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Background: Insomnia symptoms are prevalent and associated with impaired health and well-being. How-
ever, scant research has investigated whether midlife insomnia symptoms are also associated with earlier
retirement, thereby contributing to additional economic consequences.
Participants andMethods:We analyzed data from a community-based sample of 1635Wisconsin State em-
ployees (51.6% women) that were collected from 1988 until 2014. Study participants were asked about
insomnia symptoms (difficulty getting to sleep, difficulty getting back to sleep, repeated nocturnal awaken-
ings, and early morning awakenings) in midlife, with prospective follow-up questions about the specific
reasons for retirement between 2010 and 2014. Using Cox proportional hazards models, we investigated
longitudinal associations between insomnia symptom measures (ie, each individual insomnia symptom,
any insomnia symptom, and number of insomnia symptoms) and rates of retirement.We also investigated
reasons for retirement and the potentially mediating role of depression.
Results: For most of our insomnia measures, after adjusting for confounding variables, we did not find that

insomnia symptoms at age 50 years were predictive of earlier overall retirement. One exception is that
early morning awakening at age 50 years is associatedwith an increased rate of overall retirement (hazard
ratio, 1.22; 95% confidence interval, 1.04-1.43).With regard to reason for retirement, we found that allmea-
sures of insomnia were associated with increased rates of retirement due to poor health/disability. For ex-
ample, the presence of at least one insomnia symptom was associated with a hazard ratio of 1.38 (95%
confidence interval, 1.13-1.68).We also found evidence that depressive symptomsmediate the association
between insomnia symptoms and retirement due to poor health/disability.
Discussion: Our study finds an association between insomnia symptoms in midlife and retirement due to
poor health/disability, whereas there is less compelling evidence between insomnia symptoms and retire-
ment due to other reasons. Future research on insomnia should consider how earlier retirement affects the
social and economic consequences of insomnia.

© 2017 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Introduction

Insomnia symptoms, including difficulty falling asleep, difficulty
staying asleep, having trouble falling back asleep, or waking up too
early, are common among adult middle-aged and elderly popula-
tes of Health (NIH) grants
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tions. Any of these insomnia symptoms, accompanied by a report of
compromised daytime function, can result in a diagnosis of either
acute or chronic insomnia, depending on the duration of the symp-
toms. The prevalence of insomnia diagnosis in the general population
ranges between 6% and 18%, depending on the definition.1

Insomnia is associated with a range of adverse physical and men-
tal health outcomes, including hypertension, cancer, depression, anx-
iety and mood disorders, impaired cognitive functioning, diminished
immune functioning, metabolic syndrome, and arthritis.2–13 Al-
though there is a substantial literature linking insomnia to health
and well-being, less research has examined the economic and social
.
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consequences of insomnia. In this study,we investigatewhethermid-
life insomnia is associatedwith earlier exit from theworkforce (here-
after, “earlier retirement”), an important economic and social
outcome among Americans.

Insomnia and retirement

Prior research has found associations between insomnia symp-
toms and retirement.14–22 Two general approaches exist: One ap-
proach seeks to understand how sleep characteristics change after
retirement (scenario A: Retirement affects sleep quality),14–17

whereas the alternative pathway seeks to understand how sleep
characteristics affect retirement itself (scenario B: sleep quality af-
fects retirement).14,18–21

Among the studies that investigate scenario A, the general finding
is that people have fewer sleep disturbances and longer sleep dura-
tion after retirement than they did before retiring.14–16 One study ex-
amined the association between retirement and sleep patterns by
comparing the occurrence of sleep disturbances among nearly
15,000 French natural gas and electric employees 7 years after retire-
ment to 7 years before retirement.14 Individuals had 26% lower odds
of reporting sleep disturbances after retirement than before retire-
ment (odds ratio [OR], 0.74; 95% confidence interval [CI], 0.71-
0.77). The largest reductions in sleep disturbances after retirement
(OR, 0.55; 95% CI, 0.52-0.60) compared with before retirement
were found among those with depression or mental fatigue before
retirement.14 Another study in France found that the symptom of
premature awakening was reduced after retirement.15 Finally, a
study investigating the Wisconsin Sleep Cohort observed a change
in sleep behaviors after retirement that showed longer sleep dura-
tion, later wake times, and later bedtimes,16 but does not report on
insomnia symptoms after retirement.

Among the studies that investigate scenario B, the general finding
is that insomnia symptoms during employment are not positively as-
sociated with overall earlier retirement (eg, based on one study in
France)14 but insomnia is positively associated with disability pen-
sion in 6 northern European countries (eg, Sweden, Finland,
Norway).17–19 One study observed Swedish workers approaching
the age of retirement over a 12-year period to examine the impact
of insomnia symptoms and sleep duration on subsequent disability
pension award.17 From a sample of more than 4000 employees in
Sweden, 41% of the women studied showed symptoms of insomnia,
which were associated with increased disability pension award
(fully adjusted hazard ratio [HR], 1.4; 95% CI, 1.1–1.7). In a similar co-
hort of nearly 6000 employees in Finland, reports of frequent sleep
problems were associated with all-cause disability retirement with
an adjusted HR of 3.22 (95% CI, 2.26-4.60).18 Sleep problems were
also associated with the development of mental disorders and mus-
culoskeletal disorders with HRs of 9.06 (95% CI, 3.27-25.1) and 3.27
(95% CI, 1.91-5.61), respectively. A follow-up analysis of these data
showed a joint association between insomnia symptoms and short
sleep duration predicting subsequent retirement due to a disability.19

Finally, a 4-year study of almost 6600 Norwegian employees found
that insomnia strongly predicted permanent work disability.20

Insomnia, depression, and retirement

Prior literature has shown that insomnia symptoms and depres-
sion are commonly comorbid.21–23 Combined, they are positively as-
sociated with disability pension,24 although some researchers
suggest that insomnia symptoms and depression may have indepen-
dent roles in predicting retirement due to a disability.25 Other studies
show the association between poor sleep and an increased risk of re-
tirement disability due to the presence of depression.26 In a large
sample of the Finnish Twin Cohort, the onset of poor sleep predicted
increased odds of developing depression, as defined by the Beck De-
pression Inventory (OR, 4.5; 95% CI, 2.7-7.4) and Negative Attitudes
Towards Self measurement (OR, 2.0; 95% CI, 1.4-2.7). In addition,
onset of poor sleep increased the risk of subsequent disability retire-
ment due to the presence of depression (OR, 2.9; 95% CI, 1.8-4.9). A
similar risk for retirement due to disability was seen among those
who had persistent poor sleep (OR, 2.7; 95% CI, 1.3-5.7). A secondary
aim of our analysis is to investigate the potentially mediating role of
depression in explaining the association between insomnia symp-
toms and retirement.26

Research questions and hypotheses

In the present article, we investigate the longitudinal association
of insomnia symptoms with earlier retirement in a US-based cohort
ofmore than1600workerswith a broad range of blue-to-white collar
job classifications. Insomnia symptoms evaluated at age 50 years in
employed participants are examined for associations with rate of re-
tirement (ie, earlier or later age-at-retirement) or a mean (SD)
follow-up period of 11.0 (4.7) years.

ResearchQuestion 1: Do insomnia symptoms duringmidlife (age
50 years) predict earlier retirement? If so, what are the reasons for
this earlier retirement? Is earlier retirement due to poor health/dis-
ability a major contributing factor to earlier retirement among
those with insomnia symptoms?

Hypothesis. While the association between insomnia symptoms
and earlier retirementwas not observed in theGAZEL study of French
natural gas and electric employees, there are reasons to predict that
impaired functioning and mental health due to insomnia symptoms
will affect performance in the workplace as well as interpersonal re-
lationships and thus increase rate of retirement. Thus, we hypothe-
size that insomnia symptoms will be predictive of earlier overall
retirement. Based on the empirical research from Sweden, Finland,
and Norway showing that insomnia predicts disability pension, we
further hypothesize that the association between insomnia symp-
toms and rate of retirement for disability or poor health will be a pri-
mary reason for why those with insomnia symptoms in midlife are
retiring earlier than those without insomnia symptoms.

Research Question 2: Is there a mediating role of depression in
explaining an association between insomnia symptoms and retirement?

Hypothesis. Based on the frequent comorbidity of insomnia
symptoms, depression, and poor health, we hypothesize that in-
creased levels of depression, which are more prevalent among
those with insomnia symptoms, will help explain earlier retirement
due to poor health/disability, consistent with previous research.26

Participants and methods

Sample and data collection

Participant information was collected as part of The Retirement
and Sleep Trajectories (REST) Study, a longitudinal survey of the sam-
pling frame (ie, a superset) of the Wisconsin Sleep Cohort Study that
collects information on sleep disorders and sleep habits of a
community-based sample of Wisconsin State employees at baseline.
Study participants were followed up regardless of whether they
stayed employed within the state system or left the public sector
for private sector work, self-employment, or retirement. Approval
for the study protocols and informed consent forms were obtained
by theUniversity ofWisconsin-Madison Health Sciences Institutional
Review Board.



Table 1
Baseline characteristics of the final sample

Subject characteristics n (%) or mean [SD]

Final sample 1635
Sex
Female 843 (51.6%)
Male 792 (48.4%)

Race
White 1417 (96.9%)
Non-white 46 (3.1%)

Education
Through high school 384 (23.5%)
Some college 1251 (76.5%)

Current smoker
No 1425 (87.2%)
Yes 210 (12.8%)

Marital status
Divorced, separated, widowed 307 (18.8%)
Married 1151 (70.4%)
Single 177 (10.8%)

Body mass index (kg/m2) 29 [6.6]
Retired
No 517 (31.6%)
Yes 1118 (68.4%)

Age at retirement (y) 61 [4.6]
Age of insomnia (y) 50 [1.8]
Years between insomnia and retirement 11 [4.7]

172 L. Hale et al. / Sleep Health 3 (2017) 170–177
The sample for the REST study was collected from the Wisconsin
Sleep Cohort (WSC) study-sampling frame. Study participants of pre-
vious WSC study protocols were eligible for the current study based
on being alive after September 2010 and either (a) having completed
1 or more mailed surveys and an overnight sleep study or (b) having
completed 3 or more mailed surveys. A total of 2427 participants
were eligible, ranging from the ages of 25 and 60 years in the year
1988, the year of inception of theWisconsin Sleep Cohort study. Sub-
jects were aged 25 to 60 years at the start of theWisconsin Sleep Co-
hort Study in 1988. At the time of the current analysis, subjects were
aged 46 to 82 years.

The study includes 4 surveys sent via mail at 1-year intervals. The
surveys included questions on sociodemographic information, occu-
pational status, reasons for and date of retirement (if retired), health,
and sleep.

Variables

Primary predictor variable
Insomnia symptoms at approximately age 50 (±4 years) is the in-

dependent predictor sleep problem for this analysis. Insomnia symp-
toms were measured at several time points. For each study subject,
we used insomnia data collected at the survey time point closest to
age 50 years. The analysis takes into account follow-up on employ-
ment/retirement information from this insomniameasurementmov-
ing forward.

We asked the following 4 questions about insomnia:

1 Do you have difficulty getting to sleep?
2 Do you wake up during the night and have a hard time getting

back to sleep (difficulty getting back to sleep)?
3 Do you wake up repeatedly during the night (repeated noctur-

nal awakenings)?
4 Do you wake up too early in morning and cannot get back to

sleep (early morning awakenings)?

For each of these questions, individuals were able to answer the
following: Never, Rarely (once a month), Sometimes (2-4 times a
month), Often (5-15), and Almost Always (N15 times a month). We
then recoded each of these 4 questions into the following predictor
variables. First, for each individual insomnia symptom, we created a
dichotomous variable for presence of the symptom as determined
by Never/Rarely/Sometimes = 0 and Often/Almost Always = 1. Sec-
ond,we created a dichotomous variable tomarkwhether the individ-
ual reported any insomnia symptom. Individuals were coded as such
if they answered Often or Almost Always on any of the 4 questions
above. Third, we created a variable that counted the number of re-
ported insomnia symptoms, listed from the 4 variables above,
allowing for a range of 0 to 4. If responses to any of the specific symp-
tom questions were missing, the insomnia summary variables were
left missing.

Additional covariates
Based on prior studies predicting retirement,28–32 we included a

range of covariates known to predict retirement age. These include
variables for sex (male/female), education level (some college vs no
college), body mass index, marital status (eg, married, divorced, sin-
gle), and current smoking status. In addition, we included self-
reported measures of comorbidities before insomnia assessment for
the following conditions:

• Any cardiovascular diseases: coronary artery disease, athero-
sclerosis, heart attack, congestive heart failure, coronary bypass
surgery, angioplasty, stent, or pacemaker

• Diabetes mellitus type 1 or type 2
• Prior cancer diagnosis
• Emphysema or obstructive lung disease

For our mediation models, we used a subset of participants who
completed the Zung Depression Scale. The Zung Scale is a 20-
question self-administered survey that rates symptoms associated
with depression. Scores range from 20 (no depression) to 80 (severe-
ly depressed).33 The Zung Depression Scale was only administered
during overnight sleep studies (ie, in REST participants that
were also Wisconsin Sleep Cohort participants) and thus was
available on a subset (n= 814 [50%]) of the sample used for primary
analyses here.

Dependent variables
On the surveys, respondents indicated their occupational status as

follows: not working for pay/not retired/not currently looking for
work, fully retired, partially retired, working part-time, or working
full-time. For this investigation, we dichotomized the retirement sta-
tus into thosewhowere fully retired compared with thosewhowere
not, and we identified the age at the time of movement into this sta-
tus for use in survival analyses.Within this general category of full re-
tirement, participants were also asked to identify their reasons for
retirement, which included the following categories:

• Poor health/disability
• Wanted to do other things
• Did not like the work
• Wanted to spend more time with family and/or friends
• Wanted or needed to provide care for family or friend
• Financially secure and/or no need to work
• Hours reduced or laid off/let go led to decision to retire (not
available in the first mailings in year 1; it was added to the
later mailings in year 1)

For reason of retirement, respondents were allowed to select
which of the following response fit their reason for retirement:
Very Important, Moderately Important, Somewhat Important, and
Not Important.

• Responses were analyzed as 0 = No (not important) vs 1 =
Somewhat, Moderate, or Very Important.



Table 2
Baseline characteristics by reason for retirement

Retired
(n = 1118)

Not retired
(n = 517)

P Retired for health/disability reasons
(n = 415)

Not retired for this reason
(n = 703)

P

Age at retirement/follow-up (y), mean (SD) 60.5 (4.2) 62.2 (5.2) .000 59.9 (4.4) 60.8 (4.0) .001
Age at insomnia measurement (y), mean (SD) 50.1 (1.8) 49.7 (1.8) .000 50.0 (1.8) 50.2 (1.8) .293
BMI (kg/m2), mean (SD) 28.6 (6.3) 29.7 (7.1) .007 30.1 (7.4) 27.8 (5.4) .000
Years between insomnia and retirement, mean (SD) 10.4 (4.3) 12.5 (5.1) .000 9.9 (4.3) 10.7 (4.2) .002
No. of days without insomnia symptoms, mean (SD) 15.5 (16.1) 14.2 (14.8) .309 18.5 (17.9) 13.7 (14.7) .000
Age at REST survey 1 (y), mean (SD) 67.4 (4.7) 62.2 (5.2) .000 67.0 (4.8) 67.6 (4.6) .044
Sex, n (%)

Female 588 (52.6) 255 (49.3) .218 225 (54.2) 363 (51.6) .404
Male 530 (47.4) 262 (50.7) 190 (45.8) 340 (48.4)

Education, n (%)
Through high school 275 (24.6) 109 (21.1) .119 117 (28.2) 158 (22.5) .032
Some college 843 (75.4) 408 (78.9) 298 (71.8) 545 (77.5)

White, n (%)
White 972 (97.4) 445 (95.7) .083 365 (97.3) 607 (97.4) .925
Nonwhite 26 (2.6) 20 (4.3) 10 (2.7) 16 (2.6)

Current smoking status, n (%)
No 963 (86.1) 462 (89.4) .070 343 (82.7) 620 (88.2) .010
Yes 155 (13.9) 55 (10.6) 72 (17.3) 83 (11.8)

Marital status, n (%)
Divorced 210 (18.8) 97 (18.8) .984 78 (18.8) 132 (18.8) .541
Married 788 (70.5) 363 (70.2) 287 (69.2) 501 (71.3)
Single 120 (10.7) 57 (11.0) 50 (12.0) 70 (10.0)

Any CVD before insomnia, n (%)
No 1076 (96.2) 508 (98.3) .029 391 (94.2) 685 (97.4) .006
Yes 42 (3.8) 9 (1.7) 24 (5.8) 18 (2.6)

Diabetes before insomnia, n (%)
No 1062 (95.0) 488 (94.4) .611 383 (92.3) 679 (96.6) .001
Yes 56 (5.0) 29 (5.6) 32 (7.7) 24 (3.4)

Any cancer before insomnia, n (%)
No 1075 (96.2) 487 (94.2) .075 396 (95.4) 679 (96.6) .328
Yes 43 (3.8) 30 (5.8) 19 (4.6) 24 (3.4)

Emphysema or lung disease before insomnia, n (%)
No 1111 (99.7) 516 (99.8) .244 410 (98.8) 701 (99.7) .059
Yes 7 (0.6) 1 (0.2) 5 (1.2) 2 (0.3)

Insomnia information survey, n (%)
Health interview 168 (15.0) 155 (30.0) .000 71 (17.1) 97 (13.8) .459
Outcomes survey 9 (0.8) 71 (13.7) 3 (0.7) 6 (0.9)
Survey 1 242 (21.6) 25 (4.8) 81 (19.5) 161 (22.9)
Survey 2 356 (31.8) 82 (15.9) 129 (31.1) 227 (32,3)
Survey 3 343 (30.7) 184 (35.6) 131 (31.6) 212 (30.2)

Any insomnia symptoms, n (%)
No 655 (58.6) 312 (60.3) .500 212 (51.1) 443 (63.0) .000
Yes 463 (41.4) 205 (39.7) 203 (48.9) 260 (37.0)

No. of insomnia symptoms, n (%)
0 655 (58.9) 312 (60.6) .125 212 (51.3) 443 (63.4) .000
1 226 (20.3) 117 (22.7) 89 (21.5) 137 (19.6)
2 115 (10.3) 50 (9.7) 51 (12.3) 64 (9.2)
3 73 (6.6) 27 (5.2) 36 (8.7) 37 (5.3)
4 43 (3.9) 9 (1.7) 25 (6.1) 18 (2.6)

3 or 4 insomnia symptoms, n (%)
No 996 (89.6) 479 (93.0) .027 352 (85.2) 644 (92.1) .000
Yes 116 (10.4) 36 (7.0) 61 (14.8) 55 (7.9)

Difficulty falling asleep
Never/Rarely/Sometimes 976 (87.3) 464 (89.7) .155 342 (82.4) 634 (90.2) .000
Often/Always 142 (12.7) 52 (10.3) 73 (17.6) 69 (9.8)

Difficulty getting back to sleep, n (%)
Never/Rarely/Sometimes 904 (81.0) 439 (84.9) .055 314 (75.8) 590 (84.0) .001
Often/Always 212 (19.0) 78 (15.1) 100 (24.2) 112 (16.0)

Repeated nocturnal awakenings, n (%)
Never/Rarely/Sometimes 806 (72.4) 372 (72.2) .960 274 (66.2) 532 (76.0) .000
Often/Always 308 (27.6) 143 (27.8) 140 (33.8) 168 (24.0)

Early morning awakenings, n (%)
Never/Rarely/Sometimes 925 (82.8) 454 (87.8) .010 327 (78.8) 598 (85.2) .006
Often/Always 192 (17.2) 63 (12.2) 88 (21.2) 104 (14.8)

Bold font indicates that there are differences across groups at P b .05 (Kruskal-Wallis test, Pearsonχ2). BMI, bodymass index; CVD, cardiovascular disease; REST, TheRetirement and
Sleep Trajectories study.
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Methods

To answer the first research question of whether insomnia symp-
toms predict overall retirement, we conducted Cox proportional haz-
ards models in which the outcome variable is full retirement (due to
any reason), and among the predictor covariates,we included thepri-
mary predictor variable (insomnia symptoms at approximately age
50 ± 4 years) and the above-described sociodemographic factors.
We subsequently estimated the same model in which the outcome
variables were full retirement by reported reason of retirement as
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described above. For all models, follow-up time was computed as the
time in years from the date of the insomnia questionnaire response to
the date of retirement (or date of retirement by reported reason). For
those who did not retire, follow-up was censored at the date of the
last REST survey completed. For those who did retire but not for the
specific reason of interest, follow-up was censored at the date of
retirement.

To answer the second research question, we then conducted me-
diation analyses in whichwe investigated whether depressive symp-
toms might mediate the association between insomnia symptoms
and retirement status by reason of retirement. We used the SAS Me-
diate macro written by Pazaris et al,34 which is designed for treat-
ment effects estimated as relative risks in Cox proportional hazards
models using PROC PHREG.35 Because depression can be an underly-
ing cause of both insomnia and early retirement (thus potentially act-
ing as a confounder and mediator), by estimating possible mediating
effects of depression on retirement, we are able to provide lower and
upper estimates regarding themagnitude of the association between
insomnia symptoms and retirement.

Results

Table 1 provides the descriptive statistics for the final analytic
sample, which includes 1635 subjectswith 51.6% female participants.
Participants were predominantly white (96.9%) with some form of
higher education (76.5%). Study participants tended to be non-
smokers (87.2%) and married (70.4%) individuals. By the time of the
final (fourth) wave of surveys, 68.4% of the sample had retired, with
a mean (SD) age of retirement at 61 (4.6) years among those who
had retired.

Table 2 provides similar descriptive statistics, stratified by retired/
not retired and separately stratified by retired for health/disability
reasons and not retired for this reason. Continuing to focus on those
who retired due to poor health or disability, we also see differences
with education, smoking status, history of cardiovascular disease,
and history of diabetes. Specifically, retirement for health/disability
reasons wasmore common among those with lower levels of educa-
tion, current smoking status, history of cardiovascular disease, history
of diabetes, and the presence of insomnia symptoms.

Table 3 shows the estimated model results for the insomnia
symptom variables for each of the various types of retirement reason
outcomes. The first column reflects the HR of “any retirement” as as-
sociated with various measures of insomnia symptoms (each mea-
sure of insomnia symptom is an independently estimated model).
As shown, only one insomnia symptom was positively associated
with retirement—early morning awakening. Specifically, those indi-
viduals who reported early morning awakening at age 50 years had
increased rate (HR, 1.22; 95% CI, 1.04-1.43) of retirement for any rea-
son at the follow-up waves. The subsequent columns reflect individ-
ual specific reasons for retirement as described above (eg, due to poor
health/disability, wanted to do other things, did not like work, etc).
Only the category of retiring due to poor health/disabilitywas consis-
tently associated with insomnia symptoms across the full range of
measured insomnia symptoms. For example, reporting any symp-
toms of insomnia at age 50 years was associated with an HR of 1.38
(95% CI, 1.13-1.68) with similar magnitudes for all other observed
symptoms. There was a dose-response association between multiple
symptoms of insomnia at age 50 years and retirement for poor
health/disability, such that compared with having 0 insomnia symp-
toms, having 1, 2, or 3-4 symptoms was associated with increased
risks of 1.14, 1.54, and 1.90, respectively. Among the 4 reported in-
somnia symptoms, therewas not one that stands out as themost pre-
dictive of earlier retirement. Although symptoms of insomnia were
associated with other individual reasons for retirement in some
cases, these results were not observed for most of the measures of



Table 4
Full models with all covariate results for predicting retirement due to poor health/disability

Covariates Retirement due to poor health/disability, HR (95% CI)
[P value]

Sex (female) 1.17 (0.95-1.44)
[P = .139]

1.15 (0.93-1.42)
[P = .198]

1.19 (0.96-1.46)
[P = .106]

1.14 (0.92-1.40)
[P = .228]

1.19 (0.97-1.47)
[P = .100]

1.20 (0.97-1.47)
[P = .086]

Baseline age 1.11 (1.05-1.17)
[P = .000]

1.11 (1.05-1.18)
[P = .000]

1.11 (1.06-1.18)
[P = .000]

1.11 (1.05-1.18)
[P = .000]

1.11 (1.05-1.18)
[P = .000]

1.12 (1.06-1.18)
[P = .000]

Any college (vs no college) 0.75 (0.60-0.93)
[P = .010]

0.77 (0.61-0.95)
[P = .017]

0.76 (0.61-0.94)
[P = .014]

0.77 (0.61-0.95)
[P = .017]

0.75 (0.60-0.93)
[P = .008]

0.74 (0.59-0.92)
[P = .007]

BMI 1.04 (1.02-1.05)
[P = .000]

1.04 (1.02-1.05)
[P = .000]

1.04 (1.02-1.05)
[P = .000]

1.04 (1.02-1.06)
[P = .000]

1.04 (1.02-1.05)
[P = .000]

1.04 (1.02-1.06)
[P = .000]

Divorced (vs single) 0.60 (0.42-0.86)
[P = .006]

0.58 (0.40-0.84)
[P = .004]

0.61 (0.42-0.87)
[P = .007]

0.59 (0.41-0.84)
[P = .004]

0.59 (0.41-0.86)
[P = .005]

0.61 (0.42-0.88)
[P = .008]

Married (vs single) 0.71 (0.52-0.97)
[P = .033]

0.71 (0.52-0.97)
[P = .031]

0.72 (0.52-0.98)
[P = .037]

0.69 (0.51-0.95)
[P = .022]

0.71 (0.52-0.97)
[P = .031]

0.70 (0.51-0.96)
[P = .027]

Current smoker 1.67 (1.28-2.17)
[P = .000]

1.73 (1.33-2.26)
[P = .000]

1.66 (1.28-2.16)
[P = .000]

1.71 (1.31-2.22)
[P = .000]

1.73 (1.33-2.25)
[P = .000]

1.69 (1.30-2.19)
[P = .000]

Any CVD 1.56 (1.02-2.38)
[P = .042]

1.66 (1.07-2.58)
[P = .025]

1.59 (1.04-2.43)
[P = .033]

1.60 (1.04-2.46)
[P = .032]

1.64 (1.06-2.54)
[P = .028]

1.57 (1.02-2.41)
[P = .039]

Diabetes 1.36 (0.93-2.01)
[P = .117]

1.34 (0.90-1.98)
[P = .147]

1.36 (0.93-2.00)
[P = .117]

1.36 (0.92-2.00)
[P = .124]

1.34 (0.91-1.98)
[P = .141]

1.42 (0.96-2.09)
[P = .075]

Cancer 0.97 (0.61-1.55)
[P = .915]

1 (0.63-1.62)
[P = .958]

0.98 (0.61-1.56)
[P = .926]

1.05 (0.66-1.67)
[P = .844]

0.98 (0.62-1.57)
[P = .944]

0.99 (0.62-1.58)
[P = .976]

Emphysema 1.83 (0.74-4.53)
[P = .194]

1.55 (0.61-3.92)
[P = .357]

2.17 (0.88-5.36)
[P = .091]

1.88 (0.75-4.71)
[P = .178]

1.76 (0.70-4.39)
[P = .226]

1.69 (0.67-4.23)
[P = .265]

Any symptoms 1.38 (1.13-1.68)
[P b .001]

1 symptom 1.14 (0.89-1.47)
[P = .291]

–

2 symptoms 1.54 (1.13-2.10)
[P = .007]

–

3-4 symptoms 1.90 (1.42-2.56)
[P = .000]

–

Difficulty falling asleep – 1.37 (1.06-1.78)
[P = .017]

–

Difficulty falling back to sleep – – 1.57 (1.25-1.99)
[P = .000] –

Nocturnal awakenings – – – 1.38 (1.12-1.70)
[P = .003]

Early morning awakening 1.59 (1.25-2.02)
P b .001

BMI, body mass index; CVD, cardiovascular disease.
Bold font indicates P b .05.
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insomnia. One reported reason for retirement (“did not likework”)was
significantly associated with 4 of the 8 insomnia measures variables.
None of the other reported reasons for retirementwere positively asso-
ciated with more than 2 of the insomnia symptoms variables. Thus, in
subsequent analyses, we focus on the association between insomnia
symptoms and reasons for retirement due to poor health/disability.

Table 4 presents the full results for retirement due to health or dis-
ability. Among thosewho retired due to poor health or disability, there
was an increasedHR for thosewho had 2 ormore symptoms of insom-
nia, difficulty falling asleep, difficulty falling back to sleep, and noctur-
nal awakenings as summarized in Table 3. The additional variables
included in Table 4 show that the other predictors of earlier retirement
due to poor health/disability include the following: lower education,
higher bodymass index, being single, being a current smoker, and hav-
ing a history of cardiovascular disease. The magnitudes of the coeffi-
cients here are substantively the same across all models, which only
vary by the insomnia symptom included in the model. Sex was not as-
sociated with retirement due to poor health/disability.

Table 5 displays the results of the mediation models in which we
test whether the association between insomnia symptoms and re-
tirement for poor health/disability is partially explained by the inclu-
sion ofmeasures of depression. Specifically,wefind that depression is
a significantmediator of the association between retirement for poor
health/disability and any insomnia (P = .035). The results were nu-
anced in the survivalmodels. Specifically, 2 of themeasures of insom-
nia symptoms (3-4 insomnia symptoms and early morning
awakenings) are associated with increased risk of retirement due to
poor health/disability, even after adjustment for depression. However,
the other insomnia symptomsmeasured had their effects fully attenu-
ated when the depression measure was incorporated into the model.

We performed several supplemental and sensitivity analyses. We
tested for interaction between insomnia and depression and did not
find one. We tested for evidence of cardiovascular disease mediating
the association between insomnia symptoms and retirement. Al-
though we found that cardiovascular disease was associated with in-
creased risk of retirement, it did not change the coefficients on the
insomnia symptoms, indicating no empirical evidence of mediation
(or confounding). We tested whether adjusting for sleep apnea, anx-
iety symptoms, shiftwork, and depression and anxiety medications
change the associations between insomnia symptoms; the results
were essentially unchanged. We included an indicator of baseline
(at age 50 years) menopausal status on a subset of women for
whom these data were available and found that including the meno-
pausal status indicator resulted in an greater association between in-
somnia symptoms and early retirement (larger coefficients),
compared with models that do not include menopausal variables. In
addition, we considered another test for robustness in which we ex-
cluded those individuals who were depressed at baseline. We found
that even after excluding thosewhowere depressed at the time of in-
somnia measurement, having 3-4 insomnia symptoms and early
morning awakenings was a predictor of earlier retirement due to
poor health/disability.



Table 5
Mediation modeling results for the association between insomnia and retirement for poor health mediated by depression (n = 814)

Insomnia variable Exposure effect unadjusted
for mediator

Exposure effect adjusted
for mediator

Proportion of insomnia effect
mediated by depression

χ2, P value

Any insomnia symptom 1.39 (1.05-1.84) 1.18 (0.89-1.56) 49.5% (3.4% to 95.5%) .035
No. of insomnia symptoms 1.23 (1.10-1.37) 1.13 (1.01-1.27) 39.8% (11.1% to 68-5%) .0065
Difficulty falling asleep 1.53 (1.07-2.18) 1.15 (0.79-1.68) 66.1% (2.3% to 130.0%) .042
Difficulty falling back to sleep 1.60 (1.14-2.23) 1.35 (0.95-1.92) 35.6% (1.0% to 70.2%) .044
Nocturnal awakenings 1.33 (0.99-1.79) 1.15 (0.86-1.54) 51.5% (−4.7% to 107.7%) .072
Early morning awakening 1.75 (1.28-2.41) 1.51 (1.08-2.11) 26.6% (2.4% to 50.7%) .031

Bold font indicates P b .05.
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Discussion

We found that most of the insomnia symptoms measures at age
50 years were not predictors of earlier overall retirement. The one in-
somnia symptom thatwas associatedwith an increased rate of earlier
overall retirementwas earlymorning awakening.Whenwe analyzed
the data by specific reported reasons for retirement, we found that
when predicting retirement due to poor health or disability, all 8 of
the measures of insomnia symptoms were positively associated
with increased rate of earlier retirement. Most of the other reasons
for retirement were only associated with 1 or 2 insomnia symptom
measures. The reported reason of retirement being “not liking my
job” was associated with 4 of the 8 insomnia measure variables.

Our findings are generally consistent with the research from
Europe in which the association between insomnia symptoms and
overall retirement is small or does not exist, and that insomnia symp-
toms are associated with disability retirement or retirement due to
the presence of an existing disability.17–20 A similar HR was reported
between insomnia symptoms and subsequent disability retirement
in the study of Swedish employees (fully adjusted HR, 1.4; 95% CI,
1.1-1.7).17 A sample of Norwegian workers also found a similarly
sized large association between insomnia symptoms and increased
odds of permanent work disability when controlling for baseline ex-
posure to disability, sick leave, and sleep duration (OR, 1.88; 95% CI,
1.00-3.55).20 In contrast, the HR of retirement reported in the Finnish
study was substantially larger than those associations observed in
this study. Specifically, the study of Finnish employees reported a
more than 3-fold HR between frequent sleep problems and all-
cause disability pension (adjusted HR, 3.22; 95% CI, 2.26-4.60).18

Formost of the insomnia symptoms (eg, trouble falling asleep, trou-
ble staying asleep), consistentwith prior research,26we observed a fully
mediating role of depression in explaining the association between in-
somnia symptoms and retirement. Two measures of insomnia symp-
toms at age 50 years still had predictive associations with retirement
due to poor health/disability, even after adjustment for depression.
Those 2 measures were as follows: 3-4 symptoms and early morning
awakenings. Reporting 3-4 symptoms of insomnia at the same time
point reflects a higher level of severity of insomnia and may explain
why it has an independent association with earlier retirement.

This research contributes to the current literature on insomnia
symptoms and retirement through longitudinal study using a sample
based in the United States, with detailed follow-up questions at 4
waves on reasons for retirement. Future research should seek to un-
derstand the generalizability of these findings, as this study included
primarily white, married nonsmokers.

Compared with other studies on retirement, this study offers the
most detailed questions about reasons for retirement. Although the
findings are longitudinal and we are able to account for temporality,
we cannot identifywhether there is a true causal association between
insomnia symptoms in midlife and earlier retirement due to poor
health or disability. Indeed, despite our statistical control for multiple
health conditions, a range of underlying factors such as chronic life
stressors and unmeasured physical and mental health factors (eg,
anxiety disorders)might cause increased risk of both insomnia symp-
toms and rate of retirement due to disability/poor health. These un-
measured factors may confound or mediate insomnia symptoms or,
alternatively, have their effects partially mediated by insomnia
symptoms.

Other areas of future inquiry include investigating whether there
are sex differences in these associations or whether the duration of
insomnia symptoms affects retirement risk. In addition, future re-
search could look at different levels of retirement (ie, from premature
unemployment to partially retired to fully retired). Finally, it is worth
investigating if the benefits of good sleepmay have protective effects
on employment such that those who regularly report high-quality
sufficient sleep are able to work longer and more productively into
older ages.

Kessler et al27 estimates that a yearly burden of insomnia on US
workers is $63.5 billion, yet their study only accounts for the costs
of absenteeism and presenteeism. Based on the findings in the cur-
rent manuscript, future research on the economic costs of insomnia
should consider the additional consequences of increased rate of re-
tirement from the workforce—especially retirement due to poor
health/disability—among those with midlife insomnia symptoms.
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