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1      ABSTRACT   

2      Background: The aim of this study was to examine the associations of sleep duration and sleep   

3      disturbances with healthy and chronic disease-free life expectancy (LE) between ages 50 and 75.   
 

4      Methods: Data were drawn from repeated waves of three occupational cohort studies in England,   

5      Finland and Sweden (n=55,494) and the follow-up ranged from 6 to 18 years. Self-reported sleep   

6      duration was categorized into <7h, 7-8.5h and ≥9h and sleep disturbances into no, moderate, and   

7  severe. Health expectancy was estimated with two health indicators: healthy LE based on years in   

8      good self-rated health and chronic disease-free LE based on years without chronic diseases.   

9      Multistate life table models were used to estimate healthy and chronic disease-free LE from age 50   

10  to 75 years for each category of sleep measures in each cohort. Fixed-effects meta-analysis was   

11      used to pool the cohort-specific results into summary estimates.   
 

12      Results: Persons who slept 7-8.5 hours could expect to live 19.1 (95% CI 19.0-19.3) years in good   

13      health and 13.5 (95% CI 13.2-13.7) years without chronic diseases between ages 50 and 75. Healthy   

14      and disease-free years were 1-3 years shorter for those who slept less than 7 hours or slept 9 hours   

15      or more. Persons who did not have sleep disturbances could expect to live 20.4 (95% CI 20.3-20.6)   

16      years in good health and 14.3 (95% CI 14.1-14.5) years without chronic diseases between ages 50   

17      and 75. Healthy and disease-free years were 6-3 years shorter for those who reported severe sleep   

18      disturbances.    
 

19      Conclusions: Sleeping 7-8.5 hours and having no sleep disturbances between ages 50 to 75 are   

20      associated with longer healthy and chronic disease-free LE.   
 

21     
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1  Insufficient sleep and sleep difficulties are common in a modern society (1). Poor sleep has   

2      deleterious effects on physiology, including the metabolic, endocrine and immune systems (2-4).   

3      Moreover, growing evidence suggests that both short and long sleep duration are associated with   

4      adverse health outcomes, including cardiovascular disease (5), type 2 diabetes (6), functional   

5      decline (7), and mortality (8). Similarly, sleep disturbances are associated with an increased risk of   

6      various chronic diseases (6, 9), including depression (10), and mortality (11-13).    
 

7  One approach to evaluate health consequences of poor sleep is to estimate health expectancy   

8      according to sleep duration and sleep disturbances. Health expectancy is a useful summary measure   

9      of a population’s health that expresses the average number of years that a person can expect to live   

10  in “full health” by taking into account years lived in less than full health due to disease and/or   

11      disability (14). As health expectancy captures both the “quantity” and “quality” of lived years by   

12      considering simultaneously both health and years of life lost (15, 16), it is more informative than   

13  life expectancy alone and allows comparing proportion of life spent in good health across different   

14      population groups. There are a variety of ways to express health expectancy, depending on the   

15      health indicators available, and commonly used terms are healthy life expectancy, disease-free life   

16      expectancy and disability-free life expectancy. To give an example, one person aged 50 years can   

17      expect to live 25 years of which 20 years without chronic diseases and another person aged 50 years   

18      can expect to live 20 years of which 10 without chronic diseases. For these persons the proportion   

19      of disease-free life years would be 80% and 50%, respectively. To our knowledge, there are no   

20      previous studies examining the extent to which sleep duration and sleep disturbances are associated   

21      with health expectancy.   
 

22  This study examines the association of sleep duration and sleep disturbances with health   

23      expectancy between ages 50 and 75 using two indicators: healthy life expectancy based on years in   

24      good self-rated health and chronic disease-free life expectancy based on years without chronic   

25      diseases. To obtain robust estimates for lost health expectancy attributable to poor sleep, we used a   
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1      3-cohort design with individual data from 56,510 men and women living in England, Finland and   

2      Sweden.    
 

3     

4      METHODS   

5      Study population   

6  In all three cohorts, we included participants aged 50 to 75 years at the first wave for which valid   

7  survey data on health and sleep were available.    
 

8  The Finnish data comprise participants from the Finnish Public Sector study (FPS). The FPS  

9      was established in 1997 and involves 151,901 employees with ≥6 month job contract in any year   

10  from 1991-2000 to 2005 in 10 towns and 5 hospital districts in Finland. Survey data have been   

11      collected at 4-year intervals on all 103,866 cohort members, who were at work in the participating   

12      organizations (in 1997-1998, 2000-2002, 2004, 2008, and/or 2012) or had retired or left the   

13      organizations after 2000-02 (in 2005, 2009, and 2013). Of those, 84,848 participants responded at   

14  least once (response rate 82%). For the analysis, we used data from 40,205 participants, who were   

15  followed up to 16 years (mean follow-up time 6.8 years).    
 

 

16  Data for Sweden consisted of five postal questionnaire waves of the Swedish Longitudinal   

17      Occupational Survey of Health (SLOSH) (17). The first wave of SLOSH in 2006 was a follow-up   

18      of all respondents of the 2003 Swedish Work Environment Survey (SWES), in turn based on a   

19  random stratified sample of gainfully employed Swedish residents aged 16–64 years. At wave 2 in   

20      2008, the sample was supplemented with the respondents from the 2005 SWES, yielding an overall   

21  sample of n=18,915 women and men originally representative of the working population in Sweden   

22  in 2003 and 2005. These people were surveyed again in 2010, 2012 and 2014. In total, 77%   

23  responded at least once. For the present study, we used data from 8,267 (for the healthy LE   
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1      outcome) and 8,152 (for the chronic disease-free LE outcome) participants who were followed up to   

2      8 years (mean follow-up time 6 years).   
 

 

3  The English data comprise participants from the Whitehall II study (WHII), a prospective   

4      cohort of British civil servants established in 1985-88 when 10,308 participants aged 35-55 years   

5      were recruited into the study (18). Since then, follow-up surveys have taken place approximately   

6      every 2 to 3 years with response proportions ranging between 61-79 %. For the present study, we   

7      used data from 7,022 participants, who were followed up to 18 years (mean follow-up time 12.0   

8      years).   
 
 

9  In all cohorts, participants gave informed consent and ethical approvals were given in each of   

10  the countries from relevant ethical committees/boards.   
 

11     

12      Measurement of Sleep   
 

13      Sleep duration. In the FPS, sleep duration was measured by asking participants: ”How many hours   

14      do you usually sleep per 24 hours?”, in the WH II “How many hours of sleep do you have on an   

15      average week night?” and in the SLOSH study, participants were asked regarding   

16      working/weekdays “At what time do you normally go to bed (turn the lights out)?” and “At what   

17  time do you normally get up?”. In all cohorts participants were categorized into short sleepers (< 7   

18      hours), mid-range sleepers (7–8.5 hours) and long sleepers (≥ 9 hours). Details of the questions and   

19  response options are provided in the Supplementary Table 1.    
 

20     
 

21      Sleep disturbances. In the FPS and WH II sleep disturbances were measured with four questions   

22      using the Jenkins’ sleep problem scale (19) and with four similar questions in the SLOSH study   

23      with the Karolinska Sleep Questionnaire (20, 21). The four items inquired about difficulties falling   
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1      asleep, difficulties maintaining sleep during the night, waking up too early in the morning and non-  

2  restorative sleep. In all cohorts participants were categorized into having no, moderate or severe   

3  sleep disturbances. Details of the questions and response options are provided in the Supplementary   

4      Table 1.    
 

5     

6      Outcome measures   
 

7      Our life expectancy (LE) analyses were conditional on reaching the age of 50 and truncated at age   

8      75, thus instead of estimating total LE, we estimated partial LE between ages 50 and 75 in each   

9  study cohort. This was done to permit comparable time frames across the cohorts. Partial LE was   

10  further divided into healthy and unhealthy LE. In each study cohort, we defined two health   

11      expectancy outcomes: 1) healthy LE using self-rated health and 2) chronic disease-free LE based on   

12  the occurrence of chronic diseases between ages 50 and 75. In addition, we took into account of   

13      mortality when modelling health expectancies.   
 

14  Self-rated health. In each cohort, participants were asked to rate their general health on a 5-  

15      point Likert scale and they were categorized as ‘good health’ ‘sub-optimal health’ at each wave.   

16      Details of the questions and response options are provided in the Supplementary Table 1. Health   

17      expectancy based on years in good self-rated health is labeled ‘healthy LE’.   
 

18  Chronic diseases. The presence of the following chronic diseases was inquired with   

19      questionnaires in each cohort: heart disease, stroke (not separately available in SLOSH), chronic   

20  lung disease (chronic bronchitis or asthma) and diabetes. Information on cancer was obtained from   

21  registers for all cohorts. Individuals were defined as having a chronic disease if they reported one or   

22      more of the abovementioned conditions. To ensure comparability across studies the data for SLOSH   

23      on chronic conditions came from the 2008-2014 waves, as the 2006 wave did not collect   

24  information on all chronic conditions. The presence of chronic diseases at baseline (first observation   
 

 

6   



 

 
 

1  included in analysis) included any chronic diseases reported before the age of 50 from available   

2  information on respondents. Details of the questions and response options are provided in the   

3      Supplementary Table 1. Health expectancy based on years without chronic diseases is labeled   

4  ‘chronic disease-free LE’.   
 

5  Mortality was ascertained from linked register data for each study cohort with follow-up   

6      censored on 31 December of the year in which data collection last took place for each study cohort.   
 

7     
 

8      Covariates   
 

9      Age and sex were obtained from self-reports or registers. Occupational position was categorized   

10  into higher, intermediate and lower occupational positions. In SLOSH, occupational position was   

11      based on self-reported job title; in FPS and WH II occupational position was obtained from the   

12      employers’ records.   

13     
 

14      Statistical analyses   
 

15      Characteristics of the participating cohorts are measured at the first observation point, which refers   

16  to the date each participant was included in the dataset.    
 

17  We applied discrete-time multistate life table models to longitudinal data (22). For both   

18      outcome measures, three health states were defined: healthy, unhealthy, and dead. For healthy LE,   

19  there were four possible transitions between the health states, namely: healthy to sub-optimal health   

20  (onset), sub-optimal health to healthy (recovery), healthy to death, sub-optimal health to death. For   

21      chronic disease-free LE, there were only three possible transitions (no disease to disease, no disease   

22  to death and disease to death) as, by definition, recovery was not possible.    
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1  In the first step of the multistate life table analyses, multinomial logistic regression models   

2      were fitted separately for each cohort. Odds ratios for the associations of sleep duration and sleep   

3      disturbances with transitions between health states were estimated from these multinomial logistic   

4      models with age (in years), sex and socioeconomic position as covariates. Parameter estimates from   

5  these models were used to calculate age-specific transition probabilities between disease states by   

6  sex, sleep duration and sleep disturbances.   
 

7  In the second step of analyses, partial LE, healthy LE and chronic disease-free LE from ages   

8      50 to 75 (in total 26 years) were calculated based on these estimated transition probabilities using a   

9  stochastic (micro-simulation) approach (22). For each study, individual trajectories for a simulated   

10      cohort of 100,000 persons were generated with distributions of covariates at the starting point based   

11      on the observed study-specific prevalence by five-year age group, sex, sleep duration and sleep   

12      disturbances. Partial LE, healthy LE and chronic disease-free LE from age 50 to 75 were then   

13      calculated as the average from these trajectories for sleep duration, sleep disturbances and sex.   

14      Computation of 95% confidence intervals (CI) (from 2.5th and 97.5th percentiles) for these   

15      multistate life table estimates was performed using a bootstrap method with 500 replicates for the   

16      whole analysis process (multinomial analysis and simulation steps). As sleep-related transitions to   

17      poor health and death may differ by sex, we repeated analyses including interactions between sex   

18      and sleep duration and sex and sleep disturbances in the multinomial logistic models. Finally, we   

19      calculated the proportion of life spent in good health between ages 50 and 75 by dividing the   

20      healthy LE with partial LE. Similarly the proportion of life spent without chronic diseases between   

21      ages 50 and 75 was calculated by dividing the chronic disease-free LE with partial LE.   
 

22  All analyses were conducted in SAS 9.2 using the SPACE (Stochastic Population Analysis of   

23      Complex Events) program (23, 24). After separate analyses among men and women in all cohorts,   

24      we used fixed-effects meta-analysis (25) to pool the cohort- and sex-specific results into summary   
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1      estimates with the R (version 3.3.2) library Meta (R Foundation for Statistical Computing, Vienna,   

2      Austria).   
 

3     
 

4      RESULTS   

 

5      Table 1 shows characteristics of each study cohort at the time of first observation. The distribution   

6      of sleep duration and sleep disturbances varied across cohorts. In FPS and SLOSH, about two thirds   

7      and in WH II about a half of the participants reported sleeping 7-8.5 hours. Severe sleep   

8      disturbances were the most common in the FPS (23% in men and 27% in women), then in WH II   

9  (13% in men and 19% in women) and least common in the SLOSH (6% in men and 11% in   

10      women).    
 

11     
 

12      Sleep and healthy life expectancy   
 

13      Short sleep (< 7-hours), but not long sleep (≥ 9 hours) was associated with slightly shorter partial   

14      LE compared to mid-range sleep (7-8.5 hours) (Table 2). Mid-range sleepers could expect to live   

15  longer in good health compared to those with short or long sleep. The difference was 1.1 year   

16      between short and mid-range sleepers and 2.5 years between mid-range and long sleepers. In   

17      proportions, mid-range sleepers could expect to live 77% of their life between ages 50 and 75 in   

18      good health, whereas in short sleepers and long sleepers the proportions were 74% and 67%,   

19  respectively (Figure 1). Men had slightly longer healthy LE than women, but there was no sex   

20      difference in the association between sleep duration and healthy LE (Supplementary Table 2).   
 

21  Persons with moderate and severe sleep disturbances had only slightly shorter partial LE   

22      compared to those with no sleep disturbances, but there was a steep gradient towards shorter healthy   

23      LE with more severe sleep disturbances (Table 2). Persons without sleep disturbances could expect   
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1  to live 81% of their life between ages 50 and 75 in good health. The corresponding figures for   

2      moderate and severe sleep disturbances were 71% and 57%, respectively (Figure 2). In terms of   

3      absolute number of years, those without sleep disturbances could expect to live more than six   

4      additional years in good health compared to those with severe sleep disturbances. No sex difference   

5      was observed in the association between sleep disturbances and healthy LE (Supplementary Table   

6      2).   
 

7     
 

8      Sleep and chronic disease-free life expectancy   
 

9  Similarly to healthy LE, mid-range sleepers could expect to live longer without chronic   

10      diseases compared to those with short or long sleep (Table 3). Mid-range sleepers could expect to   

11  live 54% of their life between ages 50 and 75 without chronic diseases, whereas the proportions   

12      were 50% for short sleepers and 49% for long sleepers (Figure 1). In terms of absolute number of   

13      years, mid-range sleepers could expect to live 1.1 to 1.4 years longer without chronic disease   

14      compared to those with short or long sleep. Women had slightly longer chronic disease-free LE than   

15      men, but there was no sex difference in the association between sleep duration and chronic disease-  

16  free LE (Supplementary Table 3).   
 

17  The proportion of years without chronic diseases between ages 50 to 75 was 57% for those   

18      who did not report sleep disturbances and the corresponding proportions for those with moderate   

19      and severe sleep disturbances were 50% and 45%. In terms of absolute number of years, those   

20      without sleep disturbances could expect to live more than three additional years without chronic   

21      diseases compared to those with severe sleep disturbances. No sex difference was observed in the   

22      association between sleep disturbances and healthy LE (Supplementary Table 3).   
 

23     
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1      Cohort specific differences   
 

2  In terms of cohort-specific results are shown in Supplementary Tables 4-7. We found that long   

3  sleep was consistently associated with shorter healthy and chronic disease-free LE in all cohorts.   

4      Results for short sleep varied slightly so that in SLOSH short and mid-range sleepers did not differ   

5  from each other. Also in the WH II the prevalence of long sleep was very low (2%) and especially   

6  in men the chronic disease-free LE was much lower than in other cohorts. There was a gradient   

7  towards a shorter healthy or disease-free LE with increasing sleep disturbances in all cohorts. The   

8      difference between “no” and “severe” sleep disturbances in the association with healthy LE was   

9      most pronounced in FPS and SLOSH. In terms of chronic-disease free LE there were no marked   

10      differences across cohorts.   
 

11  To provide more detailed information on the magnitude of risk, the associations between   

12  sleep measures and each possible transition are shown in Supplementary Tables 8-11. Likelihood of   

13      moving from healthy to unhealthy state was higher in persons with short sleep duration (especially  

14  in FPS and WH II) and severe and moderate sleep disturbances (all cohorts) compared to mid-range   

15  sleepers and those with no sleep disturbances. Sleep disturbances were also associated with higher   

16  likelihood of moving from disease-free to disease state in all cohorts.   
 

17  Finally, we tested the interactions between sex and the sleep measures on LE outcomes in   

18      each cohort in multinomial logistic models. In most cases, this did not significantly improve model   

19  fit. However, there was a statistically significant sex interaction for sleep disturbance and risk of   

20  transition from unhealthy to healthy state in SLOSH, where the lower likelihood of recovery from   

21      unhealthy to healthy state associated with severe and moderate sleep disturbance was more   

22      pronounced in men than in women (p=0.014).   
 

23     

24       
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1      DISCUSSION   

 

2      This study examined how sleep duration and sleep disturbances were associated with healthy and   

3      chronic  disease-free  life  expectancy  in  over  56,000  men  and  women  from  three  independent   

4      occupational cohort studies from Europe. We found that men and women with mid-range sleep   

5      duration could expect to live one to two years longer in good health or without chronic diseases   

6      between ages 50 and 75 compared to those with long or short sleep duration. In addition, people who   

7      did not have sleep disturbances could expect six additional healthy years and three more disease-free   

8      years than those with severe sleep disturbances between ages 50 and 75.    
 

9  To our knowledge, this is the first prospective study to provide health expectancy estimates   

10  for both self-rated health and chronic diseases in different levels of sleep duration and sleep   

11      disturbances. We applied multistate models to longitudinal data to obtain transition probabilities   

12      between health states and found robust associations between sleep and health expectance which are   

13      consistent with earlier research related to impaired sleep and other health measures. In agreement   

14      with our findings, previous studies have reported that mid-range sleep and non-disturbed sleep are   

15      associated with better health (5, 6). Our study extends previous studies by examining how sleep   

16      quantity and quality are associated with health outcomes by using health expectancy analysis, which   

17      combines information on health, morbidity and mortality. The findings of the study are very   

18  relevant because sleep problems are increasingly common and at the same time life expectancy has   

19      continuously increased in Western countries (26, 27). The important question is how many of the   

20      gained years of life will be spent in good health or without chronic disease. We showed consistent   

21  results across four different European countries suggesting that sleep problems, in addition to other   

22  life style factors (28), are likely to considerably decrease the proportion of life that is spent in good   

23      health.    
 

24  In our study, we used two health expectancy outcomes, namely healthy LE, based on self-  

25  reported health, and chronic disease-free LE. We found that, in general, healthy LE was longer than   
12   



 

 
 

1      chronic disease-free LE. For example, when we compared individuals reporting “no” and “severe”   

2  sleep disturbances, differences in years and proportions were larger with healthy LE than with   

3      chronic disease-free LE. The reason why healthy LE is longer and shows greater variability than   

4      chronic disease-free LE may be because self-rated health is a holistic measure and it captures a   

5      wider range of health-related phenomena beyond chronic disease, i.e. people can still perceive their   

6      health relatively good despite having a chronic disease (29).   
 

7  We utilized data from three European cohorts and in addition to reporting pooled estimates,   

8      we also presented results for each cohort separately. In general we found consistent results across   

9      all study cohorts in spite of some heterogeneity in the measurement of sleep duration and sleep   

10      disturbances across the cohorts. In these data, long sleep and a higher level of sleep disturbances   

11      were associated with shorter healthy and chronic disease-free LE. However, the absolute difference   

12  in years varied slightly between cohorts and by the health expectancy indicator since sleep duration   

13      and sleep disturbances were measured with different instruments in SLOSH compared to FPS and   

14      WH II. For example in SLOSH the time going to bed and waking up was inquired separately,   

15      whereas in FPS and WH II the participants were asked about their total sleep time. This may have   

16  led small differences in reporting accuracy, but by using a relatively crude three-level   

17      categorization, the influence on our results is likely to be small. Although the prevalence of sleep   

18      disturbances was lower in SLOSH than in FPS and WH II, the health expectancy estimates were   

19      very similar across the cohorts. In addition, there was some variability in the definitions of health   

20      and chronic diseases between cohort studies and the cohorts were also different in terms of   

21  representativeness and age (30). Pooling the results across studies allowed us to assess the   

22  similarities and differences of the associations across different contexts, an important point   

23      concerning the generalizability of our findings.   
 

24  The current study has a number of strengths. Our data were based on large prospective   

25      cohorts from three European countries with multiple measurements of self-rated health and chronic   
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1      diseases enabling longitudinal modeling to estimate health expectancy over an extended time period   

2  from age 50 to 75 years. We used microsimulation to estimate healthy LE and chronic disease-free   

3      LE, which provided consistent results for each cohort. In addition, we used two different indicators   

4      of impaired sleep and two different health expectancy outcomes proving a broader picture of the   

5  relationship between sleep and health expectancy.    
 

6  The study also has limitations that need to be considered. First, we assessed sleep duration   

7      and sleep disturbances using self-report, which is not the gold standard but nonetheless the most   

8      common method in large-scale research; self-reported information on sleep also forms the basis for   

9      diagnosing insomnia in sleep clinics (31). In future studies, measurement with, for example,   

10      accelerometers might be a feasible method for a more accurate and objective assessment of sleep   

11      duration and quality. Second, a limitation inherent in the study design is that we will have to assume   

12  that poor sleep is either new (i.e. a recent onset) or that it precedes development of chronic diseases   

13      before age 50. We attempted to examine the potential reverse causality by calculating transition   

14      probabilities between different health states and found that moving from healthy to unhealthy state   

15      or moving from disease-free to disease state were more likely in persons with severe and moderate   

16  sleep disturbances compared to those with no sleep disturbances. This suggests that it is likely that   

17  sleep disturbances precede health problems and not vice versa. However, we do not know whether   

18      moving from disease-free to disease state is driven by poor sleep or a subclinical disease affecting   

19  sleep and developing later to a clinical disease state. Third, we assessed a selected range of chronic   

20      diseases (heart disease, stroke, chronic lung disease, cancer and diabetes) not encompassing   

21      osteoarthritis and depression, for example. Therefore, our measure of healthy LE may not have   

22      captured all life dimensions of non-fatal health and functional limitations. Fourth, due to the   

23      observational nature of the study, our study does not permit definite causal inferences.    
 

24  Since our health expectancy analyses were conditional on reaching the age of 50 and   

25  truncated at age 75, future studies are needed to investigate the association of sleep duration and   
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1  sleep disturbances with healthy and chronic disease-free LE starting at younger ages and extending   

2  follow-up beyond the age of 75. Our study was based on occupational cohort studies. Thus, it is   

3      possible that health-related selection may have led to underestimation of the association between   

4  sleep and health expectancy, since individuals who are not working or are disabled are not   

5  represented and they are known to have more sleep problems and poorer health (32). Further   

6  research is needed to examine whether our findings are generalizable to general populations.   
 

7  In conclusion, we found that short or long sleep and severe sleep disturbances were associated   

8      with slightly lower partial life expectancy between ages 50 and 75, but markedly less years in good   

9      health and less years without chronic-diseases compared to mid-range sleep or no sleep   

10      disturbances. Finding ways to support healthy sleeping habits in midlife may substantially increase   

11  the time spent in good health with advancing age.   
 

12     
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15     

16      Funding   

 

17      This work was supported by the Swedish Research Council for Health, Working Life and Welfare   

18  (2009-1758 and 2012-1661) and the UK Economic and Social Research Council [ES/K01336X/1]   

19      under the ERA-AGE2 initiative. SS is supported by the Academy of Finland (286294 and 294154)   

20      and Finnish Ministry of Education and Culture. MK is supported by the MRC (K013351),   

21      NordForsk and Academy of Finland (311492). JH is partly supported by the ESRC (ES//L002892).   
 

22     

23       

 

 

15   



 

 

 

1      Conflict of interest   

2      SS currently serve on the editorial board for the Journal of Gerontology: Medical Sciences. All   

3      other authors have no conflicts of interest to disclose.     

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

16   



 

 

 

1      References   
 

2      1. Akerstedt T, Nilsson PM. Sleep as restitution: an introduction. J Intern Med. 2003;254(1):6-12.   

3      2. Spiegel K, Tasali E, Leproult R, Van Cauter E. Effects of poor and short sleep on glucose   
4      metabolism and obesity risk. Nature reviews Endocrinology. 2009;5(5):253-61.   
5      3. Knutson KL, Spiegel K, Penev P, Van Cauter E. The metabolic consequences of sleep   
6      deprivation. Sleep Med Rev. 2007;11(3):163-78.   
7      4. Grandner MA, Buxton OM, Jackson N, Sands-Lincoln M, Pandey A, Jean-Louis G. Extreme   
8  sleep durations and increased C-reactive protein: effects of sex and ethnoracial group. Sleep.   
9      2013;36(5):769-79e.   

10      5. Cappuccio FP, Cooper D, D'Elia L, Strazzullo P, Miller MA. Sleep duration predicts   

11      cardiovascular outcomes: a systematic review and meta-analysis of prospective studies. Eur Heart J.  
12      2011;32(12):1484-92.   

13      6. Cappuccio FP, D'Elia L, Strazzullo P, Miller MA. Quantity and quality of sleep and incidence of  

14  type 2 diabetes: a systematic review and meta-analysis. Diabetes Care. 2010;33(2):414-20.   
15      7. Stenholm S, Kronholm E, Bandinelli S, Guralnik JM, Ferrucci L. Self-reported sleep duration   
16      and time in bed as predictors of physical function decline: results from the InCHIANTI study.   
17      Sleep. 2011;34(11):1583-93.   
18      8. Cappuccio FP, D'Elia L, Strazzullo P, Miller MA. Sleep duration and all-cause mortality: a   
19  systematic review and meta-analysis of prospective studies. Sleep. 2010;33(5):585-92.   
20      9. Sivertsen B, Lallukka T, Salo P, Pallesen S, Hysing M, Krokstad S, et al. Insomnia as a risk   
21  factor for ill health: results from the large population-based prospective HUNT Study in Norway. J  

22      Sleep Res. 2014;23(2):124-32.   

23      10. Salo P, Sivertsen B, Oksanen T, Sjosten N, Pentti J, Virtanen M, et al. Insomnia symptoms as a  

24      predictor of incident treatment for depression: prospective cohort study of 40,791 men and women.  

25      Sleep Med. 2012;13(3):278-84.   

26      11. Rod NH, Vahtera J, Westerlund H, Kivimaki M, Zins M, Goldberg M, et al. Sleep disturbances  
27      and cause-specific mortality: Results from the GAZEL cohort study. Am J Epidemiol.   
28      2011;173(3):300-9.   
29      12. Lallukka T, Podlipskyte A, Sivertsen B, Andruskiene J, Varoneckas G, Lahelma E, et al.   
30  Insomnia symptoms and mortality: a register-linked study among women and men from Finland,   
31      Norway and Lithuania. J Sleep Res. 2016;25(1):96-103.   
32      13. Rod NH, Kumari M, Lange T, Kivimaki M, Shipley M, Ferrie J. The joint effect of sleep   

33      duration and disturbed sleep on cause-specific mortality: results from the Whitehall II cohort study.  
34      PLoS One. 2014;9(4):e91965.   
35      14. World Health Organization. Healthy life expectancy at birth 2013 [Available from: Available:   
36      http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=66.   
37      15. Sanders BS. MEASURING COMMUNITY HEALTH LEVELS. American journal of public   
38      health and the nation's health. 1964;54:1063-70.   

39      16. Wood R, Sutton M, Clark D, McKeon A, Bain M. Measuring inequalities in health: the case for  

40      healthy life expectancy. J Epidemiol Community Health. 2006;60(12):1089-92.   
41      17. Magnusson Hanson LL, Theorell T, Oxenstierna G, Hyde M, Westerlund H. Demand, control   
42      and social climate as predictors of emotional exhaustion symptoms in working Swedish men and   
43      women. Scand J Public Health. 2008;36(7):737-43.   

44      18. Marmot M, Brunner E. Cohort Profile: the Whitehall II study. Int J Epidemiol. 2005;34(2):251- 

45      6.   
46      19. Jenkins CD, Stanton BA, Niemcryk SJ, Rose RM. A scale for the estimation of sleep problems  

47  in clinical research. Journal of clinical epidemiology. 1988;41(4):313-21.   

48      20. Kecklund G, Akerstedt T. The psychometric properties of the Karolinska Sleep Questionnaire. J  

49      Sleep Res. 1992;1(Suppl 1):113.   
17   

http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=66


 

 
 

1      21. Nordin M, Åkerstedt T, Nordin S. Psychometric evaluation and normative data for the   
2      Karolinska Sleep Questionnaire. Sleep and Biological Rhythms. 2013;11(4):216-26.   
3      22. Cai L, Hayward MD, Saito Y, Lubitz J, Hagedorn A, Crimmins E. Estimation of multi-state life  

4  table functions and their variability from complex survey data using the SPACE Program.   
5      Demographic research. 2010;22(6):129-58.   
6      23. Cai LM, Hayward MD, Saito Y, Lubitz J, Hagedorn A, Crimmins E. Estimation of multi-state   
7  life table functions and their variability from complex survey data using the SPACE Program.   
8      Demogr Res. 2010;22:129-57.   
9      24. Centers for Disease Control and Prevention. SPACE Program 2015 [Available from:   

10      http://www.cdc.gov/nchs/data_access/space.htm.   
11      25. Hedges L, Vevea J. Fixed- and random-effects models in meta-analysis. Psychol Methods.   
12      1998;3(4):486-504.   

13      26. Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations: the challenges ahead.  

14      Lancet. 2009;374(9696):1196-208.   
15      27. Vaupel JW. Biodemography of human ageing. Nature. 2010;464(7288):536-42.   
16      28. Stenholm S, Head J, Kivimäki M, Kawachi I, Aalto V, Zins M, et al. Smoking, physical   

17  inactivity and obesity as predictors of healthy and disease-free life expectancy between ages 50 and  
18      75: a multicohort study. Int J Epidemiol. 2016;45(4):1260-70.   
19      29. Jylhä M, Guralnik JM, Balfour JB, Fried LP. Walking Difficulty, Walking Speed, and Age as   
20      Predictors of Self-Rated Health: The Women's Health and Aging Study. Journal of Gerontology:   
21      Medical Sciences. 2001;56:M609-M17.   
22      30. Pongiglione B, De Stavola BL, Ploubidis GB. A Systematic Literature Review of Studies   
23      Analyzing Inequalities in Health Expectancy among the Older Population. Plos One. 2015;10(6).   

24      31. Kryger M, Roth T, Dement W, editors. Principles and practice of sleep medicine: Philadelphia,  

25      PA: Saunders; 1994.   
26      32. Grandner MA, Patel NP, Gehrman PR, Xie D, Sha D, Weaver T, et al. Who gets the best sleep?  

27      Ethnic and socioeconomic factors related to sleep complaints. Sleep Med. 2010;11(5):470-8.   

28       
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

18   

http://www.cdc.gov/nchs/data_access/space.htm


 

 

 

1      Figure legends.   

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

2     

3      Figure 1. Proportion (95% CI) of life spent in good health and without chronic disease   

4      between ages 50 and 75 by sleep duration. Pooled analysis of men and women in FPS, SLOSH   

5      and Whitehall II Studies.    
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7     

8      Figure 2. Proportion (95% CI) of life spent in good health and without chronic disease   

9      between ages 50 and 75 by sleep disturbances. Pooled analysis of men and women in FPS,   

10      SLOSH and Whitehall II Studies.    
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Table 1. Characteristics of the study cohorts at the time of first observation *.   

 

 

Men        Women  Men        Women  Men           Women   
     

Sample  size  7894  32311    3771‡  4496‡  4946  2076   

Age (mean, SD)  53.7(3.2)   53.3(2.9)       57.1(5.5)   56.5(5.4)  56.9 (5.5)     57.5 (5.7)   

Occupational position (%)                 

   High grade  41.4  27.0    22.5  16.9  41.5  14.2   

   Middle grade  24.4  56.7    36.7  51.7  52.1  44.3   

   Low grade  34.2  16.3    40.8  31.4  6.4  41.6   

Suboptimal self-reported health (%)  37.2  34.2    23.7  20.6    11.8  18.0  

Chronic health conditions (%)†  26.0  26.4    21.6  17.3    37.5  37.3  

Sleep duration (%)   

                
   < 7 hours  30.8  25.7  25.1  14.4  39.9  44.4   

     
   7-8.5 hours  67.2  71.3  67.0  73.7  58.8  53.5   

     
   ≥ 9 hours  1.9  3.0  7.9  11.9  1.3  2.1   

     
Sleep disturbances (%)   

                
   Severe  23.0  26.9  5.9  10.6  13.1  19.3   

     
   Moderate  23.9  25.1  10.8  15.3  23.0  25.9   

     
   No  53.1  47.9  83.3  74.1  64.0  54.8   
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FPS  SLOSH  Whitehall II   
     



 

* The first observation point refers to the date each participant is for the first time included in the data set. † Presence of chronic diseases includes  

illness reported at or before the first observation point. ‡ Number of participants included in the analysis regarding chronic disease-free LE is   

3748 men and 4445 women.   
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Table 2. Partial life expectancy, healthy life expectancy and unhealthy life expectancy in years based on self-reported health between   

ages 50 and 75 by sleep duration and sleep disturbances. Pooled analysis of men and women in FPS, SLOSH and Whitehall II Studies.    

 

Unhealthy  

Partial life   

expectancy  95% CI   

Healthy life   

expectancy  95% CI   
life   

expectancy  95% CI  

 

                     
< 7  24.8  24.7  24.9    18.0  17.8  18.2    6.6  6.4  6.8   

7-8.5  25.0  25.0  25.1    19.1  19.0  19.3    5.6  5.5  5.7  

≥ 9  25.0  24.8  25.2    16.6  16.1  17.2    8.3  7.8  8.8   

                      

Sleep disturbances                         

Severe  24.7  24.6  24.8    14.2  13.9  14.5    10.6  10.4  10.8   

Moderate  24.9  24.8  25.0    17.5  17.3  17.8     7.1   6.9   7.3   

No  25.0  24.9  25.1    20.4  20.3  20.6     4.6   4.5   4.7   
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Table 3. Partial life expectancy, chronic disease-free life expectancy and life expectancy with chronic diseases in years between ages 50   

and 75 by sleep duration and sleep disturbances. Pooled analysis of men and women in FPS, SLOSH and Whitehall II Studies.   

 

 

 

 

Partial life   

expectancy  95% CI   

 

Chronic   

disease-free   

life   

expectancy  95% CI   

 

Life   

expectancy   

with chronic   

diseases  95% CI  

 

                     
< 7  24.7  24.6  24.8    12.4  12.1  12.7    12.2  12.0  15.5   

7-8.5  24.9  24.9  25.0    13.5  13.2  13.7    11.5  11.3  11.7  

≥ 9  25.0  24.8  25.3    12.1  11.3  12.9    12.7  11.9  13.5   

                      

Sleep disturbances                         

Severe  24.7  24.6  24.8    11.1  10.8  11.4    13.6  13.3  13.9   

Moderate  24.9  24.8  25.0    12.5  12.2  12.8    12.4  12.1  12.7   

No  24.9  24.9  25.0    14.3  14.1  14.5    10.6  10.4  10.8   
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SUPPLEMENTARY MATERIAL   

Supplementary Table 1. Operationalization of exposure and outcome variables in each study cohort.   
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   FPS   SLOSH   WH II   

Sleep   

duration   

Short  6 h or less, 6.5 h   

Mid-range    7 h, 7.5 h, 8 h, 8.5 h   

Long  9 h, 9.5 h and 10 h or more   

 

Short  5 h or less, 6 h  

Mid-range    7 h, 8 h   

Long  9 h or more   

Sleep   

disturbance  

s   

Jenkins’ sleep problem scale 1.   

Q: “How many times during the last   

month you?: (1) Had trouble falling   

asleep, (2) Had trouble staying asleep   

(i.e. waking up far too early) (3) Woke  

up several times per night (i.e. difficulty  

maintaining sleep during night) and (4)  

Woke up after usual amount of sleep   

feeling tired and worn out (i.e. non-  

restorative sleep).”   

None  Never,    

1–3 nights/month,    

1 night/week   

Moderate     2–4 nights/week   

Severe  5–6 nights/week and   

nearly every night   

Karolinska Sleep Questionnaire 2,3.   

Q: “Have you been troubled by the   

following complaints during the past 3   

months?: (1) Difficulties falling asleep,  

(2) Repeated awakenings with   

difficulties falling asleep again, (3)   

Premature (final) awakening and (4)   

Not well-rested on awakening.”   

None  Never, seldom / single   

occurances, sometimes /   

a few times a month,   

often / 1-2 times a week   

Moderate   Most of the time / 3-4   

times a week   

Severe        Always / 5 times a week   

or more   

Jenkins’ sleep problem scale 1   

Q: “How many times during the   

last month you?: (1) Had trouble   

falling asleep, (2) Had trouble   

staying asleep (i.e. waking up far   

too early) (3) Woke up several   

times per night (i.e. difficulty   

maintaining sleep during night) and  

(4) Woke up after usual amount of  

sleep feeling tired and worn out   

(i.e. non-restorative sleep).”   

None  Not at all, 1–3 days,   

4–7 days/month   

Moderate     8–14 days/month,    

15–21 days/month   

Severe  22–31 days/month   

Q: ”How many hours do you usually  

sleep per 24 hours?”    

Q: “How many hours of sleep do  

you have on an average week   

night?”    

Q: “At what time do you normally go  to 

bed (turn the lights out) in   

weekdays?” and “At what time do you  

normally get up in weekdays?”.    

Based on the given times, sleep   

duration was calculated.   

Short  < 7 h   
Mid-range   7-8.5 h   
Long  ≥ 9 h   
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Healthy life  

expectancy   

Q: “How is your health?”   

Good health   Good,    

Fairly good   

Suboptimal   

health   

Q: “How would you rate your general  
state of health?”   

Good health   Very good,   

Quite good   

Suboptimal   

health   

Q: “In general would you say your  
health is…?”   

Good health   Excellent,    

Very good, Good   

Suboptimal   

health   

Chronic   

disease-free  

life   

expectancy   

Q: “Has a doctor told you that you have  

or have had …?   

(1) myocardial infarction or angina   

pectoris, (2) stroke, (3) chronic   

bronchitis or asthma, (4) diabetes or   

high blood sugar; and (5) cancer or a   

malignant tumour of any kind except   

skin cancer*”   

* For the first two waves cancer was not  

inquired, thus information from cancer  

register was used.   

Yes        One or more of the    

listed diseases   

No         No disease   

Q: “Do you have or have you had any  

of the following long-standing and/or  

serious diseases or complaints during  

the past 2 years and how much has it   

impacted on your life?”   

(1) cardiovascular disease, (2) chronic  

obstructive lung disease, (3) asthma   

and (4) diabetes    

Response options for each condition:   

No   

Yes, but it does not impact on my life  

at all   

Yes, impacts my life somewhat   

Yes, impacts my life a lot   

Information on cancer is based on the  

Cancer Register and hospital patient  

register (malignant neoplasms).    

Yes        One or more of the    

listed diseases   

No         No disease   

Q: “Has a doctor ever told you that  

you have had …   

(1) a heart attack or any other heart  

trouble? (enlarged heart, fluid on   

lungs, heart failure), (2) stroke   

(stroke or transient ischaemic   

attack), (4) Diabetes”   

Q. “Do you have any longstanding  

illness, diseases or medical   

conditions of which you have   

sought treatment in the last 12   

months? If yes, please list.    

(3) chronic lung disease (includes  

conditions coded as chronic   

bronchitis or asthma)   

Information on cancer is from  

cancer register.    

Yes     One or more of the    

listed diseases   

No      No disease   

Average, Fairly poor  

and Poor   

Neither good nor bad,  

Quite poor and Very  

poor   

Fair and Poor   
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Supplementary Table 2. Partial life expectancy, healthy life expectancy and unhealthy life expectancy in years based on self-reported health between  

ages 50 and 75 by sleep duration and sleep disturbances in men and women. Pooled analysis of FPS, SLOSH and Whitehall II Studies.   

 

 

Partial life   

expectancy  95% CI   

 

 

Healthy life   

expectancy  95% CI   

Unhealthy   

life   

expectancy     95% CI   

        % of   

healthy   

life*   

95% CI    

Men                             

Sleep duration            
                       

< 7  24.6  24.5     24.8  19.0  18.7     19.3  5.6  5.4    5.9    77.4     76.3   78.4     
     

7-8.5  24.8  24.7     24.9  20.1  19.9     20.4  4.5  4.3    4.7    82.0     81.2   82.7     
     

≥ 9  24.9  24.5     25.3  16.1  15.2     17.0  8.6  7.7    9.5    65.3     61.8   68.8     
     

Women             
                       

Sleep duration            
                       

< 7  24.9  24.8     25.0  17.0  16.8     17.3  7.6  7.3    7.8    69.5     68.4   70.5     
     

7-8.5  25.1  25.1     25.2  18.6  18.4     18.7  6.4  6.3    6.6    74.2     73.5   74.8     
     

≥ 9  25.0  24.7     25.3  16.7  16.0     17.3  8.3  7.7    8.9    66.8     64.4   69.2     
     

Men             
                       

Sleep disturbances            
                       

Severe  24.4  24.2     24.6  14.3  13.8     14.7  9.8  9.5   10.2    58.9     57.3   60.5     
     

Moderate  24.6  24.5     24.8  17.7  17.3     18.1  6.3  6.0    6.6    74.1     72.8   75.4     
     

No  24.8  24.7     24.9  20.7  20.5     20.9  4.2  4.0    4.4    83.0     82.3   83.8     
     

Women             
                       

Sleep disturbances            
                       

Severe  24.9  24.7     25.0  13.9  13.6     14.2  11.0  10.7   11.3    55.9      54.7    57.0    
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  17.1     17.6  7.7  7.4    8.0    69.4      68.3    70.4    
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No  25.2  25.1     25.2  20.2  20.0     20.4  5.0  4.9    5.2    80.0      79.3    80.6    
     

Supplementary Table 3. Partial life expectancy, chronic disease-free life expectancy and life expectancy with chronic diseases in years between ages   

50 and 75 by sleep duration and sleep disturbances in men and women. Pooled analysis of FPS, SLOSH and Whitehall II Studies.    

        % of   

disease-  

free life* 95% CI   

Men                          

Sleep duration           
                       

< 7  24.5  24.4      24.7  11.7  11.2      12.2  12.4  12.0  12.9        48.5      46.6    50.3   
     

7-8.5  24.8  24.7      24.9  12.9  12.6      13.3  11.5  11.2  11.9        52.9      51.4    54.4   
     

≥ 9  24.9  24.4      25.3  10.7  9.3  12.2  13.7  12.1  15.2        43.9      37.8    49.9   
     

Women           
                       

Sleep duration           
                       

< 7  24.8  24.7      25.0  12.7  12.4      13.0  12.2  11.8  12.5        51.0      49.7    52.3   
     

7-8.5  25.0  25.0      25.1  13.6  13.4      13.9  11.4  11.2  11.7        54.5      53.5    55.5   
     

≥ 9  25.1  24.8      25.4  12.5  11.6      13.4  12.4  11.5  13.3        50.2      46.7    53.7   
     

Men           
                       

Sleep disturbances           
                       

Severe  24.4  24.2      24.6  10.1  9.6  10.7  13.9  13.3  14.4        42.2      39.9    44.4   
     

Moderate  24.6  24.5      24.8  12.0  11.5      12.5  12.2  11.8  12.7        49.6      47.7    51.5   
     

No  24.7  24.6      24.9  13.3  13.0      13.6  11.1  10.8  11.5        54.5      53.2    55.8   
     

Women           
                       

Sleep disturbances           

Chronic   

disease-free   

life expectancy   95% CI   

Life expectancy   

with chronic   

diseases  95% CI   

Partial life   

expectancy  95% CI   



                       
Severe  24.8  24.7      25.0  11.3  11.0      11.7  13.5  13.2  13.9        45.5      44.1    47.0   
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Moderate  25.0  24.9      25.1  12.6  12.2      13.0  12.4  12.0  12.7        50.5      49.1    51.9   
     

No  25.0  25.0      25.1  14.6  14.4      14.9  10.4  10.1  10.6        58.5      57.5    59.6   
     

Supplementary Table 4. Partial life expectancy, healthy life expectancy and unhealthy life expectancy in years based on self-reported health between   

ages 50 and 75 by sleep duration in men and women in the FPS, SLOSH and Whitehall II Studies.    
% of   

healthy life* 95% CI   

Men                         

FPS                         

< 7  23.8  23.5  24.1  14.1  13.7      14.8  9.7  9.1      10.1  59.2  57.7      61.9   
7-8.5  24.2  24.0  24.5  16.4  15.9      16.8  7.8  7.5  8.2  67.8  65.9      69.2   
≥ 9  23.7  22.5  24.4  13.5  12.0      15.0  10.1  8.6      11.6  57.3  51.4      63.5   

 

                             
< 7  25.3  24.9  25.7  19.3  18.4      19.8  6.0  5.5  6.8  76.2  73.1      78.3   
7-8.5  25.3  25.0  25.5  19.4  18.9      19.8  5.9  5.5  6.4  76.6  74.7      78.3   
≥ 9  25.2  24.4  25.7  17.2  15.8      18.2  8.0  6.9  9.3  68.3  63.0      72.5   

 

                             
< 7  24.7  24.5  24.9  21.1  20.7      21.5  3.7  3.3  4.0  85.2  83.9      86.6   
7-8.5  24.9  24.7  25.0  22.1  21.8      22.4  2.8  2.5  3.0  88.8  87.9      89.9   
≥ 9  25.2  24.3  25.6  18.7  15.1      20.6  6.5  4.8  9.9  74.3  60.6      81.2   

 

 

                              
FPS                                 

< 7  24.8  24.7  25.0  15.3  14.9      15.6  9.5  9.2  9.9  61.5  60.1      62.8   
7-8.5  25.1  25.0  25.1  17.4  17.1      17.5  7.7  7.5  7.9  69.3  68.4      70.0   
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Partial life   

expectancy  95% CI   

Healthy life   

expectancy  95% CI   

Unhealthy life   

expectancy  95% CI   

SLOSH   SLOSH   

Whitehall II   

Women   



 

 

≥ 9  24.7  24.3  25.2  15.4  14.4      16.2  9.3  8.7      10.3  62.3  58.3      65.1   
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< 7  25.5  25.1  25.8  20.5  19.8      21.1  5.0  4.5  5.6  80.2  77.8      82.6   
7-8.5  25.5  25.4  25.7  20.6  20.2      20.9  5.0  4.6  5.4  80.6  79.0      82.0   
≥ 9  25.3  24.8  25.8  18.1  17.4      19.4  7.3  6.1  7.9  71.3  68.8      76.2   

 

                             
< 7  24.8  24.5  25.1  20.3  19.5      20.8  4.6  4.1  5.2  81.6  79.1      83.5   
7-8.5  25.0  24.8  25.2  21.6  21.2      22.1  3.4  3.0  3.7  86.4  85.0      88.2   
≥ 9  25.2  24.4  25.7  18.1  15.0      19.9  7.0  5.4      10.0  72.0  60.3      78.7   

Notes: * Proportion of life spent without chronic diseases between the ages of 50 and 75.   
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SLOSH   

Whitehall II   



 

Supplementary Table 5. Partial life expectancy, healthy life expectancy and unhealthy life expectancy in years based on self-reported health between  

ages 50 and 75 by sleep disturbances in men and women in the FPS, SLOSH and Whitehall II Studies.    

 

 

% of healthy   

life*  95% CI   

Men                                  

FPS                                   

Severe  23.8  23.4  24.1  12.2  11.3  12.5  11.6  11.4      12.4  51.1  47.9  52.1   
Moderate  24.1  23.8  24.4  14.7  14.1  15.2  9.4  8.9  10.0  61.1  58.5  62.9   
No  24.2  23.9  24.4  17.6  17.2  18.0  6.6  6.3  6.9  72.8  71.3  74.2   

 

                             
Severe  25.2  24.3  25.7  12.2  10.9  13.8  13.0  11.4      13.9  48.4  44.1  54.2   
Moderate  25.1  24.5  25.5  15.9  14.8  16.8  9.2  8.3  10.3  63.3  58.7  67.0   
No  25.4  25.1  25.5  20.3  19.7  20.6  5.1  4.8  5.6  79.8  78.1  81.1   

 

                             
Severe  24.7  24.4  25.0  19.0  18.1  19.7  5.7  5.0  6.4  77.1  73.9  79.7   
Moderate  24.9  24.7  25.1  21.0  20.5  21.5  3.9  3.5  4.3  84.3  82.6  86.1   
No  24.8  24.7  25.0  22.3  22.1  22.7  2.5  2.2  2.7  90.0  89.1  91.2   

                                 
Women   

                              
FPS                                 

Severe  24.8  24.7  25.0  13.5  13.3  14.0  11.3  11.0      11.5  54.4  53.6  56.0   
Moderate  25.0  24.9  25.2  16.1  15.8  16.5  8.9  8.6  9.2  64.5  63.2  65.8   
No  25.0  24.9  25.1  18.8  18.5  19.0  6.2  6.0  6.5  75.2  74.2  75.9   
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Unhealthy   

life   

expectancy  95% CI   

Partial life   

expectancy  95% CI   

Healthy life   

expectancy  95% CI   

SLOSH   SLOSH   

Whitehall II   



 

 

                             
Severe  25.3  24.9  25.8  14.8  13.9  16.3  10.5  9.3  11.4  58.6  55.3  63.5   
Moderate  25.3  25.0  25.7  17.8  16.9  18.5  7.6  6.8  8.4  70.2  66.8  73.1   
No  25.6  25.4  25.7  21.6  21.2  21.9  3.9  3.7  4.3  84.6  83.2  85.7   

 

                             
Severe  24.7  24.2  25.0  17.6  16.4  18.8  7.1  6.0  8.0  71.4  67.3  75.9   
Moderate  25.0  24.7  25.2  20.7  20.1  21.3  4.3  3.7  4.8  82.9  80.9  85.3   
No  24.9  24.7  25.1  22.0  21.6  22.5  3.0  2.5  3.3  88.2  87.0  90.0   

Notes: * Proportion of life spent without chronic diseases between the ages of 50 and 75.   
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SLOSH   

Whitehall II   



 

Supplementary Table 6. Partial life expectancy, chronic disease-free life expectancy and life expectancy with chronic diseases in years between ages  

50 and 75 by sleep duration in men and women in the FPS, SLOSH and Whitehall II Studies.    

 

% of   

disease-  

free life*   95% CI   

Men                                

FPS                                 

< 7  23.6  23.3  24.0  11.4  10.9       12.1  12.3  11.6       12.7  48.1  46.3      51.0   
7-8.5  24.1  23.9  24.3  12.9  12.5       13.4  11.2  10.7       11.6  53.5  51.9      55.6   
≥ 9  23.4  22.4  24.4  11.0  8.6  12.8  12.5  10.5       15.0  46.8  36.4      54.2   

 

                             
< 7  25.1  24.6  25.6  12.7  11.5       14.0  12.4  11.1       13.5  50.7  46.3      55.7   
7-8.5  25.3  25.0  25.4  13.2  12.0       14.0  12.0  11.2       13.2  52.4  47.9      55.4   
≥ 9  25.2  24.6  25.8  11.8  8.8  13.3  13.4  11.7       16.5  46.9  34.9      53.4   

 

                             
< 7  24.7  24.5  24.9  11.8  10.7       12.7  12.9  12.0       14.0  47.9  43.2      51.4   
7-8.5  24.9  24.7  25.0  12.8  11.9       13.5  12.1  11.4       13.0  51.4  47.8      54.4   
≥ 9  25.2  24.3  25.8  4.9  0.9  10.2  20.3  15.2       24.7  19.5  3.4  40.1   

 

 

                              
FPS                                 

< 7  24.8  24.6  24.9  12.7  12.2       12.9  12.2  11.8       12.6  51.0  49.3      52.1   
7-8.5  25.0  24.9  25.1  13.5  13.2       13.8  11.5  11.3       11.8  53.8  52.7      54.9   
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Chronic   

disease-free   

life   

expectancy  95% CI   

Life   

expectancy   

with chronic   

diseases  95% CI   

Partial life   

expectancy  95% CI   

SLOSH   SLOSH   

Whitehall II   

Women   



 

 

≥ 9  24.7  24.3  25.1  12.4  11.0       13.1  12.4  11.6       13.7  50.1  44.7      52.9   

 

                             
< 7  25.3  24.8  25.7  14.2  13.2       15.7  11.1  9.3  12.2  56.3  52.0      62.9   
7-8.5  25.4  25.2  25.6  15.2  14.5       16.0  10.2  9.4  10.9  60.0  57.0      62.7   
≥ 9  25.4  24.9  25.8  13.2  11.2       15.0  12.2  10.3       14.2  51.9  44.2      59.2   

 

                             
< 7  24.7  24.4  25.0  11.5  10.0       12.6  13.2  12.2       14.7  46.5  40.4      50.5   
7-8.5  24.9  24.7  25.2  12.8  11.7       14.1  12.0  10.9       13.3  51.6  46.9      56.4   
≥ 9  25.2  24.5  25.7  10.5  5.0  14.8  14.8  10.5       20.1  41.5  20.1      58.5   

Notes: * Proportion of life spent without chronic diseases between the ages of 50 and 75.   
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SLOSH   

Whitehall II   



 

Supplementary Table 7. Partial life expectancy, chronic disease-free life expectancy and life expectancy with chronic diseases in years between ages  

50 and 75 by sleep disturbances in men and women in the FPS, SLOSH and Whitehall II Studies.    

 

% of   

disease-  

free life*   95% CI   

Men                                

FPS                                 

Severe  23.8  23.3      24.0    10.2   9.5      10.8    13.6  12.9     14.2     42.9  40.2      45.3   

Moderate  24.0  23.7      24.3  12.1  11.5     12.7  11.9  11.4     12.5  50.6  48.0      52.5   

No  24.0  23.8      24.3  13.5  13.2     14.0  10.6  10.1     10.9  56.0  54.8      58.1   

 

                             
Severe  25.0  24.1      25.6  10.6  8.8      12.6  14.4  12.3     16.4  42.4  34.8      50.3   
Moderate  25.1  24.5      25.6  10.9  9.5      12.7  14.2  12.2     15.7  43.3  37.8      51.2   
No  25.3  25.0      25.5  13.3  12.6     14.2  12.0  11.1     12.6  52.6  49.9      55.8   

 

                             
Severe  24.7  24.3      24.9  9.5  8.1      10.7  15.2  13.9     16.6  38.6  32.7      43.7   
Moderate  24.9  24.6      25.1  12.1  11.1     13.3  12.9  11.7     13.9  48.4  44.5      53.3   
No  24.8  24.7      24.9  12.8  12.0     13.6  12.0  11.2     12.8  51.5  48.5      54.6   

 

 

                              
FPS                                 

Severe  24.8  24.7      24.9  11.3  10.9     11.6  13.5  13.2     13.9  45.6  43.9      47.0   
Moderate  25.0  24.8      25.1  12.7  12.4     13.2  12.2  11.7     12.5  51.0  49.9      52.9   
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Life   

expectancy   

with chronic   

diseases  95% CI   

Chronic   

disease-free life   

expectancy  95% CI   

Partial life   

expectancy  95% CI   

SLOSH   SLOSH   

Whitehall II   

Women   



 

 

No  25.0  24.9      25.1  14.5  14.2     14.7  10.4  10.2     10.8  58.2  56.7      59.0   

 

                             
Severe  25.2  24.5      25.7  11.8  10.3     13.6  13.5  11.6     14.9  46.6  41.2      53.9   
Moderate  25.3  24.9      25.7  13.1  11.8     14.8  12.3  10.6     13.5  51.6  46.5      58.2   
No  25.4  25.2      25.6  15.8  15.0     16.6  9.6  8.9      10.4  62.2  59.0      65.2   

 

                             
Severe  24.7  24.3      25.0  10.6  9.1      12.5  14.0  12.2     15.5  43.1  37.0      50.5   
Moderate  24.9  24.6      25.1  10.3  9.1      12.0  14.6  12.9     15.9  41.4  36.6      48.2   
No  24.9  24.6      25.1  13.8  12.6     15.1  11.1  9.9      12.3  55.4  50.7      60.5   

Notes: * Proportion of life spent without chronic diseases between the ages of 50 and 75.   
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SLOSH   

Whitehall II   



 

Supplementary Table 8. Cohort-specific odds ratios a for self-reported health transitions for sleep duration   

from multinomial logistic models.   

  Unhealthy to   

death c   

  OR a  95% CI       OR a  95% CI       OR a  95% CI       OR a  95% CI   

FPS                                   

< 7  1.12     1.05    1.18       1.09    0.88    1.34        0.86    0.82    0.91        1.19    1.00    1.41   

7-8.5  1.00           1.00            1.00            1.00       

≥ 9  1.13     0.97    1.32       1.35    0.77    2.35        0.83    0.71    0.96        1.19    0.76    1.88   

SLOSH                                 

< 7  1.04     0.91    1.19       0.96    0.44    2.09        1.12    0.97     1.3        1.17    0.49    2.79   

7-8.5  1.00           1.00            1.00            1.00      

≥ 9  1.24     1.03    1.48       0.69    0.24    1.98        0.89    0.73    1.07        1.35    0.53    3.43   

Whitehall II                                 

< 7  1.26     1.14    1.40       1.02    0.83    1.26        1.00    0.89    1.13        1.12    0.86    1.47   

7-8.5  1.00           1.00            1.00            1.00      

≥ 9  1.91     1.36    2.68       0.53    0.17    1.65        0.82    0.57    1.19        0.67    0.25    1.85   

Notes: a adjusted for age, sex and occupational position; b OR from multinomial model with ‘healthy’ as reference category;    
c OR from multinomial model with ‘unhealthy’ as reference category     
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Healthy to  

unhealthy b   

  Healthy to   

death b   

  Unhealthy to   

healthy c   



 

Supplementary Table 9. Cohort-specific odds ratios a for chronic disease transitions for   

sleep duration from multinomial logistic models.   

  Disease to   

death c   

  OR a  95% CI       OR a  95% CI       OR a  95% CI   

FPS                           

< 7  1.05     0.99    1.12       1.21    1.01    1.45        1.16    0.95    1.41   

7-8.5  1.00             1.00              1.00         

≥ 9  0.99     0.82    1.19       1.38    0.84    2.29        1.23    0.75    2.01   

SLOSH                                  

< 7  0.98     0.81    1.19       0.90    0.43    1.88        1.31    0.50    3.40   

7-8.5  1.00             1.00              1.00         

≥ 9  1.20     0.94    1.52       1.19    0.52    2.74        0.48    0.11    2.10   

Whitehall II                                  

< 7  1.08     0.96    1.20       1.01    0.77    1.33        1.18    0.96    1.45   

7-8.5  1.00             1.00              1.00         

≥ 9  1.12     0.69    1.83       1.03    0.32    3.25        0.53    0.20    1.44   

Notes: a adjusted for age, sex and occupational position; b OR from multinomial model with ‘disease free’ as reference category;    
c OR from multinomial model with ‘disease’ as reference category   

     

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

39   

Disease-free to   

disease b   

        Disease-free to   

death b   



 

Supplementary Table 10. Cohort-specific odds ratios a for self-reported health transitions for sleep disturbances   

from multinomial logistic models.   

  Unhealthy to   

death c   

  OR a  95% CI       OR a  95% CI       OR a  95% CI       OR a  95% CI   

FPS                                   

Severe  1.60     1.51    1.70       0.86    0.68    1.10        0.71    0.67    0.76        1.10    0.90    1.34   

Moderate  1.37     1.29    1.45       0.85    0.67    1.08        0.90    0.84    0.95        1.02    0.82    1.28   

No  1.00           1.00            1.00            1.00       

SLOSH                                 

Severe  2.40     2.01    2.86       1.35    0.41    4.40        0.58    0.49    0.69        0.81    0.30    2.17   

Moderate  2.05     1.78    2.36       1.28    0.50    3.28        0.85    0.73    0.98        1.15    0.50    2.61   

No  1.00           1.00            1.00            1.00       

Whitehall II                                 

Severe  1.89     1.66    2.16       0.86    0.63    1.17        0.69    0.59    0.81        0.91    0.66    1.26   

Moderate  1.42     1.26    1.60       0.87    0.68    1.12        0.98    0.85    1.12        0.83    0.60    1.16   

No  1.00           1.00            1.00            1.00       

Notes: a adjusted for age, sex and occupational position; b OR from multinomial model with ‘healthy’ as reference category;    
c OR from multinomial model with ‘unhealthy’ as reference category     
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Healthy to  

unhealthy b   

  Healthy to   

death b   

  Unhealthy to   

healthy c   



 

Supplementary Table 11. Cohort-specific odds ratios a for chronic disease transitions   

for sleep disturbances from multinomial logistic models.   

  Disease to   

death c   

  OR a  95% CI       OR a  95% CI       OR a  95% CI   

FPS                           

Severe  1.30     1.22    1.30       1.14    0.93    1.39        1.13    0.92    1.39   

Moderate  1.14     1.07    1.14       1.04    0.84    1.28        0.98    0.77    1.24   

No  1.00    1.00       1.00            1.00       

SLOSH                         

Severe  1.41     1.10    1.41       1.59    0.62    4.06        1.18    0.34    4.02   

Moderate  1.29     1.04    1.29       1.58    0.74    3.41        0.86    0.26    2.92   

No  1.00    1.00       1.00            1.00       

Whitehall II                         

Severe  1.25     1.07    1.25       1.14    0.79    1.66        1.04    0.79    1.35   

Moderate  1.09     0.95    1.09       1.01    0.72    1.40        0.88    0.69    1.12   

No  1.00    1.00       1.00            1.00       

Notes: a adjusted for age, sex and occupational position; b OR from multinomial model with ‘disease free’ as reference category;    
c OR from multinomial model with ‘disease’ as reference category   
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Disease-free to   

disease b   

        Disease-free to   

death b   


