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Abstract 

Background: Physical activity, sedentary behaviour and sleep are interrelated and may have 

a synergistic impact on health. This systematic review and meta-analysis of prospective 

cohort studies aimed to evaluate the combined influence of different combinations of these 

behaviours on mortality risk and incidence of cardiovascular disease (CVD), cancer, diabetes, 

and mental health.  

Methods: Four online databases were used to identify studies from database inception to 

2022May 2023. Prospective cohort studies that examined how different combinations of 

physical activity, sedentary and sleep behaviours were associated with mortality and h 

incident cardiovascular disease, cancer, diabetes and mental health in adults ealth outcomes 

were included. Random effects meta-analyses using the Der Simonian and Laird method 

were conducted. 

Results: Assessment of 4583 records resulted in twelve studies being included. Studies were 

qualitatively summarised and a sub-group of studies (n=5) were meta-analysed. The most 

frequent combination of behaviours was duration of leisure time physical activity and sleep 

(n=9), with all-cause mortality (n=16), CVD mortality (n=9) and cancer mortality (n=7) the 

most frequently examined outcomes. Meta-analysis revealed that relative to High physical 

activity & Mid sleep, High physical activity and Short sleep was not associated with risk of 

all-cause mortality (RR=1.05, 95% CI=0.97, 1.14), however Low physical activity and Short 

Sleep (RR = 1.42, 95% CI = 1.24, 1.63), Low physical activity and Mid Sleep (RR = 1.30, 

95% CI = 1.12, 1.52), High physical activity and Long Sleep (RR = 1.16, 95% CI = 1.01, 

1.32), and Low physical activity and Long Sleep were associated with risk of all-cause 

mortality (RR = 1.63, 95% CI = 1.21, 2.20). 
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Conclusions: High levels of physical activity may offset all-cause mortality risks associated 

with short sleep duration. Low levels of physical activity combined with short sleep duration 

and any level of physical activity in combination with long sleep duration appear to increase 

mortality risk. Currently there is limited evidence regarding how dimensions of physical 

activity, sedentary and sleep behaviours other than duration (e.g., quality, timing, type) are 

associated with future health status.  

Keywords: physical activity, sleep, sleep health, mortality, prospective, sitting, muscle-

strengthening 
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Introduction 

Physical activity, sedentary behaviour and sleep are recognised risk factors for poor physical 

and mental health1,2 and represent movement patterns across a 24-hr period.3-5 These 

behaviours are interrelated, as they co-occur in distinct patterns,6 and are co-dependent from 

a time-use perspective in each 24-period.3,4,7 The need to consider these behaviours jointly as 

determinants of health is reinforced by several countries that have adopted 24-hr movement 

guidelines adults,.8,9 and several prominent organisations (i.e., American Heart Association) 

highlighting sleep as a risk factor for health in addition to physical inactivity and other risk 

factors.10-12  

 

Despite the adoption of 24-hr movement guidelines, the potential health effects of different 

compositions or patterns of physical activity, sedentary behaviour and sleep, or activity-sleep 

patterns, remains unclear.3 This is particularly true for adult populations that have more 

recently been prescribed 24-hr movement guidelines (e.g., Canadian 2020 24-hr Movement 

Guidelines for Adults).3,13 Several systematic reviews have been conducted that have 

included studies using specific statistical models (e.g., isotemporal substitution models, 

compositional data analysis) to quantify activity-sleep patterns and subsequently examine 

these associations with health outcomes.3,13-15 In systematic reviews that required primary 

studies to use either isotemporal substitution models or compositional data analysis, the vast 

majority of studies have used cross-sectional designs (i.e., 36/56 studies13, 7/8 studies15, 

17/20 studies3). Due to the reliance on studies using these specific statistical models, 

available evidence is based only on the time spent in each behaviour. Focussing on the 

duration of these activities overlooks that physical activity, sedentary and sleep behaviour can 

be described using multiple dimensions in addition to duration (i.e., Physical Activity: 
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frequency, intensity, type, duration; Sedentary: duration, frequency of breaks in sedentary; 

Sleep: duration, timing, variability, satisfaction).16,17 Further, other non-time-based 

dimensions (e.g., sleep quality) are infrequently accounted for in these studies. Additionally, 

sleep duration has a U-shaped relationship with health outcomes,2 where relative to adults 

who sleep 7-8 hrs per night, mortality risks are increased among adults with shorter or longer 

sleep durations, which is not accounted for in these prior studies.  

 

Compositional data analyses are one way to quantify different patterns of physical activity, 

sedentary and sleep behaviour. Other alternative data analysis approaches that may more 

readily enable multiple or other non-time-based dimensions to be examined are available.4 

One approach is to simply classify each behaviour into groups (e.g., meeting guidelines or 

not) and then examine associations between joint categories of behaviour and outcomes.4,18 A 

review of studies examining compliance with all three behaviours of the 24-hr guidelines 

(i.e., number of guidelines adhered to) identified 31 studies, 29 of which were cross-

sectional.3 This is despite the existence of a number of prospective studies examining the 

relationship between behaviour dyads and health outcomes.19-24 For example, studies have 

examined the joint association between the physical activity and short sleep duration,23-26 

physical activity and long sleep duration,23-26 physical activity and sleep difficulties,20 

physical activity and sleep quality,23 and sedentary behaviour and sleep problems.21 These 

studies suggest that physical activity moderates the association between sleep and health 

outcomes, however, associations are inconsistent across studies.19,20,22 Although these studies 

only examine behavioural dyads they may provide insight into how physical activity, 

sedentary and/or sleep behaviours jointly influence health outcomes. This information may be 

useful to inform the next iteration of 24-hr movement guidelines and future interventions 
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targeting these behaviours. However, to our knowledge no systematic review of this literature 

has been conducted. Therefore, the aim of this systematic review was to synthesis evidence 

on the prospective associations of activity-sleep patterns with mortality risk and the incidence 

of cardiovascular disease (CVD), cancer, diabetes, and mental health in adults.  

 

Methods 

Protocol registration and reporting 

The review protocol was posted on the Open Science Framework (available from 

https://osf.io/67nw8/).27 The review was conducted and reported in accordance with the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

statement.28 This review used previously published data for all analyses and did not include 

human participants therefore no informed consent was sought from participants nor was the 

study approved by a institutional human ethics research committee.  

Eligibility Criteria 

The Population, Intervention/Exposure, Comparison, Outcomes, Study design (PICOS) 

framework was used to guide the identification and selection of studies.  

Population 

Studies were eligible if they included adults aged ≥18 years. For studies that examined the 

incidence of a disease/condition (e.g., cancer, depression) as the outcome, participants had to 

be free of the condition at baseline.  

Intervention/exposure 
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The intervention/exposures of interest were different combinations of either: physical activity 

and sleep, sedentary behaviour and sleep, or physical activity, sedentary behaviour, and sleep 

(i.e., High Active/Good Sleep Quality, High Active/Poor Sleep Quality, Low Active/Good 

Sleep Quality, Low Active/Poor Sleep Quality). As physical activity, sedentary behaviour 

and sleep can be conceptualised using multiple dimensions (i.e., activity: frequency, intensity, 

type, duration; Sedentary: duration, frequency of breaks in sedentary; Sleep: duration, timing, 

variability, satisfaction),16,17 studies which measured behaviours using any of these 

dimensions were included. The exposures could be assessed by either self-report, objective 

measures (e.g., accelerometry, polysomnography (PSG)), or through clinician assessment. 

Additional indicators of sleep included symptoms of insomnia (e.g., present/ absent) or 

obstructive sleep apnoea (OSA) (e.g., present/ absent) using self-report instruments, clinician 

diagnosis or objective measurement.29 Studies were not required to use a specific 

classification of an individual behaviour (e.g., compliance with the physical activity 

guidelines, or number of categories).  

Comparators 

Comparators were different combinations of activity-sleep patterns, and studies needed to 

compare different classifications of the exposure using a single reference category. Studies 

were also included that examined the association between changes in activity-sleep patterns 

over time with health outcomes (i.e., change from High Active/Short Sleep to Low 

Active/Short Sleep). 

Outcomes 

Outcomes of interest were all-cause mortality, cause-specific mortality, and the incidence of 

any of the following health outcomes: CVD, cancer, diabetes, or mental health. Outcomes 

were selected based on evidence that the exposures are individually associated with these 
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outcomes, plausible overlapping biological pathways between the individual exposures and 

these behaviours and knowledge of studies assessing joint associations between exposures 

and these outcomes.1,2,30-34 Mortality outcomes needed to be assessed by medical record/data 

linkage, and incident outcomes could be assessed via self-report, clinician assessment, 

medical record/data linkage or an established screening instrument. Mental health outcomes 

included symptoms of depression and anxiety, mental illness or mental health. The 

association between activity-sleep patterns and outcomes had to be reported using adjusted or 

unadjusted odds ratio, hazard ratio, or relative risk and 95% confidence intervals, or reported 

data in a way that allowed calculation of odds ratios/relative risk. 

Study Design 

Eligible studies were prospective observational cohort studies, with at least a 12-month 

follow-up.32 This was required to limit the potential of reverse causality. There were no 

restrictions imposed on study sample sizes. 

Exclusion Criteria  

Studies were excluded if they: (1) included other lifestyle behaviours (e.g., diet) or health 

characteristics (e.g., use of medication) as part of the joint exposure categories, (2) were 

cross-sectional, case-control studies, reviews, intervention studies, or protocols. Studies using 

isotemporal substitution were also excluded, (3) were not reported in the English language, 

and (4) were not published peer-reviewed articles. If ≥2 studies reported the data of the same 

cohort, the study with the most recent follow-up period was included. No studies were 

excluded based on risk of bias assessment (see Risk of Bias). 
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Search Strategy  

Four electronic databases (SCOPUS, CINAHL, MEDLINE and EMBASE) were initially 

searched from inception to 8 Feburary 2021, and then updated in 1 May, 2023. The 

predefined search strategy was developed by LM and MJD and agreed to by all authors 

(Supplementary Tables 1-3). Database searches were conducted by LM and SF. In addition, 

the author’s research libraries were screened to identify potentially eligible studies, reference 

lists of reference lists of relevant systematic reviews and included articles (backward citation 

tracking), and articles citing an included study (forward citation tracking via Scopus) were 

also manually screened, and authors of included studies were contacted to identify any further 

studies, this these search strategiesy was were not documented in the Open Science 

Framework protocol and was performed to identify as many relevant articles as possible. 

 

Study Selection  

Search results were imported and screened using Covidence to automatically remove 

duplicates (Veritas Health Innovation, Melbourne). Two independent reviewers (MJD and 

LM/SF) evaluated the title/abstract and full texts of the studies against the pre-specified 

inclusion/exclusion criteria. Discrepancies were resolved by discussion between the 

reviewers. Consensus was reached for all included articles. 

Risk of Bias 

Risk of bias was assessed using the Newcastle-Ottawa Scale (NOS)35. Two reviewers 

(SO/MJD, SF) independently assessed each study. The NOS uses three domains to evaluate 

the risk of bias in prospective studies (selection of participants, comparability, and outcome). 

Selection of participants includes representative of exposed cohort, selection of the non-
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exposed cohort, ascertainment of exposure, and demonstration that the outcome of interest 

was not present at the beginning of the study. Comparability includes the comparability of 

cohorts based on design/analysis. Outcomes includes adequate assessment of outcome, 

adequate follow-up time, and adequacy of follow-up. A study is awarded one point for each 

numbered item within the selection and outcome categories, and a maximum of two points 

may be given for comparability. The total maximum score is nine points. Based on the total 

score, studies were allocated into one of three quality categories: low (0-3), moderate (4-6), 

or high (7-9) quality.   

Data Extraction  

Data extraction was conducted using a data extraction template developed for this review in 

Microsoft Excel (Office 365, Version 2209). Data were extracted by one reviewer (SF/SO) 

and checked by a second (MJD). Extracted information included population characteristics 

(age, sex), sampling methods, measurement and classification of exposures (recall period, 

method of assessment, dimension assessed (e.g., activity duration, frequency; sedentary time 

or sitting; sleep duration, quality), comparison/reference group, outcome/s and outcome 

ascertainment (e.g., self-report, data linkage), study design, follow-up length, statistical 

analysis (i.e., statistical analysis, covariates included) and associations.  

Data Synthesis  

An a priori decision was made to summarise results using meta-analysis only if an adequate 

number (≥5) of comparable effect sizes were available.36 Several studies examined the 

association between sleep duration and mortality within strata of physical activity or vice 

versa and were only included in the narrative review,25,37 and were not included in the meta-

analysis as they were not considered comparable to those that used a single exposure 

category.18,23,24,26,38 Studies used a number of different criteria to classify physical activity 
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and sleep duration including several intermediate levels of either physical activity (e.g., 

inactive, meeting aerobic guidelines only, meeting muscle strengthening guidelines only, 

meeting neither guideline; ≤7.5 METs, 7.5-14.9 METs, 15.0-29.9 METS; ≥30.0 METs) or 

sleep (e.g., <6hr, 6-<8 hr, 8-<9 hrs, ≥9 hrs; <7 hrs; <6, 6-6.5, 6.6-7.4, 7.5-8.0, >8.0) . 

Consequently, meta-analysis was undertaken to examine the association between joint 

categories of physical activity and sleep duration with all-cause mortality using the highest 

and lowest level of activity and the shortest and longest level of sleep duration.  

To account for heterogeneity between studies Rrandom effects meta-analyses using the Der 

Simonian and Laird method were undertaken using Stata MP (17) using the meta suite of 

commands. All studies report Hazard Ratios which were assumed to approximate Relative 

Risk. To avoid double counting the effect size for mid-sleep/low active in one study that 

reported the association between short and long sleep duration separately using a common 

reference group of mid-sleep and high active, the mid-sleep and low active group from the 

analysis of short sleep duration was omitted 38. This group was selected as it was a secondary 

focus and the analysis resulted in larger magnitude effects for mid-sleep and low active38. 

Therefore, it was omitted to provide conservative pooled effects. Meta-analysis was not 

undertaken for other outcomes due to the limited number of effect sizes available and the 

heterogeneity between studies. Studies not included in the meta-analysis were narratively 

summarised as after full text screening was completed, in most cases there was only a single 

study examining a specific exposure in relation to an outcome.  
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Results  

Search results and risk of bias 

The search strategy identified 4583 records (Supplementary Figure 1). After contacting 

authors, and backwards and forwards citation tracking, an additional five studies were 

included for screening. After the removal of 1363 duplicates, title and abstract screening was 

conducted on 3225 articles. From these articles, 3028 were excluded and 197 full texts were 

screened. Of the 197 studies, 185 were excluded (Supplementary Figure 1). In total, 12 

studies met the eligibility criteria and were included in the review. All included studies were 

of high quality with a mean score of 7.7 in the Newcastle-Ottawa Scale (Range 7-9) 

(Supplementary Table 4). 

 

Description of included studies  

Supplementary Table 5 summaries the characteristics of the included studies. The 12 

included studies were published between 2014 and 2022 and were conducted in eight 

countries: USA (n = 5)18,24,37,39,40, Australia (n = 1)41, China (n = 1)38, Finland (n = 1)23, Spain 

(n = 1)42, Sweden (n = 1)25, Taiwan (n = 1)26, and the UK (n = 1)22. There was a total of 

1,524,584 participants across the included cohorts, with sample sizes ranging from 163823, to 

380,055 participants22 (Supplementary Table 5). Both male and female participants were 

included in 92% of studies (n=11), while one study (8%) included only male participants23. 

Of the studies, 58% (n = 7) included adults of all ages (i.e., ≥18 years)18,23,26,37,38,40,41, and 

42% (n = 5) included only mid to older aged adults using various criteria (Supplementary 

Table 5) 22,24,25,39,42. 
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Description of Exposures and Outcomes 

To examine the association between combinations of the separate behaviours, included 

studies either examined: the association between study outcome/s and sleep duration 

stratified by physical activity level25,37, the association between study outcome/s and sleep 

duration stratified by sedentary behaviour level 37, a single joint exposure variable comprised 

of physical activity, sedentary behaviour and sleep39,40,42, physical activity and sleep23,24,26,38, 

sedentary behaviour and sleep or presented associations using both stratified and a single 

joint exposure18,22,41. The average length of follow-up across the studies ranged from five 

years 41 to 26 years 23, and one study conducted annual follow-ups of the outcome 41. 

 

Figure 1 shows the frequency that different combinations of exposures that have been 

examined across each outcome. One study reported associations stratified by gender38, and 

was considered to contribute two associations for each combination of exposure and 

outcome. Across all combinations of exposures, all-cause mortality was the most frequently 

examined outcome (n = 16)18,22,24-26,39,40,42, followed by CVD mortality (n = 9)22,24-26,39, and 

cancer mortality (n = 7)22,24-26,39.  Figure 2 summarises the different domains of physical 

activity, sleep and sedentary behaviour assessed and the number of studies examining each 

domain. Leisure time physical activity, sleep duration, and multi-domain sitting time were the 

most frequently examined domains (Figure 1). The most frequently examined combination of 

behaviours was leisure time physical activity (LTPA) and sleep duration (n = 9), followed by 

occupational physical activity and sleep duration (n = 2). All other combinations were 

examined once only (Figure 1).   

 

Studies that examined physical activity classified physical activity levels into four18,22,26 , 

three25,41 or two levels23,24,37,38,40 (Supplementary Table 5). Studies used either five25, four26, 
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three18,22,26,37,38 or two23,24,40,41 levels to classify sleep (Supplementary Table 5). Studies that 

examined sedentary behaviour used four37 , or two 24,40 levels. Two studies did not classify 

activity, sleep or sedentary behaviour into any levels 39,42 instead using statistical techniques 

(i.e., factor analysis, generalized additive models)39,42 to create composite scores which were 

then classified into multiple levels. The specific criteria used to classify behaviours varied 

considerably across studies as shown in Supplementary Table 5, with some using criteria that 

included at least one level that aligned with minimum compliance to physical 

activity18,22,23,40, sleep duration18 40 sedentary behaviour guidelines.40 However, several 

studies classified behaviours in ways that didn’t appear to align with any specific 

recommendations for physical activity24, sleep duration38 25. The single study examining 

sleep quality did not detail the rationale for the classification used23. A single study 

specifically examined muscle strengthening activity as a separate exposure group18 , although 

two studies included some measure of muscle strengthening in their assessment of physical 

activity39. Supplementary Table 6 provides the association between each exposure and each 

outcome for all included studies.  

 

 

 

Qualitative summary 

Bayan-Bravo et al., used principal components analysis to identify patterns of physical 

activity, sedentary behaviour, and sleep duration. Two behavioural patterns were identified, 

one characterised by low levels of physical activity, high levels of sedentary behaviour and 

long sleeping time (“sedentary and non-active”); a second, characterised by higher levels of 

physical activity and low sedentary behaviour without any sleep duration pattern (“active and 

non-sedentary”). Relative to quartile 1 (i.e., least sedentary) of the sedentary and non-active 
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pattern, only quartiles three and four were associated with increased all-cause mortality risk 

mortality risk, indicating that lower activity levels, higher sedentary and longer sleep 

durations are associated with increased all-cause mortality risk mortality risk. Relative to 

quartile 1 (i.e., most active) of active and non-sedentary pattern, only quartiles three and four 

were associated with reduced all-cause mortality risk mortality risk (quartile 3: HR=0.83; 

quartile 4: HR=0.68), indicating that higher activity levels and lower higher sedentary 

behaviours are associated with reduced mortality risk.  

 

Using five sleep duration categories (<6, 6-6.5, 6.6-7.4, 7.5-8.0, >8.0) Bellavia et al., 

examined the association between sleep duration with all-cause mortality risk mortality risk 

stratified across physical activity tertiles. Across all physical activity tertiles, relative to mid 

(6.6-7.4) sleep duration the shortest sleep duration category was associated with increased 

all-cause mortality risk (HR = 1.21 – 1.48), and risks increased with decreasing physical 

activity levels. Only the longest sleep duration (>8.0) was associated with increased mortality 

risk in the lowest tertile of activity (HR = 1.24). 

 

Clarke et al., examined compliance with the Canadian 24-hour movement guidelines for 

physical activity, sedentary and sleep behaviour by examining the number of behaviours an 

individual met the guidelines for (i.e., 0 – 3 guidelines met). Relative to not meeting any 

guidelines, there were inconsistent associations observed between the number of guidelines 

met and all-cause mortality risk with some evidence that a greater number of guidelines met 

was associated with reduced mortality risk, and these associations appeared to depend on if 

accelerometer or self-reported screen time was assessed.  
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Duncan et al., 43 examined the joint associations between joint categories of physical activity 

and insomnia symptoms and the onset of poor mental health based on symptoms of 

depression and anxiety. Relative to the High Physical Activity and No Insomnia Symptoms 

group, any activity level in combination with insomnia symptoms was associated with 

increased odds of poor mental health, as was low physical activity in combination with no 

insomnia symptoms. Among those with insomnia symptoms, the odds of poor mental health 

increased with decreasing physical activity levels43. A similar pattern of observations was 

also observed when examining joint exposures of physical activity and sleep disturbance 

which was classified as the presence of insomnia symptoms and short sleep duration (<7 hrs 

per night) (Supplementary Table 5).  

 

Huang et al. 22 examined the joint associations between physical activity and a composite 

sleep score comprised of sleep duration, chronotype, insomnia symptoms, snoring and 

daytime sleepiness with the risk of all-cause mortality, cancer, CVD coronary heart disease, 

haemorrhagic stroke, ischaemic stroke, and lung cancer related mortality. Relative to the 

High Physical Activity and Healthy Sleep Score, the risk of all-cause mortality increased 

with poorer sleep across all physical activity levels and the risks were greatest among adults 

classified as doing no physical activity. This pattern of associations was relatively consistent 

when examining CVD mortality and total cancer mortality, however there was no discernible 

pattern when examining coronary heart disease, haemorrhagic stroke, ischaemic stroke, and 

lung cancer, where only the combination of no physical activity and poor sleep was 

consistently associated with increased risk.  

 

Keadle et al., 39 examined the association between a physical behaviour score and the risk of 

all-cause, CVD, cancer and other mortality (Table 1). The overall physical behaviour score 
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was classified into quintiles, and relative to the lowest (i.e., poorest behaviour) the risks of all 

outcomes examined reduced with increasing quintiles of behaviour. This suggests that as 

overall behaviour improved, mortality risks reduced. Keadle et al., 39 also examined 

associations between a 10-unit increase in the physical behaviour score and all-cause 

mortality stratified by sex, age category (i.e., younger, older based on median split), self-rated 

health status (Excellent, Very Good, Good, Fair) and BMI (obese, overweight, normal 

weight), showing that across all strata a 10-unit increase was associated with reduced 

mortality risk.  

 

Shen et al., 37 examined the association between categories of sleep duration per night (<6hr, 

6-<8 hr, 8-<9 hrs, ≥9 hrs) and cancer incidence stratified across physical activity levels (Low, 

Medium/High) and also stratified by sitting time (<2hrs, 2-4 hrs, 4-6 hrs, >6 hrs). Relative to 

8-<9 hrs of sleep, there was no association between any sleep duration category among the 

Low active group, and only the shortest (<6 hrs; HR = 2.32) and longest (≥9 hrs; HR = 2.10) 

sleep durations were associated with cancer incidence among the Medium/High active group. 

Within the four strata of sitting time, only the shortest (<6 hrs; HR = 1.65) sleep duration was 

associated with cancer incidence in the <2 hrs sitting time.  

 

Quantitative summary 

The meta-analysis included five studies18,23,24,26,38 , contributing a total of six effect sizes as 

one study reported associations stratified by gender38. All studies used a reference category of 

“high physical activity and mid sleep duration” (High PA & Mid Sleep), and examined 

physical activity in combination with short sleep duration or mid sleep duration, only four 

studies 18,23,26,38 examined physical activity in combination with long sleep duration. Relative 

to High PA & Mid Sleep, High PA and Short Sleep was not associated with risk of all-cause 
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mortality (RR=1.05, 95% CI=0.97, 1.14; p= 0.255; I2 = 35%; N=6; Figure 2) however Low 

PA and Short Sleep (RR = 1.42, 95% CI = 1.24, 1.63 p = <0.001; I2 = 84%; N = 6; Figure 3), 

Low PA and Mid Sleep (RR = 1.30, 95% CI = 1.12, 1.52 p = <0.001; I2 = 90%; N = 6 ; 

Figure 4), High PA and Long Sleep (RR = 1.16, 95% CI = 1.01, 1.32 p = 0.033; I2 = 14%; N 

= 5 ; Figure 5), and Low PA and Long Sleep were associated with risk of all-cause mortality 

(RR = 1.63, 95% CI = 1.21, 2.20 p = 0.001; I2 = 92%; N = 5; Figure 6). Figure 8 7 illustrates 

the pooled estimates for each exposure category.  

 

Discussion 

The systematic review summarised prospective cohort studies that examined the association 

between joint categories of physical activity and sleep, sedentary behaviour and sleep or 

physical activity, sedentary and sleep with the risk of diabetes, CVD, poor mental health, and 

mortality in adults. Results of the meta-analysis suggest that high levels of physical activity 

may offset all-cause mortality risks associated with short sleep durations, yet low levels of 

physical activity in combination with either short, mid or long sleep duration increase all-

cause mortality risk, as does high physical activity in combination with long sleep duration. 

The qualitative summary of studies not included in the meta-analysis also provided some 

evidence that low physical activity in combination with number of different indicators of 

poor sleep increased risk of adverse health outcomes. Twelve studies were included; the 

majority examined associations between physical activity and sleep duration with all-cause 

mortality risk. The diversity of exposure combinations and outcomes examined limited the 

ability to draw conclusions on the association between these behaviours and health outcomes. 
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This review included 12 prospective studies with adults which is an increase on the two 

prospective studies44,45 included in a 2021 review that required studies to examine either 

compliance with the Canadian 24-hr Movement Guidelines or apply either isotemporal 

substitution analyses.3 As such this review offers a unique insight on how combinations of 

physical activity, sedentary behaviour and/or sleep and sedentary behaviour are associated 

with the risk of future adverse health outcomes. Specifically, the meta-analysis of five studies 

suggests that relative to the high physical activity and mid sleep duration groups (except for 

high levels of physical activity combined with short sleep duration) all other combinations of 

low or high physical activity with short, mid or long sleep duration increase all-cause 

mortality risk. Notably, low levels of physical activity in combination with either short (RR = 

1.42) or long sleep duration (RR = 1.62) are associated with the greatest all-cause mortality 

risks, whereas high levels of physical activity either fully or partially offset the risks of short 

and long sleep. These meta-analytic results are consistent with the results of several 

individual studies included in the meta-analysis18,38  and suggests that interventions that target 

both physical activity and sleep in combination may warranted.20,22,43,46,47 There was some 

evidence of a U-shaped relationship between sleep duration and all-cause mortality risk 

which is consistent with evidence from meta-analyses that examine sleep duration as a 

separate risk factor 30,31, with the magnitude of these relationships greater among those in the 

low physical activity strata.  

 

The results of this review highlight several research gaps. Specifically, that most research to 

date has examined joint combinations between total the duration of leisure time physical 

activity and sleep duration in relation to all-cause mortality risk, and there is limited 

understanding of how combinations of other dimensions physical activity, sedentary 

behaviour and sleep physical activity, sleep, and sedentary behaviour are associated with all-
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cause mortality risk.22-26,37,39,43 Physical activity (e.g., frequency, intensity, type [aerobic, 

muscle strengthening activity], domain [recreational, occupational, transport, household]), 

sedentary behaviour (e.g., type [screen time, reading, educational, occupational]) and sleep 

(e.g., duration, timing, quality, satisfaction) can be characterised by multiple 

dimensions.16,17,48 Research examining these behaviours as separate risk factors demonstrates 

that the different dimensions may have differing effects on health49-51 but it is unknown how 

the combinations of these different behavioural dimensions influence health. Given the 

interdependence of physical activity, sedentary and sleep behaviours7,16 where data are 

available future studies are encouraged to consider activity-sleep patterns that consider all of 

these behaviours and to use multiple dimensions of each behaviour as exposures. This likely 

requires integrating these multiple dimensions using approaches that can accommodate 

variables measured using different metrics (i.e., time, frequency, quality) such as the use of 

overall composite scores (e.g., 17,39)  or other methods (e.g., latent class analyses e.g., 16). This 

will provide greater understanding of how overall activity-sleep patterns influence health 

outcomes. Within the range of health outcomes examined in this review, there was limited 

evidence examining combinations of physical activity, sleep and/or sedentary behaviours and 

outcomes other than all-cause mortality22-26,37,39,43. In most cases, specific combinations of 

behaviour were examined in relation to health outcomes in a single study. Finally, well 

established sociodemographic disparities exist in physical activity, sedentary and sleep 

behaviours52 and also chronic disease risks53. All studies adjusted for a variety of potential 

sociodemographic confounders and only two studies examined,38,39 examining how health 

risks of specific behavioural combinations varied according to socio-demographic 

characteristics, which can be useful in identifying higher risk groups and priority intervention 

groups. Only a single study included device-based measures of behaviours,40 with remaining 

studies utilising self-report measures of all behaviours which have inherent limitations.  
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Limitations of the current review include only including studies published in English, the  

health outcomes examined, and the exclusion of studies using isotemporal substitution or 

compositional data analysis approaches to minimise overlap with prior reviews.14,15 Studies 

examining positive aspects of mental health were omitted which is also a limitation of the 

review.  Studies adjusted for a variety of potential confounders in their analyses, however 

studies that experimentally manipulate physical activity, sedentary and sleep behaviours is 

are needed to more clearly understanding how improving overall activity-sleep patterns can 

influence health. Experimental studies manipulating various dimensions of physical activity, 

sleep and sedentary behaviour are necessary to improve understanding of how these 

behaviours jointly influence health and will be particularly useful to help account for 

potential confounding that may be present in prospective studies (i.e., residual confounding in 

the relationship between sleep duration and mortality 54) and inform the development of 

future public health guidelines. Withstanding these limitations, from the perspective of 

minimising all-cause mortality risk, it appears beneficial for adults to engage in higher levels 

of physical activity and also obtain “mid” sleep durations - which likely correspond with 

other sleep duration recommendations.8,55 As noted, earlier, all-cause mortality risks 

associated with “short” and “long” sleep appear to be reduced among adults engaging in high 

levels of physical activity. These observations have important potential implications for 

public health guidelines related to physical activity and sleep. The underlying mechanisms 

linking combinations of physical activity, sedentary behaviour and sleep with health 

outcomes examined in this review are unclear, and experimental studies will be useful in 
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clarifying these. Possible pathways linking these patterns of behaviour to these adverse health 

outcomes likely overlap and include disruptions to the endocrine system, hormones, 

inflammation and oxidative stress, blood pressure and cardiometabolic health.56-60 

 

Conclusions 

There is some evidence that higher levels of physical activity may offset all-—cause 

mortality risks associated with short sleep duration, and that . while mortality risks remain 

elevated among combinations of low activity and short sleep duration, and any level of 

activity combined with long sleep duration. There is a paucity of evidence examining other 

non-duration dimensions of activity, sedentary and sleep behaviours combine to influence 

future health status. Available evidence is dominated by research using all-cause mortality as 

the outcome, and as a consequence there is currently limited evidence of how combinations 

of these behaviours are prospectively associated with risk of other health outcomes.  
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Figure 1.  Number of times each combination of exposures has been examined in relation to 
outcomes 
 
Notes: Studies where the same exposure was examined in separate population groups (i.e., Male & 
Female) were treated as multiple studies. MVPA and Sed. Time are measured via accelerometer.  

 

 

 

Figure 2. Domain of physical activity, sleep and sedentary behaviour assessed  

Note. 1 MVPA – Moderate to vigorous intensity physical activity. 2 assessed using waist worn 
accelerometer. 3. sleep disturbance defined as the presence of insomnia symptoms and short sleep 
duration. 4 Sleep Score assessed as the combination of sleep duration, chronotype, insomnia 
symptoms, snoring and daytime sleepiness.  
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Figure 1.  Number of times each combination of exposures has been examined in relation to 
outcomes 
 

Figure 32.  Meta-analysis of high physical activity & short sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality.   

 

 

Figure 43.  Meta-analysis of low physical activity & short sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality. 

 

Figure 54.  Meta-analysis of low physical activity & mid sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality. 

 

Figure 65.  Meta-analysis of high physical activity & long sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality. 

 

Figure 76.  Meta-analysis of low physical activity & long sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality.   

 

Figure 87.  Summary of pooled effect sizes from meta-analyses of physical activity and sleep duration 
with all-cause mortality. 
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Figure 1.  Number of times each combination of exposures has been examined in relation to 
outcomes

 

Notes: Studies where the same exposure was examined in separate population groups (i.e., Male 
& Female) were treated as multiple studies. MVPA and Sed. Time are measured via 
accelerometer. Sitting time is multi-domain sitting time (incl. eating, radio, TV, reading, sewing, 
driving).  
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Figure 2.  Meta-analysis of high physical activity & short sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality.  
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Figure 3.  Meta-analysis of low physical activity & short sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality. 
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Figure 4.  Meta-analysis of low physical activity & mid sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality. 
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Figure 5.  Meta-analysis of high physical activity & long sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality. 
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Figure 6.  Meta-analysis of low physical activity & long sleep duration relative to high physical 
activity & mid sleep duration with all-cause mortality.  
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Figure 7.  Summary of pooled effect sizes from meta-analyses of physical activity and sleep 
duration with all-cause mortality. 
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Supplementary table 1: Scopus search strategy 

# Searches 
1 
 

( ( TITLE-ABS-KEY ( "physical activit*"  OR  exercise  OR  "aerobic exercise" OR "resistance 
training"  OR  "weight training"  OR  "physically active"  OR  walking  OR  fitness  OR  "active 
transport"  OR  "energy expenditure" OR “muscl* strength*” ) ) 

2 
 

( TITLE-ABS-KEY ( “physical inactivity”  OR  sitting  OR  standing  OR  "television viewing"  
OR  "computer use"  OR  "screen time"  OR  sedentar* ) ) ) 

3 ( ( TITLE-ABS-KEY ( ( "prospective study" )  OR  ( "observational study" )  OR  ( "cohort 
studies" )  OR  ( "longitudinal studies" )  OR  ( "follow-up studies" ) )  

4 ( TITLE-ABS-KEY ( adult* ) ) 

5 ( TITLE-ABS-KEY ( "sleep health"  OR  "sleep duration"  OR  "sleep quality"  OR  "sleep 
satisfaction"  OR  "sleep timing"  OR  "sleep efficiency"  OR  "sleep difficulty"  OR  "sleep 
disturbance"  OR  alertness  OR  "daytime sleepiness"  OR  insomnia  OR  "early morning 
awakening"  OR  "sleep wake disorders"  OR  "difficulty maintaining sleep"  OR  "sleep apn?ea"  
OR  "obstructive sleep apn?ea"  OR  sleep*  OR  "sleep disorders"  OR  "sleep latency"  OR  
arousals  OR  awakenings ) ) 

6 ( ( TITLE-ABS-KEY ( "all-cause mortality" )  OR  TITLE-ABS-KEY ( mortal* )  OR  TITLE-
ABS-KEY ( morbid* )  OR  TITLE-ABS-KEY ( death )  OR  TITLE-ABS-KEY ( fatal* ) ) ) 

7 
 

( TITLE-ABS-KEY ( "cardiovascular disease"  OR  "coronary heart disease"  OR  "coronary 
artery disease"  OR  "coronary diseases"  OR  "myocardial ischemia"  OR  stroke ) ) 

8 
 

( ( TITLE-ABS-KEY ( cancer  OR  "cancer survivors"  OR  survivorship  OR  "disease-free"  
OR  neoplasm  OR  carcinoma  OR  tumo?r  OR  "prostate cancer"  OR  "colorectal cancer"  OR  
"breast cancer" ) ) 

9 
 

( TITLE-ABS-KEY ( depress*  OR  "depressive disorder"  OR  dysthymia  OR  anxiety  OR  
anxious  OR  "mental illness"  OR  "mental health" ) ) ) 

10 
 

( TITLE-ABS-KEY ( "diabetes mellitus"  OR  "type 2 diabetes"  OR  diabetes  OR  "non-
insulin-dependent mellitus" ) ) 

11 
 

3 and 4  

12 
 

6 or 7 or 8 or 9 or 10 
 

13 
 

1 and 5 
 

14 2 and 5  
 

15 
 

11 and 12 and 13  
 

16 
 

11 and 12 and 14  
 

17  
 

11 and 12 and 1 and 2 and 5  
 

 

Supplementary table 2: Medline and EMBASE search strategy 



# Searches 
1 (physical activit* or exercise or aerobic exercise or resistance training or weight training or 

physically active or walking or fitness or active transport or energy expenditure or muscl* 
strength*).tw. 

2 (physical inactivity or sitting or standing or “television viewing” or “computer use” or “screen 
time” or sedentar*).tw. 

3 (prospective study or observational study or cohort studies or longitudinal studies or follow up 
studies).tw. 

4 adult*.tw. 
5 (sleep health or sleep duration or sleep quality or sleep satisfaction or sleep timing or sleep 

efficiency of sleep difficulty or sleep disturbance or alertness or daytime sleepiness or insomnia 
or early morning awakening or sleep wake disorders or difficulty maintaining sleep or sleep 
apn?ea or obstructive sleep apn?ea or sleep* or sleep disorders or sleep latency or arousals or 
awakenings).tw. 

6 (all-cause mortality or mortal* or morbid* or death or fatal*).tw.  
7 (cardiovascular disease or coronary heart disease or coronary artery disease or coronary 

diseases or myocardial ischemia or stroke).tw. 
8 (cancer or cancer survivors or survivorship or disease-free or neoplasm or carcinoma or tumo?r 

or prostate cancer or colorectal cancer or breast cancer).tw. 
9 (dep* or depressive disorder or dysthymia or anxiety or anxious or mental illness or mental 

health).tw. 
10 (diabetes mellitus or type 2 diabetes or diabetes or non-insulin-dependent mellitus).tw. 
11 3 and 4 
12 6 or 7 or 8 or 9 or 10  
13 1 and 5 
14 2 and 5 
15 11 and 12 and 13 
16 11 and 12 and 14 
17 11 and 12 and 1 and 2 and 5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary table 3: CINAHL search strategy 

# Searches 
1 physical activit* or exercise or aerobic exercise or resistance training or weight training or 

physically active or walking or fitness or active transport or energy expenditure or muscl* 
strength* 

2 physical inactivity or sitting or standing or “television viewing” or “computer use” or “screen 
time” or sedentary* 

3 prospective study or observational study or cohort studies or longitudinal studies or follow up 
4 adult* 
5 sleep health or sleep duration or sleep quality or sleep satisfaction or sleep timing or sleep 

efficiency of sleep difficulty or sleep disturbance or alertness or daytime sleepiness or insomnia or 
early morning awakening or sleep wake disorders or difficulty maintaining sleep or sleep apn?ea 
or obstructive sleep apn?ea or sleep* or sleep disorders or sleep latency or arousals or awakenings 

6 all-cause mortality or mortality or morbidity or death or fatal 
7 cardiovascular disease or coronary heart disease or coronary artery disease or coronary diseases or 

myocardial ischemia or stroke 
8 cancer or cancer survivors or survivorship or disease-free or neoplasm or carcinoma or tumo?r or 

prostate cancer or colorectal cancer or breast cancer 
9 

dep* or depressive disorder or dysthymia or anxiety or anxious or mental illness or mental health 

10 diabetes mellitus or type 2 diabetes or diabetes or non-insulin-dependent mellitus 
11 3 and 4 
12 6 or 7 or 8 or 9 or 10  
13 1 and 2 
14 2 and 5 
15 11 and 12 and 13 
16 11 and 12 and 14 
17 11 and 12 and 1 and 2 and 5  

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary figure 1: Flow diagram of article identification and inclusion in the systematic 
review and meta-analysis 

 

 

 

 

Records identified 
through database 

searching 
(n = 4583) 

SC
R

E
E

N
IN

G
 

IN
C

L
U

D
E

D
 

E
L

IG
IB

IL
IT

Y
 

ID
E

N
T

IF
IC

A
T

IO
N

 

Additional records 
identified through other 

sources 
(n = 5) 

Duplicates removed 
(n = 1363) 

Records screened 
(n = 3225) 

Records excluded 
(n = 3028) 

Full-text articles assessed for 
eligibility (n = 197) 

Full-text articles excluded, 
with reasons 

(n = 185) 
Incorrect exposure (n = 120) 
Incorrect outcome (n = 25) 

Incorrect study design (n = 20) 
Not published peer-reviewed 

article (n = 14) 
Not English language (n = 5) 

Duplicate (n = 1) 

Studies included in 
qualitative synthesis 

(n = 12 studies) 

Studies included in meta-
analyses (n = 5 studies) 



Supplementary table 4: Risk of bias assessment using the Newcastle-Ottawa Scale for cohort studies 

 

 

Study 

Selection Comparability Outcome 

Total 
quality 
score 

Representa
tiveness of 
the 
exposed 
cohort 

Selection 
of non- 
exposed 
cohort 

Ascertainm
ent of 
exposure 
(method) 

Outcome 
of interest was 
not present at 
start of study or 
baseline 
assessment 

Adjusted 
for the 
most 
important 
risk 
factors  

Adjusted 
for other 
risk 
factors 

Assessm
ent of 
outcome 

Follow-up 
length 

Loss to 
follow-up 
rate 

Bayan-Bravo et 
al., 20191 

1 1 0 1 1 1 1 1 1 8 

Bellavia et al,, 
20142 

1 1 0 1 1 1 1 1 0 7 

Chen et al., 20213 1 1 0 1 1 1 1 1 1 8 
Clarke et al., 
20214 

1 1 0 1 1 1 1 1 1 8 

Duncan et al., 
2022a5 

1 1 0 1 1 1 0 1 1 7 

Duncan et al., 
2022b6 

1 1 0 1 1 1 0 1 1 7 

Huang et al., 
20217 

1 1 0 1 1 1 1 1 1 8 

Keadle et al., 
20198 

1 1 0 1 1 1 1 1 1 8 

Liu et al., 20189 1 1 1 1 1 1 1 1 1 9 
Shen et al., 201910 1 1 1 1 1 1 1 0 0 7 
Wennman et al., 
201711 

0 1 0 1 1 1 1 1 1 7 

Xiao et al., 201412 1 1 0 1 1 1 1 1 1 8 
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Supplementary Table 5: Characteristics of the included studies 

Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

Bayan-
Bravo et 
al., 20191 

Spain; 
n= 2851; 
M: 1063 
F: 1815; 
64% 
Female; 
65-97 
years;  
NR  

Sleep 
duration 
 
MVPA 
 
Multi-
domain 
sedentary 
behaviour 
 
 
 

Sleep, 
physical 
activity, 
sedentary 
behaviour 
 
 
 

SR questionnaire 
Nurse’s Health 
Study, Health 
Professionals’ 
Follow-up Study 
 
Total time spent per 
day sleeping or 
lying down 
 
Total time spent per 
week walking and 
participating 15 
other activities, (1-
4, 5-19, 20-59 min 
per week or -1.4, 
1.5-1.9, 2-3.9, 4-
6.9, 7-10 hours per 
week), Total time 
spent per week on 
household activities 
 
Total time spent per 
week in sedentary 
behaviour 

Risk of 
mortality 
associated 
with quartiles 
of adherence 
to sedentary 
and non-active 
pattern  
 
Reference 
group: Q1, 
lowest 
adherence to 
sedentary + 
non-active 
pattern 

11 
years 
 

All-cause 
mortality  

National 
Death Index 
linkage 
 
 

HR: 1.71, 95% 
CI 1.42-2.07  
(Q4, greatest 
adherence to 
sedentary + non-
active pattern) 
 
HR: 0.68, 95% 
CI 0.57 - 0.82 
(Q4, greatest 
adherence to 
non-sedentary + 
active pattern) 
 

Age, sex, 
education, 
marital status, 
living alone, 
tobacco 
consumption, 
alcohol 
consumption, 
body mass 
index, chronic 
diseases, agility 
limitation, 
dependence for 
instrumental 
activities for 
daily living, 
dependence for 
activities of 
daily living, 
other physical 
activity-
sedentary 
behaviour-sleep 
pattern 

Bellavia et 
al., 20142 
 
 

Sweden; 
n= 70,973; 
M: 37,846 
F: 33,127; 

Sleep 
duration 
 
MVPA 

Sleep, 
physical 
activity 

SR questionnaire  
 
Sleep duration per 
day, tertiles <6, 6-

Risk of 
mortality 
associated 
with  

15 
years 
 
 

All-cause 
mortality 
 

Swedish 
National 
Register of 

All-cause 
mortality,  
HR: 1.48, 95% 
CI 1.19 - 1.85 

Sex, age, body 
mass index, 
smoking status 
and pack-years 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

47% F; 
45-83 
years;  
NR 
 
 
 

 
 
 

6.5, 6.6-7.4, 7.5-8 
and >8 hours per 
day; 
Average monthly 
use of sleeping pills 
 
Total time spent per 
day on 
work/occupational 
activities, 
housework, 
walking/bicycling, 
inactive leisure 
time, and 
exercising; tertiles 
of metabolic 
equivalent hours 
per day (<39.3, 
39.3-44.2, >44.2) 
 
 

sleep duration 
and tertiles of 
physical 
activity (MET 
hours per day) 
 
Reference 
group: Sleep 
duration 6.6-
7.4 hours per 
day 

CVD 
mortality  
 
Cancer 
mortality 

Death Causes 
linkage 
 
 

(sleep duration 
<6 hours per day 
+ <39.3 MET 
hours per day, 
shortest sleep 
duration + 
lowest physical 
activity tertile) 
 
HR: 1.24, 95% 
CI 1.11 - 1.39 
(sleep duration 
>8 hours per day 
+ <39.3 MET 
hours per day, 
longest sleep 
duration + 
lowest physical 
activity tertile) 
 
 
CVD mortality,  
HR: 1.45, 95% 
CI 0.85 - 2.22  
(sleep duration 
<6 hours per day 
+ <39.3 MET 
hours per day, 
shortest sleep 
duration + 
lowest tertile of 

of smoking, 
alcohol 
consumption, 
education level 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

physical 
activity) 
 
HR: 1.41, 95% 
CI 1.14 - 1.74 
(sleep duration 
>8 hours per day 
+ <39.3 MET 
hours per day, 
longest sleep 
duration + 
lowest physical 
activity tertile) 
 
Cancer 
mortality,  
HR: 1.39, 95% 
CI 0.89 - 2.17 
(sleep duration 
<6 hours per day 
+ <39.3 MET 
hours per day, 
shortest sleep 
duration + 
lowest tertile of 
physical 
activity) 
 
HR: 0.88, 95% 
CI 0.85 - 1.41 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

(sleep duration 
>8 hours per day 
+ <39.3 MET 
hours per day, 
longest sleep 
duration + 
lowest physical 
activity tertile) 

Chen et 
al., 20213 
 
 

Taiwan; 
n=341,248
; 
M: 164, 
750 
F: 
176,498; 
52% 
female; 
NR; 
39.7 (SD 
13.4) years 
 
 
 

Sleep 
duration 
 
Sleep 
disturbanc
es 
 
Leisure 
time 
physical 
activity 
 
 

Sleep, 
physical 
activity 

SR questionnaires; 
 
Sleep duration, 
h/day,  
<6, 6-8 or >8 hours 
 
Sleep disturbances 
in the last month, 
response options, 
slept well, easily 
awakened, 
difficulty falling 
asleep, and use of 
medication 
 
Leisure time 
physical activity: 
Type, intensity and 
duration of activity, 
MET-hours per 
week (<7.5, 7.5-
14.9, 15.0-29.9, 
≥30.0) 

1. Risk of 
mortality 
outcomes 
associated 
with sleep 
duration 
and 
physical 
activity (12 
combinatio
ns) 
 

Reference 
group: sleep 
duration 6-8 
h/day + 
highest PA 
(>30 MET-
h/wk  

 
2. Risk of 

mortality 
outcomes 

15.0 
(SD 
3.4) 
years 
 
 

All-cause 
mortality 
 
CVD 
mortality 
 
Cancer 
mortality 

Chinese 
cause-of-death 
register 
linkage 

All-cause 
mortality,  
HR: 1.27, 95% 
CI 1.17 - 1.38 
(sleep duration 
<6 hours per day 
+ <7.5 MET 
hours per day, 
shortest sleep 
duration + 
lowest tertile of 
physical 
activity) 
 
HR: 1.34, 95% 
CI 1.21 - 1.48 
(difficulty 
falling asleep + 
lowest tertile of 
physical 
activity) 
 
CVD mortality,  

Physical 
activity, age, 
sex, education, 
marital status, 
smoking, 
alcohol 
consumption, 
fruit and 
vegetable 
intake, physical 
health status 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

 
 
 

associated 
with sleep 
disturbanc
e and 
physical 
activity 
(16 
combinati
ons) 

 
Reference 
group: absence 
of sleep 
disturbances + 
highest PA 
(>30 MET-
hours per 
week 

HR: 1.36, 95% 
CI 1.12 - 1.66 
(sleep duration 
<6 hours per day 
+ <7.5 MET 
h/day, 
shortest sleep 
duration + 
lowest tertile of 
physical 
activity) 
 
HR: 1.57, 95% 
CI 1.23 - 2.00 
(difficulty 
falling asleep + 
lowest tertile of 
physical 
activity) 
 
Cancer 
mortality,  
HR: 1.02, 95% 
CI 0.94 - 1.15 
(sleep duration 
<6 hours per day 
+ <7.5 MET 
hours per day, 
shortest sleep 
duration + 
lowest tertile of 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

physical 
activity) 
 
HR: 1.15, 95% 
CI 0.98-1.35 
(difficulty 
falling asleep + 
lowest tertile of 
physical 
activity) 

Clarke et 
al., 20214 

USA;  
n= 3471; 
M: 1756,  
F: 1715; 
52% 
female; 
NR; 46.6 
years 

Sleep 
duration 
 
MVPA 
 
Sedentary 
behaviour  
 
 

Sleep, 
physical 
activity, 
sedentary 
behaviour 

Sleep duration: 
SR questionnaire, 
hours per day, 
responses rounded 
to nearest hour 
 
MVPA: 
accelerometry, 7 
days 
 
Sedentary 
behaviour: 
accelerometry, 7 
days, minutes 
where activity 
count was <100, 
Screen time: SR 
questionnaire, 
hours per day over 
past 30 days 
watched TV/videos 

Risk of all-
cause 
mortality 
associated 
with meeting 
or not meeting 
the Canadian 
24-hour 
Movement 
Guideline 
recommendati
ons 

9.4 
years 

All-cause 
mortality 

National 
Death Index, 
Social 
Security files, 
and NHANES 
mortality file 
linkage 

HR: 0.72, 95% 
CI 0.34 - 1.15 
(meeting sleep, 
physical activity 
and sedentary 
behaviour 
recommendation
s) 

Age, sex, 
race/ethnicity, 
education, 
poverty-to-
income ratio, 
BMI, smoking 
status, alcohol 
consumption, 
diet quality 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

 
Categorised as Yes 
or No for meeting 
the Canadian 24-h 
Movement 
Guideline 
recommendations 

Duncan et 
al., 2022a5 
 

USA; 
n= 
282,473; 
M: 82,690 
F: 
100,101; 
55% 
female; 
18-84 
years; 
NR 

Sleep 
duration 
 
Leisure 
time 
physical 
activity 
 

Sleep, 
physical 
activity 

SR questionnaire 
 
Sleep duration: 
Hours per day 
Categorised as 
recommended 
sleep, short sleep, 
or long sleep, based 
on age-specific 
guidelines from 
National Sleep 
Foundation 
 
Leisure time 
physical activity: 
Duration and 
frequency of light, 
moderate or 
vigorous intensity 
aerobic physical 
activity per week 
(≥10 mins in 
duration); 

Risk of all-
cause 
mortality 
associated 
with sleep 
duration and 
physical 
activity (12 
combinations) 

 
Reference 
group: 
Active-
Recommended 
(meeting 
recommended 
sleep duration 
+ aerobic and 
muscle 
strengthening 
activity 
guidelines) 
 

5.4 
years 

All-cause 
mortality 
 
 

National 
Death Index 
linkage 

HR: 1.08, 95% 
CI 0.92 - 1.26  
(Active-Short) 
 
HR: 1.40, 95% 
CI 1.11 - 1.77 
(Active-Long) 
 
HR: 1.21, 95% 
CI 1.09 – 1.34 
(AER-Rec) 
 
HR: 1.28, 95% 
CI 1.14 - 1.44 
(AER-Short) 
 
HR: 1.54, 95% 
CI 1.34 – 1.76 
(AER-Long) 
 
HR: 1.56, 95% 
CI 1.36 - 1.80 
(MSA-Rec) 
 

Age, sex, BMI, 
race and 
ethnicity, 
education, 
employment 
classification, 
smoking status, 
alcohol 
consumption, 
self-rated health, 
prior diagnosis 
of chronic 
diseases 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

Number of times 
performed muscle 
strengthening 
activity 
Categorised as 
active, aerobic 
(AER), muscle 
strengthening 
activity (MSA), or 
inactive 
 

HR: 1.43. 95% 
CI 1.17 – 1.76 
(MSA-Short) 
 
HR: 2.32, 95% 
CI 1.85 – 2.91 
(MSA-Long) 
 
HR: 1.68, 95% 
CI 1.53 – 1.84 
(Inactive-Rec) 
 
HR: 1.59, 95% 
CI 1.43 – 1.76 
(Inactive-Short) 
 
HR: 2.20, 95% 
CI 1.99 – 2.44 
(Inactive-Long) 

Duncan et 
al., 2022b6 
 

Australia; 
n= 10,977; 
M: 5298 
F: 5679; 
52% 
female; 
≥18 years; 
48.8 (16.4) 
years 

Insomnia 
symptoms 
 
MVPA 

Sleep, 
physical 
activity 

SR questionnaire 
 
Insomnia 
symptoms: 
1. Frequency in 

last month of 
trouble 
sleeping 

2. Subjective 
sleep quality 

Categorised as 
insomnia symptoms 

Association 
between 
insomnia 
symptoms and 
physical 
activity with 
onset of poor 
mental health 
 
Reference 
group: 

5 years Poor 
mental 
health 

Mental Health 
Inventory 
(MHI-5) 

OR: 1.00, 95% 
CI 0.89 – 1.13 
(No insomnia + 
moderate 
physical activity 
 
OR: 1.14, 95% 
CI 1.01 – 1.29 
(No insomnia + 
low physical 
activity) 
 

Sex, age, marital 
status, income, 
education, 
employment, 
smoking, 
alcohol, dietary 
quality score, 
BMI, sleep 
duration, 
chronic disease 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

(trouble sleeping + 
poor subjective 
sleep quality), or no 
insomnia symptoms 
(no symptoms) 
 
MVPA: 
IPAQ-SF, 
frequency and 
duration of walking 
moderate and 
vigorous intensity 
physical activity in 
last week, 
MET-minutes and 
total physical 
activity per week 
classified and low 
physical activity, 
moderate physical 
activity or high 
physical activity 
categorised 

No insomnia 
symptoms + 
high physical 
activity 

OR: 1.87, 95% 
CI 1.57 – 2.23 
(Insomnia + 
high physical 
activity) 
 
OR: 1.93, 95% 
CI 1.61 – 2.31 
(Insomnia + 
moderate 
physical 
activity) 
 
OR: 2.33, 95% 
CI 1.96 – 2.78 
(Insomnia + low 
physical 
activity) 

Huang et 
al., 20217 

UK; 
n=380,055
; 
M: 
171,315 
F: 
208,740; 

Sleep 
health 
 
MVPA 
 
 
 

Sleep, 
physical 
activity 

SR questionnaire 
 
Sleep health: 
composite score out 
of 5 based on 
chronotype, sleep 
duration, insomnia, 
snoring and 

Risk of 
mortality 
outcomes 
associated 
with sleep 
health and 
physical 

11.1 
years 
 
 

All-cause 
mortality 
 
Total 
CVD 
mortality 
 

Linkage with 
national 
datasets from 
the National 
Health Service 
(NHS) 
Information 
Centre and 

All-cause 
mortality, 
HR: 1.57, 95% 
CI 1.35, 1.82 
(poor sleep 
health + no 
physical 
activity) 

Age, sex, body 
mass index, 
socioeconomic 
status, vegetable 
and fruit intake, 
sedentary 
behaviour, 
mental health 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

55% 
female; 
NR; 
55.9 (SD 
8.1) years 
 
 

daytime sleepiness. 
Categorised as 
healthy sleep (≥4), 
intermediate (2-3), 
or poor sleep health 
(≤1) 
 
Physical activity: 
International 
Physical Activity 
Questionnaire short 
form.  
Categorised as 
none (0 MET-
minutes per week), 
low (0 to <600 
MET-mins per 
week), medium 
(600 to <1200 
MET-mins per 
week), and high 
(≥1200 MET-mins 
per week) 
 
 

activity (12 
combinations) 
 
Reference 
group: healthy 
sleep and high 
physical 
activity 

CVD 
subtype 
mortality 
(coronary 
heart 
disease, 
haemorrha
gic stroke, 
ischaemic 
stroke) 
 
Total 
cancer 
mortality  
 
Lung 
cancer 
mortality 

NHS Central 
Register 
Scotland 

 
Total CVD,  
HR: 1.67, 95% 
CI 1.27, 2.19  
(poor sleep 
health + no 
physical 
activity) 
 
Coronary heart 
disease, 
HR: 1.59, 95% 
CI 1.07, 2.37 
(poor sleep 
health + no 
physical 
activity) 
 
Hemorrrhagic 
stroke, 
HR: 1.63, 95% 
CI 0.60, 4.44 
(poor sleep 
health + no 
physical 
activity) 
 
Ischaemic stroke 
HR: 2.96, 95% 
CI 1.43, 6.11 

issues, cigarette 
smoking, 
employment 
status, alcohol 
consumption 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

(poor sleep 
health + no 
physical 
activity) 
 
Total cancer 
mortality,  
HR: 1.45, 95% 
CI 1.18, 1.77 
(poor sleep 
health + no 
physical 
activity) 
 
Lung cancer 
mortality,  
HR: 1.91, 95% 
CI 1.30, 2.81 
(poor sleep 
health + no 
physical 
activity) 

Keadle et 
al., 20198 

USA; 
N=163,01
6 
NR; 
Q1 55%, 
Q2 57%, 
Q3 60%, 
Q4 61%, 

Sleep 
duration 
 
Leisure 
time 
physical 
activity 
 

Sleep, 
physical 
activity, 
sedentary 
behaviour  

SR questionnaire 
 
Sleep duration, 
hours per day, 
categorised as <5 
h/day, 5-7 h/day, 7-
8 h/day, >9 h/day 
 

Risk of 
mortality 
outcomes 
associated 
with physical 
behaviour 
score 
(quintiles) 
 

6.6 
years 

All-cause 
mortality 
 
CVD 
mortality 
 
Cancer 
mortality 
 

Social 
Security 
Administratio
n Death 
Master File 
and the 
National 
Death Index 
linkage 

All-cause 
mortality, 
HR: 0.53. 95% 
CI 0.49, 0.57 
(Q5, lowest risk 
of survival) 
 
CVD mortality, 

Age, sex, 
education, 
smoking history, 
race, overall 
health, BMI, 
depression, 
heart disease 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

Q5 61% 
female; 
NR; 
Q1 71 
years, 
Q2 71 
years,  
Q3 70 
years,  
Q4 70 
years, Q5 
70 years 
 
 

Multi-
domain  
sedentary 
behaviour  
 
 

Leisure time 
physical activity: 
Time spent per 
week in last 12 
months in 16 
activities, 0, 15 
min, 30 min, 1 h, 
1.5 h, 2-3 h, 4-6 h, 
7-10 h, >10 h. 
MET-h/day 
calculated 
 
Sedentary 
behaviour: 
Hours per day spent 
sitting in last 12 
months, 0, <3 
hours, 3-4 hours, 5-
6 hours, 7-8 hours, 
9-10 hours, 11-12 
hours, >12 hours. 
 
Physical behaviour 
score developed, 
ranging from 0 to 
100, that integrated 
different types and 
intensities of sleep, 
physical activity 
and sedentary 
behaviours (0 = 

Reference 
group: 
Quintile 1 
(highest risk of 
survival) 

Other 
mortality 
 

HR: 0.42, 95% 
CI 0.37, 0.48 
(Q5, lowest risk 
of survival) 
 
Cancer 
mortality, 
HR: 0.75, 95% 
CI 0.68, 0.85 
(Q5, lowest risk 
of survival) 
 
Other mortality, 
HR: 0.42, 95% 
CI 0.36, 0.48 
(Q5, lowest risk 
of survival) 
 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

highest risk of 
survival, 100 = 
lowest risk of 
survival) 
 
Quintile cut-offs: 
Q1 0-66.47, Q2 
>66.47-73.63, Q3 
>73.63-79.03, Q4 
>79.03-84.85, Q5 
>85.85 

Liu et al., 
20189 

China; 
n=17,184;  
M: 6,788 
F: 10,396; 
60% 
female; 
≥18 years; 
NR 
 

Sleep 
duration  
 
Occupatio
nal 
physical 
activity  
 
 

Sleep, 
physical 
activity 

SR questionnaire 
 
Sleep duration: 
hours per day 
during past month, 
<6.5, 6.5-7.5, 7.5-
8.5, 8.5-9.5, ≥9.5  
 
Sleep/OSA 
Polysomnography 
OSA: non-OSA, 
mild, moderate, or 
severe 
 
Occupational 
physical activity: 
International 
Physical Activity 
Questionnaire, 

Association 
between sleep 
duration and 
physical 
activity, and 
all-cause 
mortality 
 
Reference 
group: 6.5-7.5 
hours of sleep 
per day  

6 years 
 
 

All-cause 
mortality  

Death data 
from 
interviews 
with family 
members and 
ascertained via 
the local 
Centres for 
Disease 
Control and 
Prevention 
 

HR: 1.35, 95% 
CI 0.88, 2.08 
(sleep duration 
<6.5 hours per 
day + low 
physical 
activity) 
 
HR: 1.46, 95% 
CI 0.86, 2.47 
(sleep duration 
<6.5 hours per 
day + high 
physical 
activity) 
 
HR: 1.48, 95% 
CI 1.03 - 2.12 
(sleep duration 
≥9.5 hours per 

Sex, age, marital 
status, education 
level, monthly 
income, 
smoking status, 
alcohol, tea 
drinking, body 
mass index, 
systolic blood 
pressure, fasting 
plasma, glucose, 
triglycerides, 
high-density 
lipoprotein 
cholesterol 
levels 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

categorised as low, 
moderate, or high  
 

day + low 
physical 
activity) 
 
HR: 1.23, 95% 
CI 0.81 - 1.87 
(sleep duration 
≥9.5 hours per 
day + high 
physical 
activity) 

Shen et al., 
201910 

USA; 
n=10,802; 
M: 2165 
F: 8637; 
80% 
female; 
20-60 
years; NR 
 
 

Sleep 
duration 
 
Physical 
activity 
(undefined
) 
 
Sedentary 
behaviour 

Sleep, 
physical 
activity 
 
Sleep, 
sedentary 
behaviour 

SR questionnaire 
(via structured 
interview) 
 
Physical activity, 
undefined: 
categorises as low, 
medium and high 
 
Sleep duration:  
Hours per night, 
categorised as <6, 
6-8, 8-9, ≥9  
 
Sitting time: 
Hours per day, <2, 
2-4,4-6, >6  
 

Association 
between sleep 
duration and 
cancer risk 
stratified by 
physical 
activity level 
 
Association 
between sleep 
duration and 
cancer risk 
stratified by 
sitting time 

NR 
 
Followe
d-up 
annuall
y 

Incidence 
of cancer  
 

Annual phone 
call to update 
on new cancer 
diagnoses 
 
Confirmed 
diagnosis via 
Texas Cancer 
Registry 

HR: 1.16, 95% 
CI 0.81, 1.65 
(sleep duration 
<6 hours per day 
+ low physical 
activity) 
 
HR: 0.93, 95% 
CI 0.62 - 1.41 
(sleep duration 
≥9 hours per day 
+ low physical 
activity) 
 
HR: 1.68, 95% 
CI 0.75, 3.78 
(sleep duration 
<6 hours per day 
+ sitting time >6 
hours) 

Birthplace, 
language 
acculturation, 
age, sex, marital 
status, education 
level, smoking 
status, drinking 
status, sitting 
time, and BMI 
category 
 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

 
HR: 1.03, 95% 
CI 0.44 - 2.39 
(sleep duration 
≥9 hours per day 
+ sitting time >6 
hours) 

Wennman 
et al., 
201711 

Finland; 
N= 1638; 
M: 1638; 
0% 
female; 
NR;  
55 years 
 
 

Sleep 
duration 
 
Sleep 
quality 
 
Leisure 
time 
physical 
activity 
 

Sleep, 
physical 
activity 

SR questionnaire 
 
Sleep duration: 
h/day, (≤ 6 hours, 
6.5, 7, 7.5, 8, 8.5, 9, 
9.5, and ≥ 10, 
categorised as short 
sleep (<6.5 h hours 
per day), mid sleep 
(6.5, 7, 7.5, 8, 8.5 
hours per day), and 
long sleep (9, 9.5, 
≥10 hours per day) 
 
Sleep quality: 
Usual sleep quality, 
well, fairly well, 
fairly poor, poorly, 
cannot say, 
categorised as good 
sleep (fairly well 
and fairly poorly), 
and Poor sleep 
 

Association 
between sleep 
duration and 
all-cause 
mortality 
stratified by 
leisure time 
physical 
activity 
 
Association 
between sleep 
quality and all-
cause 
mortality 
stratified by 
leisure time 
physical 
activity 

26 
years 

All-cause 
mortality 

Population 
Register of 
Finland; 
Statistics 
Finland 

HR: 1.49, 95% 
CI 1.05, 2.11 
(short sleep 
duration + 
insufficient 
physical 
activity) 
 
HR: 0.80, 95% 
CI 0.58 - 1.11 
(long sleep 
duration + 
insufficient 
physical 
activity) 
 
HR: 1.46, 95% 
CI 0.94, 2.27 
(poor sleep 
quality + 
insufficient 
physical 
activity) 
 

FA model: 
history of sports, 
SES variables, 
other lifestyles, 
sleep 
medication, 
chronic disease 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

Leisure time 
physical activity: 
MET mins per 
week, categorised 
as insufficient 
(<450), and 
sufficient (>450) 

 
 

Xiao et al., 
201412 

USA; 
n=239,896
; 
NR;  
<5 hours 
sleep 
duration 
52% 
female, 
5-6 hours 
sleep 
duration 
45% 
female,  
7-8 hours 
sleep 
duration 
43% 
female, 
≥9 hours 
sleep 
duration 
45% 
female; 

Sleep 
duration 
 
MVPA 
 
TV 
watching 
 
 
 

Sleep, 
physical 
activity, 
sedentary 
behaviour 

SR questionnaire 
 
Sleep duration: 
h/night in past year, 
<5, 5-6, 7-8, ≥9, 
Dichotomised as 
unhealthy (≤6 
h/night) and 
healthy (≥7 hours 
per night) 
Duration ≥9 hours 
per day excluded 
 
Napping during the 
day: Hours per day 
in past year, none, 
<1, 1-2, 3-4, ≥5 
 
Physical activity: 
frequency/duration 
of MVPA per week 
in the last 10 years, 
never, rarely, <1, 1-
3, 4-7, >7, 

Association 
between sleep 
duration, 
MVPA, TV 
viewing, and 
mortality 
outcomes  
 
 
 

14 
years 
 
 

All-cause 
mortality 
 
CVD 
mortality 
 
Cancer 
mortality 

Social 
Security 
Administratio
n Death 
Master File 
linkage 
 
Cause of death 
from National 
Death Index 
Plus 
 
 

All-cause 
mortality:  
RR: 1.25, 95% 
CI 1.19, 1.32 
(sleep duration 
<7 hours per 
day, MVPA ≤1 
hour per week, 
TV viewing ≥3 
hours per day) 
 
CVD mortality:  
RR: 1.54, 95% 
CI 1.38, 1.72 
(sleep duration 
<7 hours per 
day, MVPA ≤1 
hour per week, 
TV viewing ≥3 
hours per day) 
 
Cancer 
mortality: 

Age, sex, 
race/ethnicity, 
marital status, 
education, self-
reported health, 
smoking status, 
smoking dose, 
years since 
quitting 
smoking, and 
alcohol drinking 
and BMI 
 



Author, 
year 

Population 
(country, 
n; sex; % 
female; 

age range; 
mean age) 

Exposures 
(Sleep, 

Physical 
activity, 

Sedentary 
behaviour) 

Exposure 
combinations 

Exposure 
measurement 

Comparison/ 
Reference 

group 

Length 
of 

follow 
up 

Outcome/s Outcome 
ascertainment/
measurement 

Results/  
Effect size 

Covariates 

51-72 
years; 
NR 
 
 

Dichotomised as 
healthy (≥1 hour 
per week), and 
unhealthy (<1 hour 
per week) 
 
Sitting overall: 
h/week in the past 
year, <3, 3-4; 
Television viewing: 
Hours per week in 
the past year, none, 
<1, 1-2, 3-4, 5-6, 7-
8, ≥9, 
Dichotomised as 
healthy (≤2 hours 
per day), and 
unhealthy (≥3 
hours per day) 
 

RR: 1.18, 95% 
CI 1.09, 1.27 
(sleep duration 
<7 hours per 
day, MVPA ≤1 
hour per week, 
TV viewing ≥3 
hours per day) 

     
Abbreviations: AHI, Apnea Hypopnea Index; BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; F, female; HR, hazard 
ratio; M, male; MET-h, metabolic equivalent hours; min, minutes; MVPA, moderate to vigorous intensity physical activity; NR, not reported; OR, 
odds ratio; OSA, obstructive sleep apnoea; Q, quintile; REM, rapid eye movement; RR, relative risk; SD, standard deviation; SR, self-reported; TV, 
television 
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