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ABSTRACT

Psychological stress has been recognized as an increasing public health problem with serious
consequences in both physical and mental health. Women reported a higher prevalence of
psychological stress, especially in midlife. Earlier studies suggested that psychological stress may
cause neuronal degeneration and brain damage by changes in endocrine, metabolic, cardiovascular,
and immune systems. The aim of this thesis was to examine whether midlife psychological stress and
psychosocial life stressors were associated with increased risks of dementia and brain structural

changes in late-life.

The thesis is part of the Prospective Population Study of Women in Gothenburg, which was initiated in
1968 with an examination of a representative sample of women (n=1462, participation rate 90%) born
in 1908, 1914, 1918, 1922, and 1930. Follow-ups were performed in 1974-75, 1980-81, 1992-93,
2000-02, and 2005-07. Psychological stress was reported according to a standardized question in all
examinations, and 18 predefined psychosocial life stressors were rated in 1968. Dementia and
subtypes of dementia were diagnosed according to DSM-III-R criteria, based on information from
neuropsychiatric examinations, informant interviews, hospital records and registry data. White matter
lesions (WMLs), cortical atrophy, and ventricles sizes were measured in computerized tomography
(CT) scans of the brain in 2000-02.

In Study I, longstanding psychological stress, reported in midlife in 1968-69, 1974-75 and 1980-81,
was associated with increased risk of dementia and Alzheimer’s disease (AD). Women who reported
stress at two or three examinations had higher risks of developing dementia than women reporting no
stress or stress at only one examination. In Study Il, midlife longstanding psychological stress was
associated with late-life brain changes, including WMLs, ventricular enlargement and atrophy in
temporal lobes on brain CT scans. In Study I, number of psychosocial life stressors in 1968-69 was
associated with perceived stress in 1968-69 and all of the following examinations until 2005-07.

Number of stressors in midlife was also associated with incident dementia and AD.

These studies suggested that psychological stress in midlife increased the risks of dementia and brain
structural changes in late-life. Common life stressors related to work, family, marriage and socio-
economy had severe and longstanding psychological and physiological consequences. Studies imply

the importance of adequate intervention of stress in middle-aged women.

Keywords: Psychological stress, distress, psychosocial life stressors, dementia, Alzheimer’s disease,
vascular dementia, white matter lesions, brain atrophy, epidemiology, longitudinal study, risk factors.
ISBN: 978-91-628-8523-6, http://hdl.handle.net/2077/29211
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SAMMANFATTNING PA SVENSKA

Psykologisk stress har uppmarksammats som ett vaxande folkhélsoproblem som kan fa allvarliga
fysiska och psykiska konsekvenser. Kvinnor rapporterar higre prevalens av psykologisk stress,
sarskilt i medelddern. Tidigare forskning har visat att stress kan orsaka neurodegeneration och
hjarnférandringar genom foréndringar i endokrina, metabola, kardiovaskuléra, och immunologiska
system. Syftet med avhandling var att undersoka om psykologisk stress och psykosociala stressorer i
medelaldern hade samband med Okad risk for demenssjukdom och strukturella hjarnforandringar

senare i livet.

Avhandlingen &r en del av Kvinnoundersokningen (KVUS) i Géteborg, vilken initierades 1968 med
undersékning av ett representativt urval av kvinnor fédda 1908, 1914, 1918, 1922, och 1930.
Uppféljningsundersékningar genomfordes 1974-75, 1980-81, 1992-93, 2000-02, och 2005-07. Vid
alla undersokningstillfallen rapporterades psykologisk stress utifran en standardiserad fragestallning
och vid understkningen 1968-69 rapporterades 18 psykosociala stressorer. Demens diagnostiserades
enligt DSM-III-R, baserat pa information fran neuropsykiatriska undersokningar, anhorigintervjuer,
patientjournaler och sjukhusregister. Forekomst av vitsubstansfordndringar, ventrikelstorlek, och
kortikal hjarnatrofi gjordes med hjélp av hjarntomografi 2000-02.

| Studie | sags psykologisk stress i medeldldern (1968-69, 1974-75, och 1980-81) oka risken for
demens, sarskilt Alzheimers sjukdom. De kvinnor som rapporterade psykologisk stress vid tva eller tre
undersokningar hade hogre risk att insjukna i demens dn de som inte rapporterat stress vid nagon
undersokning eller vid endast en undersokning. | Studie Il visades att langvarig psykologisk stress i
medelaldern hade samband med vitsubstansforandringar, ventrikelforstoring, och hjarnatrofi pa
hjarntomografi. | Studie 11l sdgs ’antal psykosociala stressorer’ 1968-69 vara relaterat till upplevd
psykologisk stress 1968-69 och vid samtliga foljande undersdkningar, anda till 2005-07. ’Antal

stressorer’ var ocksa relaterat till demens och Alzheimers sjukdom

Dessa studier hypotiserar att psykologisk stress i medelaldern okar risken for demens och strukturella
hjarnforandringar senare i livet. Vanligt forekommande stressorer, relaterade till arbete, familj,
aktenskap, eller socioekonomiska forhallanden visade sig ha allvarliga och langtgaende psykologiska
och fysiologiska konsekvenser. Studierna visar pa vikten av adekvat intervention av stress i

medel&lders kvinnor.
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1 BACKGROUND

1.1 Stress

Psychological stress and stress-related disorders have been recognized as a
widespread public health problem **. According to the World Health
Organization (WHO) "Mental health problems and stress-related disorders
are the biggest overall cause of early death in Europe" *. Sweden have
among the highest sickness absence in world of which 35% are related to

5

mental health problems °, and depression, stress reactions and anxiety

syndromes have shown the greatest increase ®’.

The term stress is etymologically a form of the Latin’s stringere ‘to draw
tight’, and was originally used in physics to refer to the internal distribution
of a force exerted on a material body, resulting in strain. It was first in the
1920s the term also begun to be used as a reference for mental and emotional
strain ®. In medical science was stress introduced by the endocrinologist Hans
Seyle who studied the effects of a variety of physical stressors (e.g. heat,
cold, pain) in the human body °. In addition, John Mason studied the
reactions of stress hormones in the body and found out that most stressors
were psychological to its nature, i.e. they were induced by the interpretation

of the events *°.

The concept of stress is ambiguous, with no consensus or agrees on a
conceptual and operational definition. Stress can be denoted either as a cause
(stressor) or as a response '.Stress causes both biological and psychological
reactions. Biological reactions include changes in endocrine, cardiovascular,
metabolic, and immune system *2. Psychological reactions are manifested as

feelings of anxiety, irritability, or restlessness.
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Psychological stress

There are no golden standard measurements of psychological stress and thus
no easy way to get a general overview of prevalence and distribution of
stress. Few population studies have measured stress within a longitudinal or
prospective design. In the Prospective Population Study of Women in
Gothenburg 6% of the women, aged 38 and 50 year, reported frequent stress
in 1968-69, and 16% in the same ages in 2004-05 *. In a longitudinal
population study from U.S., perceived psychological stress was increased in
all ages by 10% to 30%, between 1983 and 2009 (according to the Perceived
Stress Scale) ' **°. In another U.S. study in 2004 with more than 25 million
participants, 14% of the population reported severe psychological distress,
and the highest amount of stress was reported by middle-aged persons in ages
45-64 years (Figure 1) ', A Canadian health survey measured general ‘day-
to-day stress’ in 1994 and 2003, in a sample of nearly 17 000 persons. The
prevalence of stress was similar and constant over the nine years of follow-
up. In addition, subjects between 40 and 54 years had the highest prevalence
of perceived stress in both 1994 and 2003 *'.

Figure 1. Prevalence of stress in different ages groups, in a representative population
study in US (n>25 millions) °

%
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In general, women report higher amount of psychological stress * *° **%2,

Women have also shown higher prevalence of burnout syndrome %

, post-
traumatic stress disorder (PTSD) %, work stress ® ’ %, Due to this, greater

stress-related physiological health-problems among women are expected.

When the internal pressures arouse and the demands exceed the resources to
cope with a stressful situation, people perceive stress. This ‘psychological
overload’ can be expressed in various feelings of strain and pressure such as
anxiety, irritability, nervousness or exhaustion. An individual's response to
potentially stressful situations varies, due to e.g. personality factors and the
physiological stress-response in the body. When a person gives his or her
subjective assessment of stress, this is ‘filtered” through the personality. The

same situation may induce stress in one person, but not in another *,

Several instruments are available for measuring perceived psychological
stress. The most used in an international perspective are the Stress Appraisal

Measure *, the Perceived Stress Scale * *°**%°

, and the Kessler Psychological
Distress Scale #* #°. All these three instruments are based on self-report of a
variety of negative feelings and symptoms related to stress, such as

nervousness, restlessness, hopelessness, anxiety, and worthlessness .

The word distress is used as a term of negative stress, i.e. when a person is
unable to cope to a stressful situation and therefore shows maladaptive
behaviors (e.g. aggression, passivity, or withdrawal). Opposite to distress,

eustress is a positive stress which is constructive and motivating.
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Psychosocial stressors

The stimulus that provokes the stress response in an individual are called
stressor. A psychosocial stressor can either be an acute event that requires a
major adjustment in a short time (e.g. event of death) *’, or it can be a more
chronic strains/pressure, such as ambient circumstances related to health,
marriage, or work *. Effects of a stressor may vary due to the severity and
duration of the condition, person-related characteristics, adequate treatment,
and the social environment *, e.g. individuals have different capacities to

cope with stress and thus react differently under the same stressor.

Several studies have shown that experiences of severe psychological trauma

33 and Holocaust

in adulthood, related to e.g. combat * *, natural disasters
% are related to mental and physical health decades later. Compared to such
uncommon traumatic events, negative psychosocial events in relation to
marriage, work, children, or socio-economy happened more frequently in

daily lives and often have a longer duration although they are less intensive.

Stress and the brain

In biology, most biochemical processes strive to maintain homeostasis, a
steady state that exists more as an ideal and less as an achievable condition ®.
Environmental factors, internal or external stimuli, continually disrupt
homeostasis; an organism’s present condition is a state in constant flux
wavering about a homeostatic point that is that organism’s optimal condition
for living ™. Factors causing an organism’s condition to waver away from

homeostasis can be interpreted as stress.

When an event is interpreted as being stressful, it trigs the activation of the

sympathetic nervous system and the hypothalamic-pituitary-adrenal (HPA)
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axis ¥'. The sympathetic nervous system is responsible for the rapid stress
response, involving the release of catecholamines, adrenaline, and
noradrenalin within seconds of the onset of the stressor; while the HPA axis
is responsible for a slower stress response involving release of

glucocorticoids by the adrenal cortex %,

Glucocorticoids are a class of steroid hormones, and cortisol is the most
important human glucocorticoid *. It have different effects in target systems,
which aims to increase the availability of energy substrates in different parts
of the body in order to optimally adapt to changing demands of the

environment 8. Cortisol regulates a variety of important cardiovascular *,

4344 1245

metabolic ***, immunologic ***, and homeostatic functions in brain . While

the activation of the HPA axis can be regarded as a basic adaptive mechanism
in response to change, prolonged activation of this system presents a risk of
damage to the brain.

Main targets for cortisol are the hippocampus, amygdala, and frontal lobe
areas, which have high amount of cortisol receptors. Along with adrenaline,
cortisol enhances the formation of memories of events associated with strong

emotions 8. It has been hypothesized that stress can lead to brain atrophy via

|46

chronic exposure to elevated levels of cortisol ™. According to the

‘glucocorticoid cascade hypothesis’ can a chronic exposure to cortisol in

32 47

brain lead to hippocampal neuron loss , which may result in a reduced

inhibitory feedback on the HPA axis. This impaired inhibitory effect may

result in hypersecretion of cortisol, which in turn, may result in further

12

neuronal loss ™, especially in some vulnerable brain areas, e.g. in the

hippocampus complex ¥ * % In addition, animal studies have reported that
increased glucocorticoid levels and chronic stress may increase the deposition

of beta-amyloid peptid and tau-protein in the brain >,
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1.2 Dementia

The number of individuals with dementia increases world-wide due to global
aging. Few diseases have such medical and socioeconomic burden on the
society today °. More than 24 million people live with dementia around the

world * and the lifetime cumulative risk for developing dementia is 20% >*.

Dementia is an organic mental syndrome of global cognitive decline.
According to the DSM-I1I-R ** dementia is characterized by impaired short-
and long-term memory, and also, impairment in one other intellectual
function or personality change sufficient to interfere with a person’s
occupational functioning and daily life. The dementia syndrome can be
caused by a number of different brain diseases, such as Alzheimer’s disease
(AD), Lewy-body disease, hydrocephalus, fronto-temporal lobe dementia,

and a variety of cerebrovascular disorders **.

The distinction between the neurodegenerative changes that accompany
‘normal ageing’ and those that characterize dementia is not clear. Unspecific
vascular and neurodegenerative damage in brain are common in autopsies
from older human brains, also in individuals without diagnosis of dementia.
The difference between normal degenerative processes of brain and
preclinical changes of dementia is a gray zone and there is no particular way
to distinguish between the two. It is also not unusual that one individual have

multiple dementia pathology *°.

For enable a true reduce of incident dementia it is essential to identify risk
factors, especially modifiable risk factors. Although it has been intensive
research in the field of dementia in recent years, little clinical progress has
been made relative to how people get the dementia and what can be done to

avoid it. The sporadic nature suggests that, aside from genetic factors,
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environmental determinants may play a critical role in onset and progression

of dementia *’.

Alzheimer’s disease

AD is the most common form of dementia. It is an irreversible, progressive
neurodegenerative disorder characterized by accumulation of beta-amyloid
peptids and neurofibrilllary tangles in brain, resulting in neuronal death and
gradual loss of cognitive abilities *” %, It is still unknown what trig and drives
the neuropathological processes. Probably there are a complex series of
events that take place in the brain over a long period of time, where multiple
factors collaborate, and maybe AD refer to a group of syndromes caused by a
variety of different mechanisms, rather than one ‘true causal risk factor’ *.
So, even if the beta-amyloids, above all, are defined as a potential pathogenic
factor they probably do not act alone, especially not in the early stages of the

disease ¥’

It is likely that AD is caused by a combination of both genetic,
environmental, and lifestyle factors. Besides ageing, which is the most
obvious risk factor for the disease, epidemiological studies have suggested
several tentative associations, such as low educational, APOE e4
polymorphism, hyper-homocysteinaemia, anemia, and head injury. Several
risk factors are associated with vascular disease, including
hypercholesterolaemia, hypertension, atherosclerosis, coronary heart disease,

smoking, obesity, and diabetes >,

The diagnostic procedure of AD is essentially clinical, while there is no
validated biomarker, beside from findings on historical examination of the
brain. However, recent research have shown to be promising in the

development of early diagnostic tools and a number of potential
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techniques/modalities could probable be used in future diagnostic procedures,
such as for example cerebrospinal fluid (CSF) biomarkers, magnetic
resonance imaging (MRI), and positron emission tomography *. Several
diagnostic criteria are available. The different versions of the Diagnostic and
Statistical Manual of Mental Disorders (DSM) are the leading sets for
primary degenerative dementia of the AD type, with the DSM-111-R ** being

the most frequent used criteria in epidemiological studies *°.

In research, AD is often diagnosed according to the criteria of the National
Institute of Neurological and Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA)
% These criteria specify eight cognitive domains that may be impaired in
AD: memory, language, perceptual skills, attention, constructive abilities,
orientation, problem solving, and function abilities. Out of these the dementia
cases are rated as; Definite AD: The patient meets the criteria for probable
AD and has histopathologic evidence of AD via autopsy or biopsy; Probable
AD: Dementia has been established by clinical and neuropsychological
examinations. Cognitive impairments also have to be progressive and be
present in two or more areas of cognition. The onset of the deficits has been
between the ages of 40 and 90 years and finally there must be an absence of
other diseases capable of producing a dementia syndrome; Possible AD:
There is a dementia syndrome with an atypical onset, presentation or
progression; and without a known etiology; but no co-morbid diseases
capable of producing dementia are believed to be in the origin of it; or
Unlikely AD: The patient presents a dementia syndrome with a sudden onset,
focal neurological signs, or seizures or gait disturbance early in the concern

of illness .
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The progress of AD is a subtle process, where the symptoms gradually
became worsens over a number of years *°. The seeding, for the AD
pathology, occurs long before the mildest symptoms appear and the disease
becomes clinically manifested ®. Pathologic biomarkers (beta-amyloids
levels in CSF) have been found to be fully altered five to ten years before
conversion to AD ®. The earliest pathological signs in brain imaging are
commonly seen as atrophy in the medial temporal lobe, and especially in the
hippocampal area ®*®. The implications of the hippocampus in memory
processes are very well known and it is therefore coherent that this area is
among the first which become affected by the pathogenic mechanisms °'.
According to the gradually progress of AD, almost all brain areas became
affected. In the final stage of the disease are there often a global cortical
atrophy and almost all cognitive functions are exaggerated °'.

Vascular dementia

The diagnosis of vascular dementia (VaD) is established when the dementia
symptoms are specifically associated with cerebral vascular pathology, such
as stroke (infarct or hemorrhagic lesions), small vessel disease,
atherosclerosis, or amyloid angiopathy %. The diagnosis for VVaD requires
abrupt onset, stepwise deterioration, and history of stroke and/or focal

neurological deficits.

Several specific diagnostic criteria can be used to diagnose VaD, including
the DSM, and the National Institute of Neurological Disorders and Stroke
Association Internationale pour la Recherche et [I'Enseignement en
Neurosciences (NINDS-AIREN) . The NINDS-AIREN criteria specify
eight cognitive domains that may be impaired in VVaD: memory, orientation,

attention, language, visuospatial function, executive functions, motor control,
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and praxis. The deficits should be severe enough to interfere with activities of

daily living, and not due to physical effects of stroke alone.

1.3 Structural brain changes in imaging

Several imaging modalities are today available as diagnostic tools to
differentiate between healthy and pathological brain aging **. Computed
tomography (CT) is still the most prevalent brain-imaging tool worldwide. A
CT scan is commonly performed in diagnostic procedure of dementia in daily
clinical practice. CT scans do not have optimal sensitivity for the diffuse
metabolic changes associated with dementia, but may suggest or yield
information relevant to other types of dementia, such as stroke or

hydrocephalus .

Brain atrophy

Cortical brain atrophy appears as decreased brain volume and shrinkage of
brain tissue, and can be visualized as ventricular dilation and/or widening of
the cortical sulci in brain imaging, e.g. in CT scans "°. The atrophy can be
generalized, with neuron loss throughout the entire brain, or it can be focal,
and affect only a limited brain area. Cortical atrophy is common in older

71 72’ and

persons as well as in persons with neurodegenerative disorders
contributes to cognitive decline. Cortical atrophy may also be a marker for
incipient and manifest AD type dementia ®. Especially temporal lobe atrophy

appears to be an early hallmark of AD ®7 7,

The cellular processes, underlie age-related grey matter atrophy, include

decreased synaptic density " and reduction of neurons . Cortical atrophy

can also be a consequence of deafferentation caused by loss of cortical-

10
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subcortical connections and enlarged ventricles may be due to loss of

subcortical white matter *°.

In epidemiologic studies, cortical atrophy has been found to be related to a
variety of life-style and medical factors, such as hypertension " ™8
cerebrovascular and cardiovascular disease ®, diabetes ", smoking ", high

alcohol intake ®, and obesity .

White matter lesions

White matter lesions (WMLs) are a radiological diagnosis obtained as
rarefaction of the white matter in brain imaging. WMLs appear as low
attenuation and hypodensity areas in periventricular and subcortical white
matter, without regular margins or specific vascular territories *. The
pathological findings represent areas of ischemic demyelination with
arteriolosclerosis, hyalinosis and narrowing of the lumen of the small

penetrating arteries in the white matter .

White matter hyperintensities are frequently observed in old persons, and
particularly among those with cardiovascular risk factors and symptomatic

cerebrovascular disease 2 8. WMLs have been associated with dementia ®

90 86 91 92 93 94

8 depression %, stroke , and mortality , in epidemiological

population studies. WMLSs are also present in patients with AD, especially in

the temporal lobe and in the corpus callosum % .

1.4 Earlier studies
Former studies have analysed perceived stress, stressful life events, stress-

prone personality, and posttraumatic stress disorder (PTSD), as possible risk

11
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factors for pathological brain changes and dementia. Table 1 is an overview

of former studies on stress in relation to dementia and cognitive decline.

Table 1. Earlier studies on stress and stressors in association to dementia and cognitive decline

First Study design Stress Outcome Results
author Exposure
Archer Retrospective  Neuroticism AD Midlife neuroticism
2009 * Case-control  in midlife predicted younger age
of AD onset in females
but not in males
Crowe Prospective Stress Dementia  Greater stress reactivity
2007 ¥ Longitudinal reactivity was associated with
Case-control dementia
Duberstein  Longitudinal Neuroticism AD Elevated neuroticism
2011 % Case-control was associated with
Elderly risk of AD
Grimby Longitudinal Life-events Cognitive Losing a spouse or
1995 ¥ Case-control tests child was related to
Elderly cognitive abilities
Norton Retrospective  Parental death  Dementia Fathers’ death before
2009 1® Population in child-hood subject age 5 was
related with dementia
Norton Retrospective  Parental death  Dementia Mothers death in
2011 ' Population in child-hood subjects adolescence
was related to AD
Peavy Longitudinal Life-events Memory Higher event-based
2009 1 Case-control  Cortisol levels  tests stress was associated
Elderly with faster cognitive
decline in subjects with
MCI
Persson Population Psychosocial Dementia Parents death in
1996 1 Longitudinal  risk factors AD/VaD  childhood, arduous
Elderly manual work, illness in
relative and number of
stressors was related to
dementia.
Ravona- Longitudinal Holocaust Dementia  No associations with
Springer Case-control survival dementia
2011 '
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Rosnick Population Perceived Cognitive  Recent death of a
2007 1 Cross- stress tests sibling was associated
sectional Life events with lower cognition
Elderly Personality
Stawski Population Perceived Memory Self-reported stress
2006 % Cross- stress test was associated with
sectional Life-events Processing  lower working memory
Elderly speed
Tsolaki Cross- Life-events Dementia  Stressful events were
2010 sectional Cognitive  associated with
Case-control tests cognitive decline and
dementia
Wang Longitudinal Neuroticism Dementia  Low neuroticism and
2009 1@ Population Extroversion high extraversion was
Elderly protective to dementia
Wang Retrospective  Work stress Dementia ~ Work stress was
2012 ' Longitudinal associated with
Population dementia
Elderly
Wilson Longitudinal Distress Dementia  Distress was related to
2003 11° Elderly (neurotisicm)  Cognitive  AD and episodic
tests memory decline
Wilson Longitudinal Distress Dementia Distress was related
2004 1 Case-control  (neuroticism)  Cognitive  with lower episodic
Elderly tests memory
Wilson Longitudinal Distress Cognitive  Distress was related to
2005 12 Population (neuroticism)  tests cognitive decline
Elderly
Wilson Longitudinal Distress Dementia  Persons with distress
2005 13 Population (neurotism) proneness were more
Elderly likely to develop AD
Wilson Longitudinal Distress Dementia  Distress was related to
2006 Population (neuroticism) ~ Cognitive  development of AD
Elderly tests
Wilson Population Distress Dementia Distress was associated
2007 Longitudinal ~ (neuroticism)  Cognitive  with dementia and
Elderly decline cognition decline
Yaffe Retrospective ~ PTSD in war Dementia ~ PTSD cases were had
2010 16 Case-control ~ veterans higher risk of incident
dementia
Yehuda Retrospective ~ PTSD in Memory High cortisol was
2005 Case-control  holocaust tests related to lower
survivals memory in PTSD
Cortisol
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Few former studies were based on midlife assessment of stress. Most studies
had a short study follow-up or cross-sectional design. Perceived stress, stress-
prone personality, and exposure of life-events was associated with cognitive
decline and dementia in several studies with follow-ups <6 years % % 102 105-107
109115 118 \wilson et al *? found associations between distress (neuroticism)
and cognitive decline over a period over 9 years. One study had a prospective
study design with measurement of stress in midlife . This study found that

persons with greater ‘stress reactivity’ had higher prevalence of dementia 30

years later.

Three studies used retrospective report of stressors. All found associations
between death of parent in childhood and increase risk of dementia in late-
life 1% 1% 1% "and one study found that number of psychosocial risk factors
was related to dementia '®. Archer et al *® used retrospective measurement of
stress-prone personality, based on informant report, and found that midlife
neuroticism predicted earlier onset of AD. Three studies analyzed experience
of severe traumas and PTSD. Yaffe et al *® found that persons with PTSD
had increased risk of dementia, and Yehuda et al *” found that high cortisol
levels in persons with PTSD predict memory decline. However, in a large
sample (n=1889) of subjects who experienced holocaust and Nazi
concentration camps in World War 11, Ravona-Springer et al *** found no

increased risk for dementia.

Several studies have found associations between stress and atrophy in brain,
especially in the medial temporal lobe. Decreased hippocampal volume have
been seen in combat-related PTSD % 3 %0 119120 121 "4nq in early childhood

12

sexual abuse 2. Studies have also found relations between PTSD and

cerebrovascular insult/white matter lesion *#* 2% Gianaros et al *2 found
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that chronic perceived stress in midlife was associated with decreased grey

matter volume 20 years later.
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2 AIMS

The main aims of the three studies were:

++ To assess the association between perceived psychological stress in midlife
and incidence of dementia in late-life.
Study |

« To assess the effect of perceived psychological stress in midlife and
occurrence of structural brain changes, WMLs and atrophy, in late-life.
Study 11

« To assess the effect of common psychosocial life stressors on perceived

psychological stress and incidence of dementia.
Study HI
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3 SUBJECTS AND METHODS

3.1 Study sample

All data originates from the Prospective Population Study of Women in
Gothenburg, Sweden, a study initiated in 1968 and still ongoing *****2. The
baseline study sample in 1968-69 was selected from the Revenue Office
Register based on certain birth dates in order to recruit a representative
sample of women at age 38, 46, 50, 56, and 60 in Gothenburg (Table 2). A
total of 1622 women were invited, and 1462 (90.1%) accepted to participate.

Table 2. Selection and age in initial examination, in 1968-69

Year of birth Date of birth Mean age+ SD (year)
1908 6 60.87+0.24
1914 6, 12 54.56+0.24
1918 6, 12,18, 24, 30 50.55+0.20
1922 6, 12, 18, 24, 30 46.57+0.21
1930 6,12,18,24,30° 38.59+0.22

& Of the women born on the 30™ only those born in January-June were called for the
examination

All surviving women were invited to participate in the follow-up
examinations in 1974-75, 1980-81, 1992-93, 2000-02, and 2005-07 with
participation rates of 91%, 83%, 70%, 71%, and 70% respectively (Table 3).
In 1980-81 the sample was enriched with 47 women born in 1930 in order to

ensure the representativeness of the age strata
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Table 3. Flowchart of participants in the population study at each examination

Examination

1968-69 1974-75 1980-81 1992-93 2000-02 2005-07
Born 1908, n 81 65 49 19 7 2
Born 1914, n 180 163 140 79 44 35
Born 1918, n 398 351 325 220 175 124
Born 1922, n 431 387 332 299 199 165
Born 1930, n 372 336 355 278 231 209
Total, n 1462 1302 1201 895 656 535
Participation rate * 90% 91% 82% 70% 71% 70%

2 Among eligible women, i.e. surviving and living in Sweden at time for examination

Study | comprised women who had answered the question on perceived stress
in 1968-69, 1974-75, and/or 1980-80, i.e. 1415 women in 1968-69 (aged 38,
46, 50, 54, and 60 years), 1301 in 1974-75 (aged 44, 52, 56, 60, and 66
years), and 1196 in 1980-81 (aged 50, 58, 62, 66, and 72 years) and were
non-demented at time for the examination. The sample had complete

endpoint data of death and dementia until 2003.

Study 1l included 344 women who had stress-data in 1968-69, 1974-75, and
1980-81, and brain CT-scan in 2000-02. Two women were born 1908; 19
born 1914; 74 born 1918; 98 born 1922; and 151 born 1930.

Study Il included the 800 participants from the primary psychiatric
subsample in 1968-69: 90 born 1914; 290 born 1918; 309 born 1922; and 111
born 1930. The sample had complete endpoint data of death and dementia
until 2006.

The general examination

At each study wave, all participants went through a comprehensive health

examination at out-patient clinic by standardized protocols including e.g.
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blood and urine tests, electrocardiogram (ECG), anthropometric
measurements, and blood pressure. Information on medical history,
medication use, education, marital status, socio-economic status, having
children, cigarette smoking, alcohol consumption, and physical activity were

obtained.

For women who had difficulties to come to the out-patient clinic for
examination, mainly due to high age, mental disorders, or physical
impairment, home visits by research nurses were offered '*

2000-02 (n=127) and 2005-07 (n=183).

, In examination

The psychiatric examination

At the baseline examination, in 1968-69, a representative subsample born in
1914, 1918, 1922, and 1930, were invited for a psychiatric examination, and
800 accepted to participate (participation rate 88.4%) (Table 4) **. The aim
of this study was to assess the prevalence and incidence of psychiatric
disorders in the population and to relate these morbidity parameters to other

biosocial variables.

Table 4. Flowchart of participants from the baseline psychiatric examination and psychiatric

follow-ups

Examination

1968-69 1974-75 1980-81 1992-93 2000-02  2005-07
Born 1914, n 89 79 71 70 21 16
Born 1918, n 291 248 233 215 120 82
Born 1922, n 309 264 230 286 145 120
Born 1930, n 111 86 95 - 77 75
Total, n 800 677 629 571 363 293
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Psychiatric examinations were made by psychiatrists in 1968-69, 1974-75,
1980-81, and 1992-93 and by experienced psychiatric nurses in 2000-02 and
2005-07. The nurses were supervised and trained by psychiatrists. The
psychiatric examinations included clinical interviews, observations of
psychiatric signs, neuropsychiatric tests, and self-rated questionnaires **. In
the last three examinations, in 1992-93, 2000-02, and 2005-07, have a more
extensive rating of dementia symptoms/signs been made, with rating of
language, memory, orientation, gait and motor difficulties, intellectual
ability, for time, place, person and situation, and knowledge of general

information .

Close informant interviews

Close informant interviews were performed in 1992-93, 2000-02, and 2005-
07 by psychiatric nurses. The interviews were done over telephone, they were
semi-structured, and comprised questions about changes in behaviour and
intellectual function, changes in personality, psychiatric symptoms,
performances in activities of daily living, and, in cases of dementia, age of

onset and disease course ***,

Medical records and hospital discharge registry

Medical records were collected from all inpatient and outpatient departments
and general practitioners’ offices in Gothenburg for all women. The Swedish
Hospital Discharge Registry provided diagnostic information for all

individuals discharged from hospitals on a nationwide basis since 1978.

3.2 Perceived psychological stress
A question on perceived stress was asked by a physician in 1968-69, 1974-
75, 1980-81, 2000-02, and 2005-07. The question was identical at each

examination, and was as following: “Have you experienced any period of
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stress (one month or longer) in relation to circumstances in everyday life,
such as work, health, or family situation? Stress referred to feelings of

>

irritability, tension, nervousness, fear, anxiety or sleep disturbances.’

The alternative answers were:
: Have never experienced any period of stress
: Have experienced period/s of stress more than five years ago
: Have experienced one period of stress during the last five years

0
1
2
3: Have experienced several periods of stress during the last five years
4: Have experienced constant stress during the last year

5

: Have experienced constant stress during the last five years

Alternatives 3-5 were defined as ‘frequent/constant stress’ in Study | and
Study 11, and as ‘perceived stress’ in Study IlI.

3.3 Psychosocial stressors

In the 1968-69 examination, eighteen predefined life stressors were collected
in the psychiatric subsample (n=800). These stressors included: divorce,
widowhood, serious problem in children (e.g. physical illness, death, abuse),
extramarital childbirth, mental illness in spouse or first degree relative,
alcohol abuse in spouse or first degree relative, physical illness or social
problems related to husband, receiving help from social-security, problems
related to husband’s or own work (e.g. lost work or removal), and limited
social network. Some of the life stressors (physical illness, mental illness and
alcohol abuse in spouse; serious problem and mental illness in child; work
related problems; and limited social network) were rated in the last year
before examination in 1968-69. The others were rated as occurring

sometimes before the examination in 1968-69.
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3.4 Dementia and subtypes of dementia

Dementia diagnosis for participants at each examination was based on the
combined information from the psychiatric examinations and the close
informant interview according to the Diagnostic and Statistic Manual of
Mental Disorders (DSM-I11-R) *, as described previously ***. Dementia
diagnoses for individuals lost to follow-up were based on information from
medical records evaluated by geriatric psychiatrists in consensus conferences,
and the Swedish Hospital Discharge Registry **. The diagnoses had to be
compatible with DSM-III-R criteria. The duration had to be at least six

month.

Dementia subtypes were determined by geriatric psychiatrists. Probable or
possible AD was diagnosed according to the criteria of the NINCDS-
ADRDA %, and VaD was diagnosed according to the criteria of the NINDS-
AIREN *. VaD was diagnosed when there was a temporal relationship
(within 1 year) between a history of acute focal neurological symptoms and
signs (hemiparesis or motor aphasia) and the first symptoms of dementia.
Further, due to the recognized difficulties to determine the relative
importance of cerebrovascular disease in the etiology of dementia, various
ways of defining dementia subtypes was explored. In Study | the AD group
was divided into AD with or without cerebrovascular disease. There was also
a group “dementia with cerebrovascular disease” which included individuals
with dementia and stroke without considering the temporal relationship
between the occurrence of dementia and stroke. In practice, this group
included pure VaD and AD with cerebrovascular disease. Other dementias

were diagnosed when other causes were likely to have caused the dementia

134 135
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3.5 Computed tomography of the brain
In 2000-02, all participating women (n=684) were invited for a brain CT
scan. The scans were performed without contrast enhancement and with 8-

0 " ¥ and were evaluated by a

mm continuous slices on a Picker 600
neurologist experienced in visual CT and MRI rating scales of WMLSs and
other brain lesions. The rater was blinded to the participants’ clinical
characteristics. The rating procedures were carried out separately for WMLs

and brain atrophy.

Measurement of brain atrophy

Cortical atrophy of temporal, parietal, frontal, and occipital lobes was

°. The severity of

categorized according to the anatomical subdivision
atrophy was scored as normal, mild, and moderate-severe, according to the
extent of sulcal widening. Ventricular sizes and sylvian fissure sizes were
measured using a transparent metric ruler as described by de Leon and

0137 The following linear distances were measured: (i) the

colleagues
bifrontal span of the lateral ventricles, (ii) the width of the lateral ventricles at
the head of the caudate nucleus, (iii) the minimum width of the bodies of the
lateral ventricles at the waist, (iv) the greatest width of the third ventricle, and
(v) the sum of the greatest width of the left and right sylvian fissures. Ratios
for (i), (ii), (iii), and (v) were determined by dividing the obtained values by
the internal diameter of the skull at the level of the measurement, giving the
following ratios: bifrontal ratio, bicaudate ratio, cella media ratio, and sylvian

fissure ratio.

Measurement of white matter lesions

WMLs were defined as low-density areas in periventricular and subcortical

white matter ° *®, Decreased density was rated as no, mild, moderate, and
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severe in relation to the attenuation of normal white matter. The Gothenburg
scale was used *®. This scale is a 0-3 point scale that takes into accounts the
severity of the attenuation of WML, being 0: absence of any attenuation, 1:
mild signal attenuation, 2: moderate signal attenuation, 3: severe signal

attenuation.

3.6 Potential confounders

Information on a number of potential confounders was obtained at the
examinations in 1968-69, 1974-75, and 1980-81. Education was
dichotomized as compulsory (6 years for those born in 1908-1922, and 7
years for those born in 1930), or more. Socio-economic status was based on
husband’s occupation for married women and own occupation for unmarried
women and was defined as high, medium and low '*°. Work status was
measured as full-time work and/or part-time work versus no work outside
home. Cigarette smoking was defined as never, former and current smoker.
Wine consumption was classified as none, < once weekly, and > once
weekly. Physical activities during leisure time were rated as low (< 4
hour/week) and medium/high (>4 hour/week). Hypertension was defined as
systolic blood pressure >160mmHg (>140mmHg in Study Il) and/or diastolic
blood pressure >95mmHg (>90 mmHg in Study II), and/or taking
antihypertensive medications. Coronary heart disease (CHD) was defined as
meeting one or more of the following criteria: angina pectoris according to
the Rose criteria **°; documented history of myocardial infarction; ECG-
evidence of ischemia, i.e. complete left bundle branch block or major Q-
waves; pronounced ST-depression and/or negative T-waves '**. Waist-to-hip
ratio was calculated as the ratio of waist and hip circumferences, measured to
the nearest 0.5 cm. Blood samples were taken after an overnight fast, and

serum cholesterol concentrations were measured. Diabetes mellitus was
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defined as a diagnosis by a doctor, being on anti-diabetes therapy, having two
fasting blood glucose values >7.0 mmol/l, or according to death certificates.
History of myocardial infarction was based on medical charts and death
certificates. Stroke was diagnosed based on information from psychiatric

examinations and the Swedish Hospital Discharge Registry.

3.7 Statistical analyses

Study |

Cox regressions were used to study the association between psychological
stress at each examination and incidence of dementia and dementia subtypes.
The associations are presented as hazard ratios (HRs) and 95% confidence
intervals (CIs), adjusted for age, education, marital status, socio-economic
status, having children, smoking, wine consumption, physical activity,
coronary heart disease, hypertension, and waist-to-hip ratio. Person-years
were calculated from the date of the baseline examination to (a) time of
dementia onset; (b) the date of death; (c) the date of the last follow-up
examination for participants in 2000-03; or (d) December 31 2001 for
surviving drop-outs. We further examined whether number of examinations
with stress report influenced dementia risk by using Cox regression models.
The study sample was classified as: never reporting frequent/constant stress
at any of the examinations and frequent/constant stress at one, two, or three

examinations. Adjustments were based on data from 1980-81.

As individuals might have experienced increased stress because of incipient
dementia, we reanalysed the data after excluding women with dementia onset
before 1992. Finally the influence of stress on dementia with onset before and

after age 70 was analysed.
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Study I

Independent sample t tests or * tests were used to compare CT-participants
and non CT-participants. Logistic regression analyses were applied to
estimate associations between psychological stress and cortical atrophy (no-
mild versus moderate-severe) and between psychological stress and WMLs
(no-mild versus moderate-severe). The associations are presented as odds
ratios (ORs) and 95% CI. Linear regression models were used to assess
associations between psychological stress and bifrontal ratio, bicaudate ratio,
cella media ratio, third ventricle width, and sylvian fissure ratio. The
regression models were adjusted for potential confounders (collected in 1980-
81) i.e. age, hypertension, current smoking, serum cholesterol, waist-hip-
ratio, diabetes mellitus, and myocardial infarction. As number of reports of
constant/frequent stress at each examination was too small to make further
analyses, we combined the stress-data from the three examinations in 1968-
69, 1974-75, and 1980-81. Those with no stress in any of the three
examinations were compared to those who reported frequent/constant stress

in at least one examination.

We also analyzed the association between stress and moderate-severe WMLSs
after excluding women with moderate-severe temporal lobe atrophy, and the
association between stress and moderate-severe temporal lobe atrophy after
excluding women with moderate-severe WMLs. Finally, we made analyses
after excluding women with dementia, and after age stratification in younger
(born 1930 and 1922) and older cohorts (born 1918, 1914, and 1908).
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Study Il

Logistic regressions were used to analyse the associations between number of
life stressors in 1968-69 and perceived stress in 1968-69, 1974-75, 1980-81,
2000-02, and 2005-07. The associations are presented as ORs and 95% Cls in
two separate models. The first model adjusts for age only. The second model
adjust for age, education, socio-economic status, marital status, work status,
wine consumption, hypertension, CHD, smoking, stroke, diabetes, and waist-
to-hip ratio. Person-years were calculated from the date of the baseline
examination to (a) the time of dementia onset; (b) the date of death; (c) the
date of the last follow-up examination for participants in 2005-07; or (d)
December 31, 2006 for surviving drop-outs.

Cox regression analyses were used to study the association between number
of life stressors and incidence of dementia, and subtypes of dementia. The
associations are presented as HRs and 95% Cls, and adjust for the same
covariates as the logistic regression analyses. A third model was added which

also included longstanding perceived stress as a covariate.

3.8 Ethics

The Ethics Committee for Medical Research at the University of Gothenburg
approved the study. In accordance with the provisions of the Helsinki
Declaration, informed consent was obtained from participants and/or their

relatives.
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4 RESULTS

4.1 Psychological stress in midlife

Prevalence of psychological stress in 1968-69, 1974-75, and 1980-81 are
presented in Table 5. The five years of retrospective answers gave stress-data
from 1963 to 1981, i.e. in a period of more than 15 years. One woman with
dementia onset before 1974-75 and five women with dementia onset before
1980-81 were excluded. A majority of the participants reported no period of
stress. Frequent/constant stress (alternatives 3, 4, and 5) was reported by 20%
in 1968-69, 23% in 1974-75, and 16% in 1980-81.

Table 5. Prevalence of psychological stress

Examination Examination Examination

Psychological stress 1968-69 1974-75 1980-81
n=1415 n=1301 n=1196

0. Never experienced any period of

stress, n (%) 758 (54) 737 (57) 758 (50)

1. Experienced period/s of stress

more than 5 years ago, n (%) 176 (12) 81 (6) 141 (9)

2. Experienced one period of stress

during the last 5 years, n (%) 204 (14) 179 (14) 114 (8)

3. Experienced several periods of

stress during the last 5 years, n (%) 184 (13) 211 (16) 102 (7)

4. Experienced constant stress

during the last year, n (%) 42 (3) 52 (4) 42 (3)

5. Experienced constant stress

during the last 5 years, n (%) 51 (4) 42 (3) 39 (3)

Frequent/constant stress, n (%) * 277 (20) 305 (23) 183 (16)

& Answer alternatives 3-5.
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4.2 Incidence of dementia

Among the 1415 non-demented women who answered the stress question in
1968-69, 161 (11%) developed dementia during 35 years of follow-up
(40,089 person-years). These included 105 with AD (73 without
cerebrovascular disease and 32 with cerebrovascular disease), 40 VaD, and
16 other dementias. The mean time from the baseline examination to
dementia onset was 25 years (8 had dementia onset before 1980, 32 between
1980 and 1992, and 121 after 1992). Mean age of dementia onset was 76
years. (32 had dementia onset before age 70 years, 72 between ages 70 to 80,
and 57 after age 80).

Figure 2. The cumulative risk of dementia in the Prospective Population Study of
Women in Gothenburg 1968 to 2006

o 10 20 0 a0 Year

Among the 800 women in the psychiatric sub-sample in 1968-69, 153 (19%)
developed dementia between 1968 and 2006, during 25,131 person-years of
follow-up. These included 104 with AD, 35 with VaD, and 14 with other
dementias. The mean time from the baseline examination in 1968-69 to
dementia onset was 29 years (26 had dementia onset before 1992, 73 between
1992 and 2000, and 54 after 2000). Mean age of dementia onset was 78

years, 45 had dementia onset before age 75 years and 108 after age 75.
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4.3 Study |
Characteristics of non-demented participants in 1968-69, 1974-75, and 1980-

81 are shown in Table 6.

Table 6. Characteristics of women in 1968-69, 1974-75, and 1980-81

Participants Participants Participants
1968-69 1974-75 1980-81
n=1415 n=1301 n=1196

Education level, n (%)

Compulsory 984 (70) 901 (69) 817 (69)

More than compulsory 426 (30) 396 (31) 375 (31)
Marital status, n (%)

Never married 121 (9) 97 (8) 88 (7)

Married 1121 (79) 988 (76) 830 (70)

Widowed 60 (4) 93 (7) 131 (11)

Divorced 113 (8) 123 (9) 147 (12)
Socio-economic status, n (%)

High 191 (14) 173 (13) 152 (13)

Medium 721 (52) 678 (53) 625 (53)

Low 468 (34) 430 (34) 391 (34)
Having children, n (%) 1153 (82) 1074 (83) 975 (82)
Smoking, n (%)

Never 734 (52) 684 (53) 655 (55)

Former 106 (7) 129 (10) 158 (13)

Current 574 (41) 486 (37) 383(32)
Wine consumption, n (%)

None 691 (49) 538 (41) 444 (37)

< once weekly 452 (32) 494 (38) 533 (45)

> once weekly 270 (19) 269 (21) 219 (18)
Physical activity, n (%)

Low 260 (18) 295 (23) 353 (29)

Medium/high 1154 (82) 1006 (77) 842 (71)
Coronary heart disease, n (%) 29 (2) 82 (6) 116 (10)
Hypertension, n (%) 299 (21) 371 (28) 499 (44)
Waist-to-hip ratio (mean + SD) 0.74 £ 0.05 0.79 £0.07 0.81 +£0.07
Depression, n (%) ? 55 (6.9) - -

#1n the subsample of women with psychiatric data in 1968-69 (n=800)
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Frequent/constant stress in 1968-69 was associated with divorce (p<0.001)
and former/current smoker (p<0.01) in 1968-69. No other covariates were

associated with stress at baseline.

Among the 795 women with psychiatric data from 1968-69, 55 had
depression (according to DSM-III-R criteria) at time for the examination
(Table 7). In age-adjusted logistic regression model, frequent/constant stress
in 1968-69 was associated with depression in 1968-69 (OR 5.87, 95% CI
3.38-10.18).

Table 7. Prevalence of depression among the stress-groups in 1968-69

Depression No depression
n=55 n=740
No stress, n (%) 9 (16.4) 420 (56.8)
Previous stress, n (%) 6 (10.9) 89 (12.0)
Occasional stress, n (%) 9 (16.4) 114 (15.4)
Frequent/constant stress, n (%) 31 (56.4) 117 (15.8)

Midlife stress and incidence of dementia

Frequent/constant stress reported in 1968-69, 1974-75, and 1980-81 were
related to increased risk of incident dementia until 2002 (Table 8). The
associations were consistent and similar across all three examinations, and
remained after adjustment for multiple potential confounders. Neither
occasional stress (only one period in last 5 years) nor stress in the more

distant past was associated with increased risk of developing dementia.
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Table 8. HRs (95% Cls) ? between stress in 1968-69, 1974-75, and 1980-81, and incidence of
dementia until 2002

Examination Examination Examination
1968-69 1974-75 1980-81
No stress, n (%) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)
Previous stress, n (%) 0.87 (0.51-1.47) 1.03(0.51-2.07) 1.33(0.80-2.23)
Occasional stress, n (%) 1.89 (0.55-1.46) 1.13(0.67-1.90) 1.62 (0.96-2.73)

Frequent/constant stress, n (%)  1.60 (1.10-2.34) 1.65(1.12-2.41) 1.60 (1.01-2.52)

& Adjusted for age, education, marital status, socio-economic status, having children, smoking,
wine consumption, physical activity, coronary heart disease, hypertension, and waist-to-hip
ratio, at each examination.

To minimize the influence of incipient dementia on the association between
stress and dementia, we re-analysed the data excluding women with dementia
onset before 1992. This did not change the association between stress and
incidence of dementia. The associations between stress and dementia were
also similar in women with dementia onset before and after age 70.
Frequent/constant stress in 1968-69 was associated with incident of dementia,

also after further adjustments for depression in 1968-69.

Longstanding perceived stress and risk for dementia

A total of 1096 women had stress-data in all of the three midlife
examinations, i.e. in 1968-69, in 1974-74, and 1980-81. Two hundred and
sixty-five (24%) of those reported frequent/constant stress at one
examination, 105 (10%) at two examinations, 53 (5%) at all three

examinations, and 673 (61%) never reported frequent/constant stress.

The risk of dementia increased with numbers of examinations when
frequent/constant stress was reported (Figure 3). Compared to women never
reported stress, HRs (95% CI) for incident dementia were 1.10 (0.71-1.71)

for women reporting frequent/constant stress at one examination, 1.73 (1.01-
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2.95) reporting stress at two examinations, and 2.51 (1.33-4.77) at three

examinations.

Figure 3. Proportional hazard plot, with separate lines for numbers of examinations

when stress was reported and dementia until 2002

10
12

0,95

0,85

0,75

o 10 20 30 4‘0 Years

— (0) Frequent/constant stress reported in no examination
(1) Frequent/constant stress reported in one examination
— (2) Frequent/constant stress reported in two examinations
(3) Frequent/constant stress reported in three examinations

Midlife stress and sub-types of dementia

Frequent/constant stress in 1968-69 and 1974-75 were associated with higher
risks of AD (Table 9). Frequent/constant stress was not related to pure
vascular dementia at any examinations. Frequent/constant stress in 1980-81
was associated with “dementia with cerebrovascular disease”. Neither
occasional stress nor previous stress was associated with development of any

subtype dementia.
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Table 9. Incidence of dementia and dementia subtypes, in women reporting frequent/constant

stress compared to women reporting no stress

Examination Examination Examination
1968-69 1974-75 1980-81
n= 1035 n=1041 n=941
All Alzheimer’s disease
No. of cases 81 81 68

HR; (95% CI)?
HR, (95% CI)°

Alzheimer’s disease without
cerebrovascular disease

No. of cases
HR; (95% CI)
HR, (95% CI)

Alzheimer’s disease with
cerebrovascular disease

No. of cases
HR; (95% CI)
HR, (95% CI)

Pure vascular dementia
No. of cases

HR; (95% CI)

HR, (95% CI)
Dementia with
cerebrovascular disease

No. of cases

HR; (95% CI)

HR, (95% CI)

2.23 (1.44-3.47)
2.14 (1.36-3.38)

55
2.14 (1.25-3.66)
2.03 (1.16-3.54)

26
2.80 (1.29-6.07)
2.79 (1.25-6.25)

29
0.86 (0.35-2.12)
0.67 (0.27-1.73)

55
1.59 (0.91-2.80)
1.41 (0.78-2.53)

1.84 (1.18-2.87)
1.74 (1.09-2.78)

58
1.67 (0.97-2.82)
1.54 (0.87-2.67)

23
2.69 (1.18-6.14)
2.70 (1.13-6.45)

29
0.99 (0.42-2.35)
1.01 (0.41-2.46)

52
1.60 (0.89-2.85)
1.57 (0.86-2.88)

1.68 (0.97-2.91)
1.58 (0.90-2.77)

49
1.30 (0.65-2.60)
1.30 (0.64-2.64)

19
2.93 (1.15-7.46)
2.35 (0.88-6.27)

25
2.32 (0.99-5.44)
1.79 (0.74-4.30)

44
2.51 (1.34-4.72)
1.94 (1.01-3.73)

¥ HR, adjusted for age. ® HR, adjusted for age, education, marital status, socio-economic
status, having children, smoking, wine consumption, physical activity, coronary heart disease,
hypertension, and waist-to-hip ratio, at each examination.
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4.4 Study Il

Characteristics of the study sample are given in Table 10.

Table 10. Description of the study sample (n=344)

Age, meanzS.D, years

Mean age 1968-69 4416
Mean age 1974-75 50+6
Mean age 1980-81 5616
Mean age 2000-02 7616
Education level, n (%)
Compulsory 222 (64.5)
More than compulsory 122 (35.5)
Marital status, n (%)?
Never married 24 (7.0)
Married 254 (74.7)
Widowed 26 (7.6)
Divorced 37 (10.8)
Hypertension, n (%)* 210 (61.0)

Cholesterol, mean+S.D, mmol/l?  6.80+1.25

Smoking, n (%)?

Never 210 (61.0)

Former 52 (15.1)

Current 82 (23.8)
Cardiovascular disease, n (%) 5(1.5)

Waist-hip-ratio, mean+S.D, cm*  0.80+0.07

Physical activity, n (%)*

Low 88 (25.6)

Medium/high 256 (74.4)
Wine consumption, n (%)*

None 107 (31.1)

< once weekly 161 (46.8)

> once weekly 76 (22.1)

& Measured in 1980-81
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Among the 344 participants, 134 (39%) reported frequent/constant stress in
one or more examination 1968-69, 1974-75, and 1980-81, 71 (21%) reported
occasional stress (i.e. some period of stress in one or more examination in
1968-80), and 139 (40%) reported no stress in all examinations in 1968-80.

Prevalence of WMLs and brain atrophy are presented in Table 11.

Table 11. Presence of white matter lesions and cortical atrophy (n=344)

n %
Moderate-severe white matter lesions 58 16.9
Moderate-severe temporal lobe atrophy 34 9.9
Moderate-severe parietal lobe atrophy 9 2.6
Moderate-severe frontal lobe atrophy 36 10.5
Moderate-severe occipital lobe atrophy 7 2.0

mean SD
Bifrontal ratio 33.18 4.02
Bicaudate ratio 15.16 321
Cella media ratio 23.63 3.96
Third ventricle width 0.27 0.10
Sylvian fissure ratio 9.89 4.20

The inter-observer agreement between the rating neurologist and a
neuroradiologist were examined in 130 CT scans. The intra-class correlation
coefficient was 0.57 for presence and severity of WMLs (55% concordance),
0.49 for temporal lobe atrophy (68% concordance), 0.39 for parietal lobe
atrophy (68% concordance), 0.38 for frontal lobe atrophy (67%
concordance), 0.32 for occipital lobe atrophy (68% concordance), 0.64 for
bifrontal ratio (p <0.001), 0.57 for bicaudate ratio (p <0.001), 0.51 for cella
media ratio (p <0.001), 0.67 for width of the third ventricle (p <0.001), and
0.26 for sylvian fissure ratio (p=0.001).
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Midlife stress in relation to late-life WMLs

Compared to individuals without stress, women reporting frequent/constant
stress in one or more examination (1968-69, 1974-75, and 1980-81) were
more disposed for moderate-severe WMLs on CT scans in 2000-02 (Table
12).

Table 12. Psychological stress 1968-80, in relation to moderate-severe white matter lesions in
2000-02 (n=344)

No of cases OR (95% CI)?
No stress, (n=139) 16 1.0 (ref.)
Occasional stress, (n=71) 12 1.62 (0.68-3.86)
Frequent/constant stress, (n=134) 30 2.39(1.16-4.92)

& Adjusted for age, hypertension, smoking, cholesterol, waist-hip-ratio, physical activity, and

wine consumption.

Midlife stress in relation to late-life brain atrophy

In logistic regression analyses, women with frequent/constant stress had more
often moderate-severe temporal lobe atrophy compared to women without
stress (Table 13). However, there were no associations between

frequent/constant stress and atrophy in parietal, frontal, or occipital lobes.

In linear regression analyses, frequent/constant stress in 1968-80 was
associated with a higher bicaudate ratio (p<0.05), a higher cella media ratio
(p<0.01), and a wider third ventricle (p<0.05) in 2000-02, after multiple
adjustment. There were no associations with bifrontal ratio or Sylvian fissure

ratio.
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Table 13. Perceived psychological stress 1968-80 in relation to moderate-severe cortical
atrophy in brain CT-scans 2000-02 (n=344)

No stress Occasional stress  Frequent/constant stress
(n=139) (n=71) (n=134)
Temporal lobe atrophy, n 10 7 17
OR; (95% CI)? 1.00 (ref.) 1.43 (0.51-4.05)  2.32(0.99-5.42)
OR,; (95% CI)°® 1.00 (ref.) 1.50 (0.52-4.35)  2.51 (1.04-6.05)
Frontal lobe atrophy, n 13 8 15
OR; (95% CI)® 1.00 (ref.) 1.28 (0.48-3.21) 1.46 (0.65-3.29)
OR,; (95% CI)°® 1.00 (ref.) 1.30 (0.50-3.40)  1.46 (0.63-3.38)
Occipital lobe atrophy,n 1 1 5
OR; (95% CI1)? 1.00 (ref.) 1.98 (0.12-32.16)  6.49 (0.73-57.55)
OR, (95% CI)°® 1.00 (ref.) 1.99 (0.12-33.67)  6.21 (0.66-58.41)

Parietal lobe atrophy, n 4 1 4
OR; (95% CI1)? 1.00 (ref.) 0.48 (0.05-4.40) 1.32 (0.31-5.59)
OR, (95% CI)°® 1.00 (ref.) 0.56 (0.06-5.19) 1.31 (0.30-5.67)

a OR, adjusted for age, ® OR, adjusted for age, hypertension, smoking, cholesterol, waist-hip-
ratio, physical activity, and wine consumption.

Influence of dementia and stroke

When women with dementia (n=15) where excluded from the analyses,
frequent/constant stress 1968-80 was still associated with moderate-severe
WMLs (multi adjusted OR 2.14; Cl 95% 1.01-4.55) and central brain atrophy
(i.e. bicaudate ratio, cella media ratio, and third ventricle width), and there
was a tendency in the same direction for moderate-severe temporal lobe
atrophy (multi adjusted OR 2.34; ClI 95% 0.91-6.01). After excluding women
with history of stroke (n=25), frequent/constant stress 1968-80 was still
associated with moderate-severe WMLs (multi adjusted OR 3.27; Cl 95%
1.46-7.49), moderate-severe temporal lobe atrophy (multi adjusted OR 4.08;
Cl 95% 1.41-11.81), and central brain atrophy (i.e. higher bicaudate ratio,

higher cella media ratio, and wider third ventricle width).
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Comorbidity of WMLs and temporal lobe atrophy

When participants with moderate-severe temporal lobe atrophy were
excluded, the associations between frequent/constant stress in one or more
examination and moderate-severe WMLSs remained (multi adjusted OR 3.23;
Cl 95% 1.35-7.73). Similar, when excluding participants with moderate-
severe WMLs from the sample, the associations between frequent/constant
stress in one or more examination and moderate-severe temporal lobe atrophy
remained (multi adjusted OR 5.87; Cl 95% 1.45-23.69).

Age stratified analyses

The associations between frequent/constant stress in one or more examination
and CT findings (i.e. moderate-severe WMLs, moderate-severe temporal lobe
atrophy, and central atrophy) were similar in younger (born 1930 and 1922)
and older cohorts (born 1918, 1914, and 1908).
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4.5 Study lll

Table 14 report characteristics of the study sample in Study Ill, from the
primary psychiatric sample in 1968-69 (n=800).

Table 14. Characteristics of the study sample in 1968-69

n %
Education
Compulsory 600 75.0
More than compulsory 200 25.0
Socio-economic status
Upper middle 161 20.2
Lower middle 267 334
Skilled workers 209 26.1
Unskilled workers 163 20.4
Work status
Full-time work 270 33.8
Part-time work 258 323
No work outside home 272 34.0
Marital status
Married and/or co-habited 638 79.8
Co-habited, not married 94 11.7
Living alone, not married 68 8.5
Wine consumption
None 390 48.8
< once weekly 249 31.1
> once weekly 155 194
Hypertension 138 174
Myocardial infarction 67 8.4
Smoking 320 40.0
Diabetes 86 10.8
Stroke 68 8.5

Mean  SD
Waist-to-hip ratio 0.74 0.05
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Number of participants who reported life stressors are presented in Table 15.
The most frequently reported life stressors were mental illness in first degree
relative (mother 27 %, father 32%, and sibling 19%).

Table 15. Life stressors in 1968-69 (n=800)

n %
Physical illness in spouse 62 7.8
Mental illness in spouse 98 12.3
Alcohol abuse in spouse 55 6.9
Social problem in spouse 81 10.1
Work related problems in spouse 32 4.0
Serious problem in children 70 8.8
Mental illness in child 139 174
Mental illness in father 151 18.9
Alcohol abuse in father 100 12.5
Mental illness in mother 212 26.5
Mental illness in sibling 255 31.9
Alcohol abuse in sibling 79 9.9
Divorced 65 8.1
Widowed 34 43
Limited social contacts 53 6.6
Work related problems 19 2.4
Received help from social security 10 13
Extramarital childbirth 84 10.5

Among the 800 participants reported 197 (25%) one life stressor, 184 (23%)
two life stressors, 143 (20%) three life stressors, 69 (9%) four life stressors,

and 58 (7%) five or more life stressors (Figure 4).
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(n)

Figure 4. Number of life stressors in 1968-69 (n=800)

250
200
150 -
100 -
N I l:
0 .
wo Three Four Five or
stressor stressor stressors stressors stressors more
stressors

Life stressors in relation to perceived stress

In multi-adjusted logistic regressions, number of life stressors in 1968-69 was
associated with perceived stress in 1968-69, 1974-75, 1980-81, 2000-02, and
2005-07 (Table 16). ORs were similar at all examinations indicating that the

strength of associations between life stressors and perceived stress was

consistent through all follow-up years.

Table 16. Number of psychosocial life stressors in 1968-69 in relations to perceived stress

Cases, n (%) OR (95% CI)*? OR (95% CI) °
Perceived stress 1968-69 148 (18.5) 1.46 (1.30-1.63) 1.48 (1.32-1.67)
Perceived stress 1974-75 161 (20.1) 1.31 (1.18-1.46) 1.31 (1.17-1.46)
Perceived stress 1980-81 88 (11.0) 1.26 (1.10-1.43) 1.27 (1.11-1.45)
Perceived stress 2000-02 49 (6.1) 1.41 (1.17-1.72) 1.39 (1.14-1.70)
Perceived stress 2005-07 39 (2.6) 1.37 (1.05-1.80) 1.35 (1.02-1.79)

®Adjusted for age. bAdjusted for age, education, socio-economic status, work status, marital
status, wine consumption, hypertension, CHD, stroke, diabetes, smoking, and waist-to-hip
ratio in 1968-69
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HRs (95% CI) for the association between number of life stressors and
‘longstanding stress’ were 1.58 (1.30-1.94) in earlier born cohorts (born 1914
and 1918), and 1.32 (1.14-1.52) in later born cohorts (born 1922 and 1930).

Life stressors in relation to dementia

In multi-adjusted Cox regressions, number of life stressors in 1968-69 was
associated with incidence of AD and all-type dementia (until 2006) (Table

17). There were no associations with VaD.

Table 17. Number of life stressors in 1968-69 in relations to incidence of dementia
over 38 years (n=800)

Cases, n (%) HR (95% CI)
Alzheimer’s disease 104 (13.0) 1.20 (1.07-1.35)
Vascular dementia 35 (4.4) 0.92 (0.72-1.18)
All-type dementia 153 (19.1) 1.15 (1.04-1.27)

HR adjusted for age, education, socio-economic status, work status, marital

status, wine consumption, hypertension, CHD, stroke, diabetes, smoking,

and waist-to-hip ratio in 1968-69.

The associations were similar in those with early onset dementia (<75 years
old) (multi adjusted HR 1.25, 95% CI 1.02-1.54) and late onset dementia
(>75 years old) (multi adjusted HR 1.19, 95% CI 1.03-1.38). The association
remained when those whose parents had mental illness were excluded (multi

adjusted HR 1.14, 95% CI 1.01-1.28).

Life stressors, perceived stress and AD

Number of life stressors was dose-response related to both longstanding
stress and incident AD (Table 18). In Cox regression model, longstanding
stress (i.e. frequent/constant stress in 1968-69, 1974-75, and 1980-81) (HR
1.58, 95% CI 1.01-2.46) and number of life stressor (HR 1.17, 95% CI 1.02-
1.33) were independently associated with AD.

43



Lena Johansson

Table 18. Life stressors in relation to longstanding perceived stress and AD

Number of Longstanding stress Alzheimer’s
life stressors 1968-80° disease °
n=800 n=224 n=104
0 life stressor, n (%) 149 27 (21.6) 13 (9.4)
1 life stressor, n (%) 197 38 (24.8) 24 (12.7)
2 life stressors, n (%) 184 59 (37.3) 25 (14.6)
3 life stressors, n (%) 143 52 (49.5) 19 (14.7)
4 life stressors, n (%) 69 23 (47.9) 11 (16.7)
>5 life stressors, n (%) 58 25 (59.5) 12 (21.4)

aPerceived stress in one or more examination 1968-80, "AD between 1968 and 2006
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5 DISCUSSION

5.1 Study design

All three studies had a prospective design with long follow-up duration.
Psychological stress was measured repeatedly during midlife, many years
before clinically manifested dementia. The prevalence of severe structural
changes in brain, like brain atrophy and WMLs, were also probably low in
midlife. This longitudinal study design was thus suitable to identify potential

risk factors of dementia and structural changes in brain.

Our studies include only women. Numerous epidemiological studies report a
skewed gender distribution regarding the prevalence of psychological stress,
with higher prevalence in women *. Earlier studies found that the prevalence
of dementia and structural changes in brain were also higher in women than

in men **'*2. We thus cannot generalize our findings to men.

5.2 Study sample

The participants in the Prospective Population Study of Women were
systematically selected from a general female population at the ages studied
in Gothenburg, Sweden '*°. Participation rate in baseline study as well as

follow-up studies were high.
The subsample in the psychiatric examination in 1968-69 was also

systematically selected based on certain birth dates. It is therefore a

representative sample of the general female population at the aged studied.
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The subsample in CT study represented a healthier population with 55%
participation rate. Compared to non CT-participants, the CT-participants
were younger, had less often dementia, and had a lower mortality rate (from
the examination in 2000-02 to five years after the examination). This positive
selection bias might underestimate the association between psychological

stress and brain atrophy and WML.

5.3 Methods

Psychological stress question

Perceived psychological stress was based on a single-item question. In
addition, this question only gives information on duration of stress, not

intensity of stress.

The question was first used in another population study in Gothenburg, ‘the
Study of Men Born in 1913°, from 1963 . The question has not been
extensively validated against a more extensive scale, such as the Perceived
Stress Scale. However, in 2004-05 a sample of women aged 38 and 50 years
in the Prospective Population Study of Women answered both the stress-
question and the Work Stress Questionnaire (WSQ) **. It showed that all 6
categories in WSQ were associated with higher levels of perceived
psychological stress . In addition, the question has been used in several

former studies and have found to be associated with hypertension **,

149 150

myocardial infarction **’, coronary artery disease '*, cancer , sleeping

problems ***, obstructive symptoms **?, and work stress **.

Psychosocial life stressors

The 18 included life stressors in our study are assumed to give rise to stress

in most people. However, the effects of these stressors can vary greatly
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depending on the severity and duration of the condition, person-related
characteristics, and social circumstances. In addition, the rating of life
stressors was related only to the last year for some factors, and any time
before 1968 for other factors. This might have given an unbalanced weight

between stressors.

We had only information on a limited number of life stressors in our
population. Some stressful events were not included, e.g. physical abuse and
severe physical illness. Unmeasured stressful events may thus have inflated
our findings. It is not likely that this had any major influence on our finding,
that number of life stressors was associated with longstanding perceived
stress and risks of AD.

Some of the life stressors are interrelated, for example mental illness and
alcohol abuse in spouse. However, both these stressors may independently
increase stress-reactions for individuals and therefore it was not appropriate
to merge them.

Diagnostic of dementia

Cumulative attrition is a problem in long-term follow-up studies. While this
problem was, to some extent, alleviated by using medical records and the
hospital registry data to diagnose dementia in those lost to follow-up, these
sources probably underestimate the number of dementia cases. It should be
noted, however, that almost all people in Sweden received their hospital
treatment within the public health care system (during the time of the study),
and that the Swedish Hospital Discharge Register covers the entire country.
Furthermore, the number of demented detected in the different age groups is

what could be expected from other incidence studies >*.
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It is difficult to diagnose dementia subtypes on clinical grounds alone.
Individuals with AD often have cerebrovascular disease and individuals with
VabD often have concomitant AD pathology; and cerebrovascular disease may
influence the presence and severity of clinical symptoms of AD **. It is thus
often difficult to make a clear distinction between AD and VaD in patients
with a history of stroke or cerebrovascular disease, both on clinical grounds
and at autopsy. Furthermore, mixed types are probably common. We
therefore explored various ways of defining dementia subtypes, e.g. ‘AD
disease with and without cerebrovascular disease’ and ‘dementia with

cerebrovascular disease’.

Semi-structured examinations were performed by experienced psychiatrists in
1974-75, 1980-81 and 1992-93 and by experienced psychiatric nurses in
2000-02 and 2005-07. The instruments used were identical across
examinations, and inter-rater reliability between psychiatrists and nurses
regarding the symptoms assessed was satisfactory ***. It is therefore not likely
that the use of different professionals could have influenced the main results
of this study.

Measurement of brain CT scans

Visual rating of severity of WMLs and brain atrophy on CT is a rather crude
method. CT scans are less sensitive than magnetic resonance imaging (MRI)
in detecting brain structural changes, especially in regions of the temporal
lobe *°. However, it has been reported that WMLs on CT better predict later
development of cerebrovascular disorders than WMLs noted on MRI,
supporting the view that CT may be more specific **°. CT is still the most
commonly used brain-imaging modality world-wide, and more suitable for
the older persons, as it is less sensitive to motion artefacts than for example
MRI *°.
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5.4 Results

Midlife perceived stress and risk for dementia (Study I)

Frequent/constant stress, reported in midlife, was associated with increased
risk for late-life dementia, in a study over 35 years. The associations were
consistent over three examinations, and remained after adjustment for
multiple potential confounders. Women who reported stress at two or three
examinations had higher risks of developing dementia than women reporting
no stress or stress at only one examination. Our findings remained after
excluding individuals with dementia onset before 1992, giving a time-span of
more than 24 years between stress and dementia onset, suggesting that our

results may not be due to incipient AD disease changes in the brain.

The biological mechanisms by which psychological stress increase the risk of
dementia is probably complex. There are several possible explanations. Our
findings were mainly driven by AD type of dementia. The theory behind this
is mainly based on neurodegenerative pathological hypotheses. Increased
levels of circulating blood cortisol and dysfunctional HPA axis circuits are
early pathological signs in AD ', together with atrophy in the medial

6465 and deficient

157 158

temporal lobe, and especially in the hippocampus area

hippocampal cognition, such as decreased learning and memory

In animal studies, glucocorticoids and stress have been associated with

159 160 d 50-52 161

increased amyloid precustor protein and beta-amyloi in brain,

the main biomarkers in AD. An increased activation of the HPA axis may
also lead to suppressed immune functions, which in a chronic state can be

considered harmful for the brain, and contribute to the AD progress ** %,
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In addition, stress may lead to dementia through cerebrovascular processes.
Stress have been extensively associated with a variety of pathological
vascular disorders, such as hypertension 183 diabetes %, metabolic syndrome
# and other vascular factors ', which in turn have been related to both AD
and VaD %% However, we found no association between perceived stress
and VaD. One reason for the absence of association between stress and pure
VaD may be earlier mortality due to cardiovascular disease among
individuals with stress. This may thus underestimate the relationship between
stress and risk of VaD ™. Absence of association may also be due to a

smaller number of participants with VaD.

Vulnerability to stress may be both a cause and a consequence of different
life style factors, such as socioeconomic status, nutritional status, smoking,
hypertension, central adiposity and physical activity, which may partly
mediate the association between stress and dementia. However, our findings

remained after adjusting for numerous life style factors.

At baseline, clinical depression was assessed in a sub-sample of women
(n=800). When we included depression as a covariate, in analyses between
stress and dementia, it did not influence the results. However, depression and
perceived stress had a considerable over-lap. Among women with
frequent/constant stress, 51% had a clinical diagnose of depression. The two
variables share several symptoms, but the inclusion criteria also differ.
Depression refers to feelings of lower mood, loss of energy, worthlessness,
guilt, and recurrent thoughts of death. Symptoms which are not included in
the question on perceived stress. Also, the studied time-period, the duration,
of symptoms differs. Perceived stress was assessed in a period of five years,

while depression was assessed only in the last month before the examination.
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Finally, depression was only registered in a smaller subsample, which

yielding low statistical power in analyses.

To the best of our knowledge, this was the first study to examine the
association between midlife psychological stress and development of
dementia. Several cross-sectional studies have shown associations between
perceived psychological stress and low cognitive performance % "t 172 jp
older persons. However, due to the cross-sectional design, these findings may

potential be due to incipient dementia.

Number of life stressors and risk for dementia (Study IlI)

Number of life stressors in midlife was associated with incidence of dementia
over 38 years, especially AD. This supported the findings in Study I.

Longstanding psychological stress (1968-80) and number of life stressor
were independently associated with AD. The interpretation of this can be that
some individuals do not perceive stress even after a number of events, but
that the biological response still occurs. The rating of life stressors was
related only to the last year for some factors, and any time before 1968 for
other factors. This might give an unbalanced weight between factors, and can
be one reason why life stressors and perceived stress were independently
related to AD.

Our findings supports by studies showing higher risk for cognitive decline
and dementia in persons with PTSD ¢ **7 |ost of parent in childhood *® '
103 “and number of psychosocial risk factors '®. However, studies on more

common and less severe stressors are still lacking.
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Midlife perceived stress and structural brain changes (Study II)

In the 32 years of study follow-up, frequent/constant psychological stress in
midlife was associated with late-life brain changes, including WMLs, atrophy
in the temporal lobe, and ventricular enlargements. These findings supported
Study 1, by pointing to intermediating links between stress and dementia, as

these brain changes are strongly associated with dementia diseases ®° .

WMLs represent areas of ischemic demyelination with arteriolosclerosis,
hyalinosis and narrowing of the lumen of the small penetrating arteries in the
white matter, while cortical atrophy is related to neurodegeneration in the
grey matter °. Our findings that psychological stress was related to WMLs
and temporal lobe atrophy independently of each other suggest that
longstanding stress can be an underlying mechanism for both subcortical

vascular pathology and neurodegeneration.

Stress induced changes in memory are related to alterations in hippocampal
structure'™, in part related to glucocorticoid elevations ", Although
originally conceived as a cognition oriented structure, the hippocampus may
play a greater role in behavior than we previously thought. It has long been
known that the hippocampus mediates emotional responses to the context of

a situation '’

Numerous studies have found associations between atrophy in medial
temporal lobe, and especially in the hippocampus area, in cases with clinical

D 323346119122 and depression 1®*°. However, it is still

syndroms such as PTS
unknown whether chronic stress is associated with decreased hippocampal
volume in those without a clinical syndrome. Only one former study has been

found. In a small sample of women (n=48), Gianaros et al **® shown that
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chronic perceived stress measured in midlife was associated hippocampus
atrophy 20 years later. Several former studies have also studied PTSD as a

predictor for white matter lesion '#*1%1%",

Midlife stressors and perceived stress (Study lil)

Number of psychosocial life stressors in 1968-69 was associated with
perceived stress in 1968-69 and all of the following examinations until 2005-
07. The strength of association was consistent through all follow-up years as

indicated by similar ORs.

Explanations for this are several. First, biological studies have found that
increased stress-hormone levels many years after severe traumatic events,
pointing to long-term effects of stressors ’. Second, measured life stressors
occurred before, or at time for, the examination in 1968-69, but they might
have last over years, such as e.g. mental illness or alcohol abuse in relative.
Third, experiences of earlier stressors may also make an individual more
vulnerable to future traumas due to biological changes and dysfunctional

stress coping **.
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6 CONCLUSION OF THE STUDY FINDINGS

1. Psychological stress is common in middle-aged women. In our studies
conducted in 1968-69, 1974-75 and 1980-81, around 20% of middle-aged
women reported that they perceived constant or several periods of stress
during the last five years.

2. Stress in midlife increased risks of development of dementia in women.

e Women who perceived longstanding stress in midlife had
higher risks of development of dementia and AD in late-
life. In addition, the longer periods of psychological
stress, the higher risks of development of dementia.

e \Women who perceived longstanding stress in midlife had
higher risks of development of brain structural changes,
including WMLs, ventricular enlargement, and atrophy in
temporal lobes on brain CT scans.

o Women who experienced more number of psychosocial
stressors in midlife had higher risks of development of

dementia and AD.

3. Common psychosocial stressors that related to family, work, marriage,
and socio-economy had severe and longstanding psychological and
physiological consequences. Besides association with incident dementia,
psychosocial stressors reported in midlife were related to perceived stress in

midlife and even 38 years later.
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7 IMPLICATIONS OF THE STUDY FINDINGS

Our study findings have both clinical and public health implications.
Psychological stress is an increasing public health problem with severe
consequences in both physical and mental health. Psychological stress is
potentially modifiable. Our study findings imply the importance to promptly
and adequately treat, manage and reduce stress load in women, especially in
midlife. Intensive interventions such as stress management and behavioral
therapy should be conducted in individuals who have experienced a number
of negative life stressors in order to reduce stress.

Our study findings have also implications for further research. First, more
prospectively longitudinal studies in both men and women are needed to
confirm our findings. Second, it needs to develop better methods of studying
stress, both self-reported psychological stress and stress biomarkers. Third,
more studies are needed to investigate the underlying mechanisms of stress
and brain damage. Finally, psychological stress in early, mid- and late-life
may have different impact on cognitive function, which is also need to be
studied.

55



ACKNOWLEDGEMENTS

I wish to express my sincere thanks to all who have contributed to this thesis,
especially;

The study participants and their relatives, without you this study would not
have been possible.

Xinxin Guo, my supervisor, for all the time and effort you spend on advising

me during work with this thesis. | am deeply thankful to you!

Ingmar Skoog, co-supervisor and head of the Unit, thank for scientific

advice, support, inspiration, and great generosity!

Valter Sundh for all help with statistical analyses.

Co-authors; Calle Bengtsson, Cecilia Bjorkelund, Deborah Gustafson,
Margda Waern, Lauren Lissner, Leonardo Pantoni, Maria Norton, Michela
Simoni, Pernille Olesen, Svante Ostling, and Tore Hallstrom, who all have

been a great support in the writing process.

A special thank to Calle Bengtsson, how initiated the Prospective Population

Study of Women, and who always are so supportive.

All wonderful persons in our group; Anne Bdrjesson Hansson, Birgitta
Tengelin Widepalm, Bjorn Karlsson, Cecilia Mellgvist, Erik Joas, Eva
Billstedt, Hanna Falk, Helen Liden, Helena Horder, Isak Frendén Klenfeldt,
Johan Nilsson, Johan Skoog, Jirgen Kern, Kerstin Frandin, Kristoffer

Backman, Linnea Sjoberg, Lena Larsson, Lova Eklof, Madeleine Mellgvist,

56



Margareta Lewander, Maria Larsson, Maria Staaf, Nils Beckman, Pia
Gudmundsson, Robert Sigstrom, Silke Kern, Simona Sacuiu, Stefan
Wiktorsson, Svante Ostling, Tom Marlow, Thorsteinn Gislason, Tina

Jacobsson, and Tore Hallstrom.

Anna Wikman, Carina Alklid, Cecilia Wallmark Nilsson, Maria Staaf, Nils

Beckman, for giving me such a joyful start in this group.

Sonja Klingén, Asa Dahlén and other staff at the Neuropsychiatric Clinic at
Sahlgrenska, for all support during years.

My warmest thanks go to my dearest friends; Carin, Cristina, Christina,
Emine, Jeanette, Helena, Maria, Mia, Thommy, and Veronica. Love you! |
also want to thanks my childhood friends Charlotte, Fia, Sara, and Agnetha,
who followed me through years.

Finally, my love go to my family, my mother Brita, my father Ingvar, my

brother Mats, his wife Camilla, and my dear nephews Nils and Olle.

57



This thesis was supported by the Swedish Research Council; the Swedish
Council for Working Life and Social Research; The Alzheimer's Association
Zenith Award; The National Institutes of Health/National Institutes on
Aging; the Alzheimer's Association Stephanie B. Overstreet Scholars; The
Bank of Sweden Tercentenary Foundation, Swedish Brain Power; Stiftelsen
Soderstrom-Konigska Sjukhemmet; Stiftelsen for Gamla Tjanarinnor;
Handlanden Hjalmar Svenssons Forskningsfond; and Stiftelsen Professor
Bror Gadelius’ Minnesfond, and the Sahlgrenska Academy, University of

Gothenburg.

58



REFERENCES

1. Cohen S, Janicki-Deverts D. Who's Stressed? Distributions of
Psychological Stress in the United States in Probability Samples
from 1983, 2006, and 2009. Journal of Applied Social Psychology
2012;42(6):1320-34.

2. van der Klink JJ, Blonk RW, Schene AH, van Dijk FJ. Reducing long term
sickness absence by an activating intervention in adjustment
disorders: a cluster randomised controlled design. Occup Environ
Med 2003;60(6):429-37.

3. Levi L. Working life and mental health - A challenge to psychiatry? World
Psychiatry 2005;4(1):53-7.

4. WHO. Mental health in Europe. Copenhagen. 2001.

5. WHO. Policies and practices for mental health in Europe

- meeting the challenges. The European Commission (Directorate-General
for Health and Consumer Protection) 2008.

6. Lidwall U, Marklund S, Skogman Thoursie P, Gustafsson R, Lundberg I.
Sickness absence in Sweden. Worklife and Health in Sweden 2004.
Stockholm: National Institute for Working Life 2004:183-204.

7. Persson G, Danielsson M, Rosen M, Alexanderson K, Lundberg O,
Lundgren B. Health in Sweden: the National Public Health Report
2005. Scand J Public Health Suppl. 2005;67:3-10.

8. Lupien SJ, Maheu F, Tu M, Fiocco A, Schramek TE. The effects of stress
and stress hormones on human cognition: Implications for the field
of brain and cognition. Brain Cogn 2007;65(3):209-37.

9. Selye H. A syndrome produced by diverse nocuous agents. 1936. J
Neuropsychiatry Clin Neurosci 1998;10(2):230-1.

10. Mason JW. A review of psychoendocrine research on the sympathetic-
adrenal medullary system. Psychosom Med 1968;30(5):Suppl:631-
53.

11. Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress
throughout the lifespan on the brain, behaviour and cognition. Nat
Rev Neurosci 2009;10(6):434-45.

12. Leonard BE. HPA and immune axes in stress: involvement of the
serotonergic system. Neuroimmunomodulation 2006;13(5-6):268-76.

13. Lissner L, Sjoberg A, Schutze M, Lapidus L, Hulthen L, Bjorkelund C.
Diet, obesity and obesogenic trends in two generations of Swedish
women. Eur J Nutr 2008;47(8):424-31.

14. Croft JB, Mokdad AH, Power AK, Greenlund KJ, Giles WH. Public
health surveillance of serious psychological distress in the United
States. Int J Public Health 2009;54 Suppl 1:4-6.

59



15.

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

217.

28.

29.

30.

Cole SR. Assessment of differential item functioning in the Perceived
Stress Scale-10. J Epidemiol Community Health 1999;53(5):319-20.

Pirraglia PA, Hampton JM, Rosen AB, Witt WP. Psychological distress
and trends in healthcare expenditures and outpatient healthcare. Am J
Manag Care 2011;17(5):319-28.

Shields M. Stress and depression in the employed population. Health Rep
2006;17(4):11-29.

Leung DY, Lam TH, Chan SS. Three versions of Perceived Stress Scale:
validation in a sample of Chinese cardiac patients who smoke. BMC
Public Health 2010;10:513.

Remor E. Psychometric properties of a European Spanish version of the
Perceived Stress Scale (PSS). Span J Psychol 2006;9(1):86-93.

Andreou E, Alexopoulos EC, Lionis C, Varvogli L, Gnardellis C,
Chrousos GP, et al. Perceived Stress Scale: reliability and validity
study in Greece. Int J Environ Res Public Health 2011;8(8):3287-98.

Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SL,
et al. Short screening scales to monitor population prevalences and
trends in non-specific psychological distress. Psychol Med
2002;32(6):959-76.

Pratt LA, Dey AN, Cohen AJ. Characteristics of adults with serious
psychological distress as measured by the K6 scale: United States,
2001-04. Adv Data 2007(382):1-18.

Pratchett LC, Pelcovitz MR, Yehuda R. Trauma and violence: are women
the weaker sex? Psychiatr Clin North Am 2010;33(2):465-74.

Carter-Snell C, Hegadoren K. Stress disorders and gender: implications
for theory and research. Can J Nurs Res 2003;35(2):34-55.

Norlund S, Reuterwall C, Hoog J, Lindahl B, Janlert U, Birgander LS.
Burnout, working conditions and gender--results from the northern
Sweden MONICA Study. BMC Public Health 2010;10:326.

WHO. Strategic Action Plan for the Health of Women in Europe.
Endorsed at a WHO meeting Copenhagen 2001.

Paoli P, Merllié D. Third European survey on working conditions 2000.
Luxembourg: European Foundation for the Improvement of Living
and Working Conditions 2001.

Bartlett CJ, Coles EC. Psychological health and well-being: why and how
should public health specialists measure it? Part 2: Stress, subjective
well-being and overall conclusions. J Public Health Med
1998;20(3):288-94.

Schlotz W, Yim IS, Zoccola PM, Jansen L, Schulz P. The Perceived
Stress Reactivity Scale: measurement invariance, stability, and
validity in three countries. Psychol Assess 2011;23(1):80-94.

Shields M. Stress, health and the benefit of social support. Health Rep
2004;15(1):9-38.

60



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Kendler KS, Neale M, Kessler R, Heath A, Eaves L. A twin study of
recent life events and difficulties. Arch Gen Psychiatry
1993;50(10):789-96.

Bremner JD, Randall P, Scott TM, Bronen RA, Seibyl JP, Southwick SM,
et al. MRI-based measurement of hippocampal volume in patients
with combat-related posttraumatic stress disorder. Am J Psychiatry
1995;152(7):973-81.

Meyer KS, Marion DW, Coronel H, Jaffee MS. Combat-related traumatic
brain injury and its implications to military healthcare. Psychiatr Clin
North Am 2010;33(4):783-96.

Jiao Z, Kakoulides SV, Moscona J, Whittier J, Srivastav S, Delafontaine
P, et al. Effect of Hurricane Katrina on incidence of acute myocardial
infarction in New Orleans three years after the storm. Am J Cardiol
2012;109(4):502-5.

Sezgin U, Punamaki RL. Earthquake trauma and causal explanation
associating with PTSD and other psychiatric disorders among South
East Anatolian women. J Affect Disord 2012.

Yehuda R, Bierer LM, Schmeidler J, Aferiat DH, Breslau I, Dolan S.
Low cortisol and risk for PTSD in adult offspring of holocaust
survivors. Am J Psychiatry 2000;157(8):1252-9.

McEwen BS. Stress, adaptation, and disease. Allostasis and allostatic
load. Ann N Y Acad Sci 1998;840:33-44.

Sapolsky RM. Why stress is bad for your brain. Science
1996;273(5276):749-50.

Lupien SJ, Gaudreau S, Tchiteya BM, Maheu F, Sharma S, Nair NP, et
al. Stress-induced declarative memory impairment in healthy elderly
subjects: relationship to cortisol reactivity. J Clin Endocrinol Metab
1997;82(7):2070-5.

Peavy GM, Lange KL, Salmon DP, Patterson TL, Goldman S, Gamst
AC, et al. The effects of prolonged stress and APOE genotype on
memory and cortisol in older adults. Biol Psychiatry 2007;62(5):472-
8.

Levy BH, Tasker JG. Synaptic regulation of the hypothalamic-pituitary-
adrenal axis and its modulation by glucocorticoids and stress. Front
Cell Neurosci 2012;6:24.

Sparrenberger F, Cichelero FT, Ascoli AM, Fonseca FP, Weiss G,
Berwanger O, et al. Does psychosocial stress cause hypertension? A
systematic review of observational studies. J Hum Hypertens
2009;23(1):12-9.

Brydon L, Wright CE, O'Donnell K, Zachary I, Wardle J, Steptoe A.
Stress-induced cytokine responses and central adiposity in young
women. Int J Obes (Lond) 2008;32(3):443-50.

Epel ES, McEwen B, Seeman T, Matthews K, Castellazzo G, Brownell
KD, et al. Stress and body shape: stress-induced cortisol secretion is

61



45.

46.

47.

48.

49.

50.

51.

52

53

o4.

55

consistently greater among women with central fat. Psychosom Med
2000;62(5):623-32.

Cohen S, Janicki-Deverts D, Doyle WJ, Miller GE, Frank E, Rabin BS, et
al. Chronic stress, glucocorticoid receptor resistance, inflammation,
and disease risk. Proc Natl Acad Sci U S A 2012;109(16):5995-9.

Bremner JD, Randall P, Vermetten E, Staib L, Bronen RA, Mazure C, et
al. Magnetic resonance imaging-based measurement of hippocampal
volume in posttraumatic stress disorder related to childhood physical
and sexual abuse--a preliminary report. Biol Psychiatry
1997;41(1):23-32.

McKittrick CR, Magarinos AM, Blanchard DC, Blanchard RJ, McEwen
BS, Sakai RR. Chronic social stress reduces dendritic arbors in CA3
of hippocampus and decreases binding to serotonin transporter sites.
Synapse 2000;36(2):85-94.

Stranahan AM, Arumugam TV, Cutler RG, Lee K, Egan JM, Mattson
MP. Diabetes impairs hippocampal function through glucocorticoid-
mediated effects on new and mature neurons. Nat Neurosci
2008;11(3):309-17.

McEwen BS. The neurobiology of stress: from serendipity to clinical
relevance. Brain Res 2000;886(1-2):172-89.

Dong H, Goico B, Martin M, Csernansky CA, Bertchume A, Csernansky
JG. Modulation of hippocampal cell proliferation, memory, and
amyloid plaque deposition in APPsw (Tg2576) mutant mice by
isolation stress. Neuroscience 2004;127(3):601-9.

Kang JE, Cirrito JR, Dong H, Csernansky JG, Holtzman DM. Acute
stress increases interstitial fluid amyloid-beta via corticotropin-
releasing factor and neuronal activity. Proceedings of the National
Academy of Sciences of the United States of America
2007;104(25):10673-8.

Green KN, Billings LM, Roozendaal B, McGaugh JL, LaFerla FM.
Glucocorticoids increase amyloid-beta and tau pathology in a mouse
model of Alzheimer's disease. J Neurosci 2006;26(35):9047-56.

Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, et al.
Global prevalence of dementia: a Delphi consensus study. Lancet
2005;366(9503):2112-7.

Fratiglioni L, Launer LJ, Andersen K, Breteler MM, Copeland JR,
Dartigues JF, et al. Incidence of dementia and major subtypes in
Europe: A collaborative study of population-based cohorts.
Neurologic Diseases in the Elderly Research Group. Neurology
2000;54(11 Suppl 5):S10-5.

American Psychiatric Association., American Psychiatric Association.
Work Group to Revise DSM-III. Diagnostic and statistical manual of
mental disorders : DSM-III-R. 3rd ed. Washington, DC: American
Psychiatric Association, 1987.

62



56.

57

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69

Ghosh K, Agarwal P, Haggerty G. Alzheimer's disease - not an
exaggeration of healthy aging. Indian J Psychol Med
2011;33(2):106-14.

Blennow K, de Leon MJ, Zetterberg H. Alzheimer's disease. Lancet
2006;368(9533):387-403.

Kalapatapu RK, Neugroschl JA. Update on neuropsychiatric symptoms of
dementia: evaluation and management. Geriatrics 2009;64(4):20-6.

Berg L, Morris J. Diagnosis. In: Katzman TR and Bick KL, eds.
Alzheimer's disease. New York: Raven 1994:9-24.

Criteria for the clinical diagnosis of Alzheimer's disease. Excerpts from
the NINCDS-ADRDA Work Group report. J Am Geriatr Soc
1985;33(1):2-3.

McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM.
Clinical diagnosis of Alzheimer's disease: report of the NINCDS-
ADRDA Work Group under the auspices of Department of Health
and Human Services Task Force on Alzheimer's Disease. Neurology
1984;34(7):939-44.

Galluzzi S, Frisoni GB. Imaging, subjective complaints, and MCI: 30
years before. J Nutr Health Aging 2008;12(1):80S-3S.

Buchhave P, Minthon L, Zetterberg H, Wallin AK, Blennow K, Hansson
O. Cerebrospinal fluid levels of beta-amyloid 1-42, but not of tau, are
fully changed already 5 to 10 years before the onset of Alzheimer
dementia. Arch Gen Psychiatry 2012;69(1):98-106.

Korf ES, Wahlund LO, Visser PJ, Scheltens P. Medial temporal lobe
atrophy on MRI predicts dementia in patients with mild cognitive
impairment. Neurology 2004;63(1):94-100.

Apostolova LG, Mosconi L, Thompson PM, Green AE, Hwang KS,
Ramirez A, et al. Subregional hippocampal atrophy predicts
Alzheimer's dementia in the cognitively normal. Neurobiol Aging
2010;31(7):1077-88.

Eckerstrom C, Olsson E, Borga M, Ekholm S, Ribbelin S, Rolstad S, et
al. Small baseline volume of left hippocampus is associated with
subsequent conversion of MCI into dementia: the Goteborg MCI
study. J Neurol Sci 2008;272(1-2):48-59.

Elgh E, Lindgvist Astot A, Fagerlund M, Eriksson S, Olsson T, Nasman
B. Cognitive dysfunction, hippocampal atrophy and glucocorticoid
feedback in Alzheimer's disease. Biol Psychiatry 2006;59(2):155-61.

Grinberg LT, Thal DR. Vascular pathology in the aged human brain. Acta
Neuropathol 2010;119(3):277-90.

Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC,
Garcia JH, et al. Vascular dementia: diagnostic criteria for research
studies. Report of the NINDS-AIREN International Workshop.
Neurology 1993;43(2):250-60.

63



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Simoni M, Pantoni L, Pracucci G, Palmertz B, Guo X, Gustafson D, et al.
Prevalence of CT-detected cerebral abnormalities in an elderly
Swedish population sample. Acta Neurol Scand 2008;118(4):260-7.

Visser PJ, Verhey FR, Hofman PA, Scheltens P, Jolles J. Medial temporal
lobe atrophy predicts Alzheimer's disease in patients with minor
cognitive  impairment. J  Neurol  Neurosurg  Psychiatry
2002;72(4):491-7.

Wegiel J, Wisniewski HM, Dziewiatkowski J, Badmajew E, Tarnawski
M, Reisberg B, et al. Cerebellar atrophy in Alzheimer's disease-
clinicopathological correlations. Brain Res 1999;818(1):41-50.

Golomb J, Kluger A, de Leon MJ, Ferris SH, MittelIman M, Cohen J, et
al. Hippocampal formation size predicts declining memory
performance in normal aging. Neurology 1996;47(3):810-3.

Terry RD, DeTeresa R, Hansen LA. Neocortical cell counts in normal
human adult aging. Ann Neurol 1987;21(6):530-9.

Peters A, Morrison JH, Rosene DL, Hyman BT. Feature article: are
neurons lost from the primate cerebral cortex during normal aging?
Cereb Cortex 1998;8(4):295-300.

Appelman AP, Vincken KL, van der Graaf Y, Vlek AL, Witkamp TD,
Mali WP, et al. White matter lesions and lacunar infarcts are
independently and differently associated with brain atrophy: the
SMART-MR study. Cerebrovasc Dis 2010;29(1):28-35.

Swan GE, DeCarli C, Miller BL, Reed T, Wolf PA, Carmelli D.
Biobehavioral characteristics of nondemented older adults with
subclinical brain atrophy. Neurology 2000;54(11):2108-14.

DeCarli C, Miller BL, Swan GE, Reed T, Wolf PA, Garner J, et al.
Predictors of brain morphology for the men of the NHLBI twin
study. Stroke 1999;30(3):529-36.

Pirttila T, Jarvenpaa R, Laippala P, Frey H. Brain atrophy on
computerized axial tomography scans: interaction of age, diabetes
and general morbidity. Gerontology 1992;38(5):285-91.

Ding J, Eigenbrodt ML, Mosley TH, Jr., Hutchinson RG, Folsom AR,
Harris TB, et al. Alcohol intake and cerebral abnormalities on
magnetic resonance imaging in a community-based population of
middle-aged adults: the Atherosclerosis Risk in Communities (ARIC)
study. Stroke 2004;35(1):16-21.

Gustafson DR, Steen B, Skoog |. Body mass index and white matter
lesions in elderly women. An 18-year longitudinal study. Int
Psychogeriatr 2004;16(3):327-36.

Gustafson D, Lissner L, Bengtsson C, Bjorkelund C, Skoog I. A 24-year
follow-up of body mass index and cerebral atrophy. Neurology
2004,63(10):1876-81.

Pantoni L, Garcia JH. Pathogenesis of leukoaraiosis: a review. Stroke
1997;28(3):652-9.

64



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Liebetrau M, Steen B, Skoog I. Stroke in 85-year-olds: prevalence,
incidence, risk factors, and relation to mortality and dementia. Stroke
2003;34(11):2617-22.

Poggesi A, Pantoni L, Inzitari D, Fazekas F, Ferro J, O'Brien J, et al.
2001-2011: A Decade of the LADIS (Leukoaraiosis And DISability)
Study: What Have We Learned about White Matter Changes and
Small-Vessel Disease? Cerebrovasc Dis 2011;32(6):577-88.

Wong TY, Klein R, Sharrett AR, Couper DJ, Klein BE, Liao DP, et al.
Cerebral white matter lesions, retinopathy, and incident clinical
stroke. JAMA 2002;288(1):67-74.

Launer LJ. Epidemiology of white matter lesions. Top Magn Reson
Imaging 2004;15(6):365-7.

Kuller LH, Lopez OL, Newman A, Beauchamp NJ, Burke G, Dulberg C,
et al. Risk factors for dementia in the cardiovascular health cognition
study. Neuroepidemiology 2003;22(1):13-22.

Prins ND, van Dijk EJ, den Heijer T, Vermeer SE, Koudstaal PJ,
Oudkerk M, et al. Cerebral white matter lesions and the risk of
dementia. Arch Neurol 2004;61(10):1531-4.

Olesen PJ, Gustafson DR, Simoni M, Pantoni L, Ostling S, Guo X, et al.
Temporal lobe atrophy and white matter lesions are related to major
depression over 5 years in the elderly. Neuropsychopharmacology
2010;35(13):2638-45.

Bokura H, Kobayashi S, Yamaguchi S, lijima K, Nagai A, Toyoda G, et
al. Silent brain infarction and subcortical white matter lesions
increase the risk of stroke and mortality: a prospective cohort study. J
Stroke Cerebrovasc Dis 2006;15(2):57-63.

Vermeer SE, Hollander M, van Dijk EJ, Hofman A, Koudstaal PJ,
Breteler MM. Silent brain infarcts and white matter lesions increase
stroke risk in the general population: the Rotterdam Scan Study.
Stroke 2003;34(5):1126-9.

Debette S, Markus HS. The clinical importance of white matter
hyperintensities on brain magnetic resonance imaging: systematic
review and meta-analysis. BMJ 2010;341:c3666.

Kuller LH, Arnold AM, Longstreth WT, Jr., Manolio TA, O'Leary DH,
Burke GL, et al. White matter grade and ventricular volume on brain
MRI as markers of longevity in the cardiovascular health study.
Neurobiol Aging 2007;28(9):1307-15.

Bozzao A, Floris R, Baviera ME, Apruzzese A, Simonetti G. Diffusion
and perfusion MR imaging in cases of Alzheimer's disease:
correlations with cortical atrophy and lesion load. AJNR Am J
Neuroradiol 2001;22(6):1030-6.

Archer N, Brown RG, Reeves S, Nicholas H, Boothby H, Lovestone S.
Midlife Neuroticism and the age of onset of Alzheimer's disease.
Psychol Med 2009;39(4):665-73.

65



97. Crowe M, Andel R, Pedersen NL, Gatz M. Do work-related stress and
reactivity to stress predict dementia more than 30 years later?
Alzheimer Dis Assoc Disord 2007;21(3):205-9.

98. Duberstein PR, Chapman BP, Tindle HA, Sink KM, Bamonti P, Robbins
J, et al. Personality and risk for Alzheimer's disease in adults 72 years
of age and older: a 6-year follow-up. Psychol Aging 2011;26(2):351-
62.

99. Grimby A, Berg S. Stressful life events and cognitive functioning in late
life. Aging (Milano) 1995;7(1):35-9.

100. Norton MC, Ostbye T, Smith KR, Munger RG, Tschanz JT. Early
parental death and late-life dementia risk: findings from the Cache
County Study. Age Ageing 2009;38(3):340-3.

101. Norton MC, Smith KR, Ostbye T, Tschanz JT, Schwartz S, Corcoran C,
et al. Early parental death and remarriage of widowed parents as risk
factors for Alzheimer disease: the Cache County study. Am J Geriatr
Psychiatry 2011;19(9):814-24.

102. Peavy GM, Salmon DP, Jacobson MW, Hervey A, Gamst AC, Wolfson
T, et al. Effects of chronic stress on memory decline in cognitively
normal and mildly impaired older adults. Am J Psychiatry
2009;166(12):1384-91.

103. Persson G, Skoog I. A prospective population study of psychosocial risk
factors for late onset dementia. Int J Geriatr Psych 1996;11(1):15-22.

104. Ravona-Springer R, Beeri MS, Goldbourt U. Exposure to the Holocaust
and World War Il concentration camps during late adolescence and
adulthood is not associated with increased risk for dementia at old
age. J Alzheimers Dis 2011;23(4):709-16.

105. Rosnick CB, Small BJ, McEvoy CL, Borenstein AR, Mortimer JA.
Negative life events and cognitive performance in a population of
older adults. J Aging Health 2007;19(4):612-29.

106. Stawski RS, Sliwinski MJ, Smyth JM. Stress-related cognitive
interference predicts cognitive function in old age. Psychol Aging
2006;21(3):535-44.

107. Tsolaki M, Papaliagkas V, Kounti F, Messini C, Boziki M, Anogianakis
G, et al. Severely stressful events and dementia: a study of an elderly
Greek demented population. Psychiatry Res 2010;176(1):51-4.

108. Wang HX, Karp A, Herlitz A, Crowe M, Kareholt I, Winblad B, et al.
Personality and lifestyle in relation to dementia incidence. Neurology
2009;72(3):253-9.

109. Wang HX, Wahlberg M, Karp A, Winblad B, Fratiglioni L.
Psychosocial stress at work is associated with increased dementia
risk in late life. Alzheimers Dement 2012;8(2):114-20.

110. Wilson RS, Evans DA, Bienias JL, Mendes de Leon CF, Schneider JA,
Bennett DA. Proneness to psychological distress is associated with
risk of Alzheimer's disease. Neurology 2003;61(11):1479-85.

66



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124

Wilson RS, Fleischman DA, Myers RA, Bennett DA, Bienias JL, Gilley
DW, et al. Premorbid proneness to distress and episodic memory
impairment in Alzheimer's disease. J Neurol Neurosurg Psychiatry
2004;75(2):191-5.

Wilson RS, Bennett DA, Mendes de Leon CF, Bienias JL, Morris MC,
Evans DA. Distress proneness and cognitive decline in a population
of older persons. Psychoneuroendocrinology 2005;30(1):11-7.

Wilson RS, Barnes LL, Bennett DA, Li Y, Bienias JL, Mendes de Leon
CF, et al. Proneness to psychological distress and risk of Alzheimer
disease in a biracial community. Neurology 2005;64(2):380-2.

Wilson RS, Arnold SE, Schneider JA, Kelly JF, Tang Y, Bennett DA.
Chronic psychological distress and risk of Alzheimer's disease in old
age. Neuroepidemiology 2006;27(3):143-53.

Wilson RS, Arnold SE, Schneider JA, Li Y, Bennett DA. Chronic
distress, age-related neuropathology, and late-life dementia.
Psychosom Med 2007;69(1):47-53.

Yaffe K, Vittinghoff E, Lindquist K, Barnes D, Covinsky KE, Neylan T,
et al. Posttraumatic stress disorder and risk of dementia among US
veterans. Arch Gen Psychiatry 2010;67(6):608-13.

Yehuda R, Golier JA, Harvey PD, Stavitsky K, Kaufman S, Grossman
RA, et al. Relationship between cortisol and age-related memory
impairments in Holocaust survivors with PTSD.
Psychoneuroendocrinology 2005;30(7):678-87.

Wilson RS, Schneider JA, Boyle PA, Arnold SE, Tang Y, Bennett DA.
Chronic distress and incidence of mild cognitive impairment.
Neurology 2007;68(24):2085-92.

Woodward SH, Schaer M, Kaloupek DG, Cediel L, Eliez S. Smaller
global and regional cortical volume in combat-related posttraumatic
stress disorder. Arch Gen Psychiatry 2009;66(12):1373-82.

Vythilingam M, Luckenbaugh DA, Lam T, Morgan CA, 3rd, Lipschitz
D, Charney DS, et al. Smaller head of the hippocampus in Gulf War-
related posttraumatic stress disorder. Psychiatry Res 2005;139(2):89-
99.

Villarreal G, Hamilton DA, Petropoulos H, Driscoll I, Rowland LM,
Griego JA, et al. Reduced hippocampal volume and total white
matter volume in posttraumatic stress disorder. Biol Psychiatry
2002;52(2):119-25.

Bremner JD, Vythilingam M, Vermetten E, Southwick SM, McGlashan
T, Nazeer A, et al. MRI and PET study of deficits in hippocampal
structure and function in women with childhood sexual abuse and
posttraumatic stress disorder. Am J Psychiatry 2003;160(5):924-32.

Bremner JD. Stress and brain atrophy. CNS Neurol Disord Drug Targets
2006;5(5):503-12.

. Sapolsky RM. Atrophy of the hippocampus in posttraumatic stress

disorder: how and when? Hippocampus 2001;11(2):90-1.

67



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Hedges DW, Thatcher GW, Bennett PJ, Sood S, Paulson D, Creem-
Regehr S, et al. Brain integrity and cerebral atrophy in Vietnam
combat veterans with and without posttraumatic stress disorder.
Neurocase 2007;13(5):402-10.

De Bellis MD, Keshavan MS, Frustaci K, Shifflett H, lyengar S, Beers
SR, et al. Superior temporal gyrus volumes in maltreated children
and adolescents with PTSD. Biol Psychiatry 2002;51(7):544-52.

Gianaros PJ, Sheu LK. A review of neuroimaging studies of stressor-
evoked blood pressure reactivity: emerging evidence for a brain-body
pathway to coronary heart disease risk. Neuroimage 2009;47(3):922-
36.

Gianaros PJ, Jennings JR, Sheu LK, Greer PJ, Kuller LH, Matthews
KA. Prospective reports of chronic life stress predict decreased grey
matter volume in the hippocampus. Neuroimage 2007;35(2):795-803.

Bengtsson C, Blohme G, Hallberg L, Hallstrom T, Isaksson B, Korsan-
Bengtsen K, et al. The study of women in Gothenburg 1968-1969--a
population study. General design, purpose and sampling results. Acta
Med Scand 1973;193(4):311-8.

Bengtsson C, Gredmark T, Hallberg L, Hallstrom T, Isaksson B,
Lapidus L, et al. The population study of women in Gothenburg
1980-81--the third phase of a longitudinal study. Comparison
between participants and non-participants. Scand J Soc Med
1989;17(2):141-5.

Bengtsson C, Hallberg L, Hallstrom T, Hultborn A, Isaksson B,
Lennartsson J, et al. The population study of women in Goteborg
1974--1975--the second phase of a longitudinal study. General
design, purpose and sampling results. Scand J Soc Med 1978;6(2):49-
54.

Lissner L, Skoog I, Andersson K, Beckman N, Sundh V, Waern M, et
al. Participation bias in longitudinal studies: experience from the
Population Study of Women in Gothenburg, Sweden. Scand J Prim
Health Care 2003;21(4):242-7.

Héllstrom T. Mental disorder and sexuality in climacteric. Scandinavien
University Books. Gothenburg. 1973.

Skoog I, Nilsson L, Palmertz B, Andreasson LA, Svanborg A. A
population-based study of dementia in 85-year-olds. N Engl J Med
1993;328(3):153-8.

Guo X, Waern M, Sjogren K, Lissner L, Bengtsson C, Bjorkelund C, et
al. Midlife respiratory function and Incidence of Alzheimer's disease:
a 29-year longitudinal study in women. Neurobiol Aging
2007;28(3):343-50.

Guo X, Skoog I, Matousek M, Larsson L, Palsson S, Sundh V, et al. A
population-based study on motor performance and white matter
lesions in older women. J Am Geriatr Soc 2000;48(8):967-70.

68



137. De Leon MJ, Ferris SH, George AE, Reisberg B, Kricheff, Il, Gershon
S. Computed tomography evaluations of brain-behavior relationships
in senile dementia of the Alzheimer's type. Neurobiol Aging
1980;1(1):69-79.

138. Skoog I, Palmertz B, Andreasson LA. The prevalence of white-matter
lesions on computed tomography of the brain in demented and
nondemented  85-year-olds. J Geriatr Psychiatry  Neurol
1994;7(3):169-75.

139. Carlsson G. Socialgruppering. Social mobility and class structure:
University of Lund.Sweden: GWK Gleerup., 1958.

140. Rose GA. The diagnosis of ischaemic heart pain and intermittent
claudication in field surveys. Bulletin of the World Health
Organization 1962;27:645-58.

141. Rinder L, Roupe S, Steen B, Svanborg A. Seventy-year-old people in
Gothenburg. A population study in an industrialized Swedish city.
Acta medica Scandinavica 1975;198(5):397-407.

142. Hatazawa J, I1to M, Yamaura H, Matsuzawa T. Sex difference in brain
atrophy during aging; a quantitative study with computed
tomography. J Am Geriatr Soc 1982;30(4):235-9.

143. Tibblin G. High blood pressure in men aged 50-a population

study of men born in 1913. PhD Thesis. Acta Med Scand 1967.

144. Holmgren K, Hensing G, Dahlin-lvanoff S. Development of a
questionnaire assessing work-related stress in women - identifying
individuals who risk being put on sick leave. Disabil Rehabil
2009;31(4):284-92.

145. Holmgren K, Dahlin-lvanoff S, Bjorkelund C, Hensing G. The
prevalence of work-related stress, and its association with self-
perceived health and sick-leave, in a population of employed
Swedish women. BMC Public Health 2009;9:73.

146. Eriksson H, Svardsudd K, Larsson B, Ohlson LO, Tibblin G, Welin L, et
al. Risk factors for heart failure in the general population: the study
of men born in 1913. Eur Heart J 1989;10(7):647-56.

147. Bengtsson C. Ischaemic heart disease in women. A study based on a
randomized population sample of women and women with
myocardial infarction in Goteborg, Sweden. Acta Med Scand Suppl
1973;549:1-128.

148. Rosengren A, Tibblin G, Wilhelmsen L. Self-perceived psychological
stress and incidence of coronary artery disease in middle-aged men.
Am J Cardiol 1991;68(11):1171-5.

149. Helgesson O, Cabrera C, Lapidus L, Bengtsson C, Lissher L. Self-
reported stress levels predict subsequent breast cancer in a cohort of
Swedish women. Eur J Cancer Prev 2003;12(5):377-81.

150. Helgesson O, Lissner L, Mansson J, Bengtsson C. Quality of life in
cancer survivors as observed in a population study of Swedish
women. Scand J Prim Health Care 2007;25(4):220-5.

69



151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Rowshan Ravan A, Bengtsson C, Lissner L, Lapidus L, Bjorkelund C.
Thirty-six-year secular trends in sleep duration and sleep satisfaction,
and associations with mental stress and socioeconomic factors--
results of the Population Study of Women in Gothenburg, Sweden. J
Sleep Res 2010;19(3):496-503.

Thorn J, Bjorkelund C, Bengtsson C, Guo X, Lissner L, Sundh V. Low
socio-economic status, smoking, mental stress and obesity predict
obstructive symptoms in women, but only smoking also predicts
subsequent experience of poor health. Int J Med Sci 2007;4(1):7-12.

Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner PA,
Markesbery WR. Brain infarction and the clinical expression of
Alzheimer disease. The Nun Study. JAMA 1997;277(10):813-7.

Wancata J, Borjesson-Hanson A, Ostling S, Sjogren K, Skoog I.
Diagnostic criteria influence dementia prevalence. Am J Geriatr
Psychiatry 2007;15(12):1034-45.

Frisoni GB. Structural imaging in the clinical diagnosis of Alzheimer's
disease: problems and tools. J Neurol Neurosurg Psychiatry
2001;70(6):711-8.

Lopez OL, Becker JT, Jungreis CA, Rezek D, Estol C, Boller F, et al.
Computed tomography--but not magnetic resonance imaging--
identified periventricular white-matter lesions predict symptomatic
cerebrovascular disease in probable Alzheimer's disease. Arch Neurol
1995;52(7):659-64.

Csernansky JG, Dong H, Fagan AM, Wang L, Xiong C, Holtzman DM,
et al. Plasma cortisol and progression of dementia in subjects with
Alzheimer-type dementia. Am J Psychiatry 2006;163(12):2164-9.

Payne JD, Jackson ED, Hoscheidt S, Ryan L, Jacobs WJ, Nadel L.
Stress administered prior to encoding impairs neutral but enhances
emotional  long-term  episodic  memories. Learn  Mem
2007;14(12):861-8.

Srivareerat M, Tran TT, Alzoubi KH, Alkadhi KA. Chronic
psychosocial stress exacerbates impairment of cognition and long-
term potentiation in beta-amyloid rat model of Alzheimer's disease.
Biol Psychiatry 2009;65(11):918-26.

Catania C, Sotiropoulos I, Silva R, Onofri C, Breen KC, Sousa N, et al.
The amyloidogenic potential and behavioral correlates of stress. Mol
Psychiatry 2009;14(1):95-105.

Lee KW, Kim JB, Seo JS, Kim TK, Im JY, Baek IS, et al. Behavioral
stress accelerates plaque pathogenesis in the brain of Tg2576 mice
via generation of metabolic oxidative stress. J Neurochem
2009;108(1):165-75.

Mrak RE, Griffin WS. Potential inflammatory biomarkers in
Alzheimer's disease. J Alzheimers Dis 2005;8(4):369-75.

Sparrenberger F, Fuchs SC, Moreira LB, Fuchs FD. Stressful life events
and current psychological distress are associated with self-reported

70



164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

hypertension but not with true hypertension: results from a cross-
sectional population-based study. BMC Public Health 2008;8:357.

Pouwer F, Kupper N, Adriaanse MC. Does emotional stress cause type 2
diabetes mellitus? A review from the European Depression in
Diabetes (EDID) Research Consortium. Discov Med 2010;9(45):112-
8

Folkow B, Hallback M, Weiss L. Cardiovascular responses to acute
mental "stress™ in spontaneously hypertensive rats. Clin Sci Mol Med
Suppl 1973;45 Suppl 1:131s-3.

Skoog I, Kalaria RN, Breteler MM. Vascular factors and Alzheimer
disease. Alzheimer Dis Assoc Disord 1999;13 Suppl 3:5106-14.

Whitmer RA, Gustafson DR, Barrett-Connor E, Haan MN, Gunderson
EP, Yaffe K. Central obesity and increased risk of dementia more
than three decades later. Neurology 2008;71(14):1057-64.

Solomon A, Kivipelto M, Wolozin B, Zhou J, Whitmer RA. Midlife
serum cholesterol and increased risk of Alzheimer's and vascular
dementia three decades later. Dement Geriatr Cogn Disord
2009;28(1):75-80.

Whitmer RA. Type 2 diabetes and risk of cognitive impairment and
dementia. Curr Neurol Neurosci Rep 2007;7(5):373-80.

Gustafson DR BK, Waern M, Ostling S, Guo X, Zandi P, Mielke MM,
Bengtsson C, Skoog I. Adiposity indicators and dementia over 32
years in Sweden. Neurology 2009;in press.

Caswell LW, Vitaliano PP, Croyle KL, Scanlan JM, Zhang J, Daruwala
A. Negative associations of chronic stress and cognitive performance
in older adult spouse caregivers. Exp Aging Res 2003;29(3):303-18.

Sliwinski MJ, Smyth JM, Hofer SM, Stawski RS. Intraindividual
coupling of daily stress and cognition. Psychol Aging
2006;21(3):545-57.

Barber R, Scheltens P, Gholkar A, Ballard C, McKeith I, Ince P, et al.
White matter lesions on magnetic resonance imaging in dementia
with Lewy bodies, Alzheimer's disease, vascular dementia, and
normal aging. J Neurol Neurosurg Psychiatry 1999;67(1):66-72.

van der Beek EM, Wiegant VM, Schouten WG, van Eerdenburg FJ,
Loijens LW, van der Plas C, et al. Neuronal number, volume, and
apoptosis of the left dentate gyrus of chronically stressed pigs
correlate negatively with basal saliva cortisol levels. Hippocampus
2004;14(6):688-700.

Luine V, Villegas M, Martinez C, McEwen BS. Repeated stress causes
reversible impairments of spatial memory performance. Brain Res
1994;639(1):167-70.

Arbel I, Kadar T, Silbermann M, Levy A. The effects of long-term
corticosterone administration on hippocampal morphology and
cognitive performance of middle-aged rats. Brain Res 1994;657(1-
2):227-35.

71



177. Kim JJ, Fanselow MS. Modality-specific retrograde amnesia of fear.
Science 1992;256(5057):675-7.

178. Colla M, Kronenberg G, Deuschle M, Meichel K, Hagen T, Bohrer M,
et al. Hippocampal volume reduction and HPA-system activity in
major depression. J Psychiatr Res 2007;41(7):553-60.

179. Videbech P, Ravnkilde B. Hippocampal volume and depression: a meta-
analysis of MRI studies. Am J Psychiatry 2004;161(11):1957-66.

180. Westerlund H, Gustafsson PE, Theorell T, Janlert U, Hammarstrom A.
Social adversity in adolescence increases the physiological
vulnerability to job strain in adulthood: a prospective population-
based study. PLoS One 2012;7(4):e35967.

72



