleep quality and shift work for performances on the MAT (ß= 1.46; 

95% CI: 0.33 to 2.59) and the interference condition (ß= -0.57; 95% CI: -1.01 to -0.12). 

All other results for objectives 2 and 3 were consistent with the main analyses.  

4.10.2 Sensitivity Analysis for Psychological Distress Measure 

We performed a sensitivity analysis comparing the main results from objective 2, which 

used a cut-off score of 20 for psychological distress, to results which used a cut-off score 

of 15. For all four cognitive outcomes, the estimated effect of shift work was similar and 

consistent to the main analyses. Furthermore, the results of the sensitivity analysis did not 

find any significant interaction or confounding effects by psychological distress in any of 

the four outcomes, which is consistent with the main analyses.  

4.10.3 Sensitivity Analysis for Second Shift Work Definition and 

Psychological Distress Measure 

We conducted another sensitivity analysis, using both the second definition for shift work 

and the psychological distress measure with a cut-off score of 15. The estimated effect of 
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shift work was similar to the main analyses for the immediate and delayed recall trials, 

whereas the estimates for shift work was larger and smaller, respectively for 

performances on the MAT (ß= -1.12; 95% CI: -1.61 to -0.64) and the interference 

condition (adjusted: ß= 0.35; 95% CI: 0.14 to 0.54). Overall, the results for all four 

outcomes were consistent with the main analysis, such that no evidence of interaction 

effect was found and controlling for psychological distress did not change the effect of 

shift work.  

4.10.4 Sensitivity Analysis for Complete Case Analysis  

Results of the sensitivity analysis for objectives 1, 2 and 3 are shown in Tables 1 - 4 in 

Appendix D. For all the objectives, results of the sensitivity analysis which had 

participants with complete data were consistent with the main analysis.  
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Chapter 5 

 

5 Discussion 

In this last chapter, Section 5.1 discusses and interprets the key findings of our study in 

the context of existing literature. The strengths and limitations of our study are outlined 

in Sections 5.2 and 5.3, respectively. The implications and future directions are discussed 

in Section 5.4 and the overall conclusion in Section 5.5.  

5.1 Summary of Key Findings 

5.1.1 Objective 1 

Studies investigating the relationship between shift work and cognitive functioning have 

used a mix of objective and subjective measures of cognition and have commonly 

measured psychomotor speed. We sought to examine the association between shift work 

and cognitive performance using objective measures for memory and executive 

functioning, cognitive domains which are known to affect daily activities.303 Our results 

suggest that shift workers showed poorer cognitive scores on tests for declarative 

memory and executive functioning compared to non-shift workers. After adjusting for 

potential confounding factors, this relationship was only significant for performances on 

tests for executive functioning, namely the MAT and the interference condition. Our 

results align with prior studies which have shown poor performance on tests for executive 

functioning among shift workers relative to non-shift workers.22,64,294,356 In contrast to 

previous studies,45,50,64,291,297,301 our results did not find a significant association between 

shift work and poor performance on declarative memory, after controlling for potential 

confounders. Given that cognitive processes are regulated by the endogenous circadian 

clock,45,357 misaligned circadian rhythm is a common mechanism used to explain the 

relationship between shift work and cognitive performance. In particular, as shift work 

schedules take place outside regular daytime working hours, working against the natural 

sleep-wake cycle may disrupt the circadian rhythm, resulting in impaired cognition.45,357 

However, research suggests that shift work may not impact all cognitive domains 
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equally.89,358,359 For example, findings from a randomized cross-over trial, which 

simulated shift work conditions to assess the effects of circadian misalignment on 

cognitive functioning found a steady performance on declarative memory during 

conditions of circadian rhythm alignment and misalignment, thereby suggesting that 

declarative memory performance may not be largely altered by circadian misalignment as 

opposed to other cognitive domains such as processing speed and sustained attention.358 

 

We also investigated whether there were differences by sex and retirement status in this 

relationship. No significant findings were found for any of the stratified groups for 

declarative memory performance. For executive functioning performance, we found that 

completely retired males who engaged in shift work showed significantly poorer 

performance than not or partly retired males engaging in shift work, whereas no 

significant findings were observed for females in any of the stratified analyses. These 

findings suggest that the effects of shift work on cognition may be persistent as they are 

not reversed among those in retirement. Given that females report more sleep problems 

than men,76 evidence from the literature suggest that female shift workers are more 

vulnerable to the adverse consequences of shift work.360 In our sample, more females 

reported poorer sleep quality than males. Interestingly, we found poorer cognitive 

performance among male shift workers. This finding may be due to females in our 

sample having higher cognitive scores in general. Male shift workers who were 

completely retired, as well as those not or partly retired showed poorer cognitive 

performance for executive functioning. This is consistent with Marquie and colleagues,297 

who found lower cognitive scores in employed shift workers and retired shift workers 

who have left the shift system within the past five years. However, in contrast to Marquie 

and colleagues,297 we were unable to ascertain information pertaining to the length of 

time since leaving shift work among our retired sample.  

 

Overall, differences by sex and retirement in this relationship have not been widely 

studied. Most studies have looked at gender differences rather than sex differences, with 

one study showing poorer cognitive performance among male shift workers291 and 

another study showing no differences in cognitive functioning between male and female 
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shift workers.45 The study by Bokenberger and colleagues47 assessed changes in cognitive 

functioning among shift workers before and after the age of retirement and did not find 

evidence of an association. As such, the findings of this thesis can help expand the 

current literature regarding differences in sex and retirement status on shift work and 

decline in cognitive functioning.  

5.1.2 Objective 2 

For this thesis, we explored whether the level of psychological distress moderated the 

relationship between shift work and cognitive performance. Results from our main 

analysis did not find any significant moderating or confounding effects by psychological 

distress on the relationship between shift work and cognitive performance. These findings 

suggest that the effect of shift work on cognitive functioning was the same regardless of 

the level of psychological distress. Engaging in shift work may elicit stress and lead to 

psychological distress.29–31 Consequently, results from a meta-analysis found that shift 

workers were more likely to experience psychological distress than non-shift workers.28 

People who are more susceptible to psychological distress may experience greater rates 

of cognitive decline compared to those less prone.35,36 Furthermore, psychological 

distress may be present in people with MCI and increase the risk of dementia 

progression.361 To the best of our knowledge, no other study has examined potential 

effect modification by psychological distress on the relationship between shift work and 

cognitive performance. Future studies are warranted to further explore this relationship 

and confirm this finding.  

5.1.3 Objective 3 

Night shifts and rotating shift schedules have been found to be associated with sleep 

loss,362 which negatively impacts the quality of sleep.76,363 Sleep disturbances can interact 

with work environmental conditions, such as shift work, to cause human errors, work 

accidents and injuries.364 Prospective cohort studies have reported lower cognitive scores 

among people with poor sleep quality.365–367 We wanted to investigate whether the 

relationship between shift work and cognitive performance varied by sleep quality. Our 

main analysis did not find evidence for any moderating or confounding effects by sleep 
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quality on the relationship between shift work and cognitive performance. Interestingly, 

results from our sensitivity analysis, which used a different definition for shift work, 

showed significant moderating effects by sleep quality on the relationship between shift 

work and performance on both tests for executive functioning. Both definitions for shift 

work classified participants as shift workers if both their main job (or last job before 

retirement) and longest job had a shift work schedule. Our finding may be explained by 

the second definition focusing more on current or former-recent shift workers, as those 

whose main job (or last job before retirement) had a shift work schedule, but not their 

longest job, were also classified as shift workers. Sleep quality as a moderator is 

consistent with experimental studies which have found that sleep behaviours, including 

sleep quality can impact cognitive performance among shift workers.63,70,299,301 For 

example, results from the study by Mawdsley and colleagues301 found a significant 

interaction effect between sleep quality and shift work on cognitive performance. Castro 

and Almondes63 observed that among physicians working a 12-hour work schedule, those 

who had good sleep quality performed better on cognitive tests.  

5.1.4 Differences by Menopausal Status  

We performed subgroup analyses by menopausal status to further elucidate the 

relationship between shift work and cognitive performance.  Although our subgroup 

analyses were consistent with the main analyses, we did not find any significant results 

for pre-menopausal and post-menopausal women on this relationship. A systematic 

review and meta-analysis found that those in menopausal transition (perimenopause), as 

well as those in the post-menopausal stage, show lower performance on cognitive tests 

for memory compared to women in the pre-menopausal stage.233 It is likely that some 

female participants included in the pre-menopause group for our analyses were in 

menopausal transition. However, we had limited information to distinguish between those 

in the pre-menopausal stage and perimenopausal stage. Future studies could explore 

differences by menopausal status on the relationship between shift work and cognitive 

performance by taking into account the different stages of menopause to further clarify 

this relationship. 
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5.2 Strengths  

There are several strengths to our study. First, we assessed two domains of cognition 

known to affect day-to-day activities,303 using multiple objective neuropsychological 

measures. Using more than one neuropsychological test to assess each domain allowed us 

to assess a wider range of skills known to be affected by executive functioning and 

declarative memory.328 Although we did not control for the individual chronic conditions 

in the analyses, we did control for multimorbidity using a public health definition that is 

appropriate for a community-wide sample, which captured more chronic conditions, in 

addition to those associated with shift work and cognitive decline. Participants included 

in the Comprehensive cohort are generally of higher socioeconomic status.316 However, 

adding sampling weights to our analyses allowed us to make our findings more 

generalizable to the Canadian population. Our measure of shift work was derived by 

taking into account the work schedules of a participant’s main and longest job. If the 

participant was retired, their longest job and job before retirement were used. This 

composite measure of shift work allowed us to better reflect the duration of exposure to 

shift work schedules. We also derived an alternative measure of shift work and a second 

measure for psychological distress. By performing sensitivity analyses we were able to 

assess the robustness of our findings. Furthermore, by exploring differences in sex and 

retirement status, as well as menopause status, our study is able to broaden the literature 

on shift work and cognitive performance.  

5.3 Limitations  

Our study also had several limitations. We were unable to adjust for the confounding 

effects of metabolic syndrome, as we did not have access to lab reports from the CLSA. 

As such, residual confounding by metabolic syndrome may be present in our findings. 

We also did not examine the occupation type of our study participants, which may impact 

the external validity of our results. Occupation type was measured using an open-

response survey question and was recorded verbatim. To our knowledge, no efficient 

methods have been identified to categorize these data, and given the large sample size, 

manual methods may be unfeasible and subject to error. We used a binary measure of 

shift work, commonly used by previous studies, that grouped the various types of shift 
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work schedules into one category of shift work. Due to a limited number of observations, 

we were unable to separate the effects of the different types of shift work schedules on 

cognition. Bokenberger and colleagues47 suggest that accounting for differences in shift 

work schedules may not be important. However, results from a prospective cohort study 

which assessed the relationship between the type of shift work and risk of cognitive 

decline found that permanent night shift work, but not other types of shift work, were 

associated with an increased risk of dementia.368 Another limitation is that our definition 

of shift work combined a participant’s main (or last job before retirement) and longest 

job. Discordance in work schedule between these jobs may have resulted in 

misclassification of our shift work variable, which may underestimate the effect of shift 

work in this study.297 As our measure of sleep quality was self-reported, the results of our 

study may be subject to differential misclassification. In particular, participants may 

underestimate or overestimate their sleep quality, which may lead to estimates being 

closer or further away from the null. Our study had a cross-sectional design, which 

precluded us from inferring temporality and directionality on the relationship between 

shift work and decline in cognitive functioning, with the possibility of reverse causation. 

Furthermore, our measure of menopause status was limited to only two groups (pre-

menopause and post-menopause), thereby resulting in an inability to account for the other 

stages of menopause.   

Due to the lack of follow-up studies conducted for the CLSA, we did not have data to 

compare non-respondents to respondents and as such, we were limited in our ability to 

assess the mechanism of missingness for the data. As such, our results may be biased if 

the data is MNAR. Some authors have proposed that the MAR assumption may be 

reasonable if a large number of predictor variables are included in the analysis,347,352 

whereas others have suggested that multiple imputation may be still be performed when 

data are MNAR.347,369 Results of our sensitivity analyses comparing our multiply imputed 

data set to a complete data set excluding missing observations demonstrates the 

robustness of our findings as our main results were consistent in both data sets.  
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5.4 Implications and Future Directions  

As the demand for a 24/7 economy continues, the results of this study may have 

important occupational health and safety implications that can be used to inform 

employers, workplace policy health and safety committees, as well as potential and 

current employees. The finding that engaging in shift work is negatively associated with 

executive functioning performance supports the potential detrimental effect of shift work 

on cognitive functioning. Our findings, and the findings of other studies, can help 

employers and health and safety policy committees to better design shift work schedules 

that are less disruptive to the circadian rhythm.76 Although our main analysis did not find 

significant moderating effects by psychological distress or sleep quality, employers and 

health and policy safety committees should still create workplace environments that will 

help people cope with shift schedules.76  This includes promoting strategies to help 

employees cope with stress, as well as developing workplace interventions aimed at 

promoting healthy sleep habits and mental wellbeing. The finding that completely retired 

males who engaged in shift work, as well as not or partly retired males engaging in shift 

work showed lower cognitive scores for executive functioning than females in either 

groups, can help inform potential and current employees about potential risks involved in 

working in the shift system and consider the impact it may have on daily activities which 

rely on sound cognitive functioning.297  

Future studies using a prospective cohort design are needed to help assess the causal 

effect of shift work on cognitive functioning. Future research should continue to look for 

differences in sex and retirement status on this relationship, as well as the potential 

impact of psychological distress. Differences by menopause status including all stages of 

menopause and the type of shift work schedule should be explored to further elucidate the 

relationship between shift work and cognitive performance. Finally, occupation type 

should be considered to ensure generalizability of findings.  

5.5 Conclusion  

The use of shift work schedules will continue to sustain the continuous operation of 

goods and services. Our study found evidence of an association between shift work and 
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cognitive performance, particularly in the domain of executive functioning, but not for 

declarative memory. Males showed the poorest performance on executive functioning 

tests, with the worst performance from completely retired males who engaged in shift 

work followed by not or partly retired males. We did not find evidence of a moderating 

effect by psychological distress or sleep quality on this relationship. Findings of this 

study contribute to the literature on shift work and cognitive performance, especially in 

the Canadian context. Future research using a prospective cohort design is warranted.  
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Appendices 

Appendix  A: Summary of Included Studies Examining the Association Between Shift Work and Cognitive Impairment (n=25) 
Study 
 

Country 
Study 
Design 

N %M Occupation 
Shift Type 
(n) 

Work 
Schedule 

Cognitive 
Assessment Tool(s) 

Relationship between Shift 
Work and Cognition 

Rouch et 
al. (2005)e 

France Cross-
sectional 
study 

3237 51 Various Current 
SW (586) 
Former 
SW (588) 

NR Memory test 
(adapted from Rey 
Verbal Learning 
Test), Digit-
Symbol 
Substitution subtest 
of WAIS, Selective 
attention test 
(derived from the 
Sternberg Test) 

Compared to never exposed 
SW, current male SW showed 
significantly lower cognitive 
scores for immediate free 
recall and speed tests but not 
for delayed retrieval tests. 

Never SW 
(2063) 

Karanovic 
et al. 
(2009)b 

Croatia Prospective 
repeated 
measures 
design 

11 55 Staff anesth-
esiologists 

24-H shift 
(11) 

NR Complex 
Reactionmeter 
Drenovac Series 

Compared to an ordinary 
workday, tests for 
psychomotor and cognitive 
functioning were significantly 
impaired during the 24-H shift 

Ordinary 
day (11) 

Harris et 
al. (2010)d 

Norway Prospective 
repeated 
measures 
design 

19 68 Offshore oil 
rig industry 

Fixed shift: 
Day and 
Night (19) 

1st week 
Day shift: 
7am – 7pm 

10 min simple 
serial reaction time 
test 

There were no significant 
differences in reaction time 
when changing from day work 
to night work on the swing 
shift, relative to the fixed shift 

2nd week 
Night shift: 
7pm – 7am 

Swing 
shift: Day 
and Night 
(19) 

Night shift 
ends at 4am 
or 6am and 
day shift 
begins 8-H 
later at 12pm 
or 2pm 

Day (15) 7am – 7pm 
Abbreviations: H: hour; M: male; NR: not reported; PVT: psychomotor vigilance test; SW: shift work or shift workers WAIS: Wechsler Adult Intelligence Scale; 
% M: proportion of males 
aCognition assessed before and after work shift;  bCognition assessed during work shift; cCognition assessed after work shift; dCognition assessed at follow-up;  
eTime of cognition assessment not specified 
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Appendix A (continued) 
Study 
 

Country 
Study 
Design 

N %M Occupation 
Shift Type 
(n) 

Work 
Schedule 

Cognitive 
Assessment Tool(s) 

Relationship between Shift 
Work and Cognition 

Geiger-
Brown et 
al. (2012)a 

USA Prospective 
cohort study 

80 0 Registered 
nurses 

12-H day 
(39) 

NR 5-min PVT There were no significant 
differences in mean reaction 
time between day and night 
shifts 

12-H night 
(41) 

Machi et 
al. (2012)a 

USA Prospective 
repeated 
measures 
design 

13 69 Emergency 
physicians 

Day (13) 
 

NR Paced Auditory 
Serial Addition 
Test, The 
University of 
Southern California 
Repeatable 
Episodic Memory 
Test, Trail Making 
Test, Stroop Color-
Word Test 

Short-term memory scores 
significantly decreased after 
both day and overnight shifts. 
Scores for executive 
functioning significantly 
decreased after an overnight 
shift while no significant 
difference was observed after 
the day shift 

Overnight 
(13) 

Ruggiero 
et al. 
(2012)a 

USA Prospective 
cohort study 

16 0 Staff 
registered 
nurses 

Day (10) 7am –
7:30pm or 
6am –
6:30pm 

10-min PVT There were no significant 
differences in PVT test results 
comparing night shift to day 
shift 

Night (6) 7pm– 
7:30am 

Wehrens et 
al. (2012)c 

 

UK Non-
randomized 
controlled 
trial 

25 100 Various SW (11) NR 10-min PVT There were no significant 
differences in PVT parameters 
between SW and non-SW 

Non-SW 
(14) 
 

Abbreviations: H: hour; M: male; NR: not reported; PVT: psychomotor vigilance test; SW: shift work or shift workers WAIS: Wechsler Adult Intelligence Scale; 
% M: proportion of males 
aCognition assessed before and after work shift;  bCognition assessed during work shift; cCognition assessed after work shift; dCognition assessed at follow-up;  
eTime of cognition assessment not specified 
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Appendix A (continued) 
Study 
 

Country 
Study 
Design 

N %M Occupation 
Shift Type 
(n) 

Work 
Schedule 

Cognitive 
Assessment Tool(s) 

Relationship between Shift 
Work and Cognition 

Devore et 
al. (2013)d 

USA 
 

Cross-
sectional 
study 

16190 0 Nurses 1-9 years 
SW (7685) 
10-19 
years SW 
(1341) 
> 20 years 
SH (1028) 

NR Telephone 
Interview of 
Cognitive Status 

Compared to no history of 
SW, there were no 
significantly consistent 
associations between history 
of SW and cognitive 
impairment in later life 

No SW 
history 
(6136) 

De 
Oliveria 
and De 
Martino. 
(2012)a 

Brazil Prospective 
cohort study 

109 NR Nursing staff Night (41) 7pm – 7am Digit Span Subtest, 
Digit Symbol 
Subtest (WAIS III) 

Compared to night SW, day 
SW performed significantly 
better on tests of attention. No 
significant differences were 
observed between the two 
groups for tests of short-term 
memory 

Day (68) 7am – 7pm 

Ozdemir et 
al. (2013)a 

Turkey Prospective 
cohort study 

90 49 Health care 
industry 

Rotating 
SW (45) 

8am- 4pm 
(3 weeks), 
4pm – 8am 
(3 weeks) 

Wechsler Memory 
Scale-Revised, 
Auditory Verbal 
Learning Test, 
Stroop Color-Word 
Interference Test-
TBAG 

Night SW preformed 
significantly worse compared 
to daytime SW on all 
cognitive tests 

Day (45) 8am- 4pm 

Ernst et al. 
(2014)a 

Austria Randomized 
crossover 
trial 

30 70 Physicians On-call 
duty (12) 

24 H 
(including 
routine 
workday) 

The D2 Test of 
Attention 

Compared to routine day 
workers, cognitive 
performance was significantly 
decreased after on-call duty 
SW 
 

Routine  
day (12) 
 

8am – 
4:30pm 
 
 

Abbreviations: H: hour; M: male; NR: not reported; PVT: psychomotor vigilance test; SW: shift work or shift workers WAIS: Wechsler Adult Intelligence Scale; 
% M: proportion of males 
aCognition assessed before and after work shift;  bCognition assessed during work shift; cCognition assessed after work shift; dCognition assessed at follow-up;  
eTime of cognition assessment not specified 
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Appendix A (continued) 
Study 
 

Country 
Study 
Design 

N %M Occupation 
Shift Type 
(n) 

Work 
Schedule 

Cognitive 
Assessment Tool(s) 

Relationship between Shift 
Work and Cognition 

Mawdsley 
et al. 
(2014)c 

Australia Randomized 
controlled 
trial 

40 48 Health care 
industry 

SW (20) Any shift 
ending 
between 12 
– 8am 

Paper and pencil 
source memory test 

There was a significant 
association between work 
schedule and word recognition 

Permanent 
day (20) 

Any other 
shift 

Marquie et 
al. (2015)d 

France Prospective 
cohort study 

3119 51 Various Current or 
past 
rotating 
SW (1484) 

NR Memory test 
(adapted from Rey 
Verbal Learning 
Test), Digit-
Symbol 
Substitution subtest 
of WAIS, Selective 
attention test 
(derived from the 
Sternberg Test) 

There was a significant 
association with exposure to 
SW on chronic cognitive 
impairment 

No SW 
experience 
(1635) 

Nigatu et 
al. (2016)e 

Nether-
lands 

Cross-
sectional 
study 

622 NR Industrial 
process and 
chemical 
sector 

Rotating 
SW (384) 

NR Mental demands 
(subscale of Work 
Role Functioning 
Questionnaire-
Dutch version) 

There were no significant 
differences in the mental 
demands subscale between the 
work shifts 

On-call 
(171) 

NR 

Day  (67) 9am – 5pm 

Saadat et 
al. (2016)b 

USA Prospective 
Repeated 
measures 
design 

21 71 Anesth-
esiologists 

17-H on-
call night 
(21) 

3pm – 7am Simple Cognitive 
Tests 

Compared to regular day 
shifts, cognitive skills were 
significantly altered after on-
call shifts Regular 

day  (21) 
NR 

Abbreviations: H: hour; M: male; NR: not reported; PVT: psychomotor vigilance test; SW: shift work or shift workers WAIS: Wechsler Adult Intelligence Scale; 
% M: proportion of males 
aCognition assessed before and after work shift;  bCognition assessed during work shift; cCognition assessed after work shift; dCognition assessed at follow-up;  
eTime of cognition assessment not specified 
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Appendix A (continued) 
Study 
 

Country 
Study 
Design 

N %M Occupation 
Shift Type 
(n) 

Work 
Schedule 

Cognitive 
Assessment Tool(s) 

Relationship between Shift 
Work and Cognition 

Titova et 
al. (2016)e 

Sweden Cross-
sectional 
study 

7143 40 Various Past SW 
(1531) 
Recent 
former SW 
(358) 
Current 
SW (643) 

NR Trail Making Test Compared to non-SW, current 
and recent former SW 
performed significantly worse 
on cognitive tests. Scores did 
not significantly differ 
between past and non-SW 

Non-SW 
(4611) 

Wong et 
al. (2016)e 

Canada Cross-
sectional 
study 

4255 46 Various Regular 
night/ 
graveyard 
(223) 
Rotating  
(441) 
Other 
(404) 

NR Self-reported 
cognitive function 
from the Health 
Utility Index 

Night shifts and cognitive 
impairment were indirectly 
associated through work stress 
and sleep quality 

Day (3184) 
Bokenberg
er et al. 
(2017)d 

Sweden Prospective 
cohort study  

595 50 Various SW history 
(106) 

NR Battery of 
cognitive tests used 
in the Swedish 
Adoption Twin 
Study of Aging 

Compared to no SW history, 
there was no significant 
association between SW 
history and cognitive 
impairment in later life 

No SW 
history 
(489) 

Abbreviations: H: hour; M: male; NR: not reported; PVT: psychomotor vigilance test; SW: shift work or shift workers WAIS: Wechsler Adult Intelligence Scale; 
% M: proportion of males 
aCognition assessed before and after work shift;  bCognition assessed during work shift; cCognition assessed after work shift; dCognition assessed at follow-up;  
eTime of cognition assessment not specified 
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Appendix A (continued) 
Study 
 

Country 
Study 
Design 

N %M Occupation 
Shift Type 
(n) 

Work 
Schedule 

Cognitive 
Assessment Tool(s) 

Relationship between Shift 
Work and Cognition 

Legault et 
al. (2017)b 

Canada Prospective 
cohort study 

19 100 Miners Rotating 
day and 
night (14) 

Day shift: 
start at 5:30 
- 7:30 am 
end at 4 - 
6pm 

3-min PVT There were no significant 
differences in reaction time 
over the course of a day shift, 
however there were significant 
changes in reaction time 
during a night shift Night shift: 

start at 5:30  
7:30pm end 
at 4 - 6am 

Rotating 
day and 
afternoon 
(5) 

Day shift: 
start at 5:30-
7:30 am end 
at 4-6pm 
Afternoon 
shift: start at 
5:30 – 6:30 
pm end at 2 
– 3am 

Williams 
et al. 
(2017)a 

USA Prospective 
cohort study 

57 59 Anesth-
esiologist 
residents 

Overnight 
on-call 
(28) 

5pm – 7am AntiPoint Task Compared to daytime SW, 
overnight on-call workers 
showed significantly increased 
reaction time across their shift Day (29) 7am – 5pm 

Castro and 
De 
Almondes. 
(2018)a 

Brazil Prospective 
cohort study 

26 65 Emergency 
physicians 

Rotating 
(20) 

NR Iowa Gambling 
Task 

There were no significant 
differences in the decision-
making task between the two 
shifts 

Day (6) 

Abbreviations: H: hour; M: male; NR: not reported; PVT: psychomotor vigilance test; SW: shift work or shift workers WAIS: Wechsler Adult Intelligence Scale; 
% M: proportion of males 
aCognition assessed before and after work shift;  bCognition assessed during work shift; cCognition assessed after work shift; dCognition assessed at follow-up;  
eTime of cognition assessment not specified 
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Appendix A (continued) 
Study 
 

Country 
Study 
Design 

N %M Occupation 
Shift Type 
(n) 

Work 
Schedule 

Cognitive 
Assessment Tool(s) 

Relationship between Shift 
Work and Cognition 

Osterode 
et al. 
(2018)a 

Austria Randomized 
crossover 
trial 

34 77 Physicians Day-night 
(34) 

8am – 4pm Visual Recognition 
Test (by Kessler, 
Pietrzyk and 
Schuhfried) 

Compared to day shifts, after a 
night shift, physicians 
exhibited significantly more 
mistakes in the visual 
recognition test 

Regular 
day (34) 

8am – 8am 
the next day 

Rheaume 
and 
Mullen. 
(2018)c 

Canada Prospective 
cohort study 

28 NR Nurses 12-H 
rotating 
(14) 

NR Workplace 
Cognitive Failure 
Scale 

There were no significant 
differences in cognitive errors 
between the two shifts 

8-H day 
(14) 

Behrens et 
al. (2019)c 

Germany Prospective 
repeated 
measures 
design 

71 0 Nurses Night (71) 9pm – 6am 3-min PVT Compared to day shifts, there 
was a significant association 
between nurses working night 
shifts and decreased 
psychomotor vigilance 

Day (71) 6am – 2pm 

Molzof et 
al. (2019)c 

USA Prospective 
cohort study 

30 0 Nurses Night (15) 7pm – 7am Two Digit 
Addition Test, 10-
min PVT 

Compared to day shift nurses, 
night shift nurses exhibited 
significantly slower cognitive 
proficiency at the end of the 
shift. There were no 
significant differences in 
reaction time between the two 
shifts 

Day (15) 7am – 7pm 

Abbreviations: H: hour; M: male; NR: not reported; PVT: psychomotor vigilance test; SW: shift work or shift workers WAIS: Wechsler Adult Intelligence Scale; 
% M: proportion of males 
aCognition assessed before and after work shift;  bCognition assessed during work shift; cCognition assessed after work shift; dCognition assessed at follow-up;  
eTime of cognition assessment not specified 
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Appendix  B: Associations between Categorical Variables 

Table 1: Association between Education Level and Household Income 

Household Income 

Level of Education 

Less than 

Secondary 

Education (%) 

Secondary 

Education (%) 

Some Post-

Secondary 

Education (%) 

Post-Secondary 

Education (%) 

Chi-Square Test 

(X2) 

Less than $20,000 0.5 0.3 0.2 1.2 

956.6** 

$20,000 – $49,999 1.8 2.4 1.3 9.9 

$50,000 - $99,999 0.1 3.4 2.2 27.1 

$100,000 - $149,99 0.2 1.7 1.2 21.0 

Greater than $150,000 0.1 0.7 0. 22.7 

* p <0.05, **p <0.001 
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Table 2: Association between Cardiovascular Disease and Hypertension 

Hypertension 
Cardiovascular Disease 

No (%) Yes  (%) Chi-Square Test  (X2) 

No 79.2 7.3 
1.3 

Yes 12.3 1.3 

* p <0.05, **p <0.001 
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Table 3: Association between Cancer and Gastrointestinal Disease 

Gastrointestinal Disease 
Cancer 

No (%) Yes (%) Chi-Square Test (X2) 

No 78.6 9.7 
2.9 

Yes 10.2 1.5 

* p <0.05, **p <0.001 
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Table 4: Associations between Individual Chronic Conditions and Multimorbidity 

 

Multimorbidity 

0 to 1 Chronic Condition (%) 
Two or More Chronic 

Conditions (%) 

Chi-Square Test 

(X2) 

Hypertension    

No 68.2 18.3 25.2** 

 Yes 9.8 3.7 

Cancer    

No 73.3 15.5 925.3** 

 Yes 4.7 6.5 

Cardiovascular Disease    

No 75.4 16.1 1213.6** 

 Yes 2.6 5.9 

Diabetes    

No 73.1 13.3 1570.0** 

 Yes 5.0 8.6 

Anxiety or Depression    

No 70.9 12.5 1413.2** 

 Yes 7.1 9.5 

Gastrointestinal Disease    

No 70.3 18.0 115. 2** 

 Yes 7.7 4.0 

* p <0.05, **p <0.001 
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Appendix  C: Results of Multicollinearity Assessments 

Table 1: Results of Multicollinearity Assessment for Objective 1 

 Variance Inflation Factor (VIF) Tolerance 

Model 1 1.2 0.8 

Model 2 1.2 0.8 

Model 3 1.1 0.9 

Model 4 1.4 0.7 

Model 1: Association between shift work and performance on the immediate recall 

Model 2: Association between shift work and performance on the delayed recall 

Model 3: Association between shift work and performance on the MAT 

Model 4: Association between shift work and performance on the interference condition 
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Table 2: Results of Multicollinearity Assessment for Objective 2 

 Variance Inflation Factor (VIF) Tolerance 

Model 1 1.2 0.8 

Model 2 1.2 0.8 

Model 3 1.1 0.9 

Model 4 1.4 0.7 

Model 1: Moderating effect of psychological distress on the association between shift work and performance on the immediate recall 

Model 2: Moderating effect of psychological distress on the association between shift work and performance on the delayed recall 

Model 3: Moderating effect of psychological distress on the association between shift work and performance on the MAT 

Model 4: Moderating effect of psychological distress on the association between shift work and performance on the interference 

condition 
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Table 3: Results of Multicollinearity Assessment for Objective 3 

 Variance Inflation Factor (VIF) Tolerance 

Model 1 1.19 0.838 

Model 2 1.20 0.836 

Model 3 1.13 0.885 

Model 4 1.36 0.887 

Model 1: Moderating effect of sleep quality on the association between shift work and performance on the immediate recall 

Model 2: Moderating effect of sleep quality on the association between shift work and performance on the delayed recall 

Model 3: Moderating effect of sleep quality on the association between shift work and performance on the MAT 

Model 4: Moderating effect of sleep quality on the association between shift work and performance on the interference condition 
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Appendix  D: Sensitivity Analysis Comparing Results of Multiple Imputation to Complete Case Analysis 

 

Table 1. Unadjusted and adjusted association between shift work and performance on cognitive tests for declarative memory 

 Immediate Recall Trial Delayed Recall Trial 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Unadjusted Association 

Intercept 6.07 (0.02) 6.03, 6.12 6.13 (0.02) 6.08, 6.17 4.31 (0.02) 4.26, 4.36 4.39 (0.03) 4.34, 4.44 

No Shift work R  R  R  R  

Shift work -0.20 (0.05) -0.30, -0.09 -0.18 (0.06) -0.29, -0.06 -0.20 (0.06) -0.32, -0.08 -0.24 (0.07) -0.37, -0.11 

Adjusted Association 

Intercept 5.48 (0.21) 5.07, 5.89 5.81 (0.25) 5.32, 6.30 4.12 (0.23) 3.66, 4.58 4.45 (0.28) 3.90, 5.01 

No Shift work R  R  R  R  

Shift work -0.04 (0.05)  -0.14, 0.06 -0.02 (0.05) -0.13, 0.09 -0.05 (0.06) -0.16, 0.06 -0.08 (0.06) -0.21, 0.04 

Age (years)         

45 -54 years R  R  R  R  

55 -64 years -0.23 (0.05) -0.32, -0.14 -0.23 (0.05) -0.33, -0.13 -0.43 (0.05) -0.54, -0.33 -0.45 (0.06) -0.56, -0.33 

65 - 74 years -0.61 (0.06) -0.72, -0.49 -0.60 (0.07) -0.73, -0.47 -0.92 (0.07) -1.05, -0.79 -0.95 (0.07) -1.10, -0.81 

75 – 85 years -1.44 (0.07) -1.58, -1.30 -1.44 (0.08) -1.59, -1.29 -1.74 (0.08) -1.88, -1.58 -1.74 (0.09) -1.91, -1.57 

Sex         

Female R  R  R  R  

Male -0.76 (0.04) -0.84, -0.68 -0.74 (0.04) -0.83, -0.66 -0.96 (0.05) -1.06, -0.87 -0.98 (0.05) -1.08, -0.88 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded. 
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Table 1. (continued) 

 Immediate Recall Trial Delayed Recall Trial 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Retirement 

Status 
        

Completely R  R  R  R  

Not or Partly 0.03 (0.05) -0.06, 0.13 0.04 (0.05) -0.06, 0.14 0.07 (0.06) -0.04, 0.18 0.08 (0.06) -0.04, 0.20 

Education         

Less than 

secondary 
R  R  R  R  

Secondary 0.42 (0.09) 0.23, 0.60 0.42 (0.10) 0.22, 0.63 0.31 (0.11) 0.10, 0.52 0.36 (0.12) 0.13, 0.59 

Some post-

secondary 
0.70 (0.10) 0.50, 0.90 0.72 (0.11) 0.50, 0.95 0.65 (0.12) 0.42, 0.88 0.71 (0.13) 0.46, 0.95 

Post-secondary 0.78 (0.08) 0.62, 0.94 0.79 (0.09) 0.62, 0.98 0.69 (0.09) 0.51, 0.87 0.75 (0.10) 0.55, 0.94 

Household 

Income 
        

Less than 

$20,000 
R  R  R  R  

$20,000 - 

$49,999 
0.24 (0.10) 0.03, 0.44 0.13 (0.11) -0.09, 0.36 0.21 (0.11) -0.01, 0.43 0.14 (0.12) -0.10, 0.38 

$50,000 - 

$99,999 
0.54 (0.10) 0.34, 0.75 0.44 (0.12) 0.21, 0.67 0.42 (0.11) 0.21, 0.64 0.31 (0.12) 0.06, 0.55 

$100,000 - 

$149,999 
0.65 (0.11) 0.43, 0.87 0.52 (0.12) 0.28, 0.77 0.51 (0.12) 0.26, 0.75 0.34 (0.13) 0.08, 0.60 

Greater than 

$150,000 
0.82 (0.12) 0.59, 1.05 0.69 (0.13) 0.44, 0.94 0.59 (0.13) 0.34, 0.84 0.42 (0.14) 0.15, 0.70 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded. 
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Table 1. (continued) 

 Immediate Recall Trial Delayed Recall Trial 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Marital Status         

Single, never 

married, or 

never lived with 

a partner 

R  R  R  R  

Married or 

common law 
0.04 (0.07) -0.09, 0.17 0.02 (0.08) -0.13, 0.17 0.01 (0.08) -0.14, 0.17 -0.03 (0.09) -0.20, 0.13 

Widowed, 

divorced, or 

separated 

0.07 (0.07) -0.08, 0.22 0.06 (0.08) -0.11, 0.22 -0.01 (0.08) -0.17, 0.16 -0.02 (0.09) -0.20, 0.16 

Migrant Status         

Non-immigrant R  R  R  R  

Immigrant 0.02 (0.06) -0.09, 0.13 0.07 (0.06) -0.06, 0.19 -0.03 (0.07) -0.16, 0.10 0.06 (0.07) -0.08,0.20 

Place of 

Residence 
        

Rural R  R  R  R  

Urban 0.05 (0.06) -0.08, 0.17 0.06 (0.07) -0.08, 0.19 0.10 (0.08) -0.05, 0.26 0.11 (0.08) -0.05, 0.27 

Suburban 0.03 (0.10) -0.17, 0.23 -0.01 (0.11) -0.23, 0.21 0.08 (0.12) -0.17, 0.32 0.04 (0.13) -0.22, 0.30 

Socially 

Isolated 
        

No R  R  R  R  

Yes -0.05 (0.05) -0.14, 0.04 -0.04 (0.05) -0.15, 0.06 -0.08 (0.05) -0.18, 0.03 -0.04 (0.06) -0.15, 0.08 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded. 

 

 



 

 152 

Table 1. (continued) 

 Immediate Recall Trial Delayed Recall Trial 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Smoking Status         

Never smoker R  R  R  R  

Former smoker -0.18 (0.04) -0.26, -0.10 -0.19 (0.04) -0.28, -0.11 -0.14 (0.05) -0.24, -0.05 -0.15 (0.05) -0.25, -0.04 

Occasional or 

daily smoker 
-0.30 (0.07) -0.44, -0.15 -0.28 (0.08) -0.44, -0.12 -0.10 (0.08) -0.26, 0.06 -0.05 (0.09) -0.22, 0.13 

Alcohol 

Consumption 
        

Never drinker R  R  R  R  

Former drinker 0.10 (0.14) -0.18, 0.37 -0.06 (0.18) -0.41, 0.31 -0.07 (0.16) -0.39, 0.25 -0.29 (0.22) -0.71, 0.14 

Infrequent 

drinker 
0.06 (0.14) -0.22, 0.33 -0.15 (0.18) -0.51, 0.21 0.04 (0.16) -0.27, 0.36 -0.17 (0.21) -0.59, 0.24 

Occasional 

drinker 
0.16 (0.13) -0.10, 0.42 -0.00 (0.18) -0.34, 0.35 0.17 (0.15) -0.13, 0.47 -0.01 (0.21) -0.42, 0.40 

Regular or binge 

drinker 
0.22 (0.13) -0.03, 0.48 0.05 (0.18) -0.29, 0.40 0.24 (0.15) -0.06, 0.54 0.08 (0.21) -0.33, 0.48 

BMI         

Underweight or 

normal weight 
R  R  R  R  

Overweight -0.01 (0.04) -0.10, 0.08 -0.03 (0.05) -0.13, 0.06 0.00 (0.05) -0.10, 0.11 0.00 (0.06) -0.11, 0.11 

Obese -0.02 (0.05) -0.12, 0.07 -0.05 (0.05) -0.15, 0.06 -0.11 (0.06) -0.23, 0.00 -0.08 (0.06) -0.20, 0.04 

Past Week 

Physical 

Activity 

0.00 (0.00) 0.00, 0.00 0.00 (0.00) 0.00, 0.00 0.00 (0.00) 0.00, 0.00 0.00 (0.00) 0.00, 0.00 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded. 
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Table 1. (continued) 

 Immediate Recall Trial Delayed Recall Trial 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Fruit and 

Vegetable 

Intake 

        

Seven or more R  R  R  R  

Six -0.04 (0.08) -0.19, 0.11 -0.07 (0.09) -0.24, 0.09 0.04 (0.09) -0.14, 0.21 0.03 (0.10) -0.16, 0.22 

Five 0.00 (0.07) -0.14, 0.15 -0.02 (0.08) -0.17, 0.13 0.05 (0.08) -0.12, 0.21 0.06 (0.09) -0.12, 0.23 

Four -0.08 (0.07) -0.22, 0.07 -0.13 (0.08) -0.28, 0.03 -0.07 (0.08) -0.23, 0.09 -0.09 (0.09) -0.26, 0.08 

Three -0.19 (0.07) -0.33, -0.05 -0.22 (0.08) -0.38, -0.07 -0.17 (0.08) -0.33, 0.00 -0.15 (0.09) -0.32, 0.03 

Two -0.31 (0.08) -0.46, -0.16 -0.32 (0.08) -0.49, -0.16 -0.27 (0.09) -0.44, -0.10 -0.27 (0.09) -0.45, -0.08 

Less than two -0.27 (0.09) -0.43, -0.10 -0.33 (0.09) -0.51, -0.15 -0.27 (0.10) -0.46, -0.08 -0.26 (0.10) -0.47, -0.06 

Self-rated 

Health 
        

Excellent or 

Good 
R  R  R  R  

Fair or Poor 0.00 (0.08) -0.16, 0.15 -0.05 (0.09) -0.23, 0.13 -0.01 (0.09) -0.18, 0.17 -0.11 (0.10) -0.31, 0.08 

Multimorbidity         

0 -1 Chronic 

Disease 
R  R  R  R  

> 2 Chronic 

Diseases 
0.01 (0.03) -0.07, 0.09 0.02 (0.04) -0.07, 0.11 0.01 (0.05) -0.08, 0.10 0.01 (0.05) -0.09, 0.11 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded.  
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Table 2. Unadjusted and adjusted association between shift work and performance on cognitive tests for executive functioning 

 MAT Interference Condition 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Unadjusted Association 

Intercept 27.95 (0.10) 27.76, 28.14 28.41 (0.10) 28.21, 28.62 15.22 (0.04) 15.13, 15.30 14.96 (0.04) 14.88, 15.05 

No Shift 

work 

R  R  R  R  

Shift work -1.59 (0.25) -2.08, -1.10 -1.76 (0.28) -2.30, -1.21 0.78 (0.12) 0.54, 1.03 0.75 (0.12) 0.51, 0.99 

Adjusted Association 

Intercept 20.17 (1.04) 18.13, 22.21 22.04 (1.19) 19.71, 24.36 18.26 (0.54) 17.19, 19.33 17.00 (0.52) 15.98, 18.02 

No Shift 

work 

R  R  R  R  

Shift work -0.89 (0.24) -1.36, -0.42 -1.10 (0.26) -1.62, -0.59 0.43 (0.11) 0.22, 0.64 0.45 (0.10) 0.24, 0.65 

Age (years)         

45 -54 years R  R  R  R  

55 -64 years -1.05 (0.23) -1.50, -0.61 -1.08 (0.24) -1.55, -0.60 1.07 (0.09) 0.89, 1.24 1.12 (0.09) 0.95, 1.29 

65 - 74 years -2.26 (0.29) -2.83, -1.70 -2.51 (0.31) -3.12, -1.90 2.69 (0.13) 2.44, 2.94 2.80 (0.13) 2.55, 3.05 

75 – 85 years -5.04 (0.34) -5.70, -4.37 -5.05 (0.38) -5.79, -4.31 5.03 (0.17) 4.71, 5.37 5.03 (0.17) 4.70, 5.38 

Sex         

Female R  R  R  R R 

Male 1.58 (0.19) 1.21, 1.94 1.70 (0.21) 1.30, 2.11 0.59 (0.08) 0.43, 0.74 0.44 (0.08) 0.28, 0.59 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded. 
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Table 2. (continued) 

 MAT Interference Condition 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Retirement 

Status 
        

Completely R  R  R  R  

Not or Partly 0.30 (0.23) -0.15, 0.75 0.45 (0.25) -0.04, 0.94 -0.37 (0.10) -0.57, -0.17 -0.47 (0.11) -0.69, -0.26 

Education         

Less than 

secondary 
R  R  R  R  

Secondary 3.07 (0.53) 2.04, 4.09 3.32 (0.59) 2.16, 4.47 -1.39 (0.29) -1.95, -0.82 -1.31 (0.28) -1.86, -0.76 

Some post-

secondary 
3.30 (0.55) 2.22, 4.38 3.50 (0.61) 2.30, 4.70 -2.07 (0.29) -2.64, -1.50 -1.99 (0.28) -2.54, -1.44 

Post-secondary 3.91 (0.46) 3.00, 4.82 4.20 (0.52) 3.19, 5.22 -1.90 (0.27) -2.42, -1.38 -1.78 (0.26) -2.27, -1.28 

Household 

Income 
        

Less than 

$20,000 
R  R  R  R  

$20,000 - 

$49,999 
1.54 (0.56) 0.45, 2.63 0.56 (0.61) -0.63, 1.76 -0.89 (0.34) -1.56, -0.22 -0.40 (0.32) -1.02, 0.22 

$50,000 - 

$99,999 
3.04 (0.56) 1.95, 4.14 1.90 (0.60) 0.72, 3.08 -1.67 (0.34) -2.34, -1.01 -1.11 (0.31) -1.73, -0.50 

$100,000 - 

$149,999 
3.90 (0.60) 2.73, 5.08 2.53 (0.64) 1.28, 3.79 -2.07 (0.35) -2.75, -1.39 -1.33 (0.32) -1.96, -0.70 

Greater than 

$150,000 
4.65 (0.62) 3.44, 5.85 3.18 (0.66) 1.90, 4.47 -2.40 (0.35) -3.09, -1.71 -1.64 (0.33) -2.29, -1.01 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded. 
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Table 2. (continued) 

 MAT Interference Condition 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Marital Status         

Single, never 

married, or 

never lived with 

a partner 

R  R  R  R  

Married or 

common law 
0.11 (0.35) -0.58, 0.79 0.51 (0.38) -0.24, 1.26 0.06 (0.17) -0.28, 0.39 -0.10 (0.18) -0.46, 0.25 

Widowed, 

divorced, or 

separated 

0.71 (0.36) -0.00, 1.42 1.12 (0.40) 0.33, 1.91 -0.01 (0.18) -0.36, 0.34 -0.16 (0.19) -0.54, 0.22 

Migrant Status         

Non-immigrant R  R  R  R  

Immigrant -1.00 (0.27) -1.54, -0.48 -0.93 (0.28) -1.49, -0.38 0.40 (0.12) 0.15, 0.63 0.36 (0.11) 0.14, 0.59 

Place of 

Residence 
        

Rural R  R  R  R  

Urban 0.71 (0.32) 0.09, 1.34 0.85 (0.35) 0.17, 1.54 -0.31 (0.12) -0.54, -0.08 -0.42 (0.12) -0.66, -0.18 

Suburban 0.02 (0.52) -0.42, 1.63 0.49 (0.55) -0.59, 1.57 -0.04 (0.20) -0.43, 0.34 -0.04 (0.21) -0.46, 0.37 

Socially 

Isolated 
        

No R  R  R  R  

Yes -0.36 (0.23) -0.82, 0.09 -0.28 (0.25) -0.76, 0.21 0.04 (0.11) -0.17, 0.25 -0.09 (0.11) -0.30, 0.12 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded. 
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Table 2. (continued) 

 MAT Interference Condition 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Smoking Status         

Never smoker R  R  R  R  

Former smoker -0.48 (0.19) -0.85, -0.11 -0.42 (0.21) -0.83, 0.01 0.13 (0.08) -0.02, 0.28 0.16 (0.08) -0.01, 0.31 

Occasional or 

daily smoker 
-1.17 (0.36) -1.88, -0.46 -1.18 (0.39) -1.96, -0.41 0.80 (0.20) 0.41, 1.18 0.68 (0.15) 0.39, 0.97 

Alcohol 

Consumption 
        

Never drinker R  R  R  R  

Former drinker 1.06 (0.70) -0.32, 2.44 -0.03 (0.84) -1.67, 1.61 -0.61 (0.33) -1.25, 0.03 -0.09 (0.31) -0.70, 0.52 

Infrequent 

drinker 
0.64 (0.69) -0.71, 2.00 -0.45 (0.82) -2.05, 1.15 -0.85 (0.32) -1.48, -0.22 -0.13 (0.30) -0.73, 0.47 

Occasional 

drinker 
1.06 (0.66) -0.25, 2.36 -0.12 (0.79) -1.68, 1.43 -0.95 (0.31) -1.55, -0.34 -0.23 (0.29) -0.80, 0.34 

Regular or binge 

drinker 
1.68 (0.66) 0.38, 2.97 0.32 (0.79) -1.22, 1.86 -1.14 (0.31) -1.74, -0.54 -0.32 (0.29) -0.89, 0.24 

BMI         

Underweight or 

normal weight 
R  R  R  R  

Overweight -0.44 (0.21) -0.85, -0.03 -0.44 (0.23) -0.89, 0.00 0.19 (0.08) 0.03, 0.36 0.21 (0.08) 0.05, 0.37 

Obese -0.25 (0.23) -0.70, 0.20 -0.37 (0.25) -0.86, 0.12 0.31 (0.10) 0.11, 0.51 0.32 (0.10) 0.13, 0.52 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded. 
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Table 2. (continued) 

 MAT Interference Condition 

MI (N =12,152) CCA (N=9,912) MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI ß (SE) 95% CI 

Past Week 

Physical 

Activity 

0.00 (0.00) 0.00, 0.00 0.00 (0.00) 0.00, 0.00 0.00 (0.00) 0.00, 0.00 0.00 (0.00) 0.00, 0.00 

Fruit and 

Vegetable 

Intake 

        

Seven or more R  R  R  R  

Six 0.30 (0.34) -0.38, 0.97 0.37 (0.37) -0.34, 1.09 -0.17 (0.14) -0.45, 0.11 -0.20 (0.14) -0.48, 0.08 

Five 0.11 (0.31) -0.50, 0.73 0.12 (0.34) -0.54, 0.79 -0.09 (0.13) -0.35, 0.17 -0.15 (0.14) -0.42, 0.12 

Four -0.08 (0.31) -0.69, 0.52 -0.14 (0.33) -0.79, 0.51 0.01 (0.13) -0.25, 0.27 -0.01 (0.13) -0.27, 0.25 

Three -0.79 (0.33) -1.43, -0.15 -0.88 (0.35) -1.56, -0.19 -0.01 (0.13) -0.27, 0.25 -0.01 (0.14) -0.27, 0.26 

Two -1.28 (0.35) -1.96, -0.60 -1.19 (0.37) -1.91, -0.46 0.14 (0.14) -0.14, 0.42 0.15 (0.15) -0.14, 0.43 

Less than two -1.23 (0.41) -2.04, -0.43 -1.18 (0.45) -2.06, -0.31 0.25 (0.17) -0.09, 0.59 0.14 (0.17) -0.19, 0.47 

Self-rated 

Health 
        

Excellent or 

Good 
R  R  R  R  

Fair or Poor -0.80 (0.40) -1.57, 0.02 -0.77 (0.44) -1.64, 0.10 0.50 (0.17) 0.16, 0.84 0.44 (0.17) 0.11, 0.77 

Multimorbidity         

0 -1 Chronic 

Disease 
R  R  R  R  

> 2 Chronic 

Diseases 
0.06 (0.19) -0.30, 0.43 -0.02 (0.21) -0.42, 0.37 -0.15 (0.09) -0.02, 0.32 0.17 (0.08) 0.01, 0.33 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple imputation; R: reference; SE: standard error. 

Significant results are bolded.
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Table 3. Multiple linear regressions models for shift work and performance on 

cognitive tests, with the inclusion of psychological distress and sleep quality  

 MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI 

Immediate Recall Trial 

Model 1 -0.04 (0.05) -0.14, 0.06 -0.02 (0.05) -0.13, 0.09 

Model 2 -0.04 (0.05) -0.14, 0.06 -0.02 (0.05) -0.13, 0.09 

Delayed Recall Trial 

Model 1 -0.05 (0.06) -0.17, 0.06 -0.08 (0.06) -0.21, 0.04 

Model 2 -0.05 (0.06) -0.16, 0.06 -0.08 (0.06) -0.21, 0.04 

MAT 

Model 1 -0.89 (0.24) -1.36, -0.42 -1.10 (0.26) -1.62, -0.59 

Model 2 -0.89 (0.24) -1.36, -0.42 -1.10 (0.26) -1.62, -0.59 

Interference Condition 

Model 1 0.43 (0.11) 0.22, 0.64 0.44 (0.10) 0.23, 0.65 

Model 2 0.42 (0.11) 0.22, 0.63 0.44 (0.10) 0.24, 0.65 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple 

imputation; SE: standard error. 

Significant results are bolded.  

Model 1: Association between shift work and performance on cognitive tests, controlling 

for psychological distress and other potential confounders 

Model 2: Association between shift work and performance on cognitive tests, controlling 

for sleep quality and other potential confounders 
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Table 4. Interaction effects between psychological distress and shift work and sleep 

quality and shift work 

 MI (N =12,152) CCA (N=9,912) 

ß (SE) 95% CI ß (SE) 95% CI 

Immediate Recall Trial 

Shift Work x 

High Distress 
-0.34 (0.20) -0.06, 0.73 0.42 (0.23) -0.02, 0.86 

Shift Work x 

Poor Sleep 

Quality 

0.20 (0.11) -0.02, 0.42 0.18 (0.12) -0.06, 0.41 

Delayed Recall Trial 

Shift Work x 

High Distress 
-0.20 (0.22) -0.24, 0.64 0.33 (0.25) -0.16, 0.83 

Shift Work x 

Poor Sleep 

Quality 

0.09 (0.13) -0.16, 0.35 0.09 (0.14) -0.19, 0.37 

MAT 

Shift Work x 

High Distress 
-0.31 (0.85) -1.98, 1.36 -0.53 (0.97) -2.43, 1.37 

Shift Work x 

Poor Sleep 

Quality 

0.94 (0.56) -0.15, 2.03 0.68 (0.60) -0.58, 1.86 

Interference Condition 

Shift Work x 

High Distress 
0.32 (0.50) -0.66, 1.30 0.03 (0.40) -0.75, 0.80 

Shift Work x 

Poor Sleep 

Quality 

-0.25 (0.26) -0.75, 0.25 -0.25 (0.23) -0.71, 0.20 

Abbreviations: CCA: complete case analysis; CI: confidence interval; MI: multiple 

imputation; SE: standard error. 

Significant results are bolded.  
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