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The number of people with dementia has increased dramatically with global ageing. Nevertheless, the pathogeneses of these
diseases are not sufficiently understood. The present study aims to analyse the relationship between psychological stress in
midlife and the development of dementia in late-life. A representative sample of females (n=1462) aged 38-60 years were
examined in 1968-69 and re-examined in 1974-75, 1980-81, 1992-93 and 2000-03. Psychological stress was rated according
to a standardized question in 1968, 1974 and 1980. Dementia was diagnosed according to Diagnostic and Statistical Manual of
Mental Disorders criteria based on information from neuropsychiatric examinations, informant interviews, hospital records and
registry data. During the 35-year follow-up, 161 females developed dementia (105 Alzheimer's disease, 40 vascular dementia
and 16 other dementias). We found that the risk of dementia (hazard ratios, 95% confidence intervals) was increased in females
reporting frequent/constant stress in 1968 (1.60, 1.10-2.34), in 1974 (1.65, 1.12-2.41) and in 1980 (1.60, 1.01-2.52). Frequent/
constant stress reported in 1968 and 1974 was associated with Alzheimer's disease. Reporting stress at one, two or three
examinations was related to a sequentially higher dementia risk. Compared to females reporting no stress, hazard ratios (95%
confidence intervals) for incident dementia were 1.10 (0.71-1.71) for females reporting frequent/constant stress at one
examination, 1.73 (1.01-2.95) for those reporting stress at two examinations and 2.51 (1.33-4.77) at three examinations.
To conclude, we found an association between psychological stress in middle-aged women and development of dementia,
especially Alzheimer's disease. More studies are needed to confirm our findings and to study potential neurobiological
mechanisms of these associations.
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and dementia by its activation of the hypothalamic-

pituitary-adrenal axis, and increasing levels of glucocorticoid hor-

Introduction

Previous research has shown that psychological stress could plaus-
ibly lead to neural degeneration and development of cognitive
impairment via changes in hormonal and immune system func-
tions (Leonard, 2006). Stress may be related to cognitive decline

mones (Sapolsky, 1996; Lupien et al., 1997; Peavy et al., 2007),
which in turn may lead to hippocampal atrophy (Bremner et al.,
1995; McEwen, 2000) and deposition of B-amyloid peptid and
tau-protein in the brain (Green et al., 2006), the main markers
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of Alzheimer's disease. Stress has also been associated with hyper-
tension (Sparrenberger et al., 2008) and other vascular factors
(Folkow et al., 1973; Pickering, 2001) that are related to both
Alzheimer's disease and vascular dementia (Skoog et al., 1999;
Launer, 2002). Epidemiological studies report that stressful
life-events or post-traumatic stress disorder increase the risk of
developing cognitive decline (Amster and Krauss, 1974; Sands,
1981; Yehuda et al., 2005) and dementia (Persson and Skoog,
1996), and that the stress-prone personality factor ‘high neuroti-
cism' increases the risk of developing cognitive decline (Wilson
et al., 2007) and Alzheimer's disease (Wilson et al., 2003, 2006).

Long-term prospective studies on the impact of psychological
stress on dementia are still lacking and no study has to date
examined how midlife stress responses to everyday life, such as
work, health and family situation, are related to the development
of dementia. We therefore examined the relationship of
self-reported psychological stress in midlife and the development
of late-life dementia in a population-based sample of females fol-
lowed for 35 years.

Methods
Study population

The study is part of the Prospective Population Study of Women in
Gothenburg (Bengtsson et al., 1973, 1978; Lissner et al., 2003), which
was initiated in 1968-69 with an examination of 1462 females (par-
ticipation rate 90%) born in 1908, 1914, 1918, 1922 and 1930. The
females were systematically sampled from the census register based on
specific birth dates in order to yield a representative sample at the ages
studied. Follow-ups were performed in 1974-75, 1980-81, 1992-93
and 2000-03 with participation rates (among survivors from the base-
line examination) of 91, 83, 70 and 71%, respectively. In 1980-81 the
sample was enriched with 47 females born in 1930, in order to ensure
representation of the age strata (Bengtsson et al., 1989). The Ethics
Committee of Goteborg University approved the study. All subjects
gave informed consent to participate, in accordance with the provi-
sions of the Declaration of Helsinki.

Psychological stress

A question about psychological stress was asked by a physician and
answered by 1415 non-demented females in 1968-69 (aged 38, 46,
50, 54 and 60 years), by 1301 in 1974-75 (aged 44, 52, 56, 60 and
66 years) and by 1196 in 1980-81 (aged 50, 58, 62, 66 and 72 years).
The question was identical at each examination and was as follows:
'Have you experienced any period of 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, ner-
vousness, fear, anxiety or sleep disturbances'. Participants were asked
to choose '0: have never experienced any period of stress’; 1: ‘have
experienced period/s of stress more than 5 years ago'; 2: ‘have experi-
enced one period of stress during the last 5 years'; 3: ‘have experi-
enced several periods of stress during the last 5 years’; 4: ‘have
experienced constant stress during the last year’; or 5: 'have experi-
enced constant stress during the last 5 vyears'. According to
their answers, the participants were classified into four groups: no
stress (response 0), previous stress (response 1), occasional stress
(response 2) and frequent/constant stress (response 3-5).
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Diagnosis of dementia

Dementia diagnosis was based on information from psychiatric exam-
inations, close informant interviews, medical record examinations and
the Swedish Hospital Discharge Registry. The diagnostic procedures
have been described in detail previously (Guo et al., 2007). The neuro-
psychiatric examinations were performed in 1968-69, 1974-75,
1980-81 and 1992-93 by psychiatrists and in 2000-03 by experienced
psychiatric nurses. The examinations were semi-structured and
included a comprehensive psychiatric interview, observations of
mental symptoms and an extensive battery of neuropsychiatric tests
(Guo et al., 2007). Close informant interviews were performed in
1992-93 and in 2000-03 by psychiatric nurses. The interviews were
semi-structured and comprised questions regarding changes in behav-
jour and intellectual function, psychiatric symptoms, activities of daily
living and, in cases of dementia, age of onset and disease course
(Skoog et al., 1993). Medical records were collected from all inpatient
and outpatient departments and general practitioners’ offices in
Gothenburg for all participants. The Swedish Hospital Discharge
Registry provided diagnostic information for all individuals discharged
from hospitals on a nationwide basis since 1978.

Dementia diagnosis for participants at each examination was based
on the combined information from the neuropsychiatric examinations
and the close informant interview according to the Diagnostic and
Statistical Manual of Mental Disorders (1987) as described previously
(Skoog et al., 1993). 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 (Guo et al., 2007). The diagnoses had to
be compatible with Diagnostic and Statistical Manual of Mental
Disorders criteria. Altogether, 117 cases of dementia were diagnosed
from psychiatric examinations/close informant interviews and 91 cases
were diagnosed from medical records or the Swedish Hospital
Discharge Registry.

Dementia subtypes were determined by geriatric psychiatrists.
Probable or possible Alzheimer's disease was 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 (1985). The criteria for vascular de-
mentia were similar to the criteria proposed by the National Institute of
Neurological Disorders and Stroke and the Association Internationale
pour la Recherche et 1'Enseignement en Neurosciences (Roman et al.,
1993). Vascular dementia was diagnosed when there was a temporal
relationship (within 1 year) between a history of acute focal neuro-
logical symptoms and signs (hemiparesis or motor aphasia) and the
first symptoms of dementia. Due to the recognized difficulties in de-
termining the relative importance of cerebrovascular disease in the
aetiology of dementia, we explored various ways of defining dementia
subtypes. The Alzheimer's disease group was divided into Alzheimer's
disease with or without cerebrovascular disease. We also created a
group ‘dementia with cerebrovascular disease’, which included individ-
uals with dementia and stroke without considering the temporal rela-
tionship between the occurrence of dementia and stroke. In practice,
this group included pure vascular dementia and Alzheimer's disease
with cerebrovascular disease. Other dementias were diagnosed when
other causes were likely to have caused the dementia.

Potential confounders

Information on education, marital status, socioeconomic status, having
children, cigarette smoking, wine consumption, physical activity,
coronary heart disease, blood pressure, antihypertensive medication
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use and waist and hip circumferences were obtained with identical
protocols 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.
Socioeconomic status was based on the husband's occupation for
married women and own occupation for unmarried women, and
was defined as high, medium or low (Carlsson, 1958). Cigarette
smoking was defined as never, former or current smoker. Wine con-
sumption was classified as none, < once weekly or > once weekly.
Physical activities during leisure time were rated as low (<4 h/week)
or medium/high (>4 h/week). Hypertension was defined as systolic
blood pressure >160mmHg and/or diastolic blood pressure
>95mmHg and/or taking antihypertensive medications. Coronary
heart disease was defined as meeting one or more of the following
criteria: angina pectoris according to the Rose criteria (Rose, 1962),
documented history of myocardial infarction; ECG-evidence of
ischaemia i.e. complete left bundle branch block or major Q waves;
pronounced ST depression and/or negative T waves (Rinder et al.,
1975). Waist-to-hip ratio was calculated as the ratio of waist and
hip circumferences, measured to the nearest 0.5cm.

Statistical methods

Cox regressions were used to study the association between psycho-
logical stress at each examination and incidence of dementia and
dementia subtypes. The associations are presented as hazard ratios
and 95% confidence intervals (Cls), adjusted for age, education,
marital status, socioeconomic 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 (i) time of dementia onset; (i) the
date of death; (iii) the date of the last follow-up examination for
participants in 2000-03; or (iv) 31 December 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 fre-
quent/constant stress at any of the examinations’ and ‘frequent/con-
stant stress at one, two, or three examinations’. Adjustments were
based on data from 1980.

As individuals might have experienced increased stress because
of incipient dementia, we reanalysed the data after excluding
females with dementia onset before 1992. Finally the influence of
stress on dementia with onset before and after age 70 years was
analysed.

Results

Characteristics of the study sample in 1968-69, 1974-75 and
1980-81 are shown in Table 1. Frequent/constant psychological
stress within the last 5 years was reported by 277 (20%) females
in 1968, 305 (23%) in 1974 and 183 (15%) in 1980. Among
those who participated in all three examinations (n=1096),
265 (24%) 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.

Among 1415 non-demented females who answered the stress
question in 1968, 161 developed dementia during 35 years of
follow-up (40089 person-years). These included 105 with
Alzheimer's disease (73 without cerebrovascular disease and 32
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with cerebrovascular disease), 40 with vascular dementia and 16
with other dementias. The mean time from the baseline examin-
ation 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 and 80 years,
and 57 after age 80 years).

Frequent/constant stress reported in 1968, 1974 and 1980 was
related to increased risk of developing dementia (Table 2). The
associations were consistent and similar across all three examin-
ations. Adjustment for multiple potential confounders did not
change the associations. 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. Frequent/
constant stress in 1968 and 1974 was associated with higher risks
of Alzheimer’'s disease. Frequent/constant stress was not related to
pure vascular dementia at any examinations. Frequent/constant
stress in 1980 was associated with ‘dementia with cerebrovascular
disease’ (Table 3). Neither occasional stress nor previous stress was
associated with development of any subtype dementia.

Among women who participated in all three examinations
(n=1096), risk of dementia increased with numbers of examin-
ations when stress was reported (Table 4). Compared to females
never reporting frequent/constant stress, hazard ratios (95% Cls)
for incident dementia were 1.10 (0.71-1.71) for females reporting
frequent/constant stress at one examination, 1.73 (1.01-2.95)
reporting stress at two examinations and 2.51 (1.33-4.77) at
three examinations. Participants who reported frequent/constant
stress at two or three occasions were at higher risk of developing
Alzheimer's disease, both ‘Alzheimer’s disease with cerebrovascu-
lar disease’ and ‘Alzheimer's disease without cerebrovascular
disease’, and ‘dementia with cerebrovascular disease’. There
was no increased risk of developing pure vascular dementia
(Table 5).

To minimize the influence of incipient dementia on the associ-
ation between stress and dementia, we re-analysed the data
excluding females with dementia onset before 1992. This did
not change the association between stress and incidence of de-
mentia (data not shown). The associations between stress and
dementia were also similar in participants with dementia onset
before and after age 70 years (data not shown).

Discussion

In a large population-based sample of women followed for
35 years, we found that frequent/constant stress reported in
midlife was associated with an increased risk for dementia. To
the best of our knowledge, this is the first study to examine the
association between midlife psychological stress and development
of dementia. The association was consistent over three examin-
ations and remained after adjustment for multiple potential con-
founders. In addition, women reporting stress at two or three
examinations had higher risks of developing dementia than
women reporting no stress or stress at only one examination.
Furthermore, stress was related to both early onset dementia
(<70 years old) and late onset dementia (=70 years old) and
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Table 1 Characteristics of women without dementia in 1968, 1974 and 1980

Participants 1968 (n=1415)

Participants 1974 (n=1301) Participants 1980 (n=1196)

Age (years) (mean + SD) 47+6
Birth year 1908, n (%) 81 (6)
Birth year 1914, n (%) 180 (12)
Birth year 1918, n (%) 380 (27)
Birth year 1922, n (%) 421 (30)
Birth year 1930, n (%) 353 (25)
Psychological stress, n (%)

No stress 758 (54)

Previous stress 176 (12)

Occasional stress 204 (14)

Frequent/constant stress 277 (20)
Education level, n (%)

Compulsory 984 (70)

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

Never married 121 (9)

Married 1121 (79)

Widowed 60 (4)

Divorced 113 (8)
Socioeconomic status, n (%)

High 191 (14)

Medium 721 (52)

Low 468 (34)
Having children, n (%) 1153 (82)
Smoking, n (%)

Never 734 (52)

Former 106 (7)

Current 574 (41)
Wine consumption, n (%)

None 691 (49)

Less than once weekly 452 (32)

More than or equal to once weekly 270 (19)
Physical activity, n (%)

Low 260 (18)

Medium/high 1154 (82)
Coronary heart disease, n (%) 29 (2)
Hypertension, n (%) 299 (21)
Waist-to-hip ratio (mean £ SD) 0.74+0.05

53+6 58+6
65 (5) 49 (4)
163 (12) 138 (12)
351 (27) 323 (27)
386 (30) 331 (27)
336 (26) 355 (30)
736 (57) 758 (62)
81 (6) 141 (12)
179 (14) 114 (10)
305 (23) 183 (16)
901 (69) 817 (69)
396 (31) 375 (31)
97 (8) 88 (7)
988 (76) 830 (70)
93 (7) 131 (11)
123 (9) 147 (12)
173 (13) 152 (13)
678 (53) 625 (53)
430 (34) 391 (34)
1074 (83) 975 (82)
684 (53) 655 (55)
129 (10) 158 (13)
486 (37) 383 (32)
538 (41) 444 (37)
494 (38) 533 (45)
269 (21) 219 (18)
295 (23) 353 (29)
1006 (77) 842 (71)
82 (6) 116 (10)
371 (28) 499 (44)
0.79+0.07 0.8140.07

the associations remained when individuals with dementia onset
before 1992 were excluded.

Our findings are supported by a few comparable epidemiologic-
al studies reporting that stressful life-events, post-traumatic stress
disorder (Amster and Krauss, 1974; Sands, 1981; Persson and
Skoog, 1996; Yehuda et al., 2005) or having the stress-prone
personality factor ‘high neuroticism’ (Wilson et al., 2003, 2006,
2007) are associated with development of cognitive decline
(Amster and Krauss, 1974; Sands, 1981; Yehuda et al., 2005;
Wilson et al., 2007), dementia (Persson and Skoog, 1996) and
Alzheimer's disease (Wilson et al., 2003, 2006). Our findings
were mainly driven by Alzheimer's disease type dementia. The
physiological mechanism of stress and its possible relation to
Alzheimer's disease is complex. There are several possible biologic-
al explanations. The main hypotheses are related to the
hypothalamic-pituitary-adrenal  axis and the effects of

glucocorticoids on the brain. Psychological stress increases the ac-
tivity of the hypothalamic-pituitary-adrenal axis and thus the level
of glucocorticoid hormones (Sapolsky, 1996; Lupien et al., 1999;
Peavy et al., 2007). Stress may cause structural and functional
damage to the hippocampus (Sheline et al., 1996; Gould and
Tanapat, 1999; Bremner, 2006) and influence learning and
memory processes (Lupien et al., 1997; Csernansky et al., 2006;
Payne et al., 2007). Animal studies have reported that increased
glucocorticoid levels and chronic stress may increase the deposition
of B-amyloid peptide and tau-protein in the brain (Dong et al.,
2004; Green et al., 2006; Kang et al., 2007). Glucocorticoids may
also decrease the clearance of B-amyloid peptide from the brain
(Harris-White et al., 2001). Another theory is linked to the pos-
sible role of stress on inflammatory processes. Stress increases the
production of pro-inflammatory cytokines (Kiecolt-Glaser et al.,
2002), which are suggested to give rise to Alzheimer's disease
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Table 2 Hazard ratios for incidence of dementia, in participants reporting psychological stress compared to those reporting
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no stress, in a population sample of females followed from 1968 to 2003

No stress Previous stress

Occasional stress in
the last 5 years

Frequent/constant
stress in the
last 5 years

Examination 1968
No. of persons=1415/No. of cases=161
Hazard ratio (95% Cl)? 1.0 (ref.)
Hazard ratio (95% CI)° 1.0 (ref.)
Examination 1974
No. of persons=1301/No. of cases=148
Hazard ratio (95% Cl)? 1.0 (ref.)
Hazard ratio (95% ClI)® 1.0 (ref.)
Examination 1980
No. of persons=1196/No. of cases=137
Hazard ratio (95% ClI)? 1.0 (ref.)
Hazard ratio (95% ClI)® 1.0 (ref.)

0.86 (0.51-1.45)
0.87 (0.51-1.47)

1.03 (0.51-2.05)
1.03 (0.51-2.07)

1.35 (0.82-2.22)
1.33 (0.80-2.23)

0.94 (0.58-1.53)
0.89 (0.55-1.46)

1.07 (0.64-1.79)
1.13 (0.67-1.90)

1.53 (0.91-2.56)
1.62 (0.96-2.73)

1.74 (1.20-2.51)
1.60 (1.10-2.34)

1.65 (1.14-2.39)
1.65 (1.12-2.41)

1.73 (1.10-2.71)
1.60 (1.01-2.52)

a Hazard ratio adjusted for age.

b Hazard ratio adjusted for age, education, marital status, socioeconomic status, having children, smoking, wine consumption, physical activity, coronary heart disease,

hypertension and waist-to-hip ratio, at each examination.

Table 3 Hazard ratios for incidence of dementia and dementia subtypes, in participants reporting frequent/constant
stress compared with those reporting no stress, in a population sample of females, followed from 1968 to 2003

Examination 1968
(n=1035)

Examination 1974
(n=1041)

Examination 1980
(n=941)

All Alzheimer's disease

No. of cases 81

Hazard ratio (95% Cl)? 2.23 (1.44-3.47)

Hazard ratio (95% CI)® 2.14 (1.36-3.38)
Alzheimer's disease without cerebrovascular disease

No. of cases 55

Hazard ratio (95% ClI)? 2.14 (1.25-3.66)

Hazard ratio (95% CI)° 2.03 (1.16-3.54)
Alzheimer's disease with cerebrovascular disease

No. of cases 26

Hazard ratio (95% Cl)? 2.80 (1.29-6.07)

Hazard ratio (95% CI)b 2.79 (1.25-6.25)
Pure vascular dementia

No. of cases 29

Hazard ratio (95% Cl)? 0.86 (0.35-2.12)

Hazard ratio (95% Cl)® 0.67 (0.27-1.73)
Dementia with cerebrovascular disease

No. of cases 55

Hazard ratio (95% CI)* 1.59 (0.91-2.80)

Hazard ratio (95% CI)° 1.41 (0.78-2.53)

81
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)

68
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)

52 44
1.60 (0.89-2.85) 2.51 (1.34-4.72)
1.57 (0.86-2.88) 1.94 (1.01-3.73)

a Hazard ratio adjusted for age.

b Hazard ratio adjusted for age, education, marital status, socioeconomic status, having children, smoking, wine consumption, physical activity, coronary heart disease,

hypertension and waist-to-hip ratio, at each examination.

changes in the brain (Papassotiropoulos et al., 2001; Mrak and
Griffin, 2005). Psychological stress has also been associated with
cardiovascular disease (Folkow et al., 1973; Pickering, 2001),
hypertension (Sparrenberger et al., 2008) and central adiposity
(Brydon et al., 2008), which has been linked to dementia
(Skoog et al., 1999; Whitmer et al., 2008). One reason for the
absence of association between stress and pure vascular dementia
may be earlier mortality due to cardiovascular disease among

individuals with stress. This may thus underestimate the relation-
ship between stress and risk of vascular dementia (Gustafson,
2009). Absence of association may also be due to a smaller
number of participants with pure vascular dementia.

It is also possible that a heightened stress response is a predictor
or early marker for dementia rather than a causal factor. It has
been suggested that Alzheimer's disease changes in the brain al-
ready appear 20-30 years before the clinical manifestations of the
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Table 4 Hazard ratios for dementia, in relation to numbers of examinations when participants reported frequent/constant

stress, in a population sample of females followed from 1968 to 2003 (n=1096)

L. Johansson et al.

Number of examinations with stress No. of persons No. of cases Hazard ratio Hazard ratio
(95% CIy* (95% CI)°
Never frequent/constant stress 673 70 1.0 (ref) 1.0 (ref.)
Frequent/constant stress in one examination 265 29 1.09 (0.71-1.69) 1.10 (0.71-1.71)
Frequent/constant stress in two examinations 105 17 1.82 (1.07-3.09) 1.73 (1.01-2.95)
Frequent/constant stress in three examinations 53 12 2.83 (1.53-5.23) 2.51 (1.33-4.77)

a Hazard ratio adjusted for age.

b Hazard ratio adjusted for age, education, marital status, socioeconomic status, having children, smoking, wine consumption, physical activity, coronary heart disease,

hypertension and waist-to-hip ratio, at examination in 1980.

Table 5 Hazard ratios for dementia subtypes, in participants reporting frequent/constant stress at two or three examin-
ations in a population sample of females followed from 1968 to 2003 (n=1096)

Dementia and subtypes of dementia No. of cases Hazard ratio Hazard ratio
(95% CI)* (95% CI)°

Total dementia 128 2.08 (1.37-3.15) 1.92 (1.25-2.94)

All Alzheimer's disease 86 2.50 (1.53-4.06) 2.33 (1.41-3.85)
Alzheimer's disease without cerebrovascular disease 60 2.10 (1.13-3.89) 2.02 (1.07-3.80)
Alzheimer's disease with cerebrovascular disease 26 4.07 (1.80-9.20) 3.28 (1.40-7.71)

Pure vascular dementia 32 1.45 (0.55-3.79) 1.20 (0.45-3.23)

Dementia with cerebrovascular disease 58 2.40 (1.31-4.40) 1.95 (1.04-3.65)

a Hazard ratio adjusted for age.

b Hazard ratio adjusted for education, marital status, socioeconomic status, having children, smoking, wine consumption, physical inactivity, hypertension, coronary heart

disease and waist-to-hip ratio, at examination in 1980.

disease (Mann, 1989; Lemere et al., 1996). We cannot exclude
the possibility that these brain changes may give rise to an
increased vulnerability to stress. Decreased stress tolerance may
thus reflect early symptoms of dementia. 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 or may not be
due to incipient Alzheimer's disease changes in the brain.
Furthermore, 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.

The strengths of this study include a representative population,
long follow-up and multiple sources of information to detect and
diagnose dementia. Some methodological issues need to be con-
sidered. First, individuals can differ in their capacity to adapt to
different situations, or in their evaluation of stress. Second, psy-
chological stress was based on a subjective personal response to a
single question, which may better capture stress than objective
measures of stress load (e.g. life event scales). Furthermore, a
single question can possibly make the interpretation of results
more distinct than a conglomerate of combined items/questions.
Our question on stress has been used in several previous studies
and found to be related to indicated increased risk for hyperten-
sion (Eriksson et al., 1989), myocardial infarction (Bengtsson,
1973), cancer (Helgesson et al., 2003) and psychosomatic diseases

(Hange et al., 2007). Third, we cannot evaluate the potential in-
fluence of levels of stress severity, as our stress question gave
information only on duration of stress. Fourth, 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 receive their hospital treatment within the
public health care system 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 (Fratiglioni
et al., 2000). Fifth, it is difficult to diagnose dementia subtypes on
clinical grounds alone. Individuals with Alzheimer's disease often
have cerebrovascular disease and individuals with vascular demen-
tia often have concomitant Alzheimer's disease pathology; and
cerebrovascular disease may influence the presence and severity
of clinical symptoms of Alzheimer's disease (Snowdon et al.,
1997). It is thus often difficult to make a clear distinction between
Alzheimer's disease and vascular dementia in patients with a his-
tory 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 sub-
types (e.g. 'Alzheimer’s disease with and without cerebrovascular
disease’, ‘dementia with cerebrovascular disease’). Sixth,
semi-structured examinations were performed by experienced
psychiatrists in  1974-75, 1980-81 and 1992-93 and by
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experienced psychiatric nurses in 2000-03. The instruments used
were identical across examinations, and inter-rater reliability be-
tween psychiatrists and nurses regarding the symptoms assessed
was satisfactory (Wancata et al., 2007). It is therefore not likely
that the use of different professionals could have influenced the
main results of this study. Finally, only females were examined in
this study. We can therefore not generalize our findings to males,
or make any statements about potential sex differences in the
relation between stress and dementia.

In summary, our results suggest an association between long-
standing psychological stress in middle-aged females and develop-
ment of dementia later in life. More studies are needed to confirm
our findings and to study potential neurobiological mechanisms of
these associations.
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