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Abstract

Study Objectives: Sleep duration and difficulties have been shown to associate with cognitive function. This study examined how
changes in sleep and in cognitive function are associated during retirement transition.

Methods: The study population consisted of 2980 Whitehall II study participants, who retired during the follow-up, whose sleep was
queried, and cognitive function measured (inductive reasoning and verbal memory) before and after retirement (follow-up 16 years).
Using the last information on sleep before and the first after retirement, participants were categorized into constantly without (59%),
increasing (13%), decreasing (11%), and constantly with (18%) sleep difficulties; and constantly short (26%), increasing (19%), decreas-
ing (8.5%), and constantly mid-range (47%) sleep duration. Change in cognitive function during retirement transition was examined
by sleep change groups using linear regression analyses with generalized estimating equations.

Results: More pronounced decline in inductive reasoning during retirement transition was observed among participants with increasing
sleep difficulties (-1.96, 95% CI —2.52 to —1.41) compared to those constantly without sleep difficulties (-1.25, 95% CI —1.52 to —0.98) and
constantly with sleep difficulties (-1.26, 95% CI -1.75 to —0.92). Decreasing sleep difficulties (-0.64, 95% CI -0.86 to —0.43) were associated
with a more pronounced decline in verbal memory when compared to constantly without sleep difficulties (-0.42, 95% CI -0.52 to -0.32)
in post-retirement period. No statistically significant differences across sleep duration groups in cognitive function were observed.

Conclusions: Increasing and decreasing sleep difficulties may be associated with accelerated decline in cognitive function during
retirement transition and post-retirement.
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CONCLUSION: Increasing and decreasing sleep difficulties may be associated with accelerated decline in cognitive function during retirement transition
and post-retirement.
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Statement of Significance

for primary prevention of cognitive decline.

Retirement transition is shown to associate with changes in quality and quantity of sleep. It has also been previously shown that
increased sleep duration and sleep difficulties associate to a pronounced decline in cognitive function. However, it is unknown how
changes in sleep associate with change in cognitive function during retirement transition. To the best of our knowledge this is the
first study to examine how the changing sleeping habits during retirement transition associate with changes in cognitive function.
This study suggests that sleep difficulties are a modifiable determinant of cognitive function, and thereof, may offer possibilities

Introduction

Sleep characteristics (i.e. sleep duration and sleep difficulties) have
been found to associate with several health outcomes, including
cardiovascular disease and premature death [1, 2]. In addition,
previous studies have shown relationships between sleep char-
acteristics and cognitive function among older adults [3, 4]. Both
short and long sleep duration have been found to be linked with
worse cognitive function [5]. Additionally, sleep difficulties, such
as waking up too early and nonrestorative sleep, have been asso-
ciated with poor executive function in both cross-sectional [6, 7]
and longitudinal [8] studies.

Transition to retirement is considered as an important life event
accompanied by diminished work stress and increased time availa-
bility, which could induce changes on both sleep and cognitive func-
tion. Previous longitudinal studies have reported that sleep duration
increases, and sleep difficulties decrease during the retirement
transition [9-13]. It has also been shown that frequency of napping
increases during retirement transition [14]. Thus, it is possible that
improved sleep could mitigate the age-related decline in cognition
after retirement, but no previous studies exist on this topic. On the
other hand, findings from a UK study suggest that decline in induc-
tive reasoning [15] and verbal memory [16] may accelerate after
retirement. This may be due to reduced cognitive stimulation and
social interaction after retirement, but also improved sleep might
play a role. One possibility to examine this complex association of
sleep and cognitive function during retirement transition is to com-
pare people with different sleep behavior before and after retire-
ment and observe whether cognitive changes differ between the
groups at different stages of retirement transition.

To address this knowledge gap, we examined whether changes
in sleep duration and sleep difficulties are associated with
changes in cognitive function during retirement transition and
post-retirement. The study builds on 16-year follow-up data with
repeated measurements of sleep and cognitive function.

Methods

Study population

The study population consisted of participants of the Whitehall
II study, an ongoing longitudinal cohort study established in
1985 comprising of London-based civil servants aged 35-55 years
(n = 10 308) at baseline. The follow-up clinical examinations
were conducted every 5 years. A more detailed description of the
Whitehall II study has been published elsewhere [17]. Written
consent was obtained from the participants and the study was
approved by the University College London ethics committee.
This study uses data from study phases 5 (1997-1999), 7 (2002—
2004), 9 (2007-2009), and 11 (2012-2013) when the participants
underwent cognitive testing during the clinical examination. We
restricted the study population to those who retired during these

phases and had data on sleep characteristics and cognitive func-
tion in study phases immediately before and after one’s retire-
ment (n = 2980). Participants provided data on cognitive function
at 3.57 (SD 0.73) of the possible four study waves during a 16-year
follow-up.

Retirement

The participants reported their employment status at each phase.
Participants were considered to be in employment if they were
either still in civil service or were in paid employment elsewhere
either full or part time. Participants were considered retired if
they moved from employment to retirement directly or from
employment to unemployed/other and then to retirement. Those
participants who retired directly from civil service provided the
exact year of exit from civil service i.e. retirement. Those who
retired from other employment than civil service the exact year
of retirement was not known, but a mid-point between the last
study phase still working and the subsequent study phase no
longer working was used as a point of retirement. Similarly as in
the Xue et al. publication, we centered the data around the year
of retirement to examine changes in cognitive function before
and after retirement [16]. Measurements in study phases before
retirement reflect pre-retirement period (waves -3 to -1), the ones
immediately before and after reflect retirement transition period
(waves -1 to 1) and the ones after retirement reflect post-retire-
ment period (waves 1 to 3). In the main analyses, the time variable
reflects the study waves (about 5 years between each wave). The
exact mean time points when compared to retirement are follow-
ing: -12.3 (wave -3), =7.5 (wave -2), -2.5 (wave -1), 2.4 (wave 1),
7.1 (wave 2), and 11.7 years (wave 3).

Measurement of sleep

Sleep difficulties were evaluated at each study phase using a
self-administered Jenkins Sleep Problem Scale, including ques-
tions about falling asleep, maintaining sleep during the night,
waking up too early in the morning, and nonrestorative sleep [18].
The response categories were: (1) not at all, (2) 1-3 days/month, (3)
4-7 days/month, (4) 8-14 days/month, (5) 15-21 days/month, and
(6) 22-31 days/month. Items of Jenkins sleep problem scale cor-
respond to the DSM-5 diagnostic criteria for insomnia (excluding
nonrestorative sleep). The DSM-5 defines insomnia as any of these
symptoms occurring at least three nights per week. Following this
diagnostic criterium, we defined sleep difficulty as any of the four
individual sleep difficulties occurring at least 15-21 days/month.
Participants were categorized into four groups indicating change
in sleep difficulty during the retirement transition: (1) constantly
without sleep difficulties, (2) increasing sleep difficulties (i.e. no
difficulties before retirement but difficulties after), (3) decreasing
sleep difficulties (i.e. difficulties before retirement but no difficul-
ties after), and (4) constantly with sleep difficulties.
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Sleep duration was self-reported at one-hour intervals and
the participants were categorized into three groups: short (<6 h),
mid-range (7-8 h), and long (=9 h) sleepers at each study phase
[19]. Only 0.7% of the participants were long sleepers before and
2.0% after retirement. Previous studies have shown that long
sleepers differ from mid-range sleepers in relation to cognitive
function [20-22] and therefore, they were excluded from the anal-
yses related to sleep duration rather than merged into mid-range
sleepers. Based on the last report before retirement (wave —1) and
the first after retirement (wave 1) participants were categorized
into four groups indicating the change in sleep duration during
the retirement transition: (1) constantly short sleep, (2) increasing
sleep duration (i.e. short sleepers before and mid-range sleepers
after retirement), (3) decreasing sleep duration (i.e. mid-range
sleepers before and short sleepers after retirement), and (4) con-
stantly mid-range sleep.

As questions on napping were included in the Whitehall
study protocol from phase 11 onwards, we were unable to apply
this information in the present study. Instead, to examine the
possible effect of daytime tiredness on cognitive function, we
conducted separate analyses for the Jenkins item indicating
“nonrestorative sleep”. This specific item was categorized sim-
ilarly as the overall sleep difficulties. Participants reporting
having nonrestorative sleep at least 15-21 days/month were
categorized as having this specific sleep difficulty. Participants
were then categorized into (1) constantly without nonrestora-
tive sleep, (2) increasing nonrestorative sleep (i.e. no nonrestor-
ative sleep before retirement but nonrestorative sleep after), (3)
decreasing nonrestorative sleep (i.e. nonrestorative sleep before
retirement but no nonrestorative sleep after), and (4) constantly
with nonrestorative sleep.

Measurement of cognitive function

Cognitive testing was conducted during the clinical examination
at each study phase. Cognitive function was examined with the
Alice Heim 4-1 (AH4-I) test [23] measuring inductive reasoning
and with the 20-word free recall test measuring verbal memory.
These tests were selected as it has been previously shown that
their rate of decline is affected by retirement [15, 16].

The AH 4-1 has been previously used in other population-based
studies with similar age groups [22-24]. The AH4-I measures the
ability to identify patterns and to infer principles and rules. The
test consists of 65 increasingly difficult reasoning (32 verbal and
33 mathematical) tasks with a 10-minute limit for completion
and with a maximum score being 65. Based on the number of cor-
rect answers, each participant was assigned a total AH4-I score
(0-65), which was used as the outcome variable in the present
analyses.

In the 20-word free recall test measuring short-term verbal
memory, participants were presented with a list of 20 one- or
two-syllable words at 2 s intervals and were then asked to recall,
in writing, as many of the words as possible in any order over a
period of 2 min. Based on the number of correctly recalled words,
each participant was assigned a total verbal memory score (0-20),
which was used as the outcome variable in the present analyses.

Measurement of confounders

Potential confounders were chosen based on their known asso-
ciation with sleep characteristics or cognitive function, and the
information on them was derived from the last study phase
before retirement (wave —1). Retirement age was derived from the
respondents’ employment status in the questionnaires and their
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year of birth. The method has been more thoroughly described
elsewhere [16]. In addition, sex, last known occupational position
(clerical/support, professional/executive, and administrative), job
strain (Job Content Questionnaire (JCQ) [25]), depression (depres-
sion subscale of General Health Questionnaire (GHQ) with a cut-
off of >4/12), smoking (current smokers and nonsmokers), and
alcohol consumption (none, <10, and >10 units during the pre-
vious week) were obtained from the questionnaire. Additionally,
information on body mass index (BMI) ((1) normal <25 kg/m?,
(2) overweight 25-30 kg/m?, and (3) obese >30 kg/m? and blood
pressure (cutoff for high: systolic >140 mmHg or diastolic >90
mmHg) were based on the measurements conducted at the clin-
ical examination.

Statistical analysis

Sample characteristics before retirement are shown as percent-
ages for categorical variables and means and standard deviations
(SD) for continuous variables.

To estimate mean level (95% confidence limits) of cognitive
function in the years preceding and following retirement by sleep
change groups, we performed linear regression analyses with
generalized estimating equations (GEE) with an exchangeable
correlation structure. Also the change during retirement transi-
tion and post-retirement period was calculated. The GEE model
controls for intraindividual correlation between repeated meas-
ures and assumes that measurements are missing completely at
random [26, 27].

The association between changes in sleep duration and dif-
ficulties and changes in cognitive function during retirement
transition (waves -1 to 1) and post-retirement (waves 1 to 3)
were examined with GEE models by adjusting the analyses ini-
tially for retirement age, sex, and occupational position. Analyses
were further adjusted for job strain, depression, smoking, alcohol
consumption, BMI, and blood pressure. In the main analyses, the
time variable is categorical reflecting the study waves. There is
approximately 5 years between each time point.

To examine the effect of chosen time variable, individual lin-
ear regression analyses using GEE during retirement transition
were conducted also by using continuous time variable. The exact
years between each study wave were used, and the trend was
estimated over 5 years. Otherwise these analyses were conducted
similarly to main analyses.

To examine the effect of sex, we tested sex*sleep difficulty and
sex*sleep duration interaction on inductive reasoning and verbal
memory. No statistically significant interactions were observed
(p > .05 for all) and thus no sex-specific analyses were conducted.

All statistical analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

Results

Characteristics of the study population are shown in Table 1. The
mean retirement age of the participants was 61.6 years (SD 4.8),
and majority of the participants were men (74%). Nearly half of
the participants were in the highest (47%) and in the middle (43%)
occupational position, while only 10% were in the lowest occupa-
tional position.

Based on the last survey before retirement and the first after
retirement, most participants were constantly without sleep dif-
ficulties (59%) and constantly mid-range sleepers (47%), while
18% had constantly sleep difficulties and 26% were constantly
short sleepers. During the retirement transition, sleep difficulties
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Table 1. Characteristics of the study population before
retirement (N = 2980)

Mean SD
Retirement age 615 4.8
N %

Sex

Male 2210 74.2

Female 770 25.8
Occupational position

Administrative 1396 46.9

Professional/executive 1277 42.9

Clerical/support 307 10.3
Sleep difficulties 728 30.2
Sleep duration

<6h 1313 44.2

7-8h 1638 55.1

>9h 21 0.7
Job strain 469 17.6
Depression (GHQ) 306 103
Current smoker 296 7.6
Alcohol consumption (last week)

None 409 13.9

<10 units 1241 42.1

>10 units 1300 44.1
BMI

Normal 1081 37.9

Overweight 1264 44.4

Obese 504 17.7
High blood pressure 536 18.0

SD = Standard deviation, GHQ = General Health Questionnaire, BMI = body
mass index.

decreased in 11% and sleep duration increased in 19% of the
participants. On the other hand, sleep difficulties increased in
13% and sleep duration decreased among 8% of the participants
during the retirement transition. Most participants (88%) were
constantly without nonrestorative sleep, while only 3.3% had
constantly nonrestorative sleep. During retirement transition
nonrestorative sleep increased also only in 3.3% and decreased in
5.7% of the participants.

Figure 1 illustrates the general changes in cognitive function
by sleep change group across the 16-year follow-up before and
after retirement. Cognitive function declined throughout the
follow-up in all sleep change groups. The trends remained sim-
ilar when adjusted for age, sex, occupational position, job strain,
depression, smoking, alcohol consumption, BMI, and high blood
pressure (Supplementary Figure S1).

Table 2 shows S-year changes in cognitive function by sleep
change groups during retirement transition and post-retirement
period. Before retirement, no statistically significant differences
were observed in cognitive function between sleep change groups
except for constantly without sleep difficulties and decreasing
sleep difficulties.

During retirement transition decline in inductive reasoning
was most pronounced in the increasing sleep difficulties group

(mean -1.96, 95% CI -2.52 to -1.41) compared to constantly
without sleep difficulties (mean -1.25, 95% CI -1.52 to -0.98,
p = .018) and constantly sleep difficulties (mean -1.26, 95% CI
-1.75 to -0.78, p = .048) groups. Additional adjustments for job
strain, depression, smoking, alcohol consumption, BMI, and
blood pressure somewhat diluted these results. There was still
more pronounced decline in inductive reasoning for the increas-
ing sleep difficulties group (mean -1.65, 95% CI -2.19 to -1.11)
compared to constantly without sleep difficulties (mean -1.11,
95% CI -1.39 to -0.82, p = .069) and increasing sleep difficulties
and constantly sleep difficulties (mean —0.97 95% CI -1.51 to
-0.44, p = .082). In the post-retirement period, no differences in
changes in inductive reasoning between sleep difficulty groups
were observed.

During retirement transition, no differences in the decline of
verbal memory were observed. In the post-retirement period, ver-
bal memory declined more pronouncedly in the decreasing dif-
ficulties group (-0.64, 95% CI —-0.86 to —0.43) when compared to
constantly without sleep difficulties (-0.42, 95% CI -0.52 to -0.32,
p = .039) after adjusting for age, sex, and occupational position.
After additional adjustments for job strain, depression, smoking,
alcohol consumption, BMI, and blood pressure, decreasing sleep
difficulties (-0.71, 95% CI -0.99 to —0.43) still differed from con-
stantly without sleep difficulties (-0.39, 95% CI -0.50 to -0.27,
p =.021). There was also tendency to a more pronounced decline
of verbal memory in post-retirement in the decreasing sleep dif-
ficulties group when compared with constantly sleep difficulties,
but these results were nonsignificant (p = .083 in Model 1, and
p =.081 in Model 2).

During retirement transition, cognitive function declined sta-
tistically significantly in all sleep duration groups. There was a
tendency for more pronounced decline in inductive reasoning
in the decreasing sleep duration group when compared to con-
stantly short and constantly mid-range sleep groups, but the
results were statistically nonsignificant. In the post-retirement
period, there were no differences between sleep duration groups
and change in inductive reasoning. No differences in the decline
of verbal memory were observed between sleep duration change
groups in retirement transition nor post-retirement.

The results remained similar when observing changes in cog-
nitive function during retirement transition using the exact years
as the time variable rather than study waves (Table 3).

Supplementary Table S1 shows the results regarding one
Jenkin Sleep Problem scale item, namely nonrestorative sleep.
During the retirement transition period, there was a tendency to
a more pronounced decline in inductive reasoning in the increas-
ing nonrestorative sleep group (mean -2.59, 95% CI -3.90 to -1.27)
compared to the constantly without nonrestorative sleep (-1.33,
95% CI -1.54 to -1.11; p = .078) and the constantly nonrestorative
sleep (mean -1.00, 95% CI -1.96 to —0.05, p = .073) groups. Even
after additional adjustments for job strain, depression, smok-
ing, alcohol consumption, BMI, and blood pressure, increasing
nonrestorative sleep (-2.23, 95% CI -3.48 to -0.98) showed more
pronounced decline in inductive reasoning when compared to
constantly without nonrestorative sleep (-1.11, 95% CI -1.33 to
-0.88, p = .084) and constantly nonrestorative sleep (-0.59, 95%
CI -1.61 to 0.44, p = .060). There were no differences in inductive
reasoning post-retirement.

During retirement transition, there were no differences in the
decline of verbal memory between nonrestorative sleep change
groups when adjusting for age, sex, and occupational position.
After additional adjustments for job strain, depression, smoking,
alcohol consumption, BMI, and blood pressure, verbal memory
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Figure 1. Mean level of inductive reasoning measured with Alice Heim 4-1 (AH4-I) test and verbal recall measured with 20-word free recall test before

and after retirement in the sleep change groups. Unadjusted values.

declined most in the constantly nonrestorative sleep group (-0.94,
95% CI -1.47 to —0.40) when compared to constantly without non-
restorative sleep (-0.34, 95% CI —0.43 to —0.24, p = .034), increasing
nonrestorative sleep (-0.17, 95% CI —0.70 to 0.36, p = .044). There
was also weak evidence of more pronounced decline when com-
pared to decreasing sleep difficulties (-0.32, 95% CI -0.66 to 0.01,
p = .056). There were no differences post-retirement.

Discussion

In this longitudinal study of UK civil servants, we found that par-
ticipants with increasing sleep difficulties had more pronounced
decline in inductive reasoning during retirement transition, but
not post-retirement, compared to those who were constantly
without sleep difficulties and those who had constant sleep diffi-
culties. Moreover, we observed that participants with decreasing
sleep difficulties had more pronounced decline in verbal mem-
ory during post-retirement period, but not retirement transition
period, when compared to constantly without sleep difficulties.

To our knowledge, this is the first prospective study on the
association between changes in sleep difficulties and changes
in cognitive function. Thus, our results extend the previ-
ous knowledge on the associations between sleep difficulties
and poor executive function, which have been based mainly
on cross-sectional data [6, 7] or studies that have examined
changes in cognitive function by using information of sleep
from a single time point [8, 28, 29]. Focusing on the retirement
transition, which has been suggested to influence sleep [9-11],
allowed us to examine associations of long-term sleep difficul-
ties and changes in sleep difficulties with cognitive function.
Previous evidence on the duration of sleep difficulties for cog-
nitive function is limited. Seelye et al. showed that sleep diffi-
culties measured a week or a month prior to cognitive testing
were associated with poor working memory but not with other
cognitive domains [30]. We observed that increasing sleep diffi-
culties over 5 years during the retirement transition are associ-
ated with more pronounced decline in inductive reasoning. On
the other hand, our study found no evidence that decreasing
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Table 2. Mean level of Alice Heim 4-I (AH4-I, range 0-65) and verbal memory (range 0-20) scores during pre-retirement period and
changes in AH4-I and verbal memory scores in sleep change groups during retirement transition and post-retirement period. Change

is estimated over 5 years

Model 1

Model 2

Pre-retirement

Retirement transition

Post-retirement Retirement transition Post-retirement

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI
level change change change change
Alice Heim 4-1
Sleep difficulties
Constantly without 414 409 419 -1.25 -152 -098 -0.92 -1.16 -0.67 -1.11 -1.39 -0.82 -0.83 -1.12 —0.55
sleep difficulties (N =1717)
Increasing sleep 425 416 434 -196 -252 -141 -1.00 -1.51 -048 -165 -2.19 -111 -1.09 -1.68 —0.50
difficulties (N = 392)
Decreasing sleep 429 419 439 -1.48 -2.02 -095 -1.13 -172 -055 -1.07 -1.63 -050 -1.12 -1.86 —0.37
difficulties (N = 310)
Constantly sleep 422 413 430 -1.26 -1.75 -0.78 -0.92 -143 -042 -0.97 -1.51 -0.44 -0.99 -159 —0.38
difficulties (N = 514)
Sleep duration
Constantly shortsleep 417 410 424 -135 -1.76 -0.95 -0.95 -1.35 -0.55 -1.14 -1.54 -0.73 -0.98 -1.44 051
(N =752)
Increasing sleep 415 407 423 -153 -1.95 -1.11 -0.86 -131 -040 -1.30 -1.74 -0.86 -0.90 -1.42 —0.38
duration (N = 546)
Decreasing sleep 412 400 424 -176 -248 -1.03 -1.24 -184 -064 -1.12 -191 -032 -139 -2.12 —0.67
duration (N = 245)
Constantly mid-range 420 414 426 -125 -155 -0.94 -098 -1.25 -0.70 -1.10 -1.43 -0.77 -0.81 -1.13 —049
sleep (N = 1349)
Verbal memory
Sleep difficulties
Constantly without 6.75 6.62 6.87 -034 -045 -0.23 -042 -052 -0.32 -035 -047 -0.23 -039 -0.50 —0.27
sleep difficulties
(N =1717)
Increasing sleep 673 650 695 -022 -046 002 -057 -075 -0.38 -0.18 -045 0.09 -0.57 -0.79 —0.35
difficulties (N = 392)
Decreasing sleep 6.83 655 711 -035 -059 -0.11 -0.64 -0.86 -043 -044 -070 -0.17 -0.71 -0.99 —043
difficulties (N = 310)
Constantly sleep 6.65 6.43 6.87 -047 -0.67 -0.26 -040 -0.59 -0.21 -0.44 -0.67 -0.21 -0.39 -0.63 —0.16
difficulties (N = 514)
Sleep duration
%ns;ig)ﬂyshortsleep 6.59 641 677 -033 -049 -0.16 -041 -056 -0.27 -031 -049 -0.12 -0.38 -0.56 —0.21
Increasing sleep 6.81 659 7.03 -045 -0.65 -025 -051 -066 -0.36 -047 -068 -0.26 -052 -0.69 —0.35
duration (N = 546)
Decreasing sleep 6.86 655 7.16 -051 -0.81 -0.20 -0.34 -0.68 0.01 -0.57 -0.91 -0.24 -020 -0.65 024
duration (N = 245)
Constantly mid-range 6.80 666 694 -030 -042 -0.17 -050 -0.60 -0.40 -029 -043 -0.15 -051 -0.63 —0.38

sleep (N = 1349)

Model 1 is adjusted for retirement age, sex, and occupational position. Model 2 is additionally adjusted for job strain, depression, smoking, alcohol consumption,
BMI, and high blood pressure. Increasing sleep difficulties differed statistically significantly in mean change of AH4-I scores from constantly without sleep
difficulties during retirement transition in Model 1 (p = .018), and from constantly sleep difficulties during retirement transition in Model 1 (p = .048). Decreasing
sleep difficulties differed statistically significantly in mean change of verbal memory scores from constantly without sleep difficulties in Model 1 (p = .039) and

Model 2 (p =.021).

sleep difficulties would decelerate the decline of inductive rea-
soning. Instead, we observed that decreasing sleep difficulties
were associated to more pronounced decline in verbal memory
post-retirement when compared to those constantly without
sleep difficulties.

Evidence on the link between changes in sleep duration and
cognitive function is inconsistent. Previous research has linked

both an increase and a decrease in sleep duration to worse cogni-
tive function [31-33]. In those studies, the participants were either
younger [31, 33], or older [32] than in our study and the effect of
retirement was not taken into account. Similarly, in our findings
decreasing sleep duration group seemed to have a tendency to a
more pronounced decline in cognitive function when compared
to other sleep duration change groups in when adjusting only for
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Table 3. Mean change of Alice Heim 4-I (AH4-I)and verbal memory scores during 5 years of retirement transition

Retirement transition

Model 1 Model 2
Trend per 5 years 95% CI Trend per 5 years 95% CI
Alice Heim 4-1
Sleep difficulties
Constantly without sleep difficulties (N = 1717) 1138 _1.65 111 121 150 -0.93
Increasing sleep difficulties (N = 392) 212 266 _158 _1.82 2137 -1.28
Decreasing sleep difficulties (N = 310) _155 _2.08 -1.02 114 ~1.70 -0.58
Constant sleep difficulties (N = 514) 134 183 _0.86 111 _1.65 -0.57
Sleep duration
Constantly short sleep (N =752) _1.42 _1.84 ~1.01 _1.95 167 -0.84
Increasing sleep duration (N = 546) 171 212 _1.29 149 193 -1.05
Decreasing sleep duration (N = 245) _1.85 _258 113 1.1 201 -0.40
Constantly mid-range sleep (N = 1349) 138 168 108 ~119 152 -0.86
Verbal memory
Sleep difficulties
Constantly without sleep difficulties (N = 1717) _0.36 _0.46 ~0.25 _0.38 ~0.49 -0.26
Increasing sleep difficulties (N = 392) _0.25 _0.47 -0.03 ~0.23 _0.48 0.01
Decreasing sleep difficulties(N = 310) _0.41 _0.64 ~0.17 _0.48 _0.74 -0.21
Constant sleep difficulties (N = 514) _0.45 _0.65 _0.24 _0.42 _0.65 -0.19
Sleep duration
Constantly short sleep (N = 752) _0.36 ~0.52 ~0.20 _0.35 _0.52 -0.17
Increasing sleep duration (N = 546) _0.45 _0.64 _0.26 _0.48 _0.68 -0.29
Decreasing sleep duration (N = 245) ~0.48 _0.75 021 052 -0.82 -0.21
Constantly mid-range sleep (N = 1349) ~0.32 ~0.44 ~0.20 ~0.31 _0.45 -0.18

Model 1 is adjusted for retirement age, sex, and occupational position. Model 2 is additionally adjusted for job strain, depression, smoking, alcohol
consumption, BMI, and high blood pressure. Increasing sleep difficulties differed statistically significantly in AH4-I from constantly without sleep difficulties in
Model 1 (p =.017) and Model 2 (p = .050), and from constantly sleep difficulties in Model 1 (p = .037).

sociodemographic variables, although this association did not
reach significance.

Both frequency and length of napping have been previously
linked to worse cognitive function [34, 35], although one study
also found a positive effect in men [8]. Frequency of napping
has been previously shown to increase during retirement tran-
sition [14]. As we did not have information about napping, we
examined this association using nonrestorative sleep as a proxy
(“Wake up after your usual amount of sleep feeling tired and
worn out”). Similar excessive daytime sleepiness has been previ-
ously linked to a more pronounced cognitive decline [36, 37]. We
found that increasing nonrestorative sleep group tended to have
more pronounced decline in inductive reasoning when compared
to constantly without nonrestorative sleep and constantly with
nonrestorative sleep groups during retirement transition.

Retirement is a major and multifaceted life event in late
mid-life leading to substantial changes in one’s everyday life.
Increasing time availability allows the retirees to allot more
time to other than work-related activities, such as leisure activ-
ities, self-care, and sleeping. Previous research has shown that
removal of work-related psychosocial stress improves psycho-
logical well-being during retirement transition [38], which could
in turn reflect positively on sleep. It has also been shown that
during retirement transition sleep duration increases [9] and
sleep difficulties decrease [10]. Similarly, in our study 19% of the

participants increased their sleep duration from short sleepers
to mid-range sleepers and in 11% of the participants the sleep
difficulties decreased.

Several mechanisms may explain the association between
sleep and cognition during retirement transition. It has been
widely shown that sleep characteristics in general are associ-
ated with cognitive function [3-8]. There is also some research
linking a change in sleep duration to either short or long sleep
duration to worse cognitive function [31-33]. Moreover, it has also
been previously shown that cognitive function tends to decline
when moving to retirement [15, 16, 39, 40]. This can be partially
due to disuse of cognitive capacity, according to the so called “use
it or lose it” hypothesis [41]. Alternatively, due to increased time
availability, one might take up a more cognitively challenging
leisure activity which may in contrast lead to decelerated cogni-
tive decline. However, based on the current work, changing sleep
characteristics also play a role in the decline of cognitive function
during retirement period. On the other hand, these associations
could also be partially mediated by other factors, such as reduced
work-related stress, which would be an interesting topic for fur-
ther research. Additionally, it has been previously shown that
circadian preference (i.e. chronotype) also drives these changes
in sleep characteristics during retirement transition [13]. Further
studies are needed to better elucidate how chronotype-related
changes in sleep characteristics reflect on cognitive decline [9].
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This study has several strengths. We focused specifically on
the transition years from full-time work to retirement, which
enabled us to examine changes in sleep characteristics and in
cognitive function simultaneously. An additional strength is the
large population with repeated measurements on both the expo-
sure and the outcome up to 16 years of follow-up.

There are also some limitations that need to be addressed. The
sleep measures used in this study were based on self-reports,
and sleep duration was measured using one-hour interval scale,
which may have limited the accuracy in measuring sleep dura-
tion. Concordance between self-reported and objective actig-
raphy-measured sleep duration is moderate, with self-reports
providing some overestimation on average [42, 43]. Additionally,
cognitive function was measured using the AH 4-I and 20-word
free recall test, which may not be sensitive enough to reveal sub-
tle changes in cognitive function. This is particularly important
when the study population consists of relatively young and cog-
nitively healthy persons such as in our study. Before retirement
only 2% of the participants had mild dementia (score 24 or less)
evaluated based on the Mini Mental State Examination (MMSE)
[44] test and this proportion did not change markedly in the
post-retirement period. Thus, the changes observed in our study
are more likely to reflect changes in persons with at most mild
cognitive impairment, than actual dementia.

We controlled for several potential confounders in the analyses,
but there are also other factors, such as physical activity, caffeine
intake, use of various medications and marital status, which are
shown to associate with cognition and sleep [45-48]. Although infor-
mation on these factors were available in the Whitehall II study, we
did not include them in the analyses to avoid over adjustment and
potential collinearity issues between the confounders. Moreover,
there might also be some underlying conditions which weren't con-
trolled for hastening one’s retirement and altering these results to
some extent. Finally, the majority of the participants were male and
white-collar workers limiting the generalizability of this study.

In conclusion, the present findings suggest that increasing
sleep difficulties associate with a greater decline in inductive rea-
soning during retirement transition compared to those who are
constantly with or without sleep difficulties. Moreover, decreasing
sleep difficulties were found to associate with a greater decline
in verbal memory during post-retirement period compared to
those who are constantly without sleep difficulties. Further inter-
vention studies are needed to examine whether addressing sleep
problems during the retirement transition could prevent adverse
effects on cognitive function.
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