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Abstract

Objective: Given the importance of sleep in maintaining neurocognitive health, both sleep duration and quality might
be component causes of dementia. However, the possible role of insomnia symptoms as risk factors for dementia remain
uncertain.
Methods: We prospectively studied 22,078 participants in the Swedish National March Cohort who were free from dementia
and stroke at baseline. Occurrence of dementia was documented by national registers during a median follow-up period of
19.2 years. Insomnia symptoms and sleep duration were ascertained by Karolinska Sleep Questionnaire. Multivariable Cox
proportional hazards models were used to estimate hazard ratios (HR) and 95% confidence intervals (CI).
Results: Compared to participants without insomnia at baseline, those who reported any insomnia symptom experienced
a greater incidence of dementia during follow-up (HR 1.08, 95% CI: 1.03, 1.35). Difficulty initiating sleep versus non-
insomnia (HR 1.24, 95% CI: 1.02, 1.52), but not difficulty maintaining sleep or early morning awakening was associated
with an increased risk of dementia. Short sleep duration was associated with increased risk of dementia (6 h vs. 8 h, HR
1.29, 95% CI: 1.11–1.51; 5 h vs. 8 h, HR 1.26, 95% CI: 1.00–1.57). Stratified analyses suggested that insomnia symptoms
increased the risk of dementia only amongst participants with ≥7 h sleep (vs. non-insomnia HR 1.24, 95% CI: 1.00–1.54,
P = 0.05), but not amongst short sleepers (<7 h). Short sleep duration also did not further inflate the risk of dementia
amongst insomniacs.
Conclusion: Insomnia and short sleep duration increase the risk of dementia amongst middle-aged to older adults.

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/9/afad163/7258773 by U

niversita di M
ilano Bicocca user on 27 M

arch 2024

https://doi.org/10.1093/ageing/afad163
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:xiao.tan@zju.edu.cn
mailto:huixin.wang@su.se


X. Tan et al.

Keywords: insomnia, sleep duration, dementia, national cohort, longitudinal study, older people

Key Points

• Frequent complaint of insomnia is associated with increased dementia incidence.
• Difficulty initiating sleep, but not other symptoms of insomnia is linked to the increased risk of dementia.
• The link between insomnia symptoms and dementia is moderated by self-reported sleep duration.

Introduction

The role of healthy sleep in maintaining cognitive function
has been increasingly recognised when several studies found
a link between short sleep duration (typically defined by
subjective sleep duration of <7 h/day) and both impaired
cognitive function and dementia amongst populations with
different ethnic backgrounds [1–5]. Short sleep duration in
middle-aged adults has also been associated with an elevated
ratio of white matter hyperintensity—a sign of small vessel
cerebrovascular disease and a risk factor for Alzheimer’s dis-
ease (AD) [6]. In addition to the duration of sleep, sleep qual-
ity including nocturnal awakenings and sleep onset latency
may also influence risk of cognitive decline and dementia [7].
Low-quality sleep characterised by arousals and insufficient
slow-wave sleep may hinder the glymphatic system which
filters toxins from the brain during sleep and is a probable
key mechanism in the pathogenesis of AD and dementia
[8, 9].

Compromised sleep quality due to untreated sleep dis-
orders are highly prevalent. Manifested by frequent (≥3
nights/week), chronic (≥3 months) difficulties to initiate or
maintain sleep and subsequent daytime dysfunctions, insom-
nia is the most common sleep disorder with an estimated
prevalence between 10% and 20% in the general population
[10, 11]; its nocturnal symptoms can affect as much as
50% of adults [12]. A recent cohort study amongst middle-
aged adults suggested a cumulative incidence of new-onset
insomnia of 13.9% during a 5-year follow-up; nearly half
of the individuals that developed insomnia had persisting
symptoms for a year or longer [13].

Despite evidence of a link between insomnia and cogni-
tive impairment [14], prospective studies investigating the
possible association with dementia are scarce. They are often
limited by small sample size, and results between studies
are heterogeneous [15, 16]. Because insomnia combined
with short sleep duration appears more detrimental for both
overall and cognitive health [17, 18], a synergistic rela-
tion between insomnia and sleep duration in the aetiology
of dementia also deserves investigation. To this end, we
prospectively investigated the possible relationship between
insomnia, sleep duration and dementia amongst community
dwelling adults from Sweden during a 19-year follow-up
period. We hypothesised that these symptoms were asso-
ciated with an increased risk of dementia, and might act
synergistically.

Methods

Study population

All participants were enrolled in the Swedish National
March Cohort which was designed to investigate associations
between lifestyle factors and chronic diseases as described
previously in detail [19]. The baseline assessment was
carried out in September 1997 during a 4-day nationwide
fund-raising event ‘National March’ for the Swedish
Cancer Society, which took place in nearly 3,600 sites
throughout Sweden. All participants were invited to fill out a
questionnaire regarding demographic, lifestyle and medical
information. Participants also provided their individually
unique national registration number, which enabled follow-
up by linkage to multiple nationwide, continuously updated
and essentially complete databases. The study was approved
by the Regional Ethics Review Board at Karolinska Institutet
in Stockholm. All participants provided informed consent.

In total 42,059 individuals aged between 18 and 94
completed the baseline questionnaire. For the purpose of
the present study, individuals aged ≥46 years at baseline
(∼65 years or older by the end of follow-up), without
dementia or history of stroke [20] were selected (n = 27,634).
Complete report of the main exposure variables was available
from 25,511 individuals. We further excluded individuals
with an incomplete answer to any covariate, thus leaving
22,078 participants for the final analysis.

Assessments of sleep characteristics

Insomnia symptoms and sleep duration were assessed by
the Karolinska Sleep Questionnaire as part of the base-
line questionnaire of the Swedish National March Cohort
[21]. Questions of insomnia symptoms referred to the past
12 months. Difficulty initiating sleep (DIS), difficulty main-
taining sleep (DMS) and early morning awakenings (EMA)
were asked as follows: ‘Have you had problems to fall asleep?’;
‘Have you woken up and have had problem to fall asleep
again?’; ‘Have you woken up too early?’, with optional
answers of ‘never’; ‘seldom (sometimes per year)’; ‘sometimes
(several times per month)’; ‘fairly often (3-4 times per week)’;
‘always (5 or more times per week)’ to each of the three
questions. Having insomnia symptoms was defined by an
answer of ‘fairly often’ or ‘always’ to at least one of the three
questions [22].
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Sleep duration was assessed by two questions: ‘How many
hours, approximately, per night do you usually sleep during a
weekday night?’; ‘How many hours, approximately, per night
do you usually sleep when you are off-duty?’ The response
alternatives were: <5, 5, 6, 7, 8 or ≥ 9 h to each question.
We calculated the weighted average sleep duration of each
participant based on five weekday nights and two off-duty
nights per week, where <5 h and ≥9 h were treated as
4 h and 9 h, respectively. Decimals in the weighted average
sleep duration were rounded to the nearest whole number of
hours. The average sleep duration was categorised into <5,
5, 6, 7, 8 or ≥9 h per night. The reference category was set
to 8 h.

Ascertainment of dementia

Using participants’ national registration number, informa-
tion regarding the first date when dementia was ascertained
was obtained from the Swedish National Patient Registers or
the Swedish Cause of Death Register. The National Patient
Register covers discharge following all in-patient care in
Sweden since 1987. Since 2001 outpatient doctor visits
from both private and public caregivers are also covered.
Mortality data were obtained by linkage to the Swedish
Cause of Death Register. Individuals with dementia as the
underlying cause of death were identified. All events were
coded using the International Classification of Diseases,
Ninth Revision (ICD-9) and Tenth Revision (ICD-10). We
used the following codes to identify dementia: 290.0, 290.1,
290.4, 294.1, 290.8, 290.9, 331.0, 331.1, 331.2, 331.9
(ICD-9) and F00, F01, F02, F03, G30, G31.1, G31.8,
F05.1 (ICD-10). In the Swedish healthcare system, dementia
was diagnosed according to the Diagnostic and Statistical
Manual of Mental Disorders criteria, Fourth Edition (DSM-
IV) [23]. AD was diagnosed according to the National
Institute of Neurological and Communicative Diseases and
Stroke and the AD and Related Disorders Association cri-
teria [24]. Cases of dementia without neuroimaging and
without sufficient clinical details in the medical records to
set a specific dementia subtype diagnosis were classified as
unspecified dementia.

Covariates

Selection of potential confounding factors was based on the
Lancet Commission’s 2020 report on dementia prevention,
intervention and care [25], as well as subject matter knowl-
edge guided by directed acyclic graphs. Details are given in
Supplement (Appendix 1).

Statistical analyses

To investigate the association between baseline sleep charac-
teristics and dementia, Cox proportional hazards regression
model was used to estimate the hazard ratios (HRs) with
95% confidence intervals (95% CI), where insomnia symp-
toms or sleep duration was used as the exposure variable.
Time to event was calculated from baseline on October 1,
1997 until date of dementia diagnosis, emigration, death,

or December 31, 2016, whichever occurred first. Dates of
emigration and death were obtained from data held by the
National Board of Health and Welfare and the Cause of
Death Register [26]. Ties in the failure times were han-
dled using the Breslow method. In Cox regression analyses
Model 1 we adjusted for age and sex, and in Model 2 we
additionally adjusted for education level, depression, social
isolation, body mass index, level of physical activity, smoking
status, alcohol consumption, hypertension and diabetes. In
additions, we assessed the multiplicative interaction between
insomnia symptoms and sleep duration and use the like-
lihood ratio test for statistical significance. We also mutu-
ally adjusted for insomnia symptoms and sleep duration
in the test for interaction. Violations of the proportional
hazards assumption in Cox regression was assessed by testing
the potential interactions between age in time scale and
main exposure variables regarding risk of dementia, where
a non-significant interaction term indicated no violation,
Schoenfeld residuals were used for this purpose.

We conducted two sensitivity analyses. First, Fine-Grey
proportional hazards regression was performed to investigate
the association between the exposure variables and dementia
after controlling for all confounders, considering the com-
peting risk of death. Second, to minimise the possible effect
of reverse causation, individuals diagnosed with dementia
during the first 2 years of follow-up were excluded [27, 28].

All analyses were performed with complete data. A two-
sided P-value of <0.05 was regarded as statistically sig-
nificant. All statistical analyses were performed using Stata
version 15.1 (Stata Corp LLC, College Station, TX, USA).

Results

Baseline characteristics

Baseline characteristics of the study cohort are summarised in
Table 1, followed with Chi-squared test or one-way analysis
of variance for detecting the between-group differences In
total 3,647 participants (16.5% of the cohort) were classified
as having insomnia symptoms. The prevalence of insomnia
symptoms was higher amongst women than men. Compared
to the participants without any insomnia symptom, those
who suffered from the symptoms were on average older, more
likely to only have compulsory education, more often feeling
depressed and socially isolated, less physically active and
had a higher prevalence of hypertension and diabetes. Short
sleepers (<7 h) were more prone to insomnia symptoms than
those who reported sufficient sleep duration (≥7 h).

Insomnia symptoms and risk of dementia

A total of 1,387 participants were found to be diagnosed
with dementia during a median follow-up of 19.2 years,
which generated 382,242 person-years at risk. Table 2 dis-
plays the HRs and 95% CIs for dementia according to
symptoms of insomnia. With non-insomnia participants as
the reference group, participants with insomnia symptoms
had an 18% higher risk of developing dementia during
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Table 1. Baseline characteristics of the study sample by status of insomnia.

Symptoms of Insomnia

Characteristics Total (N = 22,078) No (N = 18,431) Yes (N = 3,647)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, years 59.9 ± 8.8 59.8 ± 8.8 60.6 ± 8.7
Women 13,648 (61.8) 11,153 (60.5) 2,495 (68.4)
Education

Compulsory school or below 5,604 (25.4) 4,575 (24.8) 1,029 (28.2)
High school 8,859 (40.1) 7,398 (40.1) 1,461 (40.1)
University or above 7,615 (34.5) 6,458 (35.0) 1,157 (31.7)

Depression
Seldom/never 10,078 (45.7) 9,096 (49.4) 982 (26.9)
Sometimes 10,889 (49.3) 8,725 (47.3) 2,164 (59.3)
Often/always 1,111 (5.0) 610 (3.3) 501 (13.7)

Social isolation
Seldom/never 14,205 (64.3) 12,353 (67.0) 1852 (50.8)
Sometimes 6,763 (30.6) 5,416 (29.4) 1,347 (36.9)
Often/always 1,110 (5.0) 662 (3.6) 448 (12.3)

Body mass index, kg/m 2 25.0 ± 3.4 25.0 ± 3.3 25.1 ± 3.5
Physical activity, hours/week

≤2 2,822 (12.8) 2,303 (12.5) 519 (14.2)
3–4 6,289 (28.5) 5,249 (28.5) 1,040 (28.5)
5–6 5,031 (22.8) 4,229 (23.0) 802 (22.0)
>6 7,936 (36.0) 6,650 (36.1) 1,286 (35.3)

Smoking
Never 12,533 (56.8) 10,478 (56.9) 2055 (56.4)
Former 8,162 (37.0) 6,810 (37.0) 1,352 (37.1)
Current 1,383 (6.3) 1,143 (6.2) 240 (6.6)

Alcohol consumption, g/week
≤168 18,947 (85.8) 15,808 (85.8) 3,139 (86.1)
>168 3,131 (14.2) 2,623 (14.2) 508 (13.9)

Hypertension 3,695 (16.7) 2,973 (16.1) 722 (19.8)
Diabetes 672 (3.0) 540 (2.9) 132 (3.6)
Sleep duration, hours/day

< 5 646 (2.9) 336 (1.8) 310 (8.5)
5 1,061 (4.8) 455 (2.5) 606 (16.6)
6 3,957 (17.9) 2,813 (15.3) 1,144 (31.4)
7 9,835 (44.6) 8,728 (47.4) 1,107 (30.4)
8 6,119 (27.7) 5,679 (30.8) 440 (12.1)
≥ 9 460 (2.1) 420 (2.3) 40 (1.1)

Data presented as mean ± standard deviation or N (% in column).

follow-up (95% CI: 3–35%, P = 0.02), after adjustment for
age, sex, education level, depression, social isolation, body
mass index, level of physical activity, smoking status, alcohol
consumption, hypertension and diabetes. When we analysed
specific insomnia symptoms, DIS was associated with a
24% increased risk of dementia (2–52%). We found no
association between DMS or EMA and risk of dementia.

Sleep duration and risk of dementia

The association between self-reported sleep duration and risk
of dementia is shown in Figure 1. In general, sleep duration
was inversely associated with risk of dementia (HR 0.93,
95% CI: 0.89–0.98), P for trend <0.01). When we used
sleep duration of 8 h as a reference, shorter sleep duration was
associated with an increased risk of dementia (6 h vs. 8 h, HR
1.29, 95% CI: 1.11–1.51, P < 0.01; 5 h vs. 8 h, HR 1.26,
95% CI: 1.00–1.57, P < 0.05; 4 h vs. 8 h, HR 1.28, 95%
CI: 1.00–1.64, P = 0.05). However, compared to 8 h, a sleep

duration of 9 h or longer was not significantly associated with
risk of dementia (HR 1.18, 95% CI: 0.84–1.66, P = 0.33).

Interaction between insomnia and sleep duration
for the risk of dementia

An interaction between status of insomnia symptoms and
self-reported sleep duration regarding the risk of dementia
was detected in the fully adjusted Cox regression model
(HR 1.15, 95% CI: 1.02–1.28, P < 0.05). Since the elevated
risk of incident dementia was only observed amongst sleep
duration categories <7 h, we further stratified the cohort
into normal (≥7 h, n = 16,414) and short (< 7 h, n = 5,664)
sleep duration groups. Cox regression analysis in the data
stratified by sleep duration further suggested an association
between insomnia symptoms and risk of dementia amongst
normal sleepers (having insomnia symptom vs. not, HR
1.24, 95% CI: 1.00–1.54, P < 0.05), whilst insomnia did
not further increase the risk of dementia amongst short
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Table 2. Insomnia symptoms and incidence rate of dementia.

Exposure N of dementia incidence
(% in group)

Model 1 Model 2

HR (95% CI) P HR (95% CI) P
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Status of insomnia symptoms

Non-insomnia 1,100 (6.0) 1 1
Have insomnia symptom 287 (7.9) 1.28 (1.12, 1.46) <0.001 1.18 (1.03, 1.35) 0.018

Symptom of insomnia
Non-insomnia 1,100 (6.0) 1 1
Other symptoms than DIS 172 (7.0) 1.20 (1.02, 1.41) 0.028 1.12 (0.95, 1.32) 0.173
DIS 115 (9.5) 1.40 (1.15, 1.70) 0.001 1.24 (1.02, 1.52) 0.031
Non-insomnia 1,100 (6.0) 1 1
Other symptoms than DMS 132 (7.6) 1.33 (1.11, 1.59) 0.002 1.25 (1.04, 1.50) 0.017
DMS 155 (8.1) 1.24 (1.05, 1.47) 0.013 1.11 (0.94, 1.33) 0.221
Non-insomnia 1,100 (6.0) 1 1
Other symptoms than EMA 133 (8.9) 1.36 (1.14, 1.63) 0.001 1.25 (1.04, 1.51) 0.016
EMA 154 (7.1) 1.21 (1.02, 1.43) 0.030 1.11 (0.93, 1.32) 0.248

Analysed by Cox proportional hazards regression. Model 1, adjusted for age and sex; Model 2, adjusted for Model 1 and education level, depression, social isolation,
body mass index, level of physical activity, smoking status, alcohol consumption, hypertension and diabetes.

Figure 1. Self-reported sleep duration and risk of incident
dementia in the study cohort (N = 22,078). Analysed by Cox
proportional hazards regression, adjusted for age, sex, education
level, depression, social isolation, body mass index, level of
physical activity, smoking status, alcohol consumption, hyper-
tension and diabetes.

sleepers (insomniacs vs. non-insomniacs, HR 1.03, 95%
CI: 0.85–1.24, P = 0.76). In analyses stratified by status of
insomnia symptoms, sleep duration (as continuous variable)
was negatively associated with risk of dementia amongst
participants with no insomnia (HR 0.91, 95% CI: 0.86–
0.96, P for trend<0.01) with no overall association between
sleep duration and risk of dementia amongst insomniacs
(HR 1.06, 95% CI: 0.95–1.17, P for trend = 0.30, Model
2). Figure 2 shows the HRs and 95% CIs for dementia by
sleep duration categories in participants with and without
insomnia symptoms, respectively. Amongst non-insomnia
individuals, sleep duration of <7 h were associated with
a higher subsequent risk for dementia (6 h vs. 8 h, HR
1.25, 95% CI: 1.05–1.49, P < 0.05; 5 h vs. 8 h, HR 1.70,
95% CI; 1.27–2.27, P < 0.001). Whereas in insomniacs, we
found a significant association between long sleep duration
(≥ 9 vs. 8 h) and dementia (HR 2.84, 95% CI: 1.23–6.55,
P < 0.05).

Figure 2. Self-reported sleep duration and risk of incident
dementia in (a) insomniacs (N = 3,647); (b) non-insomniacs
(N = 18,431). Analysed by Cox proportional hazards regression,
adjusted for age, sex, education level, depression, social isola-
tion, body mass index, level of physical activity, smoking status,
alcohol consumption, hypertension and diabetes.

Sensitivity analyses

When we excluded dementia ascertained during the
first 2 years of the follow-up (n = 10), the association
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between insomnia symptoms and risk of dementia remained
unchanged (Supplement Table S1). Associations between
sleep duration and risk of dementia were also similar (HR
0.93, 95% CI, 0.88–0.97, P for trend<0.01, Model 2). The
interaction between insomnia and sleep duration regarding
the risk of dementia also remained (HR 1.14, 95% CI: 1.02–
1.28, P < 0.05, Model 2). In addition, survival analysis
taking death (n = 5,115, 23.2% of the total cohort) as a
competing risk for dementia did not change our main
findings. Sub-distribution hazard ratios and 95% CIs for
dementia in Fine-Grey proportional hazards regression
regarding insomnia symptoms and sleep duration are listed
in Supplement Table S2.

Discussion

In this prospective study amongst 22,078 middle- to older
aged adults from Sweden, we found that both insomnia and
short sleep duration were independently associated with an
increased risk of dementia. We also found evidence of a
complex interaction between insomnia symptoms and sleep
duration regarding the subsequent risk of dementia.

In spite of the high prevalence of insomnia and its
detrimental impact on nocturnal sleep, evidence associating
insomnia symptoms with incident dementia is scarce. Data
collected from the U.S. National Health and Ageing Trends
Study suggested that routinely reported insomnia symptoms
including DIS and DMS were associated with increased risk
of dementia during an 8-year follow-up [29]. In contrast,
in a recent study from the UK Biobank, individuals who
had insomnia complaints had a lower risk of dementia
during a median of 10.8 years follow-up [30]. However,
unlike our study, frequency of insomnia complaints was not
defined by nights per week. Hence, participants reporting
more frequent insomnia symptoms might be defined
as non-insomniacs according to the diagnostic criteria
[22]. In addition, several important confounding factors
for the development of dementia, including depression,
hypertension and diabetes were not considered in the UK
Biobank study [30].

DIS is of particular concern regarding the development
of dementia. This finding further supports earlier studies
where an association between sleep initiating difficulty and
dementia/impaired cognitive function has been suggested
[31–33]. For instance, a prospective cohort study amongst
Korean elderlies found that individuals with a sleep latency
of over 30 min had an ∼40% higher risk of cognitive
decline at the 4-year follow-up, compared to individuals
with a normal sleep latency [31]. In a prospective study,
actigraphy-determined longer sleep latency was associated
with increased risk of dementia, especially AD [33].

Mechanisms underlying the association between frequent
DIS and dementia are unclear. The association is unlikely to
be driven solely by short sleep duration, because the propor-
tion of short sleepers amongst DIS was lower than amongst
those who reported DMS in our population. Evidence from a
recent study involving over 30,000 adults with a mean age of

63 years specifically linked sleep-onset insomnia with lower
heart rate variability [34]. Impaired cardiac autonomic func-
tion hallmarked by reduced heart rate variability has been
reported as a risk factor for developing cognitive impairment
and dementia in later life [35]. Interestingly, in that study,
worse performance in verbal fluency and prospective mem-
ory tests only occurred in those with sleep-onset insomnia,
but not amongst those with sleep maintenance insomnia
[34]. On the other hand, in an older population with a mean
age of 75 years, cognitive decline was more pronounced in
individuals with DMS compared to those with no DMS
[36]. Hence DIS may represent an age-specific predictor for
cognitive decline and dementia of relevance, particularly in
youngest-old individuals.

Our study confirms previously observed association
between short sleep duration and dementia in a British
population, in which self-reported sleep duration of <7 h
per night posed an increased risk for dementia [5]. We found
that this association is modulated by insomnia symptoms.
For those who reported sufficient sleep, insomnia symptoms
appeared to be an independent sleep-related risk factor
for dementia, suggesting an additional manageable factor
for the prevention of cognitive decline. This finding can
be explained by different potential mechanisms. First, it
is well known that self-reported sleep duration is in low
agreement with objectively determined sleep duration. In a
US study, self-reported sleep duration was overestimated by
49–73 min per night compared to polysomnography [37].
In addition, reductions in slow wave sleep and slow wave
activity, both closely linked to the function of glymphatic
system, have been reported amongst patients with insomnia
[38]. Moreover, a sufficient sleep duration according to self-
estimation does not protect the individuals with insomnia
from the risk of dementia. In fact, we saw an increased risk of
dementia amongst participants who reported both insomnia
symptoms and a sleep duration of 9 h or longer. A link
between long sleep duration and dementia has been observed
in earlier studies. One prospective study suggested that
compared to a self-reported sleep duration of 7 h per night,
women who reported ≥8 h of sleep showed an ∼35% higher
risk of dementia during the 13-years of follow-up [1]. In
another prospective study, extended time in bed and delayed
rising—both of which hallmark long sleep duration, but
poor sleep quality [39, 40]—predicted increased dementia
risk during a 17-year follow-up period [41].

Strengths of our study include the prospective design,
large size and virtually complete long-term follow-up
through linkage to high-quality national registers. Use
of the validated Karolinska Sleep Questionnaire allowed
ascertainment of insomnia symptoms and sleep duration
in greater detail than most previous studies whilst control
of confounding was facilitated by extensive recording of
co-variates. Our study also has limitations. Firstly, sleep
characteristics were self-reported only at baseline and
might have changed during follow-up. Because such
misclassification is likely non-differential it most likely
entails underestimation of any true causal association.
Nonetheless, induction time for dementia is most likely
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long and may warrant follow-up during a time span of
two decades to capture causal effects. In a previous study
with repeated assessment of sleep duration, changes of
habitual sleep duration between age 50 and 70 were not
associated with a higher incidence of dementia [5]. Studies
are nevertheless warranted to examine whether persistent
insomnia over time poses an elevated risk for dementia.
Secondly, due to the insidious onset of dementia, correct
ascertainment of incidence is in most settings not feasible.
Hence, information from discharge diagnosis and death
certificates reflects prevalence rather than incidence. Because
such misclassification is unlikely to be associated with sleep
characteristics, it may not materially bias our risk estimates.
Thirdly, because over 50% of all dementia diagnosis were
labelled as unspecific, we were unable to accurately estimate
HRs separately for AD and other types of dementia. Finally,
although the study is large and included both men and
women at different ages from all over Sweden, our findings
warrant further verification due to the relatively small
samples when stratifying our population by sleep duration
categories. Also, all the participants were invited to take part
in a fund-raising event, which for example could have made
them more prone to healthy volunteer bias. It should be
kept in mind though, that population-based cohorts often
have problems with loss to follow-up and poor response
rate, whilst the register-based nature of the study helped
minimising these potential limitations [42].

In conclusion, our study highlights the significance of
different sleep factors in the prevention of cognitive decline
and dementia. Our findings suggest that in middle-aged
to older population, both insomnia symptoms and self-
reported sleep duration may predict future risk of dementia.
A midlife assessment of sleep, including both sleep duration
and frequency of nocturnal insomnia symptoms, may be rec-
ommended in public health practice to be able to intervene
and as a corollary improve long-term health.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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