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ABSTRACT 

Objectives: This study examined changes in sleep during the transition from full-time work to 

statutory retirement. Both the prevalence of any sleep difficulty and the prevalence of specific sleep 

difficulties, such as difficulties falling asleep, difficulties maintaining sleep, waking up too early in the 

morning and nonrestorative sleep, were examined. 

Methods: Data from the Finnish Public Sector study were used. The study population consisted of 

5,807 Finnish public sector employees who retired on statutory basis between 2000–2011. The 

participants responded on the Jenkins Sleep Problem Scale Questionnaire before and after 

retirement in surveys conducted every four years. 

Results: At the last study wave before retirement, 30% of the participants had sleep difficulties. 

Prevalence of any sleep difficulty decreased during the retirement transition: the risk ratio (RR) for 

having sleep difficulties in the first study wave following retirement compared to the last study wave 

preceding retirement was 0.89 (95% confidence interval [CI] 0.85–0.94). During the retirement 

transition, both waking up too early in the morning (RR=0.76, 95% CI 0.69–0.82) and nonrestorative 

sleep (RR=0.47, 95% CI 0.42–0.53) decreased, whereas there was no change in difficulties falling 

asleep or difficulties maintaining sleep. The decreases in sleep difficulties occurred primarily among 

those with psychological distress, suboptimal self-rated health, short sleep duration, and job strain 

before retirement. 

Conclusions: These longitudinal data suggest that transition to statutory retirement is associated 

with a decrease in sleep difficulties, especially waking up too early in the morning and 

nonrestorative sleep. 

Keywords: aging, sleep difficulties, retirement, longitudinal study 
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STATEMENT OF SIGNIFICANCE 

This study provides evidence that sleep difficulties are common during the final working years and 

that sleep difficulties decrease during the transition from full-time work to statutory retirement. 

Divergent changes were observed in specific types of sleep difficulties around retirement; both 

waking up too early in the morning and nonrestorative sleep decreased substantially during the 

transition to retirement, whereas difficulties falling asleep and difficulties maintaining sleep did not 

change during this period. The changes in sleep difficulties were found to occur primarily among 

those with suboptimal self-rated health, psychological distress and short sleep duration before 

retirement. Further studies with shorter measurement intervals are needed to determine whether 

the changes in sleep difficulties occur immediately following retirement. 

INTRODUCTION 

Across the Western countries, a growing proportion of the population is approaching the age of 

retirement or have already retired. Retirement is a major transition from both an individual and 

societal perspective, but its impacts on sleep have not been widely studied. Older age is associated 

with higher prevalence of sleep disturbance as older people tend to sleep less efficiently, awaken 

more frequently and have more difficulty returning to sleep.1-3 Consequently, as populations are 

aging, sleeping problems can be expected to become more prevalent. However, various studies have 

found a strong positive correlation between occupational stress and sleep disturbances,4-7 and as 

retirement removes work-related stressors, it could also bring about decreases in sleep difficulties.  

There are only a few studies on the association of retirement with sleep duration8-10 and sleep 

difficulties.11-14 We have previously shown that sleep duration increases following retirement.10 

Retirement has also been associated with a reduction in the at-risk sleep patterns, defined as sleep 

durations under 7 hours and over 9 hours.9 By contrast, findings on the impact of retirement on 

sleep difficulties are inconsistent. In previous cross-sectional research, where retirees have been 

compared with those still working, retirement has been associated with both a higher prevalence of 
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sleep difficulties12,15 and no major worsening in sleep quality.11 Some longitudinal studies have found 

sleep difficulties to decrease following retirement.13,14 For example, in the GAZEL study, the odds for 

general sleep disturbances were 26% lower during a 7-year post-retirement period than during a 7-

year period before retirement.13 The authors of the study suggested this decrease may have resulted 

at least partly from the removal of work-related stressors. The VISAT study examined different types 

of sleep difficulties and found that participants who retired after baseline measurement reported 

less premature awakenings at follow-up compared to those who continued working.14 In that study, 

retirement was not associated with changes in any other sleep difficulties, including difficulties 

falling or maintaining sleep or getting back to sleep. Longitudinal studies comparing retirees with 

non-retirees, however, are open to selection bias as they cannot distinguish whether the differences 

in sleep between the two groups are due to retirement, or because people who retire differ from 

those who continue to work. A within-individual follow-up with repeated data on different types of 

sleep difficulties around retirement from the same individuals would provide a stronger design to 

study the effects of retirement on sleep.  

The aim of this study was to examine changes in self-rated sleep difficulties around retirement, by 

using repeated measurements of sleep difficulties around the transition from full-time work to 

statutory retirement. Risk for sleep difficulties was compared at two study waves measured four 

years apart in three different time periods: pre-retirement, during the transition to retirement, and 

post-retirement. Both the changes in any sleep difficulty and in four specific sleep difficulties, 

including difficulties falling asleep, difficulties maintaining sleep during the night, waking up too early 

in the morning and nonrestorative sleep, were examined. We additionally examined several 

sociodemographic and work-related factors as well as health-related behaviors and factors as 

possible pre-retirement predictors for changes in sleep difficulties. 
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METHODS 

Study Population 

Data were drawn from the Finnish Public Sector (FPS) study, an ongoing prospective occupational 

cohort study. All employees from the participating organizations of the FPS study (ten towns and six 

hospital districts), who had been working for a minimum of six months between 1991 and 2005 

comprised the FPS study population (n = 151,901).16 The nested survey cohorts included all those 

employed at the time of the surveys or who had left the organizations after participating in an earlier 

survey. For this study, data from repeated surveys performed in 2000–2002, 2004 and 2008 for 

current employees and in 2005, 2009 and 2013 for retirees and other leavers, were used. The survey 

data were successfully linked to the Finnish Centre for Pension’s register (retirement date and type), 

to employers’ records (birth date, gender and occupational title), and the national health registers 

(diseases and medications) by using personal identity codes assigned to all citizens in Finland. For 

the analyses, anonymized data without the identity codes were used. The FPS study was approved 

by the Ethics Committee of the Hospital District of Helsinki and Uusimaa. 

The selection of the study sample is illustrated in a flow chart in Figure 1. Of the FPS cohort members 

we included those persons who had retired at the statutory retirement age (i.e. old age retirement) 

as their first awarded pension scheme (n = 5,898). Thus, participants that had retired on a part-time 

retirement (n = 3,718) or on a health grounds (n = 5,623) or because of unemployment (n = 284) 

were excluded from this study, because these types of retirement are potentially related to the 

causes that may affect sleep (e.g., disease) and thus subject to reverse causation bias. 

For the analysis, the data were centered around the actual retirement date. There were three 

possible study waves before retirement (wave–3, wave–2, wave–1), and three possible waves after 

retirement (wave+1, wave+2, wave+3). The interval between each successive wave was on average 

four years. For this study, the study population was further restricted to those participants who had 
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provided information on sleep difficulties in at least two surveys, one immediately before and after 

the transition to statutory retirement (i.e., in wave–1 and wave+1) (n = 5,807). The final sample 

chosen for the analyses (n = 5,807) was similar to the eligible population (i.e. the 9,433 statutory 

retirees) in terms of the distributions of gender (22% men in the eligible population vs. 20% in the 

final sample), retirement age (73% retired between ages 60 and 64 in both the eligible population 

and the final sample), occupational status (38% manual workers in the eligible population vs. 35% in 

the final sample) and the prevalence of sleep difficulties before retirement (31% in the eligible 

population vs. 30% in the final sample). Each participant may have taken part in a maximum of four 

study waves and, on average, participants provided data on sleep difficulties at 3.7 (range 2–4) of 

the possible four study waves during a follow-up of 8–12 years. The relation of the survey years to 

the study waves around retirement is demonstrated in supplemental material (see Table S1 in 

supplemental material). 

 

 

Assessment of Retirement 

All gainful employment in Finland is insured in a pension plan and accrues a pension. The Finnish 

Centre for Pensions coordinates all the earning-related pensions for permanent residents in 

Finland17 and was thus able to provide data on each participants’ retirement. The start dates for 

pension were obtained for all participants from 2000 through 2011, irrespective of the participants’ 

employment status or workplace at follow-up. The start dates for pension were used to calculate a 

retirement age for each participant. Retirement age was used as a continuous variable when 

adjusted for in the statistical analyses, and also as a pre-retirement factor for which three categories 

of retirement age were formed: <60 years, 60–64 years and >64 years. 
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According to the public sector Employees’ Pension Act, the statutory retirement age was generally 

63 to 65 years until the end of 2004, and 63 to 68 years from 2005 onwards in Finland. However, 

some employees had kept their earlier retirement age from the previous pension act in which 

pension ages were below 63 years in some occupations (e.g. 60 years for primary school teachers).  

Assessment of Sleep Difficulties 

In each survey wave, sleep difficulties were measured with the Jenkins Sleep Problem Scale.18 This 

scale comprises four questions that address the occurrence of difficulties falling asleep, difficulties 

maintaining sleep during the night (i.e. “waking up several times per night”), waking up too early in 

the morning (i.e. “having troubles staying sleep (including too early awakening)”), and 

nonrestorative sleep (i.e. “waking up after the usual amount of sleep feeling tired and worn out”). 

Participants were asked to report the frequency of each of these difficulties during the past four 

weeks (never, 1–3 nights per month, 1 night per week, 2–4 nights per week, 5–6 nights per week and 

nearly every night). To examine changes of any sleep difficulty, referred now on as any sleep 

difficulty, a variable was created based on the most frequent symptom the participant reported. The 

four items of the scale were also analyzed individually, referred now on as specific sleep difficulties. 

Both any sleep difficulty and the specific sleep difficulties were all dichotomized, and the participant 

was considered to have a sleep difficulty if the frequency was higher than 4 nights per week. 

Assessment of Pre-Retirement Factors 

Sociodemographic and Work-Related Factors. The participants’ gender and occupational title were 

obtained from the employers’ registers. The occupational titles by the last known occupation 

preceding retirement were used to categorize occupational status into three groups: upper-grade 

non-manual workers (e.g. teachers, physicians), lower-grade non-manual workers (e.g. registered 

nurses, technicians) and manual workers (e.g. cleaners, maintenance workers). From the last 

questionnaire preceding retirement (wave–1), we obtained information on participants’ marital 
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status (married vs. not married), whether they did shift/night work (no vs. yes; the latter consisting 

of shift work with or without night shifts, regular night work, and other irregular work) and whether 

they had job strain (no vs. yes). Job strain was ascertained using scales of job control and job 

demands from the shorter version of the Job Content Questionnaire,19,20 using the median values 

from the year 2000 survey in the entire FPS cohort as the cut-off points to identify the participant 

with job strain (a high demands and a low control score).  

Health-related Behaviors and Factors. Information on health-related behaviors and factors was 

obtained from the last questionnaire preceding retirement (wave–1), apart from the chronic 

conditions for which information in all available pre-retirement waves (wave–3, wave–2 or wave–1) 

was taken into account. Physical activity was assessed with reports on average weekly hours of 

leisure-time physical activity (including commuting) within previous year in walking, brisk walking, 

jogging and running, and their equivalent activities.21,22 The time spent on activity at each intensity 

level in hours per week was multiplied by the average energy expenditure of each activity, expressed 

in metabolic equivalent (MET). Physical activity was used as a continuous variable when used as a 

covariate in the analyses. When used as a pre-retirement factor, it was categorized into four groups: 

inactive (<7 MET hours/week), low (7–14 MET hours/week), medium (14–30 MET hours/week), and 

high (≥30 MET hours/week). Alcohol use was used as a continuous variable when used as a covariate 

in the analyses, and categorized according to habitual frequencies of beer, wine and spirits 

consumption into none, moderate, and heavy, when used as a pre-retirement factor. The limit for 

heavy alcohol use was set as >16 drinks/week for women and >24 drinks/week for men, as these 

limits correspond with the lower limit for heavy use of alcohol set by the Finnish Ministry of Health 

and Social Affairs.23 Smoking status was categorized into never, former or current.  

Self-reports on body weight and height were used to calculate BMI (kg/m2), which was used as a 

continuous variable when used as a covariate in the analyses. When used as a pre-retirement factor, 

BMI was categorized into underweight (<18.5 kg/m2), normal weight (BMI 18.5–25 kg/m2), 
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overweight (BMI 25–29.9 kg/m2), and obesity (BMI ≥30 kg/m2). Self-rated health was assessed with a 

5-point scale (1=good … 5=poor), and was then dichotomized into good (response scores 1 and 2) 

and suboptimal (scores 3 to 5). Psychological distress was measured with the 12-item version of 

General Health Questionnaire24 and the total score of the questionnaire was used as a continuous 

variable when used as a covariate in the analyses. When used as a pre-retirement factor, a cut-off 

point of three or more symptoms was used to indicate psychological distress (no vs. yes). Sleep 

duration was assessed by asking participants how many hours they usually sleep per 24 hours and 

used as a continuous variable when used as a covariate in the analyses. When used as a pre-

retirement factors, sleep duration was categorized into short (≤6.5 hours), mid-range (7–8.5 hours) 

and long (≥9 hours). We also examined four chronic conditions: arthritis, cardiometabolic diseases, 

asthma and cancer. For arthritis we combined information from the questionnaires (osteoarthritis) 

and the nationwide registers (rheumatoid arthritis) based on the Social Insurance Institution of 

Finland's (SII) Drug Reimbursement Register. From the SII Drug Reimbursement register, we also 

obtained information on cardiometabolic diseases (diabetes and coronary heart disease combined) 

and asthma. Information of cancer was obtained from the Finnish Cancer Registry.  

Statistical Analyses 

Associations of sleep difficulties and the characteristics of the study population before retirement 

(wave–1) were examined by calculating risk ratios and their 95% confidence intervals (CI) in each 

group using log-binominal regression while adjusting for gender, retirement age and occupational 

status. Prevalence estimates and their 95% confidence intervals (CI) were calculated for any sleep 

difficulty and the four specific sleep difficulties in each study wave around retirement by using log-

binominal regression analyses with generalized estimating equations (GEE). The GEE model controls 

for the intra-individual correlation between the repeated measurements using an exchangeable 

correlation structure and is not sensitive to measurements missing completely at random.25,26 These 

analyses were similarly adjusted for gender, retirement age and occupational status. 
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In order to study changes in sleep difficulties around the transition to retirement, we constructed 

three consecutive periods: the pre-retirement period (from wave−3 to wave−2), the retirement 

transition (from wave−1 to wave+1) and the post-retirement period (from wave+2 to wave+3). We then 

analyzed the changes in any sleep difficulty and the four specific sleep difficulties within each period 

by comparing the prevalence of sleep difficulties at the latter study wave to the previous study wave 

(e.g. wave +1 compared to wave -1) and the results are shown in risk ratios (RR) and their 95% CI’s. 

Two models were created: Model 1, adjusted for gender, retirement age and occupational status, 

and Model 2, which was additionally adjusted for marital status, shift/night work, job strain, physical 

activity, alcohol use, smoking, BMI, self-rated health, psychological distress, arthritis, 

cardiometabolic diseases, asthma, cancer and sleep duration before retirement. To examine 

whether the RR’s differed between the pre-retirement period, the retirement transition and the 

post-retirement period, period x time interaction effects were tested, in which time variable was 

treated as continuous variable. 

To examine factors predicting changes in any sleep difficulty during retirement transition, we 

calculated RR’s and their 95% CI’s in the study wave immediately after retirement (wave+1) 

compared to the study wave immediately before retirement (wave–1) for each level of the 

characteristics of the study population before retirement. In addition, interactions between the 

changes in sleep difficulties and the characteristics before retirement (time x pre-retirement 

characteristic interaction) were analyzed. We additionally examined whether those pre-retirement 

factors that predicted changes in any sleep difficulty, also predicted changes in the four specific 

sleep difficulties during the retirement transition. This was done by calculating RRs and their 95% 

CI’s in the study wave immediately after retirement (wave+1) compared to the study wave 

immediately before retirement (wave–1) for each level of all the pre-retirement factors that 

predicted changes in any sleep difficulty. These models were adjusted for gender, retirement age 

and occupational status.  
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Finally, we conducted an additional analysis to assess the robustness of the associations found in the 

main analyses by using a lower cut-off point for the occurrence of sleep difficulties. In this analysis, 

participant was considered to have a sleep difficulty if the frequency was higher than 2 nights per 

week. In addition, we examined the distribution of responses to the four questions of the Jenkins 

Sleep Problem Scale about the frequency of each sleep difficulty in the study waves immediately 

before retirement (wave–1) and after retirement (wave+1). This was done to clarify how the four 

specific sleep difficulties changed during the retirement transition. The SAS 9.4 Statistical Package 

was used for all of the analyses (SAS Institute Inc., Cary, North Carolina). 

RESULTS 

The pre-retirement characteristics of the study population (n = 5,807) are shown in Table 1. The 

majority of the study population were women (80%) and married (74%). The average age at 

retirement was 61.9 (SD = 2.0) years, and the majority of this population did not do shift or night 

work (70%) and did not experience job strain (75%) before retirement. As seen in Table 1, health-

related factors and health-related behaviors were strongly associated with the sleep difficulties 

before retirement. From the sociodemographic and work-related factors, female gender, job strain 

and manual occupational status were associated with sleep difficulties at pre-retirement. On the 

contrary, retirement age, marital status or shift/night work were not associated with sleep 

difficulties before retirement. 

Changes in Sleep Difficulties around Retirement 

Figure 2 shows the estimated prevalence of any sleep difficulty before retirement, during the 

retirement transition and after retirement after adjusting for gender, retirement age and 

occupational status. A slightly increasing trend in the prevalence of sleep difficulties with increasing 

age was observed before the retirement transition. During the retirement transition there was a 

decrease in the prevalence of any sleep difficulty from 30% in wave–1 to 26% in wave+1. The change 
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in the prevalence of sleep difficulties also differed between the periods (period x time interaction 

p<0.0001). The risk ratio for any sleep difficulty was 1.12 (95% CI 1.03–1.22) during the pre-

retirement period (wave–2 compared with wave–3), 0.88 (95% CI 0.85–0.92) during the retirement 

transition (wave+1 compared with wave–1) and borderline significant RR 1.06 (95% 95 CI 0.98-1.15) 

during the post-retirement period (wave+3 compared with wave+2) when adjusted for gender, 

retirement age and occupational status (Model 1) (Table 2). When the analyses were further 

adjusted for marital status, shift/night work, job strain, physical activity, alcohol use, smoking, BMI, 

self-rated health, psychological distress, arthritis, cardiometabolic diseases, asthma, cancer and 

sleep duration before retirement (Model 2) the results remained very similar with only minor 

differences in the risk ratios and their 95% CI’s. 

Prevalence estimates in each study wave around retirement are shown in Figure 3 for all four 

specific sleep difficulties. During the retirement transition, a decrease in the prevalence of waking up 

too early in the morning and nonrestorative sleep was observed, whereas the prevalence estimates 

of difficulties falling asleep and difficulties maintaining sleep seemed to remain at approximately the 

same level. As shown in Table 2, after adjustment for all covariates (Model 2), difficulties falling 

asleep increased during the pre-retirement period (RR 1.29, 95% CI 1.00–1.65), but not during the 

retirement transition or the post-retirement period. As it comes to difficulties maintaining sleep 

during the night, we observed an increase during the pre-retirement period (RR 1.23, 95% CI 1.11–

1.36) and during the post-retirement period (RR 1.12, 95% CI 1.02–1.23), but not during the 

retirement transition. No statistically significant changes in waking up too early in the morning were 

observed during the pre-retirement or post-retirement periods, whereas a decrease was observed 

during the retirement transition (RR 0.76, 95% CI 0.70–0.83). Similarly, there were no changes in 

nonrestorative sleep during the pre-retirement and post-retirement periods, whereas during the 

retirement transition, a decrease was observed (RR 0.47, 95% CI 0.41–0.53). 
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To examine the robustness of our findings, the analyses of any sleep difficulty were repeated with a 

lower cut-off point to define the sleep difficulties (i.e. sleep difficulties if frequency higher than two 

nights per week). A highly similar trend in any sleep difficulty was observed in these analyses 

compared with the actual analyses. The only difference between the results from the sensitivity 

analyses and the actual analyses, was that the prevalence estimates were higher in all the study 

waves when level of the occurrence for any sleep difficulty was lower. This is, however, unsurprising, 

as the prevalence estimates of the sensitivity analyses include both those participants in the actual 

analyses and those with milder sleep difficulties. The detailed results are shown in supplemental 

material (see Supplementary Figure S1). 

Finally, we examined the distributions of the frequencies of the four specific sleep difficulties in the 

study waves immediately before retirement (wave–1) and after retirement (wave+1).  Comparison of 

the responses before and after retirement shows a considerable shift from higher to lower 

frequencies in both waking up too early in the morning and nonrestorative sleep. When it comes to 

difficulties falling asleep and difficulties maintaining sleep, in which no changes were observed 

during the retirement transition in the main analyses, there were only minor changes in the 

proportions throughout the frequency scales. The results for this analysis are shown in supplemental 

material (see Supplementary Figure S2). 

Pre-retirement Factors and Change in Sleep Difficulties 

Table 3 shows the prevalence of any sleep difficulty in the study wave immediately before 

retirement (wave–1) and the changes in any sleep difficulty during the retirement transition by 

characteristics of the study population in wave–1. We found an interaction between retirement and 

job strain, self-rated health, psychological distress and sleep duration in changes of any sleep 

difficulty. In all other groups categorized by characteristics before retirement, sleep difficulties 

changed similarly during the retirement transition with no differences in the extent of the changes 
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across categories. A decrease in any sleep difficulty was observed during the retirement transition 

among those with job strain, suboptimal self-rated health, psychological distress, or short sleep 

duration (≤6.5 hours/24 hours) before retirement, whereas no changes in any sleep difficulty were 

observed among those in their reference groups. The most pronounced decrease in sleep difficulties 

was observed among those with psychological distress before retirement, among who the risk ratio 

for any sleep difficulty in the study wave after retirement (wave+1), compared with the study wave 

before retirement (wave–1), was 0.69 (95% CI 0.62–0.78), whereas among those without 

psychological distress the corresponding RR was 1.01 (95% CI 0.93–1.10).  

To examine the interactions more closely, we examined whether also the four specific sleep 

difficulties changed differently during the retirement transition among the groups that were found 

to have different changes in any sleep difficulty. As seen in Table 4, difficulties falling asleep and 

difficulties maintaining sleep decreased statistically significantly more (p<0.02) among those with 

suboptimal self-rated health, psychological distress and short sleep duration before retirement. In 

waking up too early in the morning and nonrestorative sleep, we observed a decrease among all 

groups except those with mid-range or long sleep duration. In addition, the greatest decreases in 

waking up too early in the morning and nonrestorative sleep were observed among those with 

psychological distress and these decreases were significantly greater compared to those without 

psychological distress. 
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DISCUSSION 

In a large Finnish cohort of public sector employees, a decrease in the prevalence of sleep difficulties 

was observed following a transition from full-time work to statutory retirement. Divergent changes 

were observed around retirement when four specific types of sleep difficulties were examined. 

During the retirement transition, a decrease was observed in waking up too early in the morning and 

nonrestorative sleep, whereas difficulties falling asleep and difficulties maintaining sleep did not 

change during this transition. The decreases observed in sleep difficulties were most pronounced 

among those with psychological distress, suboptimal self-rated health, short sleep duration, or job 

strain before retirement. The decrease in any sleep difficulty was mainly driven by decreases of sleep 

difficulties among those with psychological distress and suboptimal self-rated health before 

retirement. 

Changes in Sleep Difficulties around Retirement 

Our findings of the decrease in the prevalence of sleep difficulties following retirement are in line 

with the few previous longitudinal studies examining changes in sleep around retirement.13,14 We 

found the prevalence of sleep difficulties to decrease from 30% to 26% during the 4-year retirement 

transition. In the GAZEL study, 26% lower odds of sleep disturbance (described as an affirmative 
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answer to a survey question about sleep disturbances during the past 12 months) were observed in 

the post-retirement phase, compared with the pre-retirement phase, both phases comprising of 

seven years of annual surveys in a large cohort of French gas and electricity company workers.13 In 

their study, the prevalence rates for sleep disturbance fell from 24% in the last year before 

retirement to 18% in the first year after retirement. However, the prevalence rates in our study and 

the GAZEL study are not strictly comparable due to differences in the measurement of sleep 

difficulties and the time intervals between the repeated surveys (four years in our study, compared 

to one year in the GAZEL). The French workers also retired at a fairly young age (55 years, on 

average) and with a fairly generous retirement scheme (80% of their salary, paid by the company). In 

addition, the majority of the GAZEL study population were males (80%), whereas our study 

population was female-dominated (80 % women). Despite the differences in study designs and 

populations between our study and the GAZEL study, highly similar trends in sleep difficulties were 

observed around retirement.  

The novelty of our study was that we were able to track changes in different types of sleep 

difficulties before, during and after the transition to retirement. Throughout the follow-up period, 

the prevalence estimates for difficulties falling asleep were lower than difficulties maintaining sleep 

and waking up too early in the morning, which is in line with the findings that difficulties maintaining 

sleep rather than difficulties initiating sleep are more common among insomnia patients and the 

elderly population.27,28 Previously, changes in specific sleep difficulties have been examined in the 

French VISAT cohort by comparing two measurement occasions around retirement among those 

who retired and those who continued working.14 In that study, premature awakenings were found to 

reduce among those who retired (n = 111), whereas retirement was not associated with changes in 

other sleep difficulties, that were difficulties falling sleep, maintaining sleep and getting back to 

sleep. Corresponding with their findings of reduced premature awakenings, we found a decrease in 

waking up too early in the morning. 
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One of the most interesting findings in our study is, how very different trends were observed in the 

specific sleep difficulties around retirement. The prevalence of both waking up too early in the 

morning and nonrestorative sleep decreased substantially during the retirement transition with no 

changes during the other study periods. In addition, the proportion of those with either of these two 

sleep difficulties at least once per week was observed to decrease from the study wave before 

retirement to the study wave after retirement, whereas the proportion of those reporting never 

having these sleep difficulties increased remarkably. These decreases could result from the removal 

of work-related stressors, and could also be partly explained by the increased sleep duration 

following retirement,8 as supported by our finding of a significantly greater benefit in terms of sleep 

difficulties associating with job strain and short sleep duration before retirement. After retirement, 

there is particularly a possibility to acquire more restorative sleep, as sleep timings are not 

dominated by working hours and it is possible to sleep more. 

As it comes to difficulties falling asleep and difficulties maintaining sleep, no changes were observed 

during the retirement transition when the whole study population was considered. In addition, when 

the distributions of the frequencies of these sleep difficulties in the study waves immediately before 

and after retirement were compared, the proportions of the responses remained fairly similar 

throughout the scale. Only change in difficulties falling asleep, or often referred to as sleep onset 

latency, was the increase observed during the pre-retirement period. Difficulties falling asleep could 

reflect not only state dependent arousal associated with psychological stress, but also trait 

vulnerability to hyperarousal.29 For example, cognitive hyperarousal, such as the tendency for pre-

sleep rumination or worry, may disturb the attempts to fall asleep.30 It is possible, that retirement 

may not impact greatly the individual’s vulnerability to hyperarousal, and thus, is not associated with 

changes in difficulties falling asleep on population level. We also found increases in difficulties 

maintaining sleep during both the pre-retirement and post-retirement periods, along with a 

temporary plateauing during the retirement transition. Both of these findings are also in line with 
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the findings on age-related changes in sleep among healthy adults. Previous meta-analysis found 

only subtle increases in sleep latency with normal aging.31 Whereas the increases of difficulties 

maintaining sleep may reflect the age-related decrease in the ability to sleep, or namely, the 

increased fragmentation of the sleep phase that is associated with aging.2,3 This fragmentation and 

the increasing sleep complaints have especially been associated with age-related conditions and 

comorbidities rather than biological aging per se.2,32,33   

Pre-retirement Factors Associated with Changes in Sleep Difficulties 

To identify subgroups that especially seem to benefit from retirement, we examined how various 

pre-retirement sociodemographic and work-related factors as well as health-related behaviors and 

factors were associated with the changes in sleep difficulties during the transition to retirement. 

Although a decrease in sleep difficulties was observed during the retirement transition when all 

groups were considered, when the different groups categorized by pre-retirement factors were 

examined individually, both decreases and no changes in sleep difficulties were observed. These 

findings are somewhat discrepant to those of the GAZEL study, where sleep difficulties decreased in 

all groups following retirement, the only exception being those retired on health grounds (which in 

our study were excluded).13 Another exception to their findings is that we did not find gender-based 

differences in the changes in sleep difficulties during the retirement transition, whereas in the GAZEL 

study women were less likely to benefit from retirement. This discrepancy might be explained by the 

lower retirement age in their study (53.9 years on average, range 37 to 62), as post-menopausal 

symptoms may have contributed to poorer sleep in women in their fifties, whereas in our study the 

average retirement age among women was 61.8 years (range 55 to 69). 

Even though many pre-retirement factors were associated with sleep difficulties before retirement, 

only job strain, self-rated health, psychological distress and sleep duration predicted changes in any 

sleep difficulty during the transition to retirement.  No changes were observed among those with no 

job strain, good self-rated health and no psychological distress before retirement when any sleep 
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difficulty was considered. When the associations between these pre-retirement factors and the 

specific sleep difficulties were examined individually, the greatest decreases were observed among 

those with psychological distress before retirement, and in fact, all the specific sleep difficulties were 

observed to decrease among this group. This is interesting, as no changes in difficulties falling asleep 

or difficulties maintaining sleep were observed when the whole study population was considered, 

and thus, only the examination of changes among the pre-retirement subgroups revealed these 

decreases. Although decreases in waking up too early in the morning and nonrestorative sleep were 

observed also among those without psychological distress, the decreases among those with 

psychological distress were nevertheless statistically significantly greater. The association between 

sleep difficulties, and depressive symptoms, such as psychological distress in our study, has been 

suggested to be bidirectional; insomnia is more common among those with mood disorders, such as 

depression, but sleep difficulties have also been found to predict symptoms of depression.34,35 Thus, 

one possible reason for the decrease in sleep difficulties during the transition to retirement could be 

the improvement in mental health after retirement.13,36,37 

Similarly, there was a statistically significantly greater decrease in difficulties falling asleep and 

difficulties maintaining sleep among those with suboptimal health or short sleep duration before 

retirement than among their reference groups, as well as in waking up too early in the morning 

among those with short sleep duration before retirement. These results suggests that the decreases 

in sleep difficulties could also be due to improvement of well-being in general or the possibility to 

sleep more. Supporting our findings, improvement of self-rated health and decrease of fatigue and 

depressive symptoms, correlates of sleep difficulties, have been found to follow retirement.38 In 

addition, those with short sleep duration (≤6.5 hours/24 hours), have previously been found to have 

the greatest increases in sleep duration following retirement.10  

We observed a greater decrease in any sleep difficulty among those with job strain compared to 

those without it, but no differences were observed between these groups, when the specific sleep 
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difficulties were examined individually. Job strain, defined in our study as high demands and low 

control on job, has been associated with disturbed sleep and sleep complaints.6,7,39 Results from a 

recent study suggest that disappearance of job strain may reduce insomnia symptoms among those 

with sleeping problems,7 and full-time retirement does indeed remove job strain and other work-

related stressors. In fact, the decrease in sleep difficulties has been attributed, at least partly, to the 

removal of work-related stressors,13 and our findings support this hypothesis.  

Strengths and Limitations 

A major strength of our study was the large sample with repeated measurement of sleep difficulties. 

The data were linked to an objectively determined retirement date and allowed us to trace changes 

in sleep difficulties before, during and after the transition to statutory retirement, the follow-up 

period extending up to 8–12 years. In addition to examining changes in sleep difficulties in general, 

we were able to examine the changes in four specific types of sleep difficulties. The occurrence of 

the specific sleep difficulties was assessed at the same time of the calendar year in each survey, thus 

limiting the possible confounding effect of, for example, the amount of light. 

The main limitation in our study was the reliance on self-reports of sleep difficulties, which may be 

influenced, for example, by gender1 and psychosocial characteristics.40 Subjective evaluations of 

sleep difficulties are nevertheless important, as a person may experience sleep difficulties although 

objectively their sleep would be considered “normal”,41,42 and the self-reported sleep difficulties may 

in any case be relevant for their wellbeing. In fact, it has been suggested that objective 

measurements of sleep may capture different dimensions of sleep than subjective evaluations.43 An 

additional limitation of our study is that possible instant effects of retirement on sleep difficulties 

may be underestimated, as the interval between the study waves around the actual retirement date 

was approximately four years. To address this limitation, future studies should use shorter 

measurement intervals to study changes in sleep difficulties around retirement. Finally, the 
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generalizability of these findings may be limited, as this large cohort consisted of relatively healthy 

public sector employees of European origin in a Nordic welfare state retiring on a statutory basis 

with a relatively generous retirement scheme. Thus, our results cannot be generalized into workers 

retiring due to work disability or other reasons. However, the same illnesses that lead to work 

disability could also affect sleep, a bias less likely in our more homogeneous group of statutory 

retirees. Future research is also needed to examine whether our findings are generalizable to other 

working sectors, countries and cultures. 

 

CONCLUSION 

This study suggests that transition from full-time work to statutory retirement is associated with a 

decrease in sleep difficulties. These findings suggest that sleep, a major component of well-being, 

may be worse during the last working years than following retirement. Improving sleep and well-

being in elderly employees is a challenge for many Western governments aiming at extending 

working careers. Divergent trends were observed in the specific types of sleep difficulties during 

retirement transition, as waking up too early in the morning and nonrestorative sleep decreased 

substantially, whereas difficulties falling asleep and difficulties maintaining sleep did not change 

during the retirement transition. The decreases in sleep difficulties were observed to be mainly 

driven by the decreases of sleep difficulties among those with suboptimal self-rated health and 

psychological distress before retirement. 

LIST OF ABBREVIATIONS 

BMI = body mass index 

CI = confidence interval 

FPS = Finnish Public Sector study 
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GEE = generalized estimating equation 

MET = metabolic equivalent  

RR = risk ratio 

SD = standard deviation 

SII = Social Insurance Institution of Finland 

ACKNOWLEDGEMENTS 

This study was financially supported by the Academy of Finland (grant number 286294 and 294154 

to SS and 311492 to MK); the Finnish Ministry of Education and Culture (to SS); the Juho Vainio 

Foundation (to SS); and NordForsk, the Nordic Programme for Health and Welfare (grant number 

75021 to MK). 

DISCLOSURE STATEMENT 

None  

Downloaded from https://academic.oup.com/sleep/advance-article-abstract/doi/10.1093/sleep/zsx182/4636707
by Turku University Library user
on 21 November 2017

http://webfocus.aka.fi/ibi_apps/WFServlet?IBIF_ex=x_HakKuvaus2&CLICKED_ON=&HAKNRO1=311492&UILANG=fi&IBIAPP_app=aka_ext&TULOSTE=HTML


Acc
ep

te
d 

M
an

us
cr

ipt

 

23 

 

References 

1. Vitiello MV, Larsen LH, Moe KE. Age-related sleep change: Gender and estrogen effects on the 

subjective–objective sleep quality relationships of healthy, noncomplaining older men and women. J 

Psychosom Res. 2004; 56 (5): 503–510. 

2. Ancoli-Israel S. Sleep and its disorders in aging populations. Sleep Med. 2009; 10, Supplement 1: 

S7–S11. 

3. Cooke JR, Ancoli-Israel S. Normal and Abnormal Sleep in the Elderly. Handb Clin Neurol. 2011; 

98: 653–665. 

4. Ota A, Masue T, Yasuda N, Tsutsumi A, Mino Y, Ohara H. Association between psychosocial job 

characteristics and insomnia: an investigation using two relevant job stress models—the demand-

control-support (DCS) model and the effort-reward imbalance (ERI) model. Sleep Med. 2005; 6 (4): 

353–358. 

5. Knudsen HK, Ducharme LJ, Roman PM. Job stress and poor sleep quality: Data from an American 

sample of full-time workers. Soc Sci Med. 2007; 64 (10): 1997–2007. 

6. Lallukka T, Rahkonen O, Lahelma E, Arber S. Sleep complaints in middle-aged women and men: 

the contribution of working conditions and work–family conflicts. J Sleep Res 

. 2010; 19 (3): 466–477. 

7. Halonen JI, Lallukka T, Pentti J, et al. Change in Job Strain as a Predictor of Change in Insomnia 

Symptoms: Analyzing Observational Data as a Non-randomized Pseudo-Trial. Sleep. 2017; 40 (1). 

8. Hagen EW, Barnet JH, Hale L, Peppard PE. Changes in Sleep Duration and Sleep Timing 

Associated with Retirement Transitions. Sleep. 2016; 39 (3): 665–673. 

Downloaded from https://academic.oup.com/sleep/advance-article-abstract/doi/10.1093/sleep/zsx182/4636707
by Turku University Library user
on 21 November 2017



Acc
ep

te
d 

M
an

us
cr

ipt

 

24 

 

9. Ding D, Grunseit AC, Chau JY, Vo K, Byles J, Bauman AE. Retirement—A Transition to a 

Healthier Lifestyle?: Evidence From a Large Australian Study. Am J Prev Med. 2016; 51 (2): 170–

178. 

10. Myllyntausta S, Salo P, Kronholm E, et al. Changes in Sleep Duration During Transition to 

Statutory Retirement: A Longitudinal Cohort Study. Sleep. 2017; 40 (7): zsx087. 

11. Kronholm E, Hyyppä MT. Age-related sleep habits and retirement. Ann Clin Res. 1985; 17 (5): 

257–264. 

12. Ito Y, Tamakoshi A, Yamaki K, et al. Sleep disturbance and its correlates among elderly Japanese. 

Arch Gerontol Geriatr. 2000; 30 (2): 85–100. 

13. Vahtera J, Westerlund H, Hall M, et al. Effect of retirement on sleep disturbances: the GAZEL 

prospective cohort study. Sleep. 2009; 32 (11): 1459–1466. 

14. Marquié J, Folkard S, Ansiau D, Tucker P. Effects of age, gender, and retirement on perceived 

sleep problems: results from the VISAT combined longitudinal and cross-sectional study. Sleep. 

2012; 35 (8): 1115–1121. 

15. van de Straat V, Bracke P. How well does Europe sleep? A cross-national study of sleep problems 

in European older adults. Int J Public Health. 2015; 60 (6): 643–650. 

16. Sjösten N, Vahtera J, Salo P, et al. Increased risk of lost workdays prior to the diagnosis of sleep 

apnea. Chest. 2009; 136 (1): 130–136. 

17. Suoyrjö H, Oksanen T, Hinkka K, et al. The effectiveness of vocationally oriented 

multidisciplinary intervention on sickness absence and early retirement among employees at risk: an 

observational study. Occup Environ Med. 2009; 66 (4): 235–242. 

Downloaded from https://academic.oup.com/sleep/advance-article-abstract/doi/10.1093/sleep/zsx182/4636707
by Turku University Library user
on 21 November 2017



Acc
ep

te
d 

M
an

us
cr

ipt

 

25 

 

18. Jenkins CD, Stanton BA, Niemcryk SJ, Rose RM. A scale for the estimation of sleep problems in 

clinical research. J Clin Epidemiol. 1988; 41 (4): 313–321. 

19. Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick B. The Job Content 

Questionnaire (JCQ): an instrument for internationally comparative assessments of psychosocial job 

characteristics. J Occup Health Psychol. 1998; 3 (4): 322–355. 

20. Fransson E, Nyberg S, Heikkilä K, et al. Comparison of alternative versions of the job demand-

control scales in 17 European cohort studies: the IPD-Work consortium. BMC Public Health. 2012; 

12 (1): 62. 

21. Kujala UM, Kaprio J, Sarna S, Koskenvuo M. Relationship of leisure-time physical activity and 

mortality: the Finnish twin cohort. JAMA. 1998; 279 (6): 440–444. 

22. Stenholm S, Pulakka A, Kawachi I, et al. Changes in physical activity during transition to 

retirement: a cohort study. Int J Behav Nutr Phys Act. 2016; 13 (1): 51. 

23. Työterveyslaitos ja sosiaali- ja terveysministeriö [Finnish Institute of Occupational Health and 

Finnish Ministry of Social Affairs and Health]. Riskikulutuksen varhainen tunnistaminen ja mini-

interventio -hoitosuosituksen yhteenveto [Adapted translation into Finnish based on "Alcohol and 

Primary Health Care: Clinical Guidelines on Identification and Brief Interventions. Department of 

Health of the Government of Catalonia: Barcelona." by Anderson, P., Gual, A., Colom, J. (2005).]. ; 

2006. 

24. Goldberg DP. The detection of psychiatric illness by questionnaire; a technique for the 

identification and assessment of non-psychotic psychiatric illness. London: Oxford University Press; 

1972. 

25. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes. 

Biometrics. 1986; 42 (1): 121–130. 

Downloaded from https://academic.oup.com/sleep/advance-article-abstract/doi/10.1093/sleep/zsx182/4636707
by Turku University Library user
on 21 November 2017



Acc
ep

te
d 

M
an

us
cr

ipt

 

26 

 

26. Diggle P, Liang K, Zeger SL. Analysis of longitudinal data. Oxford: Oxford University Press; 

1994. 

27. Ohayon MM, Roth T. What are the contributing factors for insomnia in the general population? J 

Psychosom Res. 2001; 51 (6): 745–755. 

28. Polo-Kantola P, Laine A, Aromaa M, et al. A population-based survey of sleep disturbances in 

middle-aged women – Associations with health, health related quality of life and health behavior. 

Maturitas. 2014; 77 (3): 255–262. 

29. Palagini L, Moretto U, Dell'Osso L, Carney C. Sleep-related cognitive processes, arousal, and 

emotion dysregulation in insomnia disorder: the role of insomnia-specific rumination. Sleep Med. 

2017; 30: 97–104. 

30. Zoccola PM, Dickerson SS, Lam S. Rumination predicts longer sleep onset latency after an acute 

psychosocial stressor. Psychosom Med. 2009; 71 (7): 771–775. 

31. Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis of quantitative sleep 

parameters from childhood to old age in healthy individuals: developing normative sleep values 

across the human lifespan. Sleep. 2004; 27 (7): 1255–1273. 

32. Foley D, Ancoli-Israel S, Britz P, Walsh J. Sleep disturbances and chronic disease in older adults: 

results of the 2003 National Sleep Foundation Sleep in America Survey. J Psychosom Res. 2004; 56 

(5): 497–502. 

33. Grandner MA, Martin JL, Patel NP, et al. Age and sleep disturbances among American men and 

women: data from the U.S. Behavioral Risk Factor Surveillance System. Sleep. 2012; 35 (3): 395–

406. 

34. Staner L. Comorbidity of insomnia and depression. Sleep Med Rev. 2010; 14 (1): 35–46. 

Downloaded from https://academic.oup.com/sleep/advance-article-abstract/doi/10.1093/sleep/zsx182/4636707
by Turku University Library user
on 21 November 2017



Acc
ep

te
d 

M
an

us
cr

ipt

 

27 

 

35. Paunio T, Korhonen T, Hublin C, et al. Poor sleep predicts symptoms of depression and disability 

retirement due to depression. J Affect Disord. 2015; 172: 381–389. 

36. Westerlund H, Vahtera J, Ferrie JE, et al. Effect of retirement on major chronic conditions and 

fatigue: French GAZEL occupational cohort study. BMJ. 2010; 341: c6149. 

37. van der Heide I, van Rijn RM, Robroek SJW, Burdorf A, Proper KI. Is retirement good for your 

health? A systematic review of longitudinal studies. BMC Public Health. 2013; 13: 1180. 

38. Westerlund H, Kivimäki M, Singh-Manoux A, et al. Self-rated health before and after retirement 

in France (GAZEL): a cohort study. Lancet. 2009; 374 (9705): 1889–1896. 

39. Van Laethem M, Beckers DGJ, Kompier MAJ, Dijksterhuis A, Geurts SAE. Psychosocial work 

characteristics and sleep quality: a systematic review of longitudinal and intervention research. Scand 

J Work Environ Health. 2013; 39 (6): 535–549. 

40. Jackowska M, Dockray S, Hendrickx H, Steptoe A. Psychosocial factors and sleep efficiency: 

discrepancies between subjective and objective evaluations of sleep. Psychosom Med. 2011; 73 (9): 

810–816. 

41. Edinger JD, Fins AI, Glenn DM, et al. Insomnia and the eye of the beholder: are there clinical 

markers of objective sleep disturbances among adults with and without insomnia complaints? J 

Consult Clin Psychol. 2000; 68 (4): 586–593. 

42. Harvey AG, Stinson K, Whitaker KL, Moskovitz D, Virk H. The subjective meaning of sleep 

quality: a comparison of individuals with and without insomnia. Sleep. 2008; 31 (3): 383–393. 

43. Aili K, Åström-Paulsson S, Stoetzer U, Svartengren M, Hillert L. Reliability of Actigraphy and 

Subjective Sleep Measurements in Adults: The Design of Sleep Assessments. J Clin Sleep Med. 2017; 

13 (1): 39–47. 

Downloaded from https://academic.oup.com/sleep/advance-article-abstract/doi/10.1093/sleep/zsx182/4636707
by Turku University Library user
on 21 November 2017



Acc
ep

te
d 

M
an

us
cr

ipt

 

29 

 

Table 1 – Characteristics of the study population (n = 5807) before retirement. 

  
Sleep difficulties before 
retirement

a
 

Characteristics n (%) RR 95% CI 

Gender 
 

   

Men 1162 (20) 1   

Women 4645 (80) 1.19 1.05 1.34 

Retirement age 
 

   
< 60 691 (12) 1 0.90 1.20 
60–64 4266 (73) 1.00   
>64 850 (15) 1.19 0.99 1.43 

Occupational status 
 

   

Upper grade non-manual 2205 (38) 1   

Lower grade non-manual 1551 (27) 1.01 0.90 1.14 

Manual 2023 (35) 1.17 1.05 1.30 
Marital status 

 
   

Married 4263 (74) 1   

Not married 1474 (26) 0.92 0.83 1.03 

Shift/night work 
 

   
No 4003 (70) 1   
Yes 1713 (30) 0.93 0.83 1.04 

Job strain 
 

   
No 4314 (75) 1   
Yes 1413 (25) 1.26 1.13 1.40 

Physical activity 
 

   
Inactive 1130 (20) 1.20 1.05 1.37 
Low 1304 (23) 1.11 0.98 1.27 
Moderate 1691 (29) 1.04 0.92 1.18 
High 1646 (29) 1   

Alcohol use 
 

   
None 918 (16) 1   
Moderate 4416 (77) 1.02 0.90 1.17 
Heavy 437 (8) 1.35 1.11 1.64 

Smoking 
 

   

Never 4234 (75) 1   
Former 943 (17) 1.20 1.06 1.36 
Current 498 (9) 0.89 0.75 1.07 

Body Mass Index 
 

   

Underweight (<18.5 kg/m
2
) 25 (0.5) 1.24 0.64 2.39 

Normal weight (18.5–24.9 kg/m
2
) 2382 (43) 1   

Overweight (25–29.9 kg/m
2
) 2279 (41) 1.08 0.97 1.20 

Obese (≥30 kg/m
2
) 898 (16) 1.30 1.14 1.48 

Self-rated health 
 

   
Good 3647 (63) 1   

Suboptimal 2126 (37) 2.03 1.85 2.23 

Psychological distress 
 

   

No 4419 (76) 1   

Yes 1364 (24) 2.10 1.91 2.31 
Arthritis     

No 3520 (61) 1   

Yes 2287 (39) 1.47 1.34 1.61 
Cardiometabolic diseases     

No 5535 (95) 1   
Yes 272 (5) 1.08 0.86 1.34 

Asthma     
No 5570 (96) 1   
Yes 237 (4) 1.30 1.06 1.60 

Cancer     
No 5595 (96) 1   
Yes 212 (4) 1.09 0.86 1.39 

Sleep duration before retirement 
 

   

Short (≤6.5 hours/24 hours) 1729 (30) 1.82 1.65 2.00 

Mid-range (7–8.5 hours/24 hours) 3884 (67) 1   

Long (≥9 hours/24 hours) 154 (3) 1.32 1.00 1.75 
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a
Risk ratios and their 95% confidence intervals for sleep difficulties at the study wave immediately before 

retirement (wave–1) are derived from log-binominal regression analyses. Analyses were adjusted for gender, 
retirement age and occupational status. RR = risk ratio; CI = Confidence Interval. 
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Table 2 – Changes in any sleep difficulty and the specific types of sleep difficulties during the pre-retirement period, 
the retirement transition and the post-retirement period. 

 Pre-retirement 
period

a
 

Retirement 
transition

b
 

Post-retirement 
period

c
 

 

 
RR (95% CI)

 
RR (95% CI)

 
RR (95% CI)

 

Interaction 
with time 

p 

Any sleep difficulty     

Model 1 1.12 (1.03–1.22) 0.88 (0.85–0.92) 1.06 (0.98–1.15) <.0001 

Model 2 1.12 (1.03–1.23) 0.89 (0.85–0.93) 1.08 (0.99–1.18) <.0001 

Difficulties falling asleep     

Model 1 1.23 (0.96–1.56) 0.91 (0.80–1.03) 1.04 (0.84–1.29) 0.063 

Model 2 1.29 (1.00–1.65) 0.90 (0.79–1.04) 1.05 (0.83–1.34) 0.050 

Difficulties maintaining sleep during the night     

Model 1 1.23 (1.11–1.36) 0.97 (0.92–1.02) 1.08 (0.99–1.18) <.0001 

Model 2 1.23 (1.11–1.36) 0.98 (0.93–1.03) 1.12 (1.02–1.23) <.001 

Waking up too early in the morning     

Model 1 1.16 (1.00–1.33) 0.75 (0.69–0.81) 1.01 (0.86–1.19) <.0001 

Model 2 1.13 (0.97–1.30) 0.76 (0.70–0.83) 1.08 (0.91–1.28) <.0001 

Nonrestorative sleep     

Model 1 0.93 (0.80–1.07) 0.46 (0.41–0.52) 0.99 (0.77–1.27) <.0001 

Model 2 0.91 (0.78–1.05) 0.47 (0.41–0.53) 1.06 (0.81–1.39) <.0001 

Risk ratios (RR) and their 95% confidence intervals (CI) in 
a
the study wave–2 compared with the study wave–3, 

b 
the study wave+1 

compared with the study wave–1, and 
c 
the study wave+3 compared with the study wave+2, are derived from log-binominal regression 

analyses with generalized estimating equations. Model 1 is adjusted for gender, retirement age and occupational status. Model 2 is 
additionally adjusted for marital status, shift/night work, job strain, physical activity, alcohol use, smoking, BMI, self-rated health, 
psychological distress, arthritis, cardiometabolic diseases, asthma, cancer and sleep duration before retirement. BMI = body mass 
index. 
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Table 3 – Prevalence of and changes in any sleep difficulty during the transition to retirement by 
characteristics of the study population before retirement. 

 
Prevalence of any sleep 
difficulty before retirement (%)a Changeb Interaction 

with time 
Characteristics  RR 95% CI p 
Gender  

   
0.615 

Men 27 0.91 0.81 1.01  
Women 32 0.88 0.84 0.92  

Retirement age  
   

0.150 
< 60 34 0.80 0.71 0.91  
60–64 32 0.89 0.84 0.93  
>64 28 0.95 0.84 1.07  

Marital status  
   

0.133 
Married 30 0.91 0.86 0.95  
Not married 34 0.84 0.77 0.91  

Occupational status  
   

0.286 
Upper grade non-manual 29 0.87 0.81 0.94  
Lower grade non-manual 30 0.94 0.86 1.03  
Manual 34 0.86 0.80 0.92  

Shift/night work  
   

0.985 
No 31 0.89 0.82 0.96  
Yes 32 0.88 0.78 1.00  

Job strain  
   

0.037 
No 29 0.93 0.86 1.01  
Yes 38 0.79 0.70 0.90  

Physical activity  
   

0. 986 
Inactive 35 0.90 0.78 1.04  
Low 32 0.88 0.77 1.02  
Moderate 30 0.88 0.77 1.00  
High 29 0.87 0.76 0.99  

Alcohol use  
   

0.281 
None 31 0.89 0.75 1.06  
Moderate 31 0.90 0.83 0.97  
Heavy 39 0.74 0.59 0.93  

Smoking  
   

0.694 
Never 31 0.86 0.80 0.94  
Former 36 0.90 0.77 1.06  
Current 27 0.96 0.75 1.22  

Body Mass Index  
   

0. 947 
Underweight (<18.5 kg/m2) 36 1.11 0.45 2.73  
Normal weight (18.5–24.9 kg/m2) 29 0.90 0.81 1.01  
Overweight (25–29.9 kg/m2) 31 0.88 0.79 0.98  
Obese (≥30 kg/m2) 37 0.91 0.78 1.06  

Self-rated health  
   

0.002 
Good 23 0.99 0.90 1.09  
Suboptimal 46 0.80 0.73 0.88  

Psychological distress  
   

< 0.0001 
No 25 1.01 0.93 1.10  
Yes 52 0.69 0.62 0.78  

Arthritis     0.642 
No 26 0.90 0.82 0.99  
Yes 39 0.87 0.79 0.96  

Cardiometabolic diseases     0.322 
No 31 0.88 0.82 0.94  
Yes 33 1.02 0.76 1.38  

Asthma     0.945 
No 31 0.88 0.83 0.95  
Yes 41 0.88 0.65 1.17  

Cancer     0.794 
No 31 0.89 0.83 0.95  
Yes 33 0.85 0.60 1.19  

Sleep duration before retirement  
   

0.010 
Short (≤6.5 hours/24 h) 45 0.78 0.70 0.87  
Mid-range (7–8.5 hours/24 h) 25 0.97 0.88 1.06  
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Long (≥9 hours/24 h) 34 0.87 0.58 1.29  
aPrevalence of any sleep difficulty in the study wave immediately prior to retirement (wave–1) bRisk ratios (RR) for sleep difficulties and 
their 95% confidence interval (CI) in the study wave immediately after retirement (wave+1) compared with the study wave immediately 
prior to retirement (wave–1) (i.e. the retirement transition) are derived from log-binominal regression analyses with generalized estimating 
equations. Analyses are adjusted for gender, retirement age and occupational status. 
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Table 4 – Changes in the four specific sleep difficulties during the transition to retirement by those pre-retirement factors that predicted changes in 
any sleep difficulty during the retirement transition (seen in Table 3). 
 
 Difficulties falling asleep Difficulties maintaining sleep Waking up too early in the morning Nonrestorative sleep 

 Change 

Interaction 
with time Change 

Interaction 
with time Change 

Interaction 
with time Change 

Interaction 
with time 

Characteristics RR 95% CI p RR 95% CI p RR 95% CI p RR 95% CI p 

Job strain    0.391    0.066    0.904    0.415 
No 0.95 0.78 1.16  1.02 0.93 1.11  0.75 0.66 0.86  0.49 0.41 0.58  
Yes 0.83 0.63 1.08  0.87 0.76 1.00  0.74 0.61 0.90  0.43 0.34 0.54  

Self-rated health    0.020    0.005    0.29    0.23 
Good 1.15 0.88 1.49  1.08 0.97 1.20  0.79 0.68 0.93  0.52 0.41 0.66  
Suboptimal 0.78 0.64 0.95  0.88 0.79 0.97  0.71 0.61 0.82  0.44 0.37 0.52  

Psychological distress    0.003    <.0001    0.002    0.005 
No 1.13 0.91 1.39  1.09 1.00 1.19  0.86 0.75 0.99  0.58 0.47 0.70  
Yes 0.70 0.55 0.88  0.77 0.68 0.88  0.61 0.51 0.72  0.39 0.32 0.47  

Sleep duration before 
retirement    0.001    0.0183    0.015    0.92 

Short (≤6.5 h/24 h) 0.70 0.56 0.86  0.86 0.76 0.96  0.65 0.56 0.75  0.46 0.38 0.55  
Mid-range (7–8.5 h/24 h) 1.30 1.01 1.67  1.06 0.96 1.17  0.88 0.75 1.03  0.47 0.38 0.57  
Long (≥9 h/24 h) 0.97 0.40 2.32  0.94 0.60 1.47  1.06 0.48 2.32  0.53 0.26 1.06  

Risk ratios (RR) and their 95% confidence intervals (CI) in the study wave immediately after retirement (wave+1) compared with the study wave 
immediately prior to retirement (wave–1) (i.e. the retirement transition) are derived from log-binominal regression analyses with generalized estimating 
equations and presented for each specific sleep difficulty. Analyses are adjusted for gender, retirement age and occupational status.
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FIGURE CAPTIONS 

Figure 1 – Flow chart of the selection of the study sample. 

Figure 2 – Sleep difficulties in relation to retirement. Prevalence of any sleep difficulty in each study 

wave and 95% confidence interval derived from log-binominal regression analyses with generalized 

estimating equations. Time between each study wave is approximately four years. Adjusted for 

gender, retirement age and occupational status. The period of the retirement transition is s hown in 

grey. 

Figure 3 – The specific sleep difficulties in relation to retirement: A. Difficulties falling asleep; B. 

Difficulties maintaining sleep, C. Waking up too early in the morning; and D. Nonrestorative sleep. 

Prevalence of sleep difficulties in each study wave and 95% confidence interval derived from log-

binominal regression analyses with generalized estimating equations. Time between each study 

wave is approximately four years. Adjusted for gender, retirement age and occupational status. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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