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“There is a time for many words, and there is also a time for sleep.”

- Homer, The Odyssey, Book 11






Abstract

Skoog, J. (2020). Sleep and Cognition in Old Age; Birth Cohort Differences,
Dementia, and Biomarkers of Alzheimer’s Disease. Department of Psycholo-
gy, University of Gothenburg, Sweden.

The oldest age group now constitutes the fastest growing segment of the
world population. It is therefore imperative to better understand the altera-
tions that follow both normal and pathological aging. The focus for this thesis
is on two major determinants of health and wellbeing in older people, namely
subjective sleep disturbance and cognition. Data were drawn from the H70
Birth Cohort Studies, comprising representative samples of older people liv-
ing in Gothenburg, Sweden. In Study I, we examined birth cohort differences
regarding prevalence of insomnia (i.e., difficulties initiating sleep, maintain-
ing sleep, and early morning awakenings) in two cohorts of 70-year-olds born
three decades apart and followed over nine years. The later-born cohort
showed lower prevalence of insomnia at age 70 compared with the earlier-
born cohort. However, the prevalence of insomnia increased with age in the
later-born but was stable in the earlier-born cohort. In Study II, we investi-
gated cognitive status and change measured by the Mini-Mental State Exam-
ination (MMSE) among 97-year-olds followed over three years. We found
that MMSE scores at baseline were related to dementia at baseline, but not to
development of dementia during follow-up. Those who died during the three-
year follow-up had lower MMSE scores than those who survived. Further-
more, participants with more education had higher MMSE scores, but there
was no association between education and cognitive change. In Study III,
which was a multicenter study, including additional samples from Stockholm
and Finland, we investigated whether poor sleep in midlife and late life was
associated with an elevated risk of developing dementia in late life. We found
that midlife insomnia and late-life terminal insomnia (i.e., early morning
awakenings) and long sleep duration were associated with a higher late-life
dementia risk. In Study IV, we investigated if poor sleep was related to cere-
brospinal fluid (CSF) markers of Alzheimer’s disease (AD) and if these asso-
ciations were moderated by possession of the apolipoprotein (APOE) €4 al-
lele. We found that reduced sleep, increased sleep and taking sleep medica-
tion were associated with markers of amyloid plaque accumulation (amyloid
B 42/40 ratio). However, among APOFEe4-carriers, reduced sleep was also
associated with markers of AD-related neurodegeneration (total tau, phos-
phorylated tau) and synaptic dysfunction (neurogranin). Conclusions: The
main findings from the thesis imply that age-related increases in the preva-
lence of insomnia are postponed to higher ages in later-born cohorts. Educa-



tion can still account for individual differences in cognitive performance even
at these advanced ages but might not protect against cognitive decline. Dif-
ferent types of sleep problems may play varying roles during the life course
concerning dementia risk where insomnia could potentially be more im-
portant in midlife while terminal insomnia or long sleep duration may be
more critical later in life. In addition, sleep may play a vital role in the early
processes of AD by potentially decreasing clearance or increasing production
of amyloid B. This suggests that improving sleep could be one potential can-
didate for dementia prevention. A better understanding of sleep disturbances
and cognition in old age may guide clinicians in making health care decisions
and when designing person-oriented interventions that improves health and
wellbeing in future older generations.



Svensk sammanfattning

De éldsta aldersgrupperna tillhor den snabbast vixande delen av befolkning-
en i vérlden. Det &r berdknat att antalet personer i virlden som &r over 80 ar
och éldre kommer 6ka fran 143 miljoner ar 2019 till 426 miljoner ar 2050.
Det kommer dérfor bli &nnu viktigare att forstd de olika forandringar som ar
forknippade med bade normalt och sjukligt aldrande. Det dvergripande syftet
med avhandlingen 4r att undersdka tva faktorer som paverkar hilsan och
funktionen hos &ldre personer, ndmligen somnstorningar och kognition.
Somnstorningar ar relaterat till bade kroniska sjukdomar och 6kad dodlighet
medan en intakt kognition ofta &r en nyckel till ett lyckat aldrande. Tidigare
studier pa sambandet mellan sdmnstorningar och kognition har antytt ett
komplext samband dér dalig somn kan vara en riskfaktor, ett tidigt symtom
men dven en bidragande orsak till en kognitiv sjukdom (ex. demens). Att
studera sambandet mellan sémn och demens &r darfor viktigt bdde for att
studera de tidiga processerna vid Alzheimers sjukdom men ocksa for att hitta
potentiellt fordndringsbara riskfaktorer for demens. Emellertid &r bade de
kort- och léngsiktiga effekterna av hur sémnproblem paverkar kognitionen pa
populationsniva relativt okénda.

Alla studier inneholl data fran H70-studierna i Goteborg dér urvalet var
representativt for dldre personer som bor i Goteborg. I Studie I undersoktes
om det fanns s& kallade fodelsekohortsskillnader i forekomst av insomni
(d.v.s. svarigheter att somna, nattliga uppvaknanden, vakna for tidigt p4 mor-
gonen) i tva fodelsekohorter av 70-aringar fodda med 30 &rs mellanrum. Den
senare fodda kohorten hade lagre forekomst av insomni vid 70 &rs alder jim-
fort med den tidigare fodda kohorten. Férekomsten av insomni dkade med
stigande élder 1 den senare men inte i den tidigt fodda kohorten. I Studie II
undersoktes kognitiv status och fordandring som maéttes med Mini Mental Test
(MMT) hos 97-aringar som foljdes under tre ar. De som hade en demens-
sjukdom hade ligre MMT-poéng &n de utan demenssjukdom. Det fanns ingen
statistiskt signifikant skillnad mellan de som utvecklade demens under under-
sokningens gang och de som aldrig utvecklade demens. De som dog under
den tre &r langa uppfoljningen hade ligre MMT-poéng dn de som Overlevde.
Deltagare med hogre utbildning hade hogre MMT-poéng, men det fanns ing-
en koppling mellan utbildning och kognitiv nedgéng. Studie III var en multi-
centerstudie dér det forutom data fran H70 ocksé ingick studier fran Stock-
holm och Finland. Syftet var att undersdka om somnstdrningar i medelaldern
och bland yngre éldre var relaterat till en 6kad risk att utveckla demens se-
nare i livet. Insomni i medeléldern, tidiga uppvaknanden och att sova langre i
yngre éldre alder var kopplat till en hogre risk att utveckla demens senare i
livet. I Studie IV undersoktes kopplingen mellan subjektiv somnstorning och



preklinisk Alzheimers sjukdom och om associationerna péverkades av om
deltagarna var bérare av genvarianten Apolipoprotein E (APOE) 4. Alla
somnvariabler var kopplade till ldgre nivier av AB42/AP40-ratio, men det
fanns inga signifikanta skillnader mellan de som sov sémre géllande nivéer
av total tau, fosforylerat tau, neurofilament eller neurogranin. Daremot var
minskad nattsdmn kopplat till hdgre nivéer av total tau, fosforylerat tau och
neurogranin hos personer som var bérare av genvarianten A POEe4.

Sammanfattningsvis s& dr en mdjlig forklaring till fynden i Studie I att
forbattringarna i levnadsvillkoren under senaste decennierna har lett till att
ocksa somnen forbittrats i senare fodda kohorter. Att dessa skillnader for-
svinner med stigande alder indikerar att en eventuell aldersrelaterad 6kning
av somnproblem forskjuts till ett senare skede for senare fodda kohorter.
Resultatet 1 Studie II, att hogre utbildning péverkade kognitionen dver atta
decennier efter att man slutfort sin skolutbildning, kan relateras till att indivi-
der med hogre utbildning kan ha en reservkapacitet som gor att de hanterar
skador i hjdrnan béttre och att de dérfor far en mer intakt kognition senare i
livet. Samtidigt &r det mojligt att nir en person med hogre reservkapacitet vél
gér ner kognitivt s& kan de befinna sig ldngre fram i sjukdomsforloppet vilket
gOr att hogre utbildning kanske inte skyddar mot kognitiv nedgang. Resulta-
ten fran Studie III indikerar att vissa typer av somnproblem kan ha olika be-
tydelse under vissa delar av livet, och identifierar ytterligare en faktor som
kan hjélpa till att forebygga demens. Detta visar pa vikten av att man i sjuk-
vérden ar noga med att upptécka sdomnstérningar och att ge sdémnhygieniska
rad till patienter. Slutligen sé& indikerar fynden att dalig somn kan ha bety-
delse vid de allra forsta processerna vid utvecklingen av Alzheimers sjuk-
dom. Detta skulle kunna ske genom att délig somn leder till minskad utrens-
ning eller 6kad produktion av beta-amyloid. Dessa processer kan sedan ut-
vecklas till senila plack i hjarnan. Det hér kan betyda att en forbéttrad sémn
ocksa dr en mdjlig del i att forhindra Alzheimers sjukdom.

En okad forstaelse av somnstdrningar och kognition hos dldre kan hjilpa
kliniker att ta béttre beslut i sjukvarden och genomftra personorienterade
interventioner som forbéttrar hilsan och védlméendet i framtida édldre generat-
ioner.
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Introduction

The introduction to this thesis presents a brief background on aging, covering
how changes in life expectancy, and time trends may challenge our current
concepts of aging. The introduction continues with descriptions of sleep,
cognition and major cognitive disorder (i.e., dementia), and describes their
relationship.

Relevance

The focus for this thesis is to enhance our understanding of two major deter-
minants of health in older people: subjective sleep disturbance and cognition.
Previous studies have linked poor sleep to several chronic diseases including
hypertension, cardiovascular disorders, diabetes, cancer, and even cognitive
disorders (Medic et al., 2017), while an intact cognition is one of the key
components for health and wellbeing in old age. The relationship between
poor sleep and cognition is complex and studies have suggested that poor
sleep can be a risk factor, an early symptom or even a contributing factor of
major cognitive disorder (Ju et al., 2013; Yaffe et al., 2014). Therefore, to
study the relationship between sleep and dementia is not only to investigate
factors involved in the processes of Alzheimer’s disease (AD), but also to
find potentially modifiable risk factors for dementia. However, both the
short- and long-term consequences of sleep for cognition in the general popu-
lation is still largely unknown.

Aging — individual and population level

Aging is typically described as a gradual loss of functions of various kinds,
such as loss of muscle mass, lung function, hearing and eyesight and immune
function, as well as an increased risk of accumulation of chronic disorders,
such as cardiovascular disorders and cancer. However, a recent review by
Ferrucci et al. (2020) have suggested that factors associated with aging, such
as physical or cognitive decline, is a function of the interaction between the
processes that induces damages and the processes that are protective or in-
crease resilience against damages. These are typically degenerative, biologi-
cal processes such as genomic instability, shorter telomere length, epigenetic
alterations, and proteostasis (Lopez-Otin et al., 2013). Whether these factors
reflect the processes that increase damage or increase resilience, or even a
combination of these remains largely unknown. There are also behavioral or



lifestyle factors that may increase resilience such as physical exercise, a
healthy diet, social networking, and even a good night’s sleep, but also envi-
ronmental factors such as cognitive stimulation through education or occupa-
tional complexity. Moreover, there are now an abundance of evidence indi-
cating that aging itself is changing.

Figure 1 shows the worldwide life expectancies in Western and develop-
ing countries from 1543 to 2015. In the United Kingdom, the country with
the longest gathered time series, life expectancy fluctuated around 40 years
with little differences up until the 19t century. In the 1860s, Swedish women
held the world record with an average lifespan of 45 years (Oeppen &
Vaupel, 2002). However, large improvements then occurred in technology,
infrastructure, welfare, education, and living conditions. Due to these chang-
es, life expectancy increased dramatically, almost linearly with no signs of
slowing down worldwide (Christensen et al., 2009). In Sweden, life expec-
tancy increased to 85 years for women and 81 years for men in 2018, and the
world record is currently held by Hong Kong women, with an average life
expectancy of 88 years (United Nation, 2019).

Figure 1. Life expectancy from 1543 to 2015 in Sweden and Worldwide
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Notes: Acquired and modified by the author from Riley (2005), Clio Infra (2015), and UN Popula-
tion Division (2020) at Our World in Data (2020).



Accompanying these major changes in life expectancy, the age segments of
the population are also changing. Specifically, the oldest age groups show the
largest increases. It is expected that the number of people aged 80 years and
older is likely to increase from 143 million in 2019 to 426 million in 2050
worldwide, and that the largest increments in the oldest ages are projected to
be in Africa and Asia (United Nations, 2020).

One consequence of these demographic changes is that health care sys-
tems will face major challenges related to compromised health. For example,
according to the World Alzheimer Report (2019), more than 50 million peo-
ple worldwide were living with dementia in 2019, and this number is ex-
pected to increase to 152 million by 2050. Moreover, the costs of dementia
are now estimated to be 1 trillion USD per year and are expected to be dou-
bled by 2030. On the other hand, due to the time trends described below,
more people in this age group are also likely to live longer with better physi-
cal and cognitive health (Christensen et al., 2013). It, therefore, is increasing-
ly important to understand the changes that accompany both normal and
pathological aging where we potentially could prevent or counteract many
negative outcomes.

Time trends in aging

In the 1960s, Werner Schaie suggested three types of influences when study-
ing developmental processes: age, cohort, and the total environmental impact
at a given time point (Schaie, 1965). He observed the developmental out-
comes as a function of the interactions among all these factors. A related
concept was suggested by Blanchard et al. (1977). They defined the age ef-
fect as something that occurs in all cohorts independently of time periods,
and period effects as a change during a specific time period that affects all
living cohorts (a good example of a period effect is the coronavirus crisis). A
birth cohort is a type of cohort, defined by time of birth. Birth cohort effects
are commonly referred to as variations or differences across birth cohorts
when compared at the same ages. These variations can be shown as differ-
ences in health outcomes as due to several historical events and environmen-
tal factors that have shaped a birth cohort as they move together in time
(Gerstorf et al., 2011; Rydberg Sterner, 2020). Differences between age and
the period effects for the birth cohorts addressed in this thesis are illustrated
in Figure 2. However, Rosow (1978) have criticized the concept of cohort as
being too crude, too broad, or too general. For example, even though individ-
uals in a cohort may be exposed similarly to an event (e.g., period effect), the
assumption that all individuals in a cohort are affected somewhat uniforming-
ly is probably not true. Most often, there is a large variation within each co-
hort that affect how people are able to cope with an event. For example, the



period effect of the coronavirus crisis is largely dependent on age. For
younger people, the effect of the pandemic might relate to factors such as
social distancing or closed schools, while the effect for older people might be
more related to risk of morbidity, or even death.

Knowledge on whether societal and environmental changes during the last
decades have resulted in birth-cohort effects on factors such as sleep and
cognition, can be acquired through population-based studies on birth cohorts
born at similar dates with data collection conducted at different time periods
(Wu et al., 2017). These studies have found that, in general, later-born co-
horts are typically cognitively and physically healthier than earlier-born co-
horts (Crimmins et al., 1996; Flynn, 1984; Schaie et al., 2005). These out-
comes is similar to findings from the H70 Birth Cohort Studies, where later-
born cohorts, on average, are less dependent in their activities of daily living
(ADL), more engaged in leisure activities (Falk et al., 2014), healthier
(Wilhelmson et al., 2002), more sexually active (Beckman et al., 2008), have
lower prevalence of cardiovascular disorders (Zhi et al., 2013) in comparison
with earlier-born cohorts. However, is has also been suggested that the preva-
lence of depression (Wiberg et al., 2013) and alcohol consumption (Waern et
al., 2014) have increased between the 1970s and 2000s. In addition, also the
prevalence of dementia decreased in 85-year-olds, from 30% in 1986—87 to
22% in 2008-10 (Skoog et al., 2017). There are, however, few studies that
have investigated cohort differences using a longitudinal study design. A
relevant account, in this context, is the compression of morbidity hypothesis
(Fries, 1980; Fries et al., 2011). According to this hyphotesis, it is assumed
that age at onset of chronic diseases is postponed in later-born birth cohorts
and that most of the morbidity, therefore is compressed into a shorter time
period. For example, cognitive level has improved substantially in later-born
birth cohorts (Flynn, 1984; Karlsson et al., 2015; Sacuiu et al., 2010), but
later-born birth cohorts may also experience a steeper cognitive decline with
age (Thorvaldsson et al., 2017). Most factors that positively affect later-born
birth cohorts can be expected to be directly or indirectly related to sleep, but
it is still unclear whether, or to what degree, these time-trends have influ-
enced the prevalence of insomnia in older people.



Figure 2. Time trends in three cohorts born 1901-07, 1930 and 1944
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Sleep

In order to gain a broader understanding of sleep, this chapter begins with a
short historical background of sleep in both the classical literature and early
research. The chapter then continues with descriptions of sleep theories rele-
vant for this thesis and also describes the stages of sleep. An overview of
sleep and insomnia in aging follows, and finally an overview of time trends
of sleep problems and insomnia is presented.

Sleep problems and insomnia

Insomnia disorder is defined in the Diagnostic and Statistical Manual of Men-
tal Disorders 5™ edition (DSM-5) (American Psychiatric Association, 2013)
as a predominant complaint of dissatisfaction with sleep quantity or quality,
associated with one (or more) of the following symptoms:

1. Difficulty initiating sleep (also referred to as initial insomnia)
Maintaining sleep (i.e., frequent awakenings or problems returning to
sleep after awakenings) (also referred to as middle insomnia)

3. Early morning awakenings with inability to return to sleep (also re-
ferred to as terminal insomnia).

Sleep in the literature and early research

The first known documentation of sleep stages was the Indian script “Upani-
shad”, written ca 1000 B.C. In Chandogya Upanishad, human existence was
divided into four stages of consciousness: the waking, the dreaming, the deep
dreamless sleep, and the superconscious (see Mallick & Inoue, 1999). How-
ever, historically sleep has been regarded as a passive state of being, and this
is a view held until the middle of the 20™ century. As a consequence of the
normative view of sleep as a passive state, sleep has also been closely related
to death in the classical literature. For example, Samuel described in the Bi-
ble that the deepest sleep resembles death “No one saw or knew about it, nor
did anyone wake up. They were all sleeping, because the Lord had put them
into a deep sleep” (1 Sam. 26:12. New International Version). Also, in
Homer’s Iliad, when Aphrodite came to Lemnos, she met sleep as the brother
of death (Homer, 1955). The Greek philosophers have also theorized on
sleep. Alcmaeon suggested that sleep occurs due to the withdrawal of the
blood from the body to the larger blood-flowing vessels. He proposed that we
are awake when the blood diffuses back to the body again (see Huffman,
2017). Even Shakespeare wrote about the importance of sleep. In Macbeth,
Act 2, Scene 2, Macbeth said “Sleep that soothes away all our worries. Sleep
that puts each day to rest. Sleep that relieves the weary laborer and heals hurt
minds. Sleep, the main course in life’s feast, and the most nourishing” (see



Chopra & Tanzi, 2015). When taking a historic perspective, it is also worth
considering the impact of the invention of the light bulb in the late 19th cen-
tury. The invention had a significant influence on sleep habits and some re-
searchers have even suggested that the invention of the light bulb was solely
responsible for reducing sleep by up to two hours per night in the general
population The observant reader may also note that this is a perfect example
of a period effect that have affected sleep behavior in later-born birth cohorts.

Systematic sleep research was first initiated in the late 19" and early 20™
century. In 1875, the English scientist Robert Caton invented the electroen-
cephalograph (EEG) for measuring brain waves in dogs (Caton, 1875), and
half a century later, in 1929, Berger and Gloor developed the first EEG for
humans (Berger & Gloor, 1969). The golden standard for measuring sleep is
still considered to be EEG. It is noteworthy, given the focus for this thesis
that already in 1924, Jenkings and Dallenbach (1924) had conducted the first
known systematic experiment on the relationship between sleep and memory
function. They found that memory retention was better after a night of sleep
as compared to being awake for the same time. However, they continued to
think of sleep as a passive state and explained their results with a lack of sen-
sory inference during sleep (Walker & Stickgold, 2006). Emphasis of sleep as
an active process did not begin until 1937, when Loomis, Harvey, and Ho-
bart, using EEG, identified the five stages of sleep (Loomis et al., 1937). It
was now clear that sleep was not merely a passive state of being, but was,
rather, a period of high activity. Kleitman and Aserinsky (1953) systematical-
ly documented rapid eye movement (REM), and its distinction from non-
rapid eye movement (nREM) using electrooculography (EOG). A student of
Kleitman, William Dement (1957), showed that sleep comprises different
stages, repeated four or five times per night. Ten years later, Rechtschaffen
and Kales (1968) introduced a scoring system based on EEG to classify the
different sleep stages in humans. This classification, with small changes in
2007 (i.e., Stage 4 was eliminated and Stages 3 and 4 were combined into
Stage 3) (American Academy of Sleep Medicine., 2007), has been broadly
used in sleep research up to the present day. Lastly, a major breakthrough in
sleep research in recent years has been the discovery of the glymphatic sys-
tem by Maiken Nedergaard et al. (2012) which is reviewed in the subsequent
section. This discovery is especially important for this thesis.



Sleep theories

The glymphatic system

Due to the brain’s lack of a lymphatic system, it was previously unknown
how the brain can remove waste products from neural activity (Sun et al.,
2018). Maiken Nedergard et al. (2012) have suggested that the brain must
clear waste products in an alternative way. Through experiments in mice,
using imaging, they identified a pathway for fluid transport. This was a sys-
tem of channels, formed by astroglial cells, that functioned to remove pro-
teins and metabolites from the central nervous system (Jessen et al., 2015).
The researchers labelled this system the glymphatic system, due to its de-
pendence on glia cells and the similarities to the lymphatic system in the
body. Interestingly, the same research group found in a subsequent study that
metabolic waste products of neural activity were cleared out of the brain fast-
er during sleep, as compared to when awake (Xie et al., 2013). Furthermore,
one of the proteins that was cleared out faster during sleep was amyloid 3
(AP), a protein believed to play an important role in the development of de-
mentia caused by Alzheimer’s disease (AD). Thus, one component to under-
stand the early processes of AD, and maybe even protect against AD could be
to increase clearance of AP through sleep, and in that way reduce AB accu-
mulation in the brain. Later in the introduction, a description will be given on
how the identification of this system have affected research on sleep and
dementia.

Two-process model of sleep and wake regulation

One of the most widely used models to describe sleep is the two-process
model of sleep-wake regulation (Borbely, 1982) (see Figure 3). This model
gives an intuitive approach to understand sleep problems and insomnia and
is, therefore, frequently referred to in books on sleep and in clinical settings.
This model comprises the homeostatic sleep drive, the pressure to sleep, the
so-called Process S. Process S is regulated, in part, by increasing adenosine, a
metabolic byproduct that accumulates the longer we are awake (Dworak et
al., 2010; Mander et al., 2017; Porkka-Heiskanen et al., 1997). Thus, the
longer awake, the more sleep pressure. The other factor included in this mod-
el is the circadian drive for arousal, the circadian rhythm, the so-called Pro-
cess C. The circadian rhythm goes up and down repeatedly throughout the
day controlled by the circadian pacemaker. When process S approaches its
lower levels, it triggers awakening, and at its highest level, it triggers sleep.
Later during the evening, when process S is high and circadian drive for
arousal is low, sleep onset occurs. During the morning, when circadian drive
for arousal is rising, and sleep pressure is low, wake up occurs (Borbely et



al., 2016). Van Cauter et al. (2000) have found that changes in the homeostat-
ic sleep drive could be early biomarkers of aging, while the parts of sleep that
are under the control of the circadian pacemaker may be relatively well pre-
served until late in life.

In relation to sleep problems and insomnia, it has been suggested that dys-
function in sleep pressure or circadian rhythm may results in reduced tenden-
cy to sleep during the desired sleep period, which could eventually lead to
insomnia (Levenson et al., 2015). Also, sleep restriction, a method using mild
sleep deprivation to increase sleep pressure, is one of the main components of
cognitive-behavioral therapy for insomnia (CBT-I) (Morin, 2004).

Figure 3. Two-process model of sleep regulation

Process S Sleep

onset

Waking

Sleep

Notes: Illustrations adapted by the author from The two-process model of sleep regulation: A reappraisal
(Borbely et al., 2016).



Sleep stages

The classification of sleep comprises four stages; three stages of nREM sleep
and one stage of rapid eye movement (REM) sleep (see Figure 4). The sleep
stages are detected through polysomnography using several measurements,
including EEG (electrical activity of the brain), electrocardiography (ECG)
(electrical activity of the heart), electrooculography (EOG) (eye movement),
and electromyography (EMG) (muscle tonus).

NREM Stage 1

Figure 4 shows wave patterns at the different sleep stages. The first stage is a
transition between being awake and asleep. The waves are called alpha waves
when awake, and during transition into sleep, the waves slow down and are
then called theta waves. At stage 1, a person is easy to wake up and sleeps
lightly with eyes closed.

NREM Stage 2

Stage 2 occurs when the body is preparing for deeper sleep. The heart rate
goes down, and the body temperature gets lower. Brain activity slows, but in
this stage, two peculiar activities called sleep spindles and K-complexes are
common. Sleep spindles are a sudden burst of rapid, rthythmic brain waves.
These brainwaves look like spindles on an EEG and are, therefore, called
sleep spindles and can occur both in lighter and deeper sleep. K-complexes
are instead large, slow waves and occur mostly in deep sleep (Cash et al.,
2009). Both sleep spindles and K-complexes have been associated with sleep-
dependent memory consolidation (Cox et al., 2012). The density of both
sleep spindles and K-complexes decreases with age (Crowley et al., 2002),
and this decrease may be even more pronounced in mild cognitive impair-
ment (MCI) and AD (Prinz et al., 1982).

NREM Stage 3

Stage 3 sleep is also known as slow-wave sleep (SWS) due to the low fre-
quency of the waves. These slow waves are called delta waves and this state
is, therefore, sometimes known as delta sleep. Waking up at this stage can
sometimes lead to disorientation. Impaired stage 3 sleep have previously been
linked to the early stages of AD (Lucey et al., 2019; Mander et al., 2015).

REM Sleep

The fourth state is called REM sleep. This state is characterized by rapid eye
movement and low muscle tonus throughout the body. This is a state of light
sleep and the brain waves are similar to when awake. Due to higher brain
activity, intense dreaming may also occur in REM sleep.
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Sleep cycles
Each stage generally lasts between five to 20 minutes and all three phases are
passed before reaching REM sleep. Every sleep cycle lasts for approximately
90 minutes and occurs four to six times per night. SWS is more prominent
during the early part of the night but reduces in strength and duration across
the sleep period. In contrast, REM sleep increases in frequency and duration
over the sleep period, from approximately 10 minutes during the first circle to
almost an hour during the last (Rasch & Born, 2013).

Figure 4. Brain Wave patterns on EEG during different sleep stages.
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Sleep in aging

Many changes in sleep, both physiological and psychosocial, occur during
the process of normal aging. For example, older people tend to report more
early awakenings, increased sleep onset latency, reduced sleep efficiency
(i.e., the ratio of time spent asleep compared to the amount of time spent in
bed), more day-time naps and shorter sleep duration compared to younger
adults (Ancoli-Israel, 2009; Cajochen et al., 2006; Roepke & Ancoli-Israel,
2010). A large meta-analysis by Ohayon et al. (2004), covering 65 studies,
including a total sample of 3,577 individuals aged five to 102 years, found
that in adults, total sleep time, sleep efficiency, proportion of both SWS and
REM sleep decreased with age, while sleep latency, proportion of stage 1
sleep, proportion of stage 2 sleep, and number of awakenings after sleep on-
set increased with age. They also found that only sleep efficiency continued
to decrease after age 60. They therefore suggested that a large amount of age-
related changes in sleep patterns occur already in middle age or earlier. Other
studies have shown that among healthy individuals, sleep continuity, and
SWS is generally reduced in older ages, but older adults without sleep disor-
ders are less sleepy during the daytime compared to younger adults (Dijk et
al., 2010). Furthermore, older people may wake up more frequently during
the night compared to younger people, but they tend to fall back to sleep at
the same rate as their younger counterparts (Klerman et al., 2004). This sug-
gests that it is the transition from being asleep to being awake that is more
affected by aging than the transition from awake to asleep.

The term insomnia is often used and defined in various ways in the litera-
ture (Roth, 2007) and, therefore, prevalence rates vary extensively depending
on study populations and definitions used (Ohayon, 2002). However, most
studies show that insomnia is more common in older as compared to younger
age groups (Chiu et al., 1999; Roepke & Ancoli-Israel, 2010). A study from
Hong Kong found that 75% of individuals aged 75 and older reported sleep
disturbances, while 35% reported insomnia (Chiu et al., 1999). However,
with more restrictive criteria, the prevalence rates may decrease to 20% to
40% in older people (Foley, 1995; Vitiello, 1997).

Time trends in sleep problems and insomnia
There are relatively few studies focusing on time trends in insomnia, and
even fewer have used a birth-cohort study design that allows comparisons
across different birth cohorts.

A Brazilian study from Sao Paolo (Santos-Silva et al., 2010) investigated
period effects in individuals aged 20 to 80 years, in three different surveys
conducted in 1987, 1995 and 2007. They found a progressive increase of
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sleep complaint over time with the largest increases between 1995 and 2007.
The largest increase was found among women.

A survey of time trends targeted a Norwegian population aged 18-years
and older in 1999-2000 and in 2009-2010. They found that sleep onset in-
somnia, dissatisfaction with sleep, daytime impairment, and insomnia accord-
ing to DSM-1IV, as well as use of sleep medication increased with time
(Pallesen et al., 2014).

Kronholm et al. (2008) have reported mixed results when reanalyzing all
available data from surveys carried out in Finland from 1972 to 2005. They
found a minor decrease in sleep duration and that the proportion of people
who slept seven hours had increased. However, the proportion of extreme
sleepers, that is those who slept less than six hours or more than nine hours,
remained unchanged.

An English study, using data from three mental health surveys carried out
in 1993, 2000, and 2007 among people aged 16—64 years found that insomnia
symptoms and insomnia diagnoses were more prevalent in 2007 compared to
in 1993 (symptoms: 35.0% in 1993 versus 38.6% in 2007 and insomnia diag-
nosis 3.1% in 1993 versus 5.8% in 2007) (Calem et al., 2012).

A Scottish study from Glasgow (Green et al., 2012) using a sample of 57-
year-olds born in the 1930s and 1950s, and followed for 20 years, used a
latent class analyses to identify four classes; healthy, episodic sleep prob-
lems, chronic, and development of sleep problems during the 20-year follow-
up. Those born in the 1930s were more likely than those born in the 1950s to
belong to the chronic sleep problem group or to the group who developed
sleep problems.

A report from the Prospective Study of Women from Gothenburg, born in
1908, 1914, 1918, 1922, 1930, 1942, and 1954 examined 1968—69, 1980-81
and 2004-2005 at ages 38 and 50 years found that in 38-year-olds, sleep
problems were more common and sleep duration shorter for later-born co-
horts. There were also fewer who slept more than nine hours (11% vs. 3.5%)
in later-born birth cohorts (Bjorkelund et al., 2002). However, no significant
differences were found for the 50-year-olds. Another report from this study
found that the proportion of women complaining of sleeping problems almost
doubled in both age groups: from 18% in 1968 to 32% in 2004 in 38-year-old
women, and from 22% to 42% in 50-year-old women (Rowshan Ravan et al.,
2010).

It is of note that, most of these studies, except for the Prospective Study of
Women and the study from Glasgow, can only account for the age effect dur-
ing a given period and may thus ignore the effect of birth cohort. Although
studies of period effects are important when investigating general trends for
the entire population, these period effects might not show changes that are
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specific for a certain birth cohort. This may be especially important in older
ages, where sleep problems in general are more common in older compared
to in younger ages. Therefore, the large societal and environmental changes
during the last century that could affect factors related to sleep might not be
shown in these studies.
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Cognition and dementia

In this chapter, findings on cognition in normal and pathological aging are
briefly presented and it is shown that this distinction is not always well de-
fined. Then the two concepts, cognitive reserve and terminal decline, are
introduced. The chapter continues with a description of pathological aging,
such as major cognitive disorder, or dementia, and describes biomarkers for
the most common type of dementia, Alzheimer’s disease (AD). Lastly, the
long preclinical phase of dementia is addressed.

Cognitive aging, cognitive reserve, and terminal decline

Aging affects the brain in several ways by reducing brain size and affecting
vasculature, as well as cognition (Peters, 2006). Although dementia and other
cognitive disorders are common in older ages, those not diagnosed with de-
mentia might also experience a decline in cognition associated with aging
(Harada et al., 2013). It has been shown that normal aging is commonly ac-
companied by an age-related decline in several cognitive domains including
processing speed, memory, and logical reasoning (Deary et al., 2000; Nyberg
et al., 2012).

Many studies have shown that the degree of brain pathology does not al-
ways correspond well with cognitive performance. Some people may have a
larger reserve capacity, which make them cope better with severe brain dam-
age (Stern, 2002). For example, brain autopsy findings from The Medical
Research Council Cognitive Function and Ageing Study (MRC CFAS) indi-
cate that as much as one fourth of individuals free from dementia met patho-
logic criteria for AD (Neuropathology Group. Medical Research Council
Cognitive & Aging, 2001).

Concerning the reserve capacity, a distinction is often made between a
passive brain reserve (Satz, 1993), which is often quantified with measures of
total brain volume or neuronal count, and a more active cognitive reserve
(Stern, 2002, 2009), which is often indexed by individual differences in cog-
nitive abilities while holding brain pathology constant. As an example of this
theory, two individuals can have the same brain reserve capacity but still
express clinical symptoms differently due to individual differences in cogni-
tive reserve (Stern, 2009). Factors that affect cognitive reserve can be all
events that shape an individual’s brain and cognition as acquired over the
lifespan by education, type of occupation, and major life events. Studies in-
vestigating cognitive reserve commonly use proxy measures of this reserve
such as socio-economic status or level of education (Opdebeeck et al., 2016).
There is an abundance of evidence indicating that individuals with higher
education achieve higher levels of cognition (Lovdén et al., 2020). Results on
whether individuals with higher education also experience less cognitive
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decline with age are inconsistent. Higher education has been suggested to
protect against cognitive decline (Christensen et al., 2009; Stern, 2002), but
several studies now reports that higher education is rather associated with
levels of cognitive performance than cognitive change (Cadar et al., 2017;
Lovden et al., 2020; Piccinin et al., 2013; Seblova et al., 2020).

During the last years of life, a decrease in function may occur in several
domains, including cognition (Hulur et al., 2016), and this is commonly re-
ferred to as terminal decline (Kleemeier, 1963; Palmore & Cleveland, 1976;
Riegel & Riegel, 1972; Siegler, 1975). This phenomenon have been observed
in several longitudinal studies of older people (Gerstorf et al., 2008;
Johansson & Berg, 1989; Thorvaldsson et al., 2008). Terminal decline may
become more important with age, since it is an indicator of subsequent mor-
tality, but may be especially important among the oldest old due to their high
mortality rates. However, Riegel and Riegel (1972) have suggested that death
may strike more randomly in older ages and that the differences in cognition
between survivors and non-survivors may, therefore, be less pronounced in
these age groups. However, a study by Muniz-Terrera et al. (2011) found that
dying at an older age was associated with lower cognitive performance
two years before death and with a faster decline. One reason for the latter
could be that individuals who die at older ages may have a higher prevalence
of other diseases that influence cognition, and this could be reflected by dif-
ferences in rate of cognitive decline. For younger individuals, these differ-
ences may be less evident. However, other studies have found little evidence
for this claim, and have suggested that age at death moderated cognitive level
of performance, but not terminal decline in cognition (Thorvaldsson et al.,
2006).

Major cognitive disorder

Major cognitive disorder (American Psychiatric Association, 2013), or de-
mentia, is a clinical syndrome caused by neurodegeneration. The most com-
mon pathologies are AD, vascular dementia, Lewy body disease, and fronto-
temporal dementia. Dementia is characterized by a progressive decline in
cognition and capacity for independent living (Prince et al., 2013).

Although chronological age is the most important risk factor for dementia,
age itself does not cause dementia. Studies have shown that dementia inci-
dence increases exponentially with age from age 65 up to age 90 and doubles
approximately every five years (Corrada et al., 2010; Jorm & Jolley, 1998).
However, it is still unknown if this doubling continues after age 90 years
(Fratiglioni et al., 2000). Some studies report that the prevalence of dementia
continues to increase after age 90 years (von Strauss et al., 1999), while oth-
ers suggests that it levels off or reaches a plateau in very old ages (Kliegel et
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al., 2004; Ritchie & Kildea, 1995; Wernicke & Reischies, 1994). In addition,
the relationship between the most common pathologies and dementia may be
stronger in younger old than in older old populations and some studies even
suggest that AD or vascular dementia may not have the same pathological
relevance on cognition after the age of 90 years (Andersson et al., 2012;
Savva et al., 2009).

The most common form of dementia is AD. The disease is named after the
psychiatrist and neuroanatomist Alois Alzheimer (see Hippius & Neundorfer,
2003). The first described AD patient was the 50-year-old woman Auguste
Deter, who five years before her death, showed symptoms of paranoia,
memory disturbance, aggression, and confusion. Alzheimer’s report from the
autopsy noted distinctive plaques (now called amyloid plaques, which are
aggregates of misfolded proteins) and tangled bundles of fibers (now called
neurofibrillary or tau-tangles, which are aggregates of hyperphosphorylated
tau protein) in the brain tissue. These features are still considered to be the
two main neuropathological hallmarks of AD. Later, Emil Kraepelin, a Ger-
man psychiatrist and the founder of the psychiatric diagnostic classifications
included “Alzheimer’s disease” in the 3rd edition of his book Psychiatrie in
1910. The disease is characterized by a progressive decline in memory, exec-
utive function, language, and other areas of cognition (McKhann et al.,
2011). Pathologically, the disorder is characterized by the formation of amy-
loid plaques, neurofibrillary tangles, neuronal loss, synaptic loss, brain atro-
phy, and inflammation (DeTure & Dickson, 2019). Accumulation of AP is
assumed to initiate the process involving a pathogenic cascade that eventually
leads to AD (Hardy & Selkoe, 2002).

Cerebrospinal fluid markers of Alzheimer’s disease

The brain’s pathology and metabolism are reflected in the cerebrospinal fluid
(CSF) (Niemantsverdriet et al., 2017). The core CSF biomarkers for AD are
low levels of AB42 , and high levels of total tau (T-tau), and phosphorylated
tau (P-tau) (Blennow et al., 2001; Niemantsverdriet et al., 2017).

Amyloid

Amyloid B is a protein found in the central nervous system (CNS). Its longest
isoform consists of 42 amino acids (AP42) as a result of cleavage of amyloid
precursor protein (APP) by B- and y-secretases (Portelius et al., 2011). Amy-
loid 42 is highly insoluble and aggregates into extracellular AR deposits in
the AD brain. This is detected by decreased levels of AB42 in CSF
(Niemantsverdriet et al., 2017). Furthermore, AB42 is believed to mirror ac-
cumulation of plaques in the brain, thus, the more plaques in the brain, the
less AP42 are left in the CSF. Therefore, studies have commonly found an
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inverse association between CSF AB42 and amyloid plaques accumulation in
the brain (Strozyk et al., 2003). In addition, it has been shown that the ratio
between AB42 and AB40 are better than AB42 alone to identify brain amyloid
deposition in preclinical AD (Janelidze et al., 2016). This ratio also accounts
for individual differences in production of amyloid.

Tau

In patients without AD, tau is a highly soluble protein in neurons (Noble et
al., 2013). In AD patients, an imbalance between kinases and phosphatases
results in a hyperphosphorylation of tau, that eventually leads to intra-
neuronal accumulation into neurofibrillary tangles (NFT). Then, tau and
phosphorylated tau proteins are released into the extracellular space, resulting
in increased tau levels in CSF (Niemantsverdriet et al., 2017).

Neurogranin

Neurogranin is a post-synaptic protein and a marker of synaptic dysfunction.
It has been shown that the density of neurogranin is increased in AD and it is
associated with aggregation of both CSF t-tau and p-tau (Thorsell et al.,
2010), and to cognitive decline (De Vos et al., 2016). Due to its association
with cognitive decline, it has been suggested that neurogranin may be more
related to the disease process of AD than the other core biomarkers described
above (Fyfe, 2015).

Neurofilament light

Neurofilament light chain (NFL) is a neurofilament protein particularly rich
in myelinated axons (Lin et al., 2018). Axonal damage releases NFL into the
CSF, and thus, higher levels of NFL indicate more axonal damage in the
brain. Although NFL have been associated with AD (Mattsson et al., 2017), it
is also related to several other neurodegenerative disorder. Therefore, NFL
may have limited usability as a specific marker of AD. However, high con-
centrations of NFL in preclinical AD may indicate a more rapid disease pro-
gression (Zetterberg et al., 2016).

Preclinical Alzheimer’s disease

The diagnosis of preclinical AD is based on pathological levels of AP and tau
proteins obtained from either CSF or positron-emission tomography (PET) in
persons without cognitive symptoms. Alzheimer’s disease is known for a
long asymptomatic preclinical phase and pathophysiological changes can
occur long before clinical manifestations (Aisen et al., 2017). It has been
suggested that CSF AP may be reduced as long as 20 years before the actual
diagnosis of dementia, while CSF tau can be elevated approximately 15 years
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before the clinical manifestation of AD (Dubois et al., 2016). Thus, in this
preclinical phase individuals with intact cognition can fulfil the pathological
criteria for the disease (DeTure & Dickson, 2019). The prevalence of Af
pathology increases with age and a large meta-analysis of 2,914 participants
aged 18 to 100 years from 55 studies has demonstrated an increase with age
in cognitively normal individuals from 10% at age 50 years to 44% at age 90
years (Jansen et al., 2015). Findings from the H70 Birth Cohort Studies show
that as many as one fourth of cognitively intact 70-year-olds had amyloid
pathology and one third had tau-pathology in CSF (Kern et al., 2018) as clas-
sified according to the A/T/N system criteria (Jack et al., 2016).

Figure 5 shows a version of the Jack’s model (Jack et al., 2013), which is
a widely used model to illustrate the preclinical phase of AD. The black line
illustrates the threshold for when the first detection of biomarkers is poten-
tially possible, and the gray area marks the zone where changes can be de-
tected through biomarkers. According to this model, AP is the first biomarker
to reach above the detection threshold and can first be detected in CSF and
then on PET scans (red dotted line). Then, an acceleration of tauopathy is
proposed to occur, which can be detected in CSF (blue dotted line). Also,
recently, tau-specific tracers have been developed for use with PET scans
(Leuzy et al., 2019; Saint-Aubert et al., 2017). After the increase in tau, neu-
rodegeneration can become detectable by magnetic resonance imaging (MRI)
(purple line), and lastly, cognitive impairment becomes evident (green area),
which severity may depend on the individual’s reserve capacity. This model
has also been described elsewhere (see Jack et al., 2013; Jack et al., 2010).
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Figure 5. A model integrating Alzheimer's disease biomarkers
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The relationship between sleep and dementia

Interestingly, Alois Alzheimer noted in his report that even the first AD pa-
tient, Auguste Deter, had troubles with her sleep as part of her dementia dis-
order. This chapter describes the relationship between sleep and dementia,
and biomarkers of AD and also introduces the apolipoprotein E (4POE) gene
and its function in AD.

Sleep, dementia and markers of preclinical Alzheimer’s disease
Since the discovery of the glymphatic system (Iliff et al., 2012), interest have
grown substantially in studying the association between sleep and AD (see
Fan et al., 2019; Mander et al., 2016; Wang & Holtzman, 2020). This is not
only with the purpose to investigate factors involved in the processes of AD,
but also to find potentially modifiable risk factors for dementia, given the
assumption that certain lifestyle habits may lead to a lower risk of developing
dementia later in life (Baumgart et al., 2015; Edwards III et al. 2019). How-
ever, the relationship between sleep and AD is complex and studies have
shown that poor sleep can be a risk factor for late life dementia (Benedict et
al., 2015; Bokenberger et al., 2017) and cognitive decline later in life (Sindi
et al., 2018), or act as an early symptom of a subsequent dementia disorder
(Prinz et al., 1982; Westerberg et al., 2012). It is, therefore, suggested that the
relationship between sleep and cognition could be bidirectional and poor
sleep can both be a symptom and a contributing factor to dementia (Ju et al.,
2013; Yaffe et al., 2014). A limitation of the relatively few previous studies
with long follow-ups is that dementia diagnoses were based only on registry
data and not from diagnoses based on symptoms from clinical examinations.
Studies have shown that dementia diagnoses from registries often underesti-
mate the prevalence and the incidence of dementia, especially in the early
stages of the disease (Krysinska et al., 2017; Ritchie et al., 2016). Thus, given
the long preclinical phase of dementia, it is difficult for these studies to disen-
tangle whether poor sleep is a symptom of the disease or a risk-factor.

Sleep seems to be involved in the early pathogenesis of AD. Mice models
suggests that AP aggregation increases during sleep deprivation (Kang et al.,
2009) and it has been suggested that metabolic waste products are cleared
faster from the brain during sleep (Xie et al., 2013). This clearance may be
stronger during SWS (Hablitz et al., 2019), although others argue that the
clearance mostly occurs during wakefulness (Gakuba et al., 2018). Similar
findings have been reported in humans where a recent pilot study suggested
that sleep deprivation may rather increase A production than decrease Af
clearance (Lucey et al., 2018). In addition, one study reported increased AP
burden on PET scans after one night of sleep deprivation (Shokri-Kojori et
al., 2018), while another study showed no effect on CSF amyloid deposition
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after five consecutive nights of partial sleep deprivation (Olsson et al., 2018).
Also, a recent study suggested that acute sleep loss increased blood levels of
total tau (t-tau), but not levels of AP or NfL (Benedict et al., 2020).

The associations between sleep disturbances, measured both objectively
and subjectively, and the early biomarkers of AD, have so far only been in-
vestigated in a few epidemiological studies. These studies have linked sleep
disturbances to AD-related neuropathology on PET scans or CSF in cogni-
tively normal individuals (Spira et al., 2013; Liguori et al., 2014; Sprecher et
al., 2015; Sprecher et al., 2017; Winer et al., 2019), and in persons with mild
cognitive impairment (MCI) and severe dementia (Liguori et al., 2014).
However, markers of neurodegeneration and synaptic dysfunction, such as
neurofilament light (NFL) and neurogranin, were not associated with sleep
parameters in one of the studies (Sprecher, 2017). This study was, however,
based on data from a convenience sample. It is, therefore, possible that the
findings were not representative for the general population.

Apolipoprotein E €4, Alzheimer’s disease, and sleep
The €4 allele of the APOE gene is the strongest genetic risk factor for AD
(Liu et al., 2013). The APOE gene includes three polymorphic alleles; €2, €3
and &4. The €2 is believed to be protective against AD, whereas the g4-allele
is a risk factor (Kim et al., 2009). The prevalence of the &4 allele varies by
country, but among AD patients in the Western world, the frequency of the
¢4 allele in both hetero and homozygotes is about 40% compared to 14% in
the general population (Farrer et al., 1997). APOE €4 is believed to influence
AP in several ways through metabolism, clearance and increased AP produc-
tion (Kim et al., 2009).

The APOE €4 allele have in previous studies frequently been specified as
a moderator between lifestyle factors, such as physical activity or diet, and
markers of preclinical AD. Brown et al. (2013) have found that €4 carriers
who were physically inactive had more amyloid deposition than physically
inactive non-carriers. Furthermore, Head et al. (2012) suggested that €4 carri-
ers with a non-active lifestyle could have an increased risk of amyloid depo-
sition. However, previous studies on the relationship between sleep, the 4P-
OE &4 and preclinical AD have yielded mixed results. One study found that
the APOE €4 allele acts as a moderator in the relationship between sleep-
wake cycle and AP accumulation (Hwang et al., 2018), while others found no
interaction (Brown et al., 2016). Furthermore, one study found that better
sleep attenuates the association between the presence of the APOE &4 allele
and both AD incidence and development of tau pathology (Lim et al., 2013).
The reason for these findings may be that the possession of the €4 allele
makes people more vulnerable to the effect of reduced sleep. It is also possi-
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ble that carriership of the APOE ¢4 allele increases the risk for sleep disturb-
ance, as shown in one study (Wang & Lung, 2012).
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Summary of studies

The oldest age groups now constitute the fastest growing segment of the
world population and the number of people aged 80 years and older is set to
increase dramatically worldwide in the forthcoming decades. The demo-
graphical changes make it increasingly important to achieve better under-
standing of the many changes that accompany aging. The overall aim of this
thesis is to enhance our understanding of subjective sleep disturbance and
cognition, which are two major determinants of health in normal and patho-
logical aging. Poor sleep is associated with chronic diseases and all-cause
mortality, while intact cognition is one key component for health and wellbe-
ing in older people. Previous studies on the relationship between poor sleep
and cognition have suggested a complex relationship where poor sleep can be
a risk factor, an early symptom, or even a contributing factor for major cogni-
tive disorder (i.e., dementia). Therefore, to study the relationship between
sleep and dementia is not only important for investigating factors involved in
the processes of AD, but also for finding potentially modifiable risk factors
for dementia. However, both the short- and long-term consequences of sleep
on cognition in the general population is still largely unknown.

Aim of Study |
Studies focusing on time trends of insomnia are rare and most studies have
investigated period effects during the time of examination rather than the
effect of being born in a specific birth cohort. It is of note that most of these
studies show that the prevalence of insomnia and sleep disturbance increase
in cohorts examined during later time periods. Although studies of period
effects are important when studying general population trends, these effects
cannot reveal effects that are specific for a birth cohort or age group. Previ-
ous studies have shown that the large societal and environmental changes
during the last century have positively influenced the general health of older
people born in later-born birth cohorts. Most of these factors are directly or
indirectly related to sleep to a varying degree but it is still not known if these
changes have influenced the prevalence of insomnia in older people. It is,
therefore, possible that the prevalence of insomnia in older age groups is
overestimated. Our hypothesis was that the large environmental influences
over the last decades have positively affected sleep and thus reduced insom-
nia in later-born cohorts.

The specific aim of Study I was to test this hypothesis by investigating if
there were birth-cohort differences in the prevalence of insomnia in older
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adults. Data were drawn from two population-based birth cohorts born up to
three decades apart and followed longitudinally from age 70 to 79 years.

Aim of Study I
It is well known that the incidence of dementia increases with age, but it is
still not clear whether the prevalence of dementia continues to increase after
age 90 years or if it levels off and reaches a plateau in very old age. There are
very few longitudinal studies on cognition after age 95 years and little is
therefore known about the course of dementia in relation to age-related cog-
nitive decline. Also, the decline prior to death, the so-called terminal decline
phenomenon, may be especially important in oldest-old individuals due to
their high mortality rates. It has, however, been suggested that the effect of
cognition on subsequent mortality may even level off among the oldest old.
Only a few studies have hitherto investigated how cognitive level and change
are influenced by impending death and education in this very old age group.
The specific aim of Study II was to examine whether cognitive status
measured by the Mini-Mental State Examination (MMSE) could predict de-
mentia and subsequent mortality in 97-year-olds who were followed over
three years while controlling for their education and sex.

Aim of Study Il

Previous studies have suggested a bidirectional relationship between sleep
and dementia. Poor sleep is assumed to either be a risk factor for dementia
or/and an early symptom of a subsequent dementia disorder. Studies have
also suggested that improving lifestyle factors early in life could decrease the
risk of developing dementia. The preclinical phase of dementia is long which
requires long follow-ups to study if poor sleep represents a potential risk
factor for subsequent dementia. Most previous studies on sleep and dementia
have often used short follow-ups, sex specific samples, or dementia diagno-
ses based only on registry data. Registries are known for both underestimat-
ing the prevalence of dementia and only capturing diagnoses very late in the
disease process.

The specific aim of Study III was to test if poor sleep in midlife and late
life was a risk factor for the development of late-life dementia. We used a
multicenter approach with three population-based studies from Sweden and
Finland.

Aim of Study IV

The causes of AD are still largely unknown which makes it important to
know more about the clinical correlates during the long preclinical phase of
AD. Previous studies on the relationship between sleep and the early bi-

26



omarkers of AD are few and have either been limited to data from conven-
ience samples or clinical samples, which make it difficult to draw conclu-
sions for the general population.

The APOE €4 allele is the strongest genetic risk factor for AD and the
APOE €4 allele moderates the relationship between lifestyle factors and bi-
omarkers of preclinical AD. However, no study has examined the interaction
between APOE e4 and sleep on markers of neurodegeneration or synaptic
dysfunction.

The specific aim of Study IV was to investigate the associations between
subjective sleep disturbance and CSF markers of amyloid plaque accumula-
tion (Ap42), AD-type neurodegeneration (t-tau, p-tau), neuronal injury (NfL),
and synaptic dysfunction (neurogranin) in a large population-based sample of
70-years-olds free from dementia. In addition, we tested possible moderating
effects of the APOE e4-allele.
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Methods

Participants

All data, except for the multicenter Study III, were derived from the Gothen-
burg H70 Birth Cohort Studies. Study III also comprised data from studies in
Stockholm and Finland.

The Gothenburg H70 Birth Cohort Studies (H70 studies) are an ongoing
multidisciplinary epidemiological study examining representative birth co-
horts of older populations in Gothenburg, Sweden. The first study started in
1971, with those born 1901-02 (Studies I and III), and the latest cohort born
1944 is currently examined at age 75 (Study IV). The examinations have
been nearly identical across studies to enable comparisons between cohorts.
Samples were drawn systematically, based on birth dates, from the Swedish
Population Register, which contains names and addresses of all people living
in Sweden. Samples were 70-years-olds in Gothenburg and included both
those living at home and in institutions. The H70-studies have been previous-
ly described in detail (see Rydberg Sterner, Ahlner, Blennow, Dahlin-Ivanoft,
Falk, Havstam Johansson, Hoff, Holm, Hérder, et al., 2019).

Examinations and interviews

Psychiatric examinations were carried out by psychiatrists in the 1970s, and
by psychiatric nurses at the examinations in the 2000s. The examinations
included ratings of psychiatric symptoms and signs, tests of mental function-
ing, aphasia, apraxia, agnosia, executive functioning, and personality chang-
es. Key-informant interviews were performed by psychiatric research nurses
as previously described (see Rydberg Sterner, Ahlner, Blennow, Dahlin-
Ivanoft, Falk, Havstam Johansson, Hoff, Holm, Horder, et al., 2019).

Primary outcomes

Sleep

Measures of sleep were derived from questions during the psychiatric exami-
nations, and reduced sleep and increased sleep was derived from the Com-
prehensive Psychopathological Rating Scale (CPRS). The CPRS has been
shown to have good reliability among older people (van der Laan et al.,
2005).

Reduced sleep (Studies I, 111, IV) was assessed with the question “Do you
experience reduced sleep duration or lighter sleep than usual?” Responses
included “normal sleep, difficulty initiating sleep, difficulty maintaining
sleep, lighter or disturbed sleep without external influence, and less than three
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hours sleep per night.” This question was dichotomized into normal sleep
versus insomnia symptoms. This question was also assessed in both H70 and
the Kungsholmen Project (KP) in Study III.

Increased sleep (Study 1V) was assessed with the question “Do you experi-
ence increased sleep or heavier sleep than usual?” Responses included “long-
er sleep duration or heavier sleep than normal, considerably earlier initiating
sleep, waking up considerably later (several hours) than normal, or spending
most of the day sleeping.” This question was dichotomized as increased sleep
or no increased sleep.

Sleep medication (Studies 1, 111, IV) was addressed with the question “Do you
use sleep medication?”” Responses included “no, less than once a week, 1-2
times a week, 3—5 times a week, and almost every night or every night.” This
question was dichotomized as no sleep medication (no medication, less than
one times a week), and sleep medication (1-2 times a week, 3-5 times a
week and almost every night or every night).

Sleep satisfaction (Study I) during the past month was addressed with the
question “Are you satisfied with your sleep?” Responses included “satisfied,
not entirely satisfied, or not at all satisfied with sleep with or without sleep
medication”. This question was dichotomized into satisfied with sleep (with
or without sleep medication) or dissatisfied with sleep (not entirely, not at all,
with or without sleep medication).

Sleep duration (Studies I, III) was addressed with a question on average
hours of sleep per night.

Initial insomnia (Study I1I) was addressed with the question “Do you have
trouble initiating sleep?”. Responses included yes or no.

Terminal insomnia (Study III) was addressed with the question “Do you
wake up early in the morning?”” Responses included yes or no.

The criteria for insomnia in Study I were based on insomnia disorder de-
scribed in the Diagnostic and Statistical Manual of Mental Disorder 5th edi-
tion (DSM-5) (American Psychiatric Association, 2013). Insomnia disorder,
according to DSM-5, includes measures on clinically significant distress and
impairment in important areas of functioning but this information was miss-
ing in the H70 study. The insomnia diagnosis required the subject to meet the
criteria for both dissatisfied with sleep and reduced sleep.

Cognitive status

In Study II, MMSE (Folstein et al., 1975) was used to assess cognitive status.
The MMSE is the most widely used screening tool for cognitive status in
older ages (Tombaugh, 2005). Both the serial sevens and backwards spelling
of the word “Konst” (Swedish word for art) was included in the test, but only
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the higher of these sub-scores was counted in the total score. The maximum
score was 30 points. Zero scores were given if individual items were refused.

Dementia

Dementia was diagnosed by geriatrics specialist psychiatrists based on data
from the psychiatric examination and the key-informant interview. The final
diagnosis was made if the participant had dementia according to both sources
of information or if there was clear evidence of dementia from one source
and sub-threshold symptoms in the other.

In Studies II and IV, dementia was diagnosed according to the DSM-III-R
(American Psychiatric Association, 1987) and in Study I, dementia was diag-
nosed according to old Roth-criteria (Kay et al., 1964), which were common-
ly used in the 1970s. Dementia, according to Roth’s, is defined as “impair-
ment of short-term or long-term memory or impaired orientation, when no
clouding of consciousness can be observed,” and has been described else-
where (Wancata et al., 2007). In 2000, it was possible to compare old Roth-
criteria with dementia diagnoses based on the DSM-III-R (American
Psychiatric Association, 1987). The kappa-value for the agreement between
Roth- and DSM-III-R-criteria was K=0.81 (Wancata et al., 2007).

For Study III, dementia was diagnosed according to DSM-IV in The Car-
diovascular Risk Factors, Aging and Dementia Study (CAIDE) and DSM-III-
R in H70 and Kungsholmen Project (KP).

CSF-measures

For the CSF data in Study IV, a lumbar puncture was performed. All assays
were included in the clinical routines at the MoIndal Clinical Neurochemistry
Laboratory. Analytic runs had to pass quality control criteria for the calibra-
tors, and internal quality control samples had to be approved. This procedure
has been previously described in more detail (see Kern et al., 2018). In Study
IV, AP42 was analyzed in ratio to AP40 as it has been shown that
AP42/AB40 are better than AP42 alone to identify brain amyloid deposition
in preclinical AD (Janelidze et al., 2016). This ratio also accounts for indi-
vidual differences in production of amyloid.

Control variables
Apolipoprotein E
In Studies III and VI, the single nucleotide polymorphisms (SNPs) rs7412

and rs429358 in APOE (gene map locus 19q13.2) were genotyped with the
KASPar PCR SNP genotyping system (LGC Genomics, Hoddesdon, Herts,
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UK). Genotype data for these two SNPs were used to define the €2, €3, and
€4 alleles, as described previously (see Kern et al., 2018).

Depression

In Study I, diagnoses of major depression was made according to DSM-5
(American Psychiatric Association, 2013), and in Study IV, minor depression
were diagnosed according to DSM-IV-TR criteria (American Psychiatric
Association, 2000), using an algorithm, as described previously (Wiberg et
al., 2013). The diagnoses were based on symptoms during the month preced-
ing the examination.

Diabetes
In Study IV, Diabetes mellitus was defined as past or present treatment with
insulin or oral antidiabetic drugs.

Education

In Studies I and II, level of education was dichotomized as compulsory (six
years if born 1901-07, and seven years if born in 1930 and 1944) versus
more than compulsory education. Years in education was used in Study III
and IV.

Health indicators

In Study I, we used a variable of 13 health indicators: self-rated health, phys-
ical inactivity during the last year, current angina pectoris, bronchitis, smok-
ing, intermittent claudication, history of myocardial infarction, stroke, asth-
ma, cancer, diabetes mellitus, and osteoarthritis. All items were summed up
and were then divided by the number of items with complete answers. It was
necessary to have complete answers in at least seven out of 13 items to be
included in the analyses.

History of cardiovascular events

In Study IV, heart diseases included present or past heart failure, myocardial
infarction or angina pectoris. The diagnosis of myocardial infarction was
based on a self-report or the presence of major or moderate Q-waves on ECG
(MC 1-1-1 to 1-2-5 or 1-2—7). The diagnosis of angina pectoris was based
on self-report or chest pain according to the ROSE questionnaire (Rose,
1962). The diagnosis of heart failure was based on a self-report.

Hypertension

In Studies I, 11, and IV, blood pressure was measured in the right arm after
five minutes rest in the seated position with a manual sphygmomanometer. A
12-lead ECG was performed and coded according to the Minnesota Code
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(MC). Hypertension was defined as systolic blood pressure > 140 or diastolic
blood pressure > 90 or present treatment with antihypertensive medication, as
described previously (see Rydberg Sterner, Ahlner, Blennow, Dahlin-Ivanoft,
Falk, Havstam Johansson, Hoff, Holm, Horder, et al., 2019).

Years to death

In Study I, years to death was defined as the number of years between exami-
nation and death. To allow comparison between the cohorts, the maximum
years for subsequent death was set to five years.

Statistical analyses

For Studies I, II and III, the statistical analyses were carried out using a fre-
quentist approach and the analyses in Study IV was based on a Bayesian
framework. Since this is a single age cohort, age is approximately the same as
time in study and was centered at the baseline age for Studies I, II.

For studies I and II, growth curve models were fitted to the data to test the
relationship between the outcome variable and predictors. Laird and Ware
first introduced multilevel models on longitudinal data in their paper Ran-
dom-Effects Models for Longitudinal Data (1982). They analyzed the data
using measurements occasions as level-one units and individual subjects as
level-two units (Snijders & Bosker, 2012). In these models, every subject has
their own growth curve and these models are therefore often called growth
curve models. Growth curve models are flexible and can be assessed both on
datasets where data are measured at different sets of time points, or when
data on some individuals are missing. There are several types of reasons for
missing data and missing data is commonly classified as: missing completely
at random (MCAR), missing at random (MAR), and missing not at random
(MNAR). Sterne et al. (2009) defined MCAR as no systematic differences
between missing and observed values, MAR as when differences between
observed and missing values can be explained by differences in the observed
data, while MNAR occurs when the differences between observed and miss-
ing data remain even after the observed data is taken into consideration

In this thesis, the models were run under the assumption that the missing
data points were MAR. Any incomplete data were analyzed using maximum
likelihood estimation. In this method, the estimated value is the parameter
that is most likely to have resulted in the observed data (Cham et al., 2017).

Study |

Logistic growth curve models were fitted to the data to test the relationship
between the outcome variable insomnia and predictors. All predictors were
modeled as fixed effects and all models included a random intercept. The
earlier-born birth cohort (1901-07) and male sex were coded as reference
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categories in all models. The first model had insomnia (yes or no) as outcome
variable, and sex, age, birth cohort as predictors. Interactions between age
and sex, age and birth cohort, and birth cohort and sex were tested. Education
and major depression were controlled for in a second model, and years to
death and health indicators were added in the last model. Major depression,
years to death and health indicators were modeled as time-varying covariates.

Study II

Growth curve models were fitted to the data to model the linear relationship
between MMSE score and predictors. All predictors were modeled as fixed
effects, and all models included a random intercept and slope. Interactions
between predictors were tested during model building and were kept in the
model if significant. Dementia groups were defined according to dummy
coding using participants free from dementia at age 100 as the reference
group and dementia status at each examination was modeled as a time-
varying covariate. The score for MMSE from age 97 to 100 was used as the
outcome variable. In Model 1, the predictors were age, dementia status, alive
or dead at age 100, while controlling for sex and education, and interactions
between predictors and age were tested. In Model 2, the predictors were age,
and dementia status while controlling for sex, education, and the interactions
between predictors and age.

Study Il

Hazard regression models were fitted to the data using Gompertz distributed
baseline intensity for the long follow-up analyses. Ending time was time of
event or time of censoring. Censoring was defined as time of death or end of
follow-up while ending time was specified as age in days. In the short follow-
up analyses logistic regressions were used to analyze the associations be-
tween the predictor baseline sleep disturbances and the outcome variable
dementia. In Model 1, age, sex, education, follow-up time, and study were
adjusted for. However, since age and follow-up time are included in the basic
specification of time for the hazard regression model, this model was only
adjusted for sex and education. Model 2 was additionally adjusted for alcohol
consumption, smoking, physical activity, and cohabitant status. Model 3 was
additionally adjusted for cardio and cerebrovascular conditions and hypnot-
ics, and Model 4 was additionally adjusted for hopelessness while Model 5
was additionally adjusted for APOE €4. Model 5 was not fitted to the CAIDE
data as information about the APOE genotype was not available.
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Study IV

Linear multiple regression models were fitted to the data using the Bayesian
framework. Bayesian statistics is a method that uses Bayes' theorem, which is
often described as the probability of an event, based on previous knowledge
that is associated with the event, the so-called prior probability (van de
Schoot et al., 2014). In this study, low-informative prior distributions were
used.

In the first set of models, CSF data were modelled as the outcome variable
and sleep measures were modelled as predictors while controlling for sex,
education, time between psychiatric interview and lumbar puncture, major
depression, history of cardiovascular events, stroke, BMI, and diabetes. The
parameter estimates were derived through a numerical approximation using a
Markov Chain Monte Carlo (MCMC) using Gibbs sampling in JAGS
(Plummer, 2003). In the next set of models, the interaction between each
sleep measure and APOFe4-status were included. Sleep measures and APO-
Ee4d-status were dummy coded using non-4POFEe4-carriers without sleep
disturbances as the reference group. The 95% highest density intervals (HDI),
defined as the interval enclosing 95% of the highest probability density of the
marginal posterior distributions, were included.
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Study samples
Study |

1901-07-cohort

In 197677, a sample of all 70- and 75-year-olds from Gothenburg born in
190607 or 1901-07 from July 1 to June 30 on dates ending with 2, 5, or 8
were examined. Participants were randomly numbered consecutively from
one to five. Those with numbers 1 and 2 were selected to take part in a psy-
chiatric examination (n = 901). Among those, 724 were examined at baseline
(response rate 80.4%). These comprised 421 70-year-olds (241 women and
180 men) and 303 75-year-olds (117 men and 186 women) (see Nilsson &
Persson, 1984; Persson, 1980). Individuals with dementia (n = 8 at age 70
and 15 at age 75) or with missing data on sleep variables (n =22 at age 70 and
5 at age 75) were excluded leaving 391 70-year-olds (217 women and 174
men), and 283 75-year-olds (175 women and 108 men). The 70- and 75-year-
olds were re-examined at age 79 (n = 421, 267 women and 154 men). Indi-
viduals with dementia (» = 21) or missing data on sleep variables (n = 11) at
follow-up were omitted from the analyses, leaving 389 individuals (148
women, 141 men).

1930-cohort

In 200001, a sample of all 70-year-olds from Gothenburg born 1930 on days
3,6, 12, 18, 21, 24 or 30 of each month were invited (n =896). Five people
were excluded as they could not be traced, 12 could not speak Swedish, 14
had emigrated from Sweden, and 13 died before participating; leaving an
effective sample of 852 individuals. Among those, 604 individuals (361
women and 243 men) agreed to participate in the study (response rate
71.1%). At follow-up at age 75, this birth cohort was further extended to also
include individuals born on days 2, 5, 11, 16, 20, and 27 (r = 1,250). Among
those, 851 individuals (528 women and 323 men) agreed to participate in the
study (response rate 68%) (see Beckman et al., 2008; Thorvaldsson et al.,
2017). Individuals with dementia at age 75 (n = 50) or with missing data on
sleep variables (n = 95) were omitted from the analyses, leaving 706 individ-
uals (354 women and 271 men). This birth cohort was also examined at age
79 (n = 662, 404 women, 258 men). Individuals with dementia (n = 40) or
missing data on sleep variables (n = 19) were omitted from the analyses,
leaving 603 individuals (363 women and 240 men).
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Study Il

All 97-year-olds living in Gothenburg, Sweden and born between July 1,
1901 and December 31, 1909 were invited (n = 973, 156 men and 817 wom-
en). Of those, eight individuals were excluded as they could not speak Swe-
dish, four had emigrated, two could not be traced and 48 died before they
could be contacted, leaving 911 (147 men and 764 women) eligible for the
study (see Andersson et al., 2012). Among those, 591 (107 men and 484
women, response rate 65%) participated at baseline. Participants were re-
examined at ages 99 and 100 years.

More than two thirds of the baseline sample died during the study period.
Loss to death was especially frequent among men and among those with de-
mentia. Of the 270 individuals without dementia at baseline, one fourth were
free from dementia, 12% had developed dementia, and more than half of the
sample had died at age 100.

Study Il

H70

In this study, we used data from the cohort born in 1930, examined at ages
70, 75, and 79 years and described above. At baseline, 875 individuals were
invited. After excluding individuals who died, could not be traced, could not
speak Swedish, or had emigrated, an effective sample of 827 individuals re-
mained. Among those, 579 agreed to participate in a psychiatric examination
(response rate 70.0%). We excluded 16 individuals who either were diag-
nosed with dementia at baseline or had missing information on independent
variables. Of the 563 individuals examined at baseline, 405 were re-examined
at age 75 years (in 2005-2006) and 332 at age 79 years (in 2009-2010). In
total, 437 participants were included in the longitudinal analyses.

The Kungsholmen Project

The Kungsholmen Project (KP) was carried out among older adults aged 75
years living in the Kungsholmen district of Stockholm, Sweden. Individuals
born before 1913 were invited to participate in the initial examination, which
was conducted between 1987 and 1989. At baseline a total of 2,368 individu-
als were invited and 1,810 participated. Three follow-up examinations were
conducted approximately every three years until 1998, providing up to nine
years of follow-up (see Fratiglioni et al., 1992).

The initial sample comprised 1,810 individuals, and 668 performed the
clinical examinations. We excluded 220 individuals due to dementia, 24 sub-
jects refused participation at baseline and 188 individuals had missing infor-
mation on covariates leaving 306 individuals.
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CAIDE

CAIDE was carried out in Finland and participants were first examined at
midlife within the North Karelia Project and the FINMONICA study. Base-
line assessments took place in: 1972, 1977, 1982, or 1987 (see Puska, 2010).
Baseline participation rates ranged between 82% and 90%. In 1998, a random
sample of 2000 survivors, aged 65 to 79 years, living in the cities of Kuopio
and Joensuu, were invited for the first re-examination. In total, 1,449 individ-
uals participated, and 1,409 completed the cognitive assessments. The mean
follow-up time was 21 years. A total of 1,409 individuals completed the cog-
nitive assessments at baseline. Participants returned for a second re-
examination between 2005 and 2008, on average 10 years after the first reex-
amination. When invited, 909 of them accepted to participate, and 852 com-
pleted the cognitive assessment. In total, 1,511 individuals participated in at
least one re-examination, and 750 participated in both. After excluding par-
ticipants with missing data on sleep or other independent variables, 1,407
were included in the analyses with baseline in midlife, and 703 participants
were included in the analyses with baseline in late life.

Study IV
All men and women born 1944 on dates ending with 0, 2, 5, or 8, and regis-
tered as residents in Gothenburg were eligible for participation. Among those
eligible, 29 individuals died before the examination, 32 had moved from
Gothenburg, 53 could not speak Swedish, and 58 could not be traced, leaving
an effective sample of 1,667 individuals who were invited to participate in
the study. A total of 1,203 (response rate 72.2%; 559 men and 644 women;
mean age 70.5 years) agreed to participate in the study (see Rydberg Sterner,
Ahlner, Blennow, Dahlin-Ivanoff, Falk, Havstam Johansson, Hoff, Holm,
Horder, et al., 2019).

Of the total 1,203 participants, 430 (35.8%) consented to a lumbar punc-
ture. 108 had contraindications, seven individuals were excluded due to de-
mentia leaving 315 for the analyses.
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Main results

The main results from the four papers in the thesis are presented below. See
also reprinted publications in the appendix at the end of this thesis for de-
tailed results.

Study |

Prevalence

Results from the growth curve models revealed that the later-born cohort had
lower odds for insomnia at age 70, OR = 0.52, 95% CI [0.31, 0.88], but the
prevalence of insomnia increased with age in the later but not in the earlier-
born birth cohort, OR = 1.14, 95% CI [1.08, 1.21]. Adding explanatory vari-
ables did not largely affect any of the main findings from the first model (see
appendix I). The prevalence of insomnia in the two birth cohorts at ages 70,
75 and 79 is also shown in Figure 6.

Figure 6. Prevalence of insomnia in two birth cohorts of 70-year-olds followed until age 79
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Sex differences

Women had higher odds ratio for insomnia compared to men, OR = 2.95,
95% CI [1.92, 4.54]. There was also an interaction between sex and birth
cohort, OR = 0.55, 95% CI [0.32, 0.95]. This finding may be interpreted in
two ways; a larger cohort difference among women than among men and that
sex differences were less pronounced in the later-born birth cohort. The prev-
alence of insomnia as stratified by sex is shown in Figure 7.

Figure 7. Prevalence of insomnia in two birth cohorts of 70-year-olds followed until
age 79 as stratified by sex.
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Study I

Dementia prevalence

The prevalence of dementia was 54.3% at age 97 (32.7% in men, 59.1% in
women), 60.9% at age 99 (45.3% in men, 63.7% in women) and 55.7% at age
100 (34.6% in men, 58.9% in women).

MMSE score from age 97 to 100 years in relation to dementia and mortality.
Those with dementia between ages 97 and 100 years had lower MMSE score
compared to those without dementia, —11.02, 95% CI [-11.96, —10.09].
Those who died between age 97 and 100 years had lower MMSE score com-
pared to those who survived, —2.75, 95% CI [-3.90, —1.60]. Men, 2.16, 95%
CI [0.76, —3.55] and those with higher level of education, —2.08, 95% CI
[1.03, 3.13] had higher MMSE scores. There was no interaction between age
and any of the predictors.
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MMSE score from age 97 to 100 years in survivors to age 100 in relation to
age at onset of dementia

Figure 8 shows estimated mean MMSE scores in survivors at age 100 in rela-
tion to age at onset of dementia. The group with dementia at baseline had
lowest MMSE scores, —14.10, 95% CI [-16.14, —12.06]. However, MMSE
score at baseline did not significantly differ between those free from demen-
tia during the three-year follow-up compared to those who developed demen-
tia, —1.47 95% CI [-3.7, 0.8]. All groups declined over time but the group
with dementia at baseline, —1.15, 95% CI [-1.94, —0.42], and those who de-
veloped dementia, —1.94, 95% CI [-2.75, —1.13] had steeper slopes compared
to those who were free from dementia during the study period.

Figure 8. Estimated mean MMSE score from age 97 to 100 in relation to age at onset
of dementia
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Study Il

Midlife insomnia

Parameter estimates from the final models in the hazard and logistic regres-
sion are shown in Table 2. The long follow-up analysis using the CAIDE
dataset showed that insomnia in midlife was related to an increased risk of
developing dementia later in life, HR = 1.24, 95% CI [1.02, 1.50].

Terminal insomnia and sleep duration in late life

The analyses combining both the CAIDE and H70 datasets revealed that ter-
minal insomnia, OR = 1.94, 95% CI [1.08, 3.49] and long sleep duration, OR
= 3.98, 95% CI [1.87, 8.48] were related to an increased risk of developing
dementia. Short sleep duration was not associated with an increased risk of
developing dementia, OR = 0.74, 95% CI [0.36, 1.53].

Table 2. Associations between sleep parameters and dementia risk in final models

Parameter Studies Estimates

Midlife insomnia CAIDE 1.24[1.02-1.507]
Initial insomnia in late life H70 0.53 [0.15-1.901°
Terminal insomnia in late life CAIDE, H70 1.94 [1.08-3.49]°
Reduced sleep in late life KP, H70 0.93[0.81-1.077°
Short sleep duration H70 0.74 [0.36-1.53]°
Long sleep duration H70 3.98 [1.87-8.48]°

Notes: *Hazard Ratio from hazard regression models, "Odds ratio from logistic regression models
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Study IV

Since this contains unpublished results this section has been condensed. For
more information see appendix IV.

Associations between sleep measures and AB42/AB40-ratio

Associations between increased sleep, reduced sleep and sleep medication
with the CSF markers are shown in Table 3. Both increased and reduced
sleep and sleep medication were associated with lower AB42/AB40-ratio. The
associations between sleep variables and the other CSF markers were smaller
(see appendix V).

Table 3. Estimated associations between subjective sleep measures and AB42/AB40
ratio as derived from the linear multiple regression models

Parameters n Standardized effect size 95% HDI*
Af342/4/340

Increased sleep 204 -0.18 [-0.33; —0.01]
Reduced sleep 268 -0.14 [-0.25; —0.03]
Sleep medication 283 —0.15 [-0.27; -0.04]
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Associations between sleep measures and CSF markers by APOEg4-status
Figure 9 shows the relationship between reduced sleep and CSF markers
stratified by APOEe4-status. Reduced sleep was associated with lower
AP42/AB40-ratio and higher t-tau, p-tau, and neurogranin among APOEe4-
carriers, but not among non-carriers.

Figure 9. Reduced sleep in relation to AB42/AB40-ratio, t-tau, p-tau, and
neurogranin and stratified by APOEe4-status
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General Discussion

Summary of main findings

The overall aim of this thesis was to increase our understanding of subjective
sleep disturbance, cognition, and dementia in old age and to investigate the
relationship between sleep disturbances and dementia and biomarkers of AD.

Study I was a longitudinal birth-cohort study investigating differences in
insomnia prevalence between two birth cohorts examined three decades
apart. We found that the prevalence of insomnia was lower among 70-year-
olds examined in the later compared to the earlier-born birth cohort. The
prevalence of insomnia increased with age in the later but not in the earlier-
born cohort. In addition, insomnia was more common in women than in men,
but the sex difference was less pronounced in the later-born birth cohort.

Study II was a longitudinal study evaluation level and change in cogni-
tive status measured by the MMSE. We found that the MMSE score at base-
line was related to dementia at baseline, but not to development of dementia.
While both dementia and subsequent mortality were related to the MMSE
score it declined with age in all groups, including those who stayed free from
dementia during the whole study period. In addition, higher level of educa-
tion was associated with higher MMSE scores, but not with cognitive change.
Also, the prevalence of dementia was stable from age 97 to 100.

Study III was a multicenter study investigating the associations between
sleep disturbances in mid- and late-life and risk of dementia. We found that
midlife insomnia was associated with an increased risk of developing demen-
tia later in life. Terminal insomnia and longer sleep duration in late life was
associated with an increased risk for dementia.

Study IV was a cross-sectional study investigating the associations be-
tween sleep disturbances and CSF markers of AD and the moderating effect
of the APOFEA4 allele. We found that reduced sleep, increased sleep, and tak-
ing sleep medication were associated with markers of amyloid plaque accu-
mulation (Ap42/40-ratio). Among APOFE¢e4-carriers, reduced sleep was asso-
ciated with markers of AD-type neurodegeneration (t-tau, phosphorylated
tau) and synaptic dysfunction (neurogranin).

Interpretation of the main findings
Time trends in sleep

Our finding from Study I that later-born birth cohorts showed a lower preva-
lence of insomnia at age 70 in comparison to earlier-born cohorts may seem
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unexpected when compared to studies of time trends in younger ages. In fact,
previous studies in younger populations have reported that the prevalence of
insomnia (Calem et al., 2012), sleep complaints, and sleeping problems
(Santos-Silva et al., 2010) were higher and sleep duration shorter (Kronholm
et al., 2008) in cohorts examined more recently and during later time periods.
Most previous studies on time trends of sleep problems are conducted
through surveys with large age ranges for the whole population during a spe-
cific time period. These studies may be highly influenced by period effects
besides the effect of birth cohort and may not reveal changes that are specific
for a birth cohort in older age groups. Birth cohort effects in older people
may, therefore, be hidden due to the fact that people slept worse during that
particular time period. Interestingly, both Calum (2012) and Pallesson (2014)
have found time trends that suggests that older age was related to more sleep
problems. It is likely that this reflects an age effect and that sleep problems
are more common in older ages, rather than that later-born cohorts of older
people slept worse. An age effect in our study was that insomnia increased
with age in the later-born cohort. The pattern of time trends found in previous
studies could indicate an increase in work-related stress, or shiftwork, during
later time periods affecting sleep more in younger adults compared to in older
ages, where a larger proportion are retired.

We also found that the cohort differences in insomnia prevalence at age
70 had disappeared by age 79 years. This is similar to studies on cognition,
where later-born cohorts performed better at age 70, but had a greater cogni-
tive decline with age (Karlsson et al., 2015; Thorvaldsson et al., 2017). One
possible explanation of these findings relates to survival effects, where it
could be assumed that those who survived to age 70 in the earlier-born co-
horts was a more selected group of survivors in comparison to survivors from
later-born birth cohorts. In Sweden, the proportion who lived to age 70 in-
creased from 60% of men and 80% of women in the earlier-born cohort to
78% of men and 86% of women in the later-born cohort (Statistics Sweden,
2018). The later-born cohort could, therefore, be more sensitive to age-related
disorders associated with insomnia between age 70—79 and could, therefore,
have experienced more sleep problems during this period.

Another possible explanation is that later-born cohorts simply develops
insomnia at a later age compared to earlier born cohorts. This could be ex-
plained in relation to the compression of morbidity hypothesis (Fries, 1980;
Fries et al., 2011), which propose that age at onset of chronic diseases is
postponed in later-born cohorts. The period of morbidity is, therefore, likely
compressed to a shorter time period. Thus, the age-related increase of insom-
nia may be postponed in later-born cohorts and then compressed into a short-
er time period.
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Cognitive status — Dementia, cognitive reserve and terminal decline

The finding that MMSE score at baseline was related to dementia at baseline,
but not to development of dementia is in line with a previous study, that
found that cognitive impairment in the preclinical phase of dementia may be
more severe in younger old compared to older old ages (Backman et al.,
2005). Kliegel and Sliwinski (2004) have suggested that intraindividual vari-
ability in the different subscales of MMSE is a better predictor of subsequent
cognitive decline, in comparison to mean level of performance. We did not,
however, test the intraindividual differences across the domains of MMSE in
this thesis.

A common question is whether or not dementia is an inevitable effect of
aging. We found that the prevalence of dementia among 97-year-olds was
54.3 % (59% in women and 33% in men), with no major changes over three
years. This is in line with previous studies that have suggested that the preva-
lence of dementia levels off and reaches a plateau in very old age (Kliegel et
al., 2004; Ritchie & Kildea, 1995). Our finding may also be explained by the
high mortality rates among older people with dementia (Aevarsson et al.,
1998; Borjesson-Hanson et al., 2007; Yang et al., 2013), which could result
in the prevalence levelling off. According to Johansson and Zarit (1995), the
high mortality rates in individuals with dementia in the oldest ages counter-
balances the high incidence rates, resulting in a lower prevalence than other-
wise would be the case. Moreover, studies of supercentenarians, aged 110
years and above, have suggested that normal aging without progressive cog-
nitive decline is indeed possible (den Dunnen et al., 2008). In fact, the person
with the longest documented lifespan, Jeanne Calment (1875-1997) of
France, lived to the age of 122 years. She was psychometrically assessed at
age 118 where it was found that she performed comparable to a similarly
educated person aged 80 years (Ritchie, 1995). Ritchie and Kildea (1995)
stated that dementia may be better conceptualized as an "age-related" (i.e.,
occurring within a specific age range) rather than as an "aging-related" disor-
der (i.e., caused by the aging process itself).

Perhaps not surprising, but still remarkable, is the finding in Study II, that
level of education affected MMSE score also in these old ages, more than
eight decades after it was achieved. We found that higher education was as-
sociated with increased overall MMSE scores in all models. One possible
explanation could be related to the cognitive reserve hypothesis, according to
which individuals with higher education are assumed to be able to cope better
with brain pathologies and, therefore, experience a more intact cognition later
in life (Stern, 2002, 2009). However, we did not find any association between
education and cognitive change. It is possible that once an individual with a
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higher reserve capacity starts to decline, they may already have developed
more severe brain pathology than those with less reserve capacity and may,
therefore, have proceeded further along the disease process. In contrast, indi-
viduals with less reserve capacity may have started their decline earlier dur-
ing the process. It is, therefore, possible that individuals with a higher reserve
capacity also experience steeper decline once they begin to decline
(Thorvaldsson et al., 2017). Higher education has been suggested as protect-
ing against cognitive decline in some studies (Christensen et al., 2009; Stern,
2002), but several recent studies have suggested that education increases
cognitive performance, but does not protect against cognitive decline thereaf-
ter (Cadar et al., 2017; Lovden et al., 2020; Piccinin et al., 2013; Seblova et
al., 2020).

In relation to the birth-cohort effects found in Study I, it is possible that
later-born cohorts have gained a larger reserve capacity due to multiple envi-
ronmental and societal improvements during the last decades. Several studies
have suggested that later-born cohorts perform better on cognitive tests, the
so-called “Flynn Effects” (Flynn, 1984), which have also been seen in older
age groups (Karlsson et al., 2015; Sacuiu et al., 2010; Thorvaldsson et al.,
2017). In addition, other factors that are strongly related to sleep, such as
depressive burden and neuroticism have decreased in later-born cohorts
(Rydberg Sterner, Gudmundsson, et al., 2019). A plausible explanation is
therefore that the general improvement in living conditions has led to im-
proved overall health, which may contribute to the observed cohort differ-
ences concerning sleep.

A decrease in function during the last years of life is common and may
occur in several domains, including cognition (Hulur et al., 2016), and this
phenomenon is commonly referred to as terminal decline (Kleemeier, 1963;
Palmore & Cleveland, 1976; Riegel & Riegel, 1972; Siegler, 1975). Riegel
and Riegel (1972) have suggested that death may strike more randomly at
older ages and that the differences in cognition between survivors and non-
survivors, therefore, are less pronounced in the oldest-old ages. However,
other studies have reported limited evidence for this claim (Thorvaldsson et
al., 2006). Kliegel et al. (2004) found an accelerated cognitive decline prior
to death in their study on centenarians, but this effect was rather small. This
is similar to our results in Study II, where the group who died within the
study period had lower MMSE-scores and a somewhat (although not statisti-
cally significant) steeper slope.

It has also been discussed whether birth-cohort effects could affect the pe-
riod of terminal decline. Hiilur et al. (2016) have listed three possible scenar-
ios of terminal decline in relation to birth cohort effects, as shown in Figure
10. The first scenario is that cohorts do not differ in onset of decline, but that
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later cohort shows slower declines over time. The second scenario is that
cohorts do not differ in rate of decline, but that later cohorts show a later
onset of decline. The third scenario is that later cohorts experience a later
onset of decline and show steeper declines thereafter. The latter is in line with
the findings from Study I, where later-born birth cohorts had lower preva-
lence of insomnia at age 70, but where no differences between the cohorts
were found nine years later.

Figure 10. Three scenarios for cohort differences late in life.

Scenario 1 Scenario 2 Scenario 3

Notes: Adapted and illustrated by the author from Handbook of Theories of Ageing, Chapter
Terminal Decline (Hulur et al., 2016)

Sleep, biomarkers and dementia associations

The results from Study III and IV give additional support to the now growing
number of studies that have found an association between sleep disturbances
and the early processes of AD or manifest dementia (Kang et al., 2009;
Mander et al., 2015; Spira et al., 2013; Spira et al., 2014; Sprecher et al.,
2015; Sprecher et al., 2017; Xie et al., 2013). There are several possible ex-
planations for these findings. First, poor sleep could be an early risk factor for
development of dementia later in life, which has been suggested in some
studies (Benedict et al., 2015; Bokenberger et al., 2017). Secondly, poor sleep
could also be an early symptom of a dementia disorder (Prinz et al., 1982;
Westerberg et al., 2012). The design of Study III and IV limits such causal
inferences. However, although the preclinical phase of dementia is long, it is
not likely that the finding in Study III, that insomnia in midlife was associat-
ed with development of dementia in late life is due to early processes or of
being a symptom of AD. It is possible that poor sleep in midlife is one of the
so-called modifiable lifestyle risk factors for dementia (Edwards III et al.,
2019). This may turn up to be a promising finding since this implies that pre-
vention may be possible. It is, however, possible that the finding in Study III

50



shows that terminal insomnia later in life and long sleep duration may be an
early symptom of the disease. This could indicate that different types of sleep
problems play different roles in relation to the dementia process during the
life course.

The findings in Study IV, that reduced sleep and increased sleep were as-
sociated with lower levels of A in participants without dementia, is similar
to findings from a convenience sample (Sprecher et al., 2017), and with find-
ings on PET scans, where poor sleep, measured objectively and subjectively
have been associated with markers of amyloid burden (Spira et al., 2013;
Spira et al., 2014; Sprecher et al., 2015). This might indicate that poor sleep
plays a role in the early processes of AD by decreased clearance of A
(Shokri-Kojori et al., 2018; Xie et al., 2013), but also by an increased produc-
tion of AP during sleep deprivation (Lucey et al., 2017). Both these processes
could lead to an accumulation of AP and formation of amyloid plaques that
eventually leads to AD. Given the long preclinical phase of AD, it is difficult
to draw conclusions as to whether these are symptoms of the disease or relat-
ed to the early processes. Even though we excluded participatns with demen-
tia in Study 1V, it is likely that some may already have started their patholog-
ical processes. Moreover, we already know that as much as one fourth of the
cognitively intact participatns of the sample had amyloid pathology and one
third tau pathology in CSF (Kern et al., 2018).

Lastly, a novel finding is that reduced sleep was related to markers of neu-
rodegeneration and synaptic dysfunction only in APOEe4 carriers. One ex-
planation is that APOEe4 carriers had lower AB42/40 ratio than non-carriers.
It is, therefore, possible that these participants were further along in the de-
mentia process than non-carriers. Thus, they may show signs of pathology
also on markers of neurodegeneration or synaptic dysfunction. Another ex-
planation could be that carriership of the APOFE¢e4 could directly increase the
risk for sleep disturbance, as shown in another study (Wang & Lung, 2012).
However, in our study, the carriers and non-carrier groups where almost iden-
tical with regard to their sleep.

Methodological considerations

Subjective sleep measures

A limitation of the studies presented as part of this thesis is the lack of objec-
tive measures of sleep. Studies have shown that subjective sleep questions
may be more unreliable in the oldest ages (O'Donnell et al., 2009), and may
also be even worse in populations with preclinical dementia, due to the diffi-
culties in subjectively reporting sleep problems (Hita-Yanez et al., 2013).
However, as relating to Studies I and III, it is important to remember that
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there were very few, if any, population-based studies with comprehensive
examinations using objective measures of sleep in the 1970s.

Although the criteria for insomnia in Study I included most features of the
DSM-5-criteria for insomnia disorder (i.e., sleep satisfaction, difficulty initi-
ating or maintaining sleep, lighter or disturbed sleep without external influ-
ence), information concerning certain symptoms, such as clinically signifi-
cant distress and impairment in important areas of functioning are missing.
However, questions about impairment due to sleep problems may have poor
validity as a measure of insomnia in older populations, where most people are
retired, and typically no longer engaged in demanding occupational, educa-
tional, or academic activities. For example, one study reported that only one
third of older people with insomnia had day-time consequences of their sleep
problems compared to over a half in younger populations (Ohayon &
Reynolds, 2009). Furthermore, this limitation probably concerns both cohorts
in Study I equally, and it is, therefore, not likely that this limitation would
have considerably influenced the comparisons.

Measures of cognitive status

Although the MMSE test used in Study II is the most widely used test for
cognitive status in older ages it is also known for its many limitations. It typi-
cally has ceiling effects and the earliest stages of dementia may, therefore, be
concealed in high-performing participants. Thus, by the time MMSE be-
comes indicative of cognitive decline, these participants may already be fur-
ther along in the dementia process. This could also be one explanation for the
lack of association between education and cognitive change. It is of note that
only 2% scored the maximum point at age 97 years compared to nearly 7% in
a previous study of 85-year-olds born 1901-02 (Aevarsson & Skoog, 2000).

Response rates

Although the response rates were within acceptable ranges in all studies in
this thesis (between 65 % and 91%) we found that participants in Study II
more often had a diagnosis of dementia according to the hospital discharge
register in comparison to non-participants (16% vs. 11% in 97-years-olds).
The findings from this study, where the prevalence rates of dementia were
about 50% using clinical diagnoses, suggests, however, that the hospital dis-
charge register only covers a minority of those with dementia.

In Study I, response rates were higher in the cohort born 190607 com-
pared to the cohort born 1930 (80% vs. 68%). It is possible that non-
responders had a higher prevalence of insomnia than responders, but the dif-
ferences in insomnia prevalence between the cohorts at baseline were so pro-
nounced that it is not likely that this could be fully explained by declining
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response rates. In Study IV, the general study response rate was fairly high in
the original sample (72%), but only one fourth of the sample performed a
lumbar puncture. Even though the CSF-sample was similar to the total sam-
ple regarding factors such as education and cognitive status, more men than
women had a lumbar puncture.

Statistical considerations
In Studies I and II, missing values were handled using maximum likelihood
estimations, and the missing data were required to be either MCAR or MAR.
One common problem with longitudinal study designs is the risk of dropouts,
and that these dropouts are not random (e.g., missing due to worsened somat-
ic health or morbidity). Li et al. (2017) have suggested that the level of drop-
outs was the strongest factor for affecting the parameter estimates using the
maximum likelihood estimation. In their analyses, level of dropouts could
only be ignored if the dropout rate falls below 10%. For Study I, the missing
values for the earlier-born cohort was low at age 79 (< 1%). For the later-
born cohort, the missing values for insomnia was slightly higher in compari-
son to the earlier-born cohort at age 75 (11%). However, since this was the
extended sample, most of these subjects had this study occasion as their base-
line. These subjects were therefore not included in the longitudinal analyses.
In Study II, only about one fifth to one third provided data for the longitu-
dinal analyses, but this was mainly due to death during follow-up (which was
included as covariate in Model II). It was only 6% who refused participation
at the age of 99, and 5% at the age of 100. In addition, most participants had
data on both the outcome variable MMSE score and the predictors. It is not
possible to completely guarantee that the results were unaffected by missing
values, but it is not likely that this would have largely affected the main con-
conclusions.

Clinical implications

With the large increase in the number of people living with AD, which will
continue to increase during the forthcoming decades, it is important to find
potentially modifiable risk factors. Given our findings, improving sleep could
be one potential candidate for AD prevention (Mander et al., 2016). This
research is even more urgent now due to the many failed clinical trials for
AD and the fact that there are currently no effective or disease-modifying
drugs for AD (Huang et al., 2020). The findings from Study III suggests that
different types of sleep problems may play different roles for the progression
of dementia during different disease periods. In Study III, we found that in-
somnia in midlife and terminal insomnia in late life was related to incidence
of dementia. Therefore, treatment for insomnia might be more important
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during midlife compared to later in life, while treatments for terminal insom-
nia or long sleep duration is more important in older ages. Furthermore, in
Study IV, we found that sleep medication was associated with CSF markers
of AD. We emphasize that this finding should be interpreted with caution, as
this group may be the group with most severe insomnia. The effects of sleep
medication usage and insomnia severity on CSF markers of AD are, there-
fore, confounded in these comparisons. However, these finding could indi-
cate that medical treatments for insomnia do not protect from developing
dementia. Therefore, other treatments for insomnia may be recommended.
Cognitive-behavioral therapy for insomnia (CBT-I) can be applied both when
a patient is suffering from insomnia alone or when comorbidities are present
(Pigeon, 2010), which is common in older adults. The CBT-I treatment is
cost effective, has very few side effects (Spira & Gottesman, 2017), and is
easy to implement in both primary care and even through internet-based ther-

apy.

Future directions

Future studies should investigate if birth cohort changes in insomnia contin-
ues in a new cohort of older people. In fact, the later-born cohort in Study I
was examined in the early 2000s, which is now more than a decade ago. Pre-
liminary results from the H70-studies indicate that the cohort assessed in
Study IV, born 1944, performs even better on a number of health-related
factors.

Most studies focusing on very old people, including Study II, have inves-
tigated longitudinal change in global measures of cognition. Future research
should investigate longitudinal change also in different cognitive domains to
find out if specific domains are more sensitive for dementia or mortality in
this age group. This could be prospective memory tasks (Kliegel & Martin,
2003), AD-related cognitive markers, such as delayed recall and naming, or
vascular cognitive markers such as perceptual speed, executive functioning,
and attention. Also, studies have shown that the prevalence of AB-pathology
increases with age (Jansen et al., 2015). It will thus be important to include
biomarkers on CSF or PET scans in studies of the oldest-old. It is possible
that the relationship between the most common pathologies and cognition is
stronger in younger old than in older old populations. Some studies even
suggests that AD or vascular dementia may not have the same relevance on
cognition after age 90 years (Andersson et al., 2012; Savva et al., 2009).

Several studies have investigated the cross-sectional effect of sleep prob-
lems using objective measures of sleep (e.g., polysomnography, actigraphy).
Polysomnography adds the possibility of investigating whether different
stages of sleep may be specifically related to different markers of AD. For
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example, recent cross-sectional studies suggest that SWS may be more relat-
ed to AP (Mander et al., 2015), while spindle coupling may be more related
to tau pathology (Winer et al., 2019). Therefore, it has been suggested that
sleep itself could be used as an early marker of preclinical AD (Hita-Yanez et
al., 2013; Jelicic et al., 2002; Ju et al., 2013; Lloret et al., 2020; Winer et al.,
2019). Assessing sleep is a relatively non-invasive method in comparison
with CSF or PET scans.

Conclusions

This thesis challenges the current knowledge of time trends in insomnia,
where it has been suggested that later-born cohorts sleep worse, by showing
that the large environmental changes that have occurred during the last dec-
ades may in fact have positively influenced the prevalence of insomnia in
older people. The findings also indicate that an age-related increase in in-
somnia is postponed to a higher age in later-born cohorts. We have also high-
lighted the many challenges when conducting longitudinal studies in the old-
est old, where only one third of the sample survived the three-year follow-up
and half of the survivors developed dementia. In addition, education can still
account for individual differences in cognitive performance even at the old-
est-old ages but might not protect against cognitive decline.

The findings from this thesis also suggests that different stages in the life
course may be more critical for the relationship between sleep and dementia
and that poor sleep may play a role in the early processes of AD, potentially
by decreasing clearance or increasing production of AP. Further, it adds to
current research by showing that poor sleep may also affect other markers of
neurodegeneration and synaptic dysfunction, and that these associations are
influenced by the APOEe4 allele. Taken together, these findings suggest that
improving sleep could be one potential candidate for dementia prevention.
Future research needs to elucidate whether poor sleep is a consequence or
cause of cognitive disorders in old age. A better understanding of the associa-
tions between sleep disturbances and age-related cognitive decline may guide
clinicians in making health care decisions and designing person-oriented
interventions that improve health and wellbeing in future older generations.
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