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ABSTRACT 

Introduction: Previous studies indicate that insomnia with short sleep duration is associated with 

a significantly increased risk of all-cause and cardiovascular mortality. However, no previous 

study has investigated whether leisure-time physical activity modifies this association.  The aim 

of this study was therefore to investigate if leisure-time physical activity modifies the association 

between insomnia with short sleep duration and all-cause and cardiovascular mortality. 

Methods: This prospective study included 40,368 adults who participated in the second survey of 

the HUNT study in 1995-1997. The study population comprised adults aged ≥20 years who 

responded to questionnaires on lifestyle, socio-demographics, insomnia symptoms, and sleep 

duration. Cox regression was used to estimate adjusted hazard risks (HRs) with 95% confidence 

interval (CI) for the association of insomnia, sleep duration, and leisure-time physical activity with 

all-cause and cardiovascular mortality. 

Results: Among 40,376 adult participants included in the study, 5,223 (12.9%) had insomnia 

symptoms and 6.9% reported short sleep duration. During a 17-year follow-up period, 6686 

participants died (2575 due to cardiovascular disease). Compared to the reference category of 

physically active people without insomnia symptoms and normal sleep duration, people with 

insomnia with short sleep had an HR for all-cause mortality of 1.86 (95% CI 1.38-2.50) if they 

were physically inactive and an HR of 1.19 (95% CI 0.94-1.29) if they were physically active. 

Physically inactive people without insomnia and normal sleep duration had an HR of 1.16 (95% 

CI 1.02-1.34). The corresponding HRs for cardiovascular mortality were 1.78 (95% CI: 1.10-2.41), 

1.26 (95% CI: 0.69-1.87), and 1.05 (95% CI 0.53-1.68); respectively.  

Conclusion: This study shows that meeting recommended levels of physical activity modified 

some of the increased risks of all-cause and cardiovascular mortality among participants with 

insomnia accompanied by short sleep duration. These findings suggest that promoting physical 

activity could reduce adverse health effects outcomes of insomnia with short sleep duration. 

Keywords: insomnia; sleep duration; leisure-time physical activity; all-cause mortality; 

cardiovascular mortality 
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1. INTRODUCTION  

1.1 Background    

1.1.1 Definition and prevalence of Insomnia 

Insomnia is defined as the subjective perception of difficulty with sleep initiation or maintaining 

sleep, which occurs despite adequate opportunity for sleep, and results in some form of daytime 

impairment. (1). Insomnia is linked to significant reductions in a person's quality of life (2) and 

could be a sign of a variety of psychiatric, medical, and/or other sleep conditions (3). International 

Classification of Sleep Disorders criteria (ICSD-3) published in 2014 is the most widely used guide 

for diagnosing sleep disorders, which classifies insomnia into two categories: short-term insomnia 

disorders and chronic insomnia disorders (1). Short-term (acute) insomnia may cause increased 

stress responsivity, reduced quality of life, mood disruption, and difficulties with concentration 

and memory (4). Chronic insomnia may cause even more adverse health effects such as mood 

disorders, cardiovascular disease (CVD), chronic pain, pulmonary disease, and gastrointestinal 

disorders (5). 

Insomnia is more common in the elderly (6), women (7), and people who have physical or 

mental health problems (8). Even though chronic insomnia is common, studies on its actual 

prevalence have yielded variable estimates. Epidemiological studies show that 20% to 35% of the 

general population report insomnia symptoms, with 10% to 20% having clinically significant 

insomnia symptoms (5). Not surprisingly, the prevalence appears to be higher in clinical settings 

with more than half of the patients visiting their general practitioner reporting insomnia symptoms 

(9). Recent data from Norway, the United Kingdom (UK), and Germany show that the prevalence 

of insomnia is around 10% (8). Due to differing definitions of insomnia and standardized 

diagnostic and screening methods, the estimate for prevalence varies among epidemiologic 

studies. 
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1.1.2 Insomnia symptoms on risk of cardiovascular mortality 

The Trøndelag health study (HUNT) was one of the first large prospective population studies to 

link insomnia symptoms with CVDs: heart failure (10), coronary heart disease (CHD) (11), and 

hypertension (12). Prospective data demonstrate that there is a higher incidence risk of subclinical 

CVD (13) and cardiovascular mortality (14, 15) among patients with insomnia. A 10-year cohort 

study on 500,000 thousand million adults in China suggests that insomnia symptoms are associated 

with an increased risk of CVD (16). Several potential mechanisms underpin the relationship 

between insomnia symptoms and CVD. For instance, some evidence suggests that insomnia 

symptoms have an integral role in intermediary processes of CVD, such as increases in pro-

inflammatory biomarkers (17) and systematic inflammation (18), and downregulation of the 

hypothalamic-pituitary axis (HPA) (19, 20) Chronic insomnia is thought to be linked to increases 

in sympathetic nervous system activity and hormones such as cortisol, which is responsible for 

hyperarousal and sleeplessness which in the long-term raises the risk of death (21, 22). Another 

explanation could be linked to the close interplay between insomnia symptoms and mental illness. 

Various findings suggest that sleep-related symptoms that occur before, during, or after a 

depressive episode are potentially modifiable factors that can help people achieve and maintain 

depression remission (23). For instance, although insomnia is sometimes thought to be a side effect 

of depression or other affective disorders, there is evidence that chronic activation of HPA due to 

insomnia may also play a role in incident depression (24), which can contribute to enhancing CVD 

risk on its own (25). 

Despite consistent links between insomnia and subsequent health conditions, evidence on 

the association between different insomnia symptoms and mortality is diverse and inconsistent. 

Most population-based studies have established the longitudinal association of insomnia with 

mortality risk (26-29). In some studies, a weaker association was observed, or the associations 

were reduced after adjustments (30, 31). A meta-analysis of 13 prospective cohort studies showed 
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that insomnia was associated with an approximately 45% increased risk of dying from 

cardiovascular disease (28). Another meta-analysis of 17 cohort studies found that people with 

insomnia had a 33 percent higher relative risk of cardiovascular death (32).  

1.1.3 Sleep duration on risk of all-cause and cardiovascular mortality 

The effect of sleep duration on mortality has been the main finding of a few prospective studies, 

which have shown a U-shaped relationship between sleep duration and all-cause mortality (30, 33-

35). Other studies, on the other hand, have found inconsistent results (36, 37) or no link at all (38). 

A number of these studies have looked at the relationship between sleep duration and 

cardiovascular mortality (30, 36, 37). A large prospective study done on women showed that 

sleeping for less than 6 hours or more than 7 hours is linked to a higher risk of death (39). Data 

from a cohort of working Scottish men and women recruited between 1970 and 1973 suggests that 

short sleep (less than 7 hours of sleep in every 24 hrs) over a prolonged period can be associated 

with an increased risk of all-cause mortality (36).  

1.1.4 Insomnia with short sleep duration and its associated risk 

Most studies have conceptualized insomnia and sleep duration as different traits, without 

considering the close overlap between these sleep traits. Insomnia with short sleep duration has 

been associated with cardiovascular and cerebrovascular disease (35, 40, 41), type 2 diabetes (42, 

43), hypertension (21, 44, 45), respiratory disorders (46), poor self-rated health (47), and may 

increase the risk of mortality (48). In patients with insomnia, both adrenocorticotropic hormone 

and cortisol secretion are elevated, especially in those with objectively short sleep duration, 

implying increased HPA activity (17, 19, 20) and increased neurocognitive–physiological arousal 

(17, 19, 49), which is particularly accountable to CVD. Most epidemiological studies have looked 

at each exposure separately, but some research suggests that the co-occurrence of insomnia and 

objectively short sleep duration is the biologically most severe phenotype of insomnia disorder 
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(50). A handful of studies have looked at the combined effect of insomnia with sleep duration on 

mortality risk (51-54). Vgontzas et al. showed that chronic insomnia in men with objectively 

measured short sleep duration is linked to an increased risk of all-cause death (52). This was 

supported by findings from the Whitehall II Cohort Study showing that the joint effect of short 

and disturbed sleep was associated with a higher risk of CVD mortality among women (51). A 

Sleep Heart Health Study from the US established that insomnia or poor sleep with objectively 

short sleep was linked to an increased risk of incident CVD but not for all-cause mortality(53). In 

contrast, a smaller study done on middle-aged Chinese adults showed that frequent insomnia was 

linked to a higher risk of all-cause mortality among those sleeping more than 9 hours per night, 

but not among those with short sleep duration (54). Some of the disparity in the results could be 

explained by a difference in the measurement of insomnia and sleep duration (subjective vs 

polysomnography) (55) 

1.1.5 Potential modifying role of leisure-time physical activity on the associated risks 

Physical inactivity has been linked to an increased risk of several chronic diseases, including CVD, 

type 2 diabetes, and certain cancers (56). Self-reported leisure-time physical activity (LTPA) does 

have an inverse dose-response relationship with all-cause and cardiovascular mortality (57). A 

prospective study showed that a high level of physical activity improves cardiovascular health by 

lowering the overall risk of CHD and stroke in men and women by 20 to 30% (58). Increased 

physical activity has repeatedly been associated with reduced mortality and cardiovascular disease 

(59, 60).   

Physical activity and sleep are believed to have a bidirectional relationship, whereas both acute 

and regular physical activity can improve sleep where as appropriate sleep duration and quality 

may likewise influence physical activity behavior (61). Variations in body temperature and 

glucose metabolism, autonomic nervous system activity, mood, and cardiorespiratory fitness are 
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some mechanisms affected by physical activity which are thought to affect sleep (62, 63). Few 

studies have hinted at the possible synergistic interaction between two closely associated behaviors 

like physical activity and sleep on all-cause and cardiovascular mortality(64, 65). Findings from a 

Finnish cohort study indicate that people with short sleep and inadequate LTPA have an increased 

risk of cardiovascular mortality (58). There is also evidence indicating that regular physical 

activity improves sleep quality, which in turn may reduce the risk of other adverse health outcomes 

(65-67). Some studies have hinted at the mediating effect of physical activity on the relationship 

between short sleep and CVD and all-cause mortality (68, 69) but the interrelationship between 

physical activity and insomnia with short sleep duration on mortality has not been considered till 

date. Thus, this is the first study to explore if leisure time physical activity modifies the adverse 

effect of insomnia with short sleep duration on the risk of all-cause and cardiovascular mortality.  

1.2 Objectives and research questions 

This study aims to investigate the effects of insomnia symptoms with subjective sleep duration on 

the risk of mortality and to explore whether leisure-time physical activity modifies these 

associations. In specific, the research questions for this master’s thesis are:   

1. Is the joint effect of leisure-time physical activity with insomnia with short sleep 

duration associated with all-cause and cardiovascular mortality?   

2. Does meeting recommended levels of leisure-time physical activity modifies some 

of the increased risks of all-cause and cardiovascular mortality among participants with insomnia 

accompanied by short sleep duration? 
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2. MATERIALS & METHODS  

2.1 Study population & data collection  

This study utilizes data from a large comprehensive population-based research project in Nord-

Trøndelag County, Norway called the Trøndelag Health Study (the HUNT Study) (70, 71). Data 

from the second survey of the HUNT study (HUNT2) which took place in 1995-97 was used for 

this study. The reason for selecting HUNT2 in our study was because the information on sleep 

duration was not available in other surveys of HUNT study. All residents above the age of 20 were 

invited to take part in the survey. Of the approximately 93,000 individuals invited to participate in 

the HUNT2 survey, 65,393 took part in the study (response rate: 70%).  

 

                                                                                    

 

 

 

 

 

 

 

 

 

     

   Figure 1 Selection of the study population in HUNT2 

Individuals participating in HUNT2                              

n = 65,393 

 

 

Exclusions: 1,175 missing 

sleep duration 

Total subjects selected in the study 

n = 40,368 

 

 

Exclusions: 11,787 missing 

on sleep disturbance 

Exclusions: 12,053 missing 

leisure-time physical activity 

Exclusions: 10 missing on 

follow-up  
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Participants in this study were chosen based on their attendance and completion of the 

questionnaire. Data collection and clinical examinations (height and body weight) were performed 

by trained health professionals (71). The study population comprised participants with complete 

information on sleep difficulty assessment, self-reported sleep measurements, and subjective 

leisure-time physical activity measures. 25,025 participants were excluded from the study due to 

their missing information (11,787 participants on sleep disturbance, 1,175 participants on sleep 

duration, 12,053 participants on leisure-time physical activity, and 10 participants on follow-up). 

Data collection was done in two separate questionnaires which may be the reason for many missing 

data. As a result, this prospective analysis uses data from 40,368 participants. (Figure 1) 

2.2 Insomnia and sleep duration as an exposure variable  

Insomnia symptoms in our study were accessed by two questions related to persistent sleep 

difficulty which were asked during the HUNT2 survey.  (1) ‘How often during the last month have 

you had difficulty falling asleep at night?’ and (2) ‘How often during the last month have you 

woken too early and couldn’t get back to sleep?’ These two questions had the response options 

'never', 'occasionally', 'often', and 'almost every night. Participants were classified with ‘insomnia’ 

if they answered ‘often/almost every night’ on at least one of the questions. Those who answered 

‘never/occasionally’ were classified as having ‘no insomnia’.  

Sleep duration in HUNT2 was accessed by the question 'How many hours do you usually 

spend lying down for 24 hours (e.g., sleeping, napping)?' Sleep duration was classified into three 

categories based on the previous literature and studies (72): ≤ 6 hours (short sleep), 7-8 hours 

(normal sleep), and ≥ 9 hours (long sleep) with the extremes representing short and long sleep 

duration. We determined 7-8 hours (normal sleep) as the reference category in our study, which 

was identified as the most-used reference category in the systematic review by Cappuccio et al 

(72). 
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2.3 Leisure time physical activity in HUNT2 

            At HUNT2, the following question was used to measure LTPA: ‘How much of your leisure time 

have you been physically active during the last year (think of a weekly average for the year)?'. 

Participants were asked to provide a weekly average number of hours of light physical activity 

and/or hard physical activity while answering this question with the response options: 'none', 'less 

than 1 hr, '1–2 hr', and '≥3 hr' separately for light and hard activity. Participants were categorized 

into two levels of leisure-time physical activity (i.e., 'inactive’ and ‘active’) according to the 

recommended guideline for physical activity in HUNT2 (73), i.e., Accumulation of ≥ 150 

min/week (≥3 h) of moderate physical activity or ≥ 60 min/week of vigorous physical activity (1–

2 h) was defined as meeting recommended physical activity and categorized as ‘active’ while not 

achieving these recommendations was categorized as ‘inactive’. 

2.4 Assessment of covariates 

All covariates’ data were collected during baseline in HUNT2. Body mass index (BMI) was 

calculated as weight divided by the square of height (kg/m2) using standardized measurements of 

height and weight from the clinical examination. Smoking status was assessed by questions about 

past or present use of cigarettes/pipe/cigars and divided into three categories: ‘never smoked’, 

‘former smoker’, and ‘current smoker’. Education was assessed by the question: 'What is your 

highest level of education?', and divided into '< 10 years', '10 to 12 years, and '≥13 years'. Alcohol 

consumption was assessed by the question: 'How many units of beer, wine or spirits do you usually 

drink over 14 days?'. Participants were then divided into three groups: '0 units', '1–4 units', and 

'≥5 units. Symptoms of anxiety and depression were assessed by the Hospital Anxiety and 

Depression Scale (HADS) with a cut-off score of ≥ 8 on both anxiety and depression. As 

recommended, the cut-off score was set to ≥8 on both anxiety and depression to indicate the 

presence of anxiety and/or depression (74). Anxiety and/or depression were then divided into two 
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categories: ‘yes’ for participants with anxiety and/or depression’ and ‘no’ for participants without 

both anxiety and depression. History of CVD was assessed by questions if they answered, ‘yes’ 

on at least one of the questions ‘do you have or have you had any of the following diseases: 

myocardial infarction, stroke and/or angina’. History of diabetes was assessed by questions on if 

they answered, 'yes' to the question ‘do you have or have you had any of the diabetes Mellitus. 

History of hypertension was accessed by the question ‘are you currently taking, or have you 

previously taken any medication for high blood pressure?’ and divided into two groups; ‘yes’ and 

‘no’. Occupational physical activity was defined based on the self-reported description of work 

demands and was categorized into four groups: ‘sedentary work’, ‘much walking, ‘much walking 

or lifting’, and ‘heavy physical work’. Shift work was defined as ‘do you work shifts, at night, or 

on call’ and was divided into two groups: ‘no’, and ‘yes’. 

 

Figure 2: A directed acyclic graph (DAG) depicts the relationship between exposure and 

outcome, considering possible covariate confounding.  
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2.5 Outcome variables   

Participants in the HUNT Study were linked to Statistics Norway's, Norwegian Cause of Death 

Registry to examine incident cases of death in the cohort prospectively. Underlying causes of death 

were coded according to the International Classification of Disease, Tenth Revision (ICD-10). and 

the number of fatalities from CVD (ICD-10 codes: I00-I99) was determined (75). From the start 

of HUNT2 until death, emigration, or the end of follow-up on December 31st, 2013, each 

participant contributed person-years. In the analyses of cardiovascular mortality, participants were 

censored at the end of the trial as well as at the date of death from other causes. A summary of 

both exposure and outcome variables used in the analysis of this study with their definition and 

description is given in supplementary table 1. 

2.6 Statistical analysis  

Descriptive statistics were calculated for the analytical sample of total participants (n = 

40,368) and stratified by insomnia symptoms. Data were analysed using Cox regression models to 

estimate hazard ratios (HR) to estimate the association of insomnia and sleep duration with all-

cause and cardiovascular mortality. We also looked at their joint effect with LTPA. 95% 

confidence intervals (CI) were used to assess the precision of HR. Physically active participants 

without insomnia symptoms and normal sleep duration served as the reference category in the 

analysis. Using directed acyclic graphs, potential confounders were identified based on existing 

knowledge of risk factors for sleep disturbance and premature death. All associations were 

adjusted for age (using age as the time scale in the model), sex, BMI, education, smoking status, 

alcohol intake, occupational physical activity, history of CVD, history of hypertension, and history 

of diabetes due to their plausible confounding relationship with exposure and outcome variables 

(Figure 1).  
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To ensure that the findings were reliable, sensitivity analyses were performed: first, we 

excluded the first three years of follow-up to avoid potential death events occurring due to pre-

existing illness (reverse causation). Second, we excluded participants with a history of CVD at 

baseline (for cardiovascular mortality only) to avoid reverse causation. Third, we conducted 

complete case analyses where missing data on possible confounders were imputed. We used the 

Expectation Maximization Method (EM) for data imputation. Anxiety and/or depression and shift 

work were left out of the main analyses because they are assumed to have a mediator effect and 

could induce interaction bias in the association between insomnia and mortality, these variables 

were adjusted in sensitivity analysis, Lastly, we ran the analysis for the association of sleep 

duration with all-cause and cardiovascular mortality by categorizing sleep duration into eight 

categories based on one-hour sleep difference to ensure that the cut-offs used in this study were 

reasonable (Supplementary tables 3-6). The proportional hazards assumption was tested using 

Kaplan-Meier estimation and graphical inspection of log-log plots which showed no obvious 

violations violation of the proportional hazard assumption for the variables. All statistical analyses 

were performed using SPPS statistics for Windows, version 27. 

2.7 Ethical considerations  

Before participation, all individuals signed a written informed consent form. The research 

was carried out as a sub-study with the permission of the Regional Committee for Medical 

Research Ethics (REK 2014/1116). Data was received from the HUNT Research Centre after the 

agreement for the use of HUNT data. When the data was received, it was anonymized by removing 

personal identifying numbers and names. Because the HUNT Research Centre had all the data 

needed for the current analysis, no HUNT participants were contacted for extra data collection (see 

Appendix B).  
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3. RESULTS   

3.1 Baseline characteristics of the study population   

Among 40,368 participants who were included in this study, 20,955 (51.9%) of them were female. 

The mean age and mean BMI of the study participants were 47.3±16.3 years and 26.2±3.9 kg/m2, 

respectively. The total number of deaths that occurred during 17 years of follow-up (655,463 

person-years) was 6,686 The mortality rate was higher among males (20.2%) as compared to 

females (13.2%). Among total events, 2,575 of them died due to underlying CVD (38.5% of total 

deaths) and 2,050 died of cancer.  

Table 1 shows the baseline characteristics of the study population stratified by the presence of 

insomnia symptoms (insomnia and no insomnia). From the table, 5,223 of the total participants 

had reported insomnia symptoms. Most participants reported having normal sleep (68.2%) 

followed by long sleep (24.9%) and short sleep (6.9%) (supplementary table 2).   

3.2 Combined association of exposures with mortality 

Table 2 shows the joint association of insomnia and sleep duration with all-cause and 

cardiovascular mortality. The reference group comprised participants with no insomnia and normal 

sleep duration. Compared to the reference group, participants with insomnia had an HR of dying 

from all-cause mortality of 1.43 (96% CI: 1.25-1.62) if they reported short sleep and an HR of 

1.20 (95% CI: 1.05-1.30) if they reported long sleep duration. The corresponding HRs for 

cardiovascular mortality were 1.34 (95% CI: 1.08-1.60) for participants reporting short sleep and 

1.19 (95% CI: 1.01-1.40) for long sleep. 

3.3 Modifying role of physical activity 

Table 3 shows the combined effect of insomnia, sleep duration, and LTPA on all-cause and 

cardiovascular mortality. Physically active participants without insomnia symptoms and normal 
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sleep served as the reference category. Compared to this reference category, people with insomnia 

with short sleep had an HR of all-cause mortality of 1.86 (95% CI 1.38-2.50) if they were inactive 

and an HR of 1.19 (95% CI 0.94-1.46) if they were physically active. Physically inactive people 

without insomnia and normal sleep duration had an HR of 1.16 (95% CI 1.02-1.34). The HR 

estimates for all-cause deaths among people with insomnia with long sleep were 1.49 (95% CI 

1.28-1.80) if they were inactive and 1.20 (95% CI 0.68-1.74) if they were active.  

As compared with reference subjects, participants with insomnia with short sleep were associated 

with cardiovascular mortality with HR of 1.78 (95% CI: 1.10-2.41) among inactive participants 

and HR of 1.26 (95% CI: 0.69-1.87) among active participants during the study follow-up. 

Physically inactive people without insomnia and normal sleep duration had an HR of 1.05 (95% 

CI 0.53-1.68). The HR estimates for cardiovascular mortality among people with insomnia with 

long sleep were 1.31 (95% CI 1.01-1.72) if they were inactive and 1.17 (95% CI 0.55-1.84) if they 

were active. We observed significant p-values for the interaction between leisure-time physical 

activity and all-cause and cardiovascular mortality (p<0.001 and p<0.001; respectively). Hence, 

we observed effect modification by leisure-time physical activity on the risk of all-cause and 

cardiovascular mortality caused by insomnia with short sleep duration  
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Table 1: Baseline characteristics of participants with and without insomnia symptoms 

Characteristics  Overall                          Insomnia 

No  Yes  

Participants, n (%) 40,368 35,145 (87.1) 5223 (12.9) 

Female, n (%) 20955 (48.1) 17861 (50.8) 2129 (40.8) 

Age (years), mean (SD) 47.3(16.3) 46.3(16.1) 53.5(16.6) 

BMI (kg/m2), mean (SD) 26.2(3.9) 26.1(3.9) 26.4(4.2) 

13+ years of education, n (%) 9396 (23.3) 8527 (24.3) 869 (16.6) 

Current smoker, n (%) 10952 (27.4) 9303 (26.8) 1649 (32.0) 

≥5 units of alcohol intake, n (%) 6891 (28.7) 6107 (29.0) 784 (26.6) 

History of CVD, n (%) 2597 (6.4) 1968 (5.6) 629 (12.0) 

History of diabetes, n (%) 967 (2.4) 774 (2.2) 193 (3.7) 

History of hypertension, n (%) 4618 (11.4) 3652 (10.4) 966 18.5) 

Anxiety and/or depression, n (%) 5273 (14.3) 3649 (11.3) 1624 (35.3) 

Sedentary work, n (%) 10572 (26.2) 9312 (26.5) 1260 (24.1) 

Shift work, n (%) 6480 (21.3) 5781 (21.4) 699 (20.6) 

*Data are given as a total number of subjects (column percentage) or mean ± standard deviation.  
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Table 2: Joint association between insomnia and sleep duration with all-cause and 

cardiovascular mortality over 17 years of follow-up   

 

Exposures Person 

years 

Death Age-adjusted, HR  Multi-adjusted 

HR* (95% CI) 

All-cause mortality 

No insomnia      

   7-8h sleep 406693 2771 1.00 (Reference) 1.00 (Reference) 

   ≤6h sleep 36374 244 1.06 (0.92-1.20) 1.05 (0.86-1.23) 

   ≥9h sleep 131057 2296 1.17 (1.10-1.24) 1.16 (1.07-1.26) 

Insomnia     

   7-8h sleep 50170 643 1.07 (0.97-1.16) 1.06 (0.93-1.21) 

   ≤6h sleep 9125 140 1.51 (1.27-1.79) 1.43 (1.25-1.62) 

   ≥9h sleep 21044 592 1.23 (1.12-1.34) 1.20 (1.05-1.30) 

Cardiovascular mortality 

No insomnia      

       7-8h sleep 406693 992 1.00 (Reference) 1.00 (Reference) 

       ≤6h sleep 36374 73 0.84 (0.66-1.07) 0.83 (0.65-1.06) 

    ≥9h sleep 131057 970 1.17 (1.07-1.29) 1.14 (1.06-1.22) 

Insomnia     

      7-8h sleep 50170 241 1.03 (0.89-1.18) 1.07 (0.87-1.30) 

      ≤6h sleep 9125 53 1.48 (1.12-1.95) 1.34 (1.08-1.66) 

     ≥9h sleep 21044 247 1.16 (1.00-1.33) 1.19 (1.01-1.60) 

HR: Hazard ratio, CI: confidence interval                                                                                                            

*Adjusted for age, sex, BMI, education, smoking status, alcohol intake, LTPA, history of 

diabetes, history of CVD, history of hypertension, and occupational physical activity
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Table 3: Joint association between insomnia and sleep duration with all-cause and cardiovascular mortality and effect modification by LTPA over 17 

years of follow-up   

HR: Hazard ratio, CI: confidence interval                                                                                                                                                                                                                                                                                           

*Adjusted for age, sex, BMI, education, smoking status, alcohol intake, history of diabetes, history of CVD, history of hypertension, and occupational physical activity 

 

Exposures 

Leisure-time physical activity P-value 

Active Inactive 

Person 

years 

Deat

h 

Age-adjusted HR  Multi-adjusted* 

HR a (95% CI) 

Person 

year 

Death Age-adjusted 

HR 

Multi-adjusted* 

HR (95% CI) 

All-cause mortality          

No insomnia + 7-8h sleep 237680 1565 1.00 (Reference) 1.00 (Reference) 169013 1208 1.30 (0.99-1.69) 1.16 (1.02-1.34)  

No insomnia + ≤6h sleep 20512 108 0.97 (0.80-1.19) 0.94 (0.70-1.23) 15862 136 1.18 (1.03-1.52) 1.39 (1.17-1.61) <0.001 

No insomnia + ≥9h sleep 74723 1108 1.16 (1.07-1.24) 1.16 (1.03-1.28) 56334 1188 1.40 (1.30-1.52) 1.36 (1.22-1.52)  

Insomnia + 7-8h sleep 27423 330 1.12 (1.03-1.20) 1.10 (0.93-1.23) 22747 313 1.20 (1.06-1.35) 1.21 (1.02-1.45)  

Insomnia + ≤6h sleep 4821 56 1.08 (0.95-1.20) 1.19 (0.94-1.46) 4303 84 1.90 (1.52-2.31) 1.86 (1.38-2.50)  

Insomnia + ≥9h sleep 10106 224 1.27 (1.07-1.51) 1.20 (0.68-1.74) 10939 368 1.40 (1.24-1.57) 1.49 (1.28-1.80)  

CVD-mortality          

No insomnia + 7-8h sleep 237680 557 1.00 (Reference) 1.00 (Reference) 169013 435 1.17 (0.90-1.41) 1.05 (0.53-2.34)  

No insomnia + ≤6h sleep 20512 34 0.89 (0.62-1.23) 0.91 (0.62-1.25) 15862 39 0.94 (1.28-1.64) 0.88 (0.86-1.61) <0.001 

No insomnia + ≥9h sleep 74723 441 1.09 (1.04-1.33) 1.05 (0.87-1.24) 56334 529 1.45 (1.28-1.64) 1.41 (1.16-1.64)  

Insomnia + 7-8h sleep 27423 108 0.93 (0.75-1.14) 0.92 (0.88-1.26) 22747 133 1.33 (1.07-1.57) 1.31 (1.01-1.73)  

Insomnia + ≤6h sleep 4821 18 1.15 (0.68-1.30) 1.26 (0.69-1.23) 4303 35 2.03 (1.44-2.86) 1.78 (1.10-2.41)  

Insomnia + ≥9h sleep 10106 86 1.16 (0.69-1.78) 1.17 (0.55-1.42) 10939 181 1.33 (1.10-1.58) 1.31 (1.01-1.72)  
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3.5 Sensitivity analysis 

In the additional analyses, when we excluded individuals who died during the first 3 years of 

follow-up, we observed some changes to some of the estimates. A small increment in the risk 

estimates was seen, particularly with the association of cardiovascular mortality. Excluding 

individuals with a history of cardiovascular disease at baseline increased the estimates for 

cardiovascular mortality marginally. In complete case analyses, where missing data were imputed, 

we observed some minor changes in the risk estimates. When adjusting for anxiety and/or 

depression and work shift, we observed essentially small changes to the estimates. We ran the 

analysis by categorizing sleep duration into one-hour cut-offs and observed the risk of dying from 

all-cause and cardiovascular mortality was highest among the participants who reported long sleep 

of >11 hours (Supplementary Table 3-7) 

4. DISCUSSION   

4.1 Main findings    

This large prospective study examined the joint effect of insomnia, sleep duration and physical 

activity on all-cause and cardiovascular mortality. Insomnia with short sleep duration was 

associated with an increased risk of all-cause and cardiovascular mortality, but the risk was 

modified by LTPA. These findings suggest that meeting recommended levels of physical activity 

modifies some of the increased risks of all-cause and cardiovascular mortality among participants 

with insomnia accompanied by short sleep duration. 
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4.2 Comparison to past literature     

4.2.1 Independent and joint association of insomnia and sleep duration with mortality   

Several population-based studies have investigated the longitudinal association of insomnia with 

total mortality risk (51, 54, 76-78). Our results were consistent with the findings from a meta-

analysis of twenty-nine prospective cohort studies study in which having insomnia was associated 

with a moderate risk of all-cause mortality among adults (79). We observed a weaker association 

of insomnia with cardiovascular mortality. The link between insomnia symptoms and mortality 

can be explained by some underlying mechanism where insomnia symptoms can raise the level of 

c-reactive protein in the liver, causing systemic inflammation and leading to mortality risk in a 

long-term course (18, 80).  

Our study indicates that insomnia symptoms with subjective short sleep duration are associated 

with a particularly increased risk of all-cause and cardiovascular mortality. Our findings are 

supported by a cohort study done in the UK, which found that short sleep with disturbed sleep was 

linked to a higher risk of CVD mortality in women (51). Moreover, another study showed that 

insomnia with objective short sleep duration was associated with an increased risk of mortality 

(52).  In contrast, a study based on polysomnographic measures of sleep found no association 

between insomnia or poor sleep with objective short sleep and mortality (53). The mechanism 

behind the increased risk of death among participants with insomnia with shorter sleep may be 

related to an increase in comorbidities, caused by increased HPA activity and increased 

neurocognitive–physiological arousal which is particularly accountable to CVD (81).  

Interestingly, when we considered short sleep as an independent exposure to cardiovascular 

mortality risk, we found no increased risk. However, when we examined the joint association 

between insomnia symptoms and short sleep, we found a strong association. Additionally, 
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insomnia with long sleep duration was associated with a moderate risk of all-cause and CVD 

mortality.  

4.2.2 Modifying role of leisure-time physical activity 

Our study is the first study to examine the potential effect of modification by leisure-time physical 

activity on the risk of all-cause and cardiovascular mortality caused by insomnia with short sleep 

duration. Most research has shown that increasing physical activity or fitness levels over time 

lowers the risk of cardiovascular and all-cause mortality (57-60). Compared to participants 

meeting recommended level of physical activity, we found that participants with ‘insomnia and 

short sleep’ were 86% and 78% more likely to die from all-cause and CVD, respectively, if they 

reported being physically inactive. In contrast, people with ‘insomnia and short sleep’ were a 19% 

and 26% increased risk of all-cause and CVD mortality if they reported being physically active.  

Our findings are the first to show that physical inactivity may exacerbate the risks of short sleep 

duration and insomnia symptoms on mortality. A 15-year follow-up cohort study manifested that 

physical activity has a crucial role in reducing some of the mortality risks associated with sleep 

difficulty (82). Our finding is backed up by a large population-based Australian cohort that looked 

at the relationship between sleep and mortality risk and considered potential interaction by lifestyle 

behaviors such as physical inactivity and sedentary behavior. Their results showed that when sleep 

was the only factor considered, short sleep was found to be marginally linked to all-cause mortality 

but when potential effect modification by physical inactivity was considered, short sleep duration 

was strongly linked to all-cause and cardiovascular mortality (83). 

These findings suggest that meeting recommended levels of physical activity (≥ 150 min/week of 

moderate-to-vigorous physical activity or ≥ 60 min/week of vigorous physical activity) may help 

to mitigate the negative health effects of irregular sleeping insomnia with short sleep. It has been 

established that insufficient sleep duration is linked to obesity, inflammation, and negative 
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cardiovascular outcomes (72, 84, 85) and sleep disturbances are risk factors for depression and 

dementia (23-25). While it is also known that higher levels of physical activity, on the other hand, 

are linked to lower rates of depression, cognitive decline, obesity, and CVD (56, 58, 86). The 

reason behind the modifying risk of LTPA on the associated risk of mortality among participants 

with insomnia with short sleep may be related to health-related benefits of physical activity which 

can reduce some of the mortality risks associated with poor sleep patterns, while physical inactivity 

may increase the risks associated with short sleep duration.  

When we considered the interplay of LTPA on the association between insomnia with long sleep 

duration and all-cause and cardiovascular mortality, not meeting recommended levels of activity 

interacted with these associations and alleviated risk estimates particularly of all-cause mortality. 

Although, being physically active during leisure time had minimum interaction with these 

associations. From the results, we found that insomnia with long sleep duration is associated with 

an increased risk of all-cause and CVD mortality. Several studies have shown that insomnia with 

longer sleep duration seems to be is associated with a higher risk of all-cause mortality (33-35, 

40). Although, publications explaining the mediating effect of physical inactivity on the 

association between insomnia with long sleep duration and all-cause mortality have not been 

published. The potential explanation for increased risk among people with insomnia with a long 

sleep and physical inactivity may be detrimental effects resulting from inactivity during leisure 

time which may have exacerbated these associations. Another explanation could be associated 

with residual confounding and comorbidities associate with longer periods of sleep (87), which 

can partly explain the exaggerated risk of all-cause mortality when confound with low physical 

activity (87). 
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4.3 Strengths and limitations of the study 

The strengths of the current study include the large sample size that enabled us to carry out joint 

analyses of insomnia symptoms, sleep duration, and physical activity; linkage to the Norwegian 

Cause of Death Registry which contains information on all deaths; the long follow-up period with 

few losses to follow-up; and the possibility to adjust for several confounders.  

The study has several limitations: we cannot rule out the possibility of residual confounding from 

factors that were unmeasured or poorly measured. People had to be alive, residing in their homes, 

and be willing to participate to provide data on long-term changes in sleep and leisure-time 

physical activity, and some of these selection mechanisms may have resulted in a healthy 

participant bias. Another limitation is the assessment of self-reported physical activity which is 

subjected to measurement error and misclassification. Nonetheless, self-reported data is thought 

to be sufficient for categorizing people into broad categories such as inactive/active (88). Another 

limitation may be related to the misclassification of insomnia symptom because insomnia 

symptom at HUNT2 was accessed by the two questions related to persistent sleep difficulty. No 

information about the frequency or severity criteria of insomnia, frequent nocturnal awakenings, 

and daytime impairment or distress was available at HUNT2. Moreover, we were unable to include 

objective sleep duration and polysomnographic measurements of sleep. Previous research, on the 

other hand, suggests that self-reported sleep duration and polysomnography measurements are in 

good agreement (86). We could not control for obstructive sleep apnoea and restless legs 

syndrome, sleep disorders with a well-established link to medical morbidity and mortality. Finally, 

we observed very few cases in some of the categories of insomnia with sleep duration. It may be 

difficult to decide whether these associations are sufficient to trust its statistical power and the 

confidence interval of risk estimates. 
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5. CONCLUSION    

This study shows that meeting recommended levels of physical activity modifies some of the 

increased risk of all-cause and cardiovascular mortality among participant with insomnia 

accompanied by short sleep duration. Thus, these findings suggest that there is an effect 

modification by leisure-time physical activity on the association of sleep-related behaviors with 

mortality. These findings suggest that physical activity should receive particular attention in 

clinical sleep interventions and public health guidelines.  
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7. SUPPLEMENTARY TABLES 

Summary of exposure and outcome variables   

Supplementary table 1: Summary of exposure and outcome variables   

 

*Accessed at baseline HUNT2  

 

  

 

 

Variables Definition Description 

Insomnia symptoms* 

 

No insomnia (responded with ‘never’ and 

‘occasionally’ on persistent sleep difficulty 

for last month) 

 

Insomnia (responded ‘often’, and ‘almost 

every night’ on persistent sleep difficulty for 

last month) 

  

Independent variable 

(Exposure)  

Sleep duration (categorical 

variable) 

Short sleep (≤6 hrs) 
Average sleep (7 to 8 hrs) 
Long sleep (≥9 hrs) 

Independent 

variable 

(Exposure) 

Leisure-time physical activity 

 

 
Active (achieving recommended level i.e., 

minimum 150 minutes moderate-

intensity/week, or vigorous-intensity activity of 

60 minutes/week) 

 

Inactive (not achieving recommended level i.e., 

minimum 150 minutes moderate-

intensity/week, or vigorous-intensity activity of 

60 minutes/week) 

Independent 

variable 

(Exposure) 

All-cause mortality (Total 

death) 

 

Total death event from the end of study 

(HUNT2) to follow up in 2013 

Dependent variable 

(Outcome)  

Cardiovascular mortality 

Total death events due to CVD from the end of 

study (HUNT2) to follow up in 2013 

Dependent variable 

(Outcome)  
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Supplementary table 2: Baseline characteristics of participants stratified by self-reported sleep 

duration 

 

*Data are given as the number of subjects (column percentage) or mean ± standard deviation.  

 

 

 

 

 

 

Characteristics     Sleep duration (hours/day) 

Short (≤6h) Normal (7 - 8h) Long (≥9h) 

Participants, n (%) 2780 (6.9) 27544 (68.2) 10044 (24.9) 

Female, n (%) 1183 (42.6) 14045 (51.0) 5727 (57.0) 

Age, mean (SD) 45.1 (15.3) 45.7 (14.9) 52.2 (19.4) 

BMI, mean (SD) 26.3 (4.0) 26.1 (3.9) 26.4 (4.2) 

13+ years of Education, n (%) 499 (17.9) 7098 (25.8) 1799 (17.9) 

Current smoker, n (%) 975 (35.4) 7478 (27.4) 2599 (25.3) 

≥5 units of alcohol intake, n (%) 511 (30.6) 4951 (29.9) 1429 (24.7) 

History of CVD, n (%) 142 (5.1) 1267 (4.6) 188 (11.8) 

History of diabetes, n (%) 70 (2.5) 501 (1.8) 396 (4.0) 

History of hypertension, n (%) 241 (8.7) 2627 (9.6) 1750 (12.4) 

Anxiety and/or depression, n (%) 482 (19.0) 3329 (13.1) 1462 (16.6) 

Sedentary work, n (%) 712 (25.6) 7698 (27.9) 2162 (21.5) 

Shift work, n (%) 556 (25.6) 4682 (21.3) 1242 (19.9) 
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Supplementary table 3: Independent association between insomnia and sleep duration with 

all-cause and cardiovascular mortality over 17 years of follow-up 

 

Exposures Person 

years 

Death Age-adjusted, HR  Multi-adjusted 

HR a (95% CI) 

All-cause mortality 

Insomnia     

  No 574125 5311 1.00 (Reference) 1.00 (Reference) 

  Yes 80338 1375 1.09 (1.02-1.15) 1.08 (1.07-1.18) 

Sleep duration     

 7-8h sleep 456893 3414 1.00 (Reference) 1.00 (Reference) 

 ≤6h sleep 45499 384 1.18 (1.05-1.30) 1.15 (0.99-1.33) 

 ≥9h sleep 152102 2888 1.17 (1.11-1.23) 1.16 (1.12-1.21) 

Cardiovascular mortality 

Insomnia     

  No 574125 2035 1.00 (Reference) 1.00 (Reference) 

  Yes 80338 541 1.05 (0.98-1.11) 1.03 (0.92-1.12) 

Sleep duration     

 7-8h sleep 456893 1233 1.00 (Reference) 1.00 (Reference) 

 ≤6h sleep 45499 126 1.05 (0.86-1.22) 1.04 (0.81-1.35) 

 ≥9h sleep 152102 1217 1.16 (1.07-1.26) 1.17 (1.04-1.32) 

HR: Hazard ratio, CI: confidence interval                                                                                                                  

*Adjusted for age, sex, BMI, education, smoking status, alcohol intake, LTPA, history of 

diabetes, history of CVD, history of hypertension, and occupational physical activity 
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Supplementary table 4: Self-reported sleep duration categorized into eight categories  

Association between sleep duration with all-cause and cardiovascular mortality over 17 years of follow-up 

 

Sleep duration categories All-cause mortality CVD mortality 

Person 

years 

Deaths Age 

adjusted HR 

Multi-adjusted HR* Person 

years 

Deaths Age 

adjusted HR 

Multi-adjusted HR* 

7-8 h  272887 2395 1.00 1.00 (Reference) 272887 905 1.00 1.00 (Reference) 

<5 h  7678 119 1.08 1.04 (0.79-1.34) 7678 41 0.91 0.87 (0.55-1.37) 

5-6 h  37800 265 1.20 1.23 (1.04-1.44) 37800 85 1.03 1.07 (0.79-1.45) 

6-7 h 178975 1019 0.96 0.96 (0.70-1.36) 178975 328 0.86 0.80 (0.67-1.96) 

8-9 h 100822 1427 1.04 1.07 (0.80-1.48) 100822 574 0.99 1.05 (0.91-1.22) 

9-10 h 40484 999 1.22 1.20 (1.04-1.44) 40484 430 1.17 1.10 (0.93-1.30) 

10-11 h 4409 169 1.40 1.22 (0.80-1.58) 4409 75 1.36 1.18 (0.85-1.64) 

>11 h 6385 303 1.89 1.86(1.04-2.78) 6385 138 1.69 1.80 (1.25-2.71) 

HR: Hazard ratio, CI: confidence interval  

*Adjusted for age, sex, BMI, education, smoking status, alcohol intake, LTPA, history of diabetes, history of CVD, history of hypertension and 

occupational physical activity 
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Supplementary table 5:  Excluded individuals who died during the first three years of follow-up 

Joint association between insomnia and sleep duration with all-cause and cardiovascular mortality and effect modification by LTPA over 17 years of 

follow-up   

HR: Hazard ratio, CI: confidence interval *Adjusted for age, sex, BMI, education, smoking status, alcohol intake, history of diabetes, history of CVD, 

history of hypertension and occupational physical activity 

 

Exposures 

Leisure-time physical activity 

Active Inactive 

Person 

years 

Death Age-adjusted 

HR 

 Multi-adjusted* 

HR a (95% CI) 

Person year Death Age-adjusted 

HR 

Multi-adjusted* 

HR (95% CI) 

All-cause mortality         

No insomnia + 7-8h sleep 237427 1423 1.00 1.00 (Reference) 168817 1093 1.17 1.16 (1.02-1.31) 

No insomnia + ≤6h sleep 20497 101 0.99 0.96 (0.70-1.23) 15831 118 1.26 1.38 (1.17-1.65) 

No insomnia + ≥9h sleep 74562 1016 1.23 1.18 (1.03-1.28) 56045 1010 1.37 1.35 (1.22-1.52) 

Insomnia + 7-8h sleep 27388 308 1.16 1.14 (0.96-1.35) 22662 268 1.15 1.14 (0.95-1.39) 

Insomnia + ≤6h sleep 4803 46 1.18 1.13 (0.73-1.59) 4283 71 1.89 1.86 (1.38-2.56) 

Insomnia + ≥9h sleep 16061 119 1.17 1.18 (0.97-1.43) 10871 326 1.51 1.59 (1.35-1.91) 

CVD-mortality         

No insomnia + 7-8h sleep 237427 493 1.00 1. (Reference) 169013 383 1.18 1.04 (0.53-2.34) 

No insomnia + ≤6h sleep 20497 32 0.93 0.92 (0.62-1.56) 15862 33 0.98 1.01 (0.84-1.64) 

No insomnia + ≥9h sleep 168817 400 1.14 1.07 (0.87-1.30) 56334 440 1.45 1.47 (1.25-1.78) 

Insomnia + 7-8h sleep 74562 96 0.95 0.93 (0.90-1.31) 22747 109 1.24 1.22 (0.86-1.59) 

Insomnia + ≤6h sleep 27388 33 0.99 1.28 (0.69-1.26) 4303 30 2.15 2.09 (1.26-3.39) 

Insomnia + ≥10h sleep 15831 76 1.17 1.16 (0.59-1.38) 10939 141 1.44 1.41 (1.06-1.88) 
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Supplementary table 6 Excluded individuals with cardiovascular disease (CVD) at baseline 

Joint association between insomnia and sleep duration with cardiovascular mortality and effect modification by LTPA over 17 years of follow-up   

HR: Hazard ratio, CI: confidence interval  

*Adjusted for age, sex, BMI, education, smoking status, alcohol intake, history of diabetes, history of hypertension and occupational physical activity 

 

 

Exposures 

Leisure-time physical activity 

Active Inactive 

Person 

years 

Death Age-adjusted 

HR 

 Multi-adjusted* 

HR a (95% CI) 

Person year Death Age-adjusted 

HR 

Multi-adjusted* 

HR (95% CI) 

CVD-mortality         

No insomnia + 7-8h sleep 230072 384 1.00 1. (Reference) 163838 307 1.25 1.08 (0.53-2.34) 

No insomnia + ≤6h sleep 20|136 25 0.98 1.01 (0.62-1.42) 15326 26 0.92 0.75 (0.54-1.08) 

No insomnia + ≥9h sleep 69466 286 1.09 1.04 (0.87-1.35) 51842 324 1.44 1.45 (1.15-1.78) 

Insomnia + 7-8h sleep 25506 64 0.88 0.89 (0.63-1.28) 21124 78 1.24 1.22 (0.86-1.59) 

Insomnia + ≤6h sleep 4580 12 1.10 1.59 (0.39-3.42) 3827 17 1.89 1.88 (1.26-3.39) 

Insomnia + ≥10h sleep 8886 50 1.09 1.14 (0.79-1.43) 9295 85 1.35 1.33 (0.86-1.88) 
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Supplementary table 7: Complete case 

Table 5: Joint association between insomnia and sleep duration with all-cause and cardiovascular mortality and effect modification by LTPA over 17 

years of follow-up   

HR: Hazard ratio, CI: confidence interval *Adjusted for age, sex, BMI, education, smoking status, alcohol intake, history of diabetes, history of CVD, 

history of hypertension and occupational physical activity 

 

 

Exposures 

Leisure-time physical activity 

Active Inactive 

Person 

years 

Death Age-adjusted 

HR 

 Multi-adjusted* 

HR a (95% CI) 

Person year Death Age-adjusted 

HR 

Multi-adjusted* 

HR (95% CI) 

All-cause mortality         

No insomnia + 7-8h sleep 140391 811 1.00 1.00 (Reference) 140239 641 1.17 1.16 (1.02-1.31) 

No insomnia + ≤6h sleep 12298 53 0.93 0.92 (0.70-1.23) 3698 76 1.29 1.37 (1.17-1.65) 

No insomnia + ≥9h sleep 43057 571 1.10 1.15 (1.03-1.32) 33241 605 1.41 1.36 (1.12-1.52) 

Insomnia + 7-8h sleep 15815 179 1.08 1.09 (0.96-1.35) 13495 155 1.20 1.18 (1.05-1.39) 

Insomnia + ≤6h sleep 2778 25 1.29 1.19 (0.83-1.59) 2569 50 1.90 1.86 (1.28-2.56) 

Insomnia + ≥9h sleep 5463 113 1.20 1.21 (0.97-1.47) 5760 175 1.48 1.50 (1.35-1.91) 

CVD-mortality         

No insomnia + 7-8h sleep 140391 292 1.00 1. (Reference) 140239 297 1.19 1.06 (0.53-2.34) 

No insomnia + ≤6h sleep 12298 18 0.90 0.90 (0.62-1.56) 3698 19 0.93 0.84 (0.84-1.64) 

No insomnia + ≥9h sleep 43057 211 1.09 1.05 (0.87-1.30) 33241 279 1.47 1.42 (1.25-1.78) 

Insomnia + 7-8h sleep 15815 57 0.93 0.91 (0.90-1.31) 13495 66 1.31 1.29 (1.06-1.59) 

Insomnia + ≤6h sleep 2778 10 1.28 1.26 (0.69-1.26) 2569 19 2.03 1.79 (1.26-3.39) 

Insomnia + ≥10h sleep 5463 46 1.33 1.18 (0.59-1.38) 5760 72 1.34 1.33 (1.06-1.88) 
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Supplementary table 8: Adjusted for anxiety and/or depression and work shift  

Joint association between insomnia and sleep duration with all-cause and CVD mortality and effect modification by LTPA over 17 years of follow-up   

HR: Hazard ratio, CI: confidence interval                                                                                                                                                                                                                                                                                           

*Adjusted for age, sex, BMI, education, smoking status, alcohol intake, history of diabetes, history of CVD, history of hypertension, occupational physical activity, anxiety and/or 

depression and work shif

 

Exposures 

Leisure-time physical activity 

Active Inactive 

Person 

years 

Death Age-

adjusted 

HR 

 Multi-adjusted* HR 
a (95% CI) 

Person 

year 

Death Age-

adjusted 

HR 

Multi-adjusted* 

HR (95% CI) 

All-cause mortality         

No insomnia + 7-8h sleep 169013 1565 1.00  1.00 (Reference) 169013 1208 1.30  1.19 (1.02-1.39) 

No insomnia + ≤6h sleep 15862 108 0.97  0.92 (0.70-1.23) 15862 136 1.18  1.47 (1.17-1.79) 

No insomnia + ≥9h sleep 56335 1108 1.16  1.19 (1.03-1.28) 56334 1188 1.40  1.38 (1.22-1.52) 

Insomnia + 7-8h sleep 22747 330 1.12  1.18 (0.93-1.23) 22747 313 1.20  1.28 (0.92-1.75) 

Insomnia + ≤6h sleep 4303 56 1.08  1.31 (0.94-1.68) 4303 84 1.90  1.67 (1.38-2.50) 

Insomnia + ≥9h sleep 10939 224 1.27  1.21 (0.68-1.74) 10939 368 1.40  1.31 (0.98-1.64) 

CVD-mortality         

No insomnia + 7-8h sleep 237680 557 1.00  1. (Reference) 169013 435 1.17  1.02 (0.53-2.34) 

No insomnia + ≤6h sleep 20512 34 0.89  0.80 (0.62-1.25) 15862 39 0.94  1.05 (0.53-2.08) 

No insomnia + ≥9h sleep 74723 441 1.09  1.05 (0.87-1.24) 56334 529 1.45  1.34 (0.86-1.84) 

Insomnia + 7-8h sleep 27423 108 0.93  0.67 (0.88-1.26) 22747 133 1.33  1.45 (0.91-2.04) 

Insomnia + ≤6h sleep 4821 18 1.15 1.01 (0.69-1.23) 4303 35 2.03  1.89 (0.87-4.13) 

Insomnia + ≥10h sleep 10106 86 1.16 1.44 (0.55-1.42) 10939 181 1.33  0.97 (0.58-1.64) 
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