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Abstract.
Background: Psychological distress is potentially linked to the risk of dementia through neurologic and cardiovascular mechanisms. Vital exhaustion (VE) is a mental state of psychological distress, which could be a risk factor for
dementia.
Objective: To investigate whether VE is a risk factor for dementia in later life.
Methods: We used data from 6,807 participants attending the third survey of the Copenhagen City Heart Study in 1991–1994.
VE was assessed by 17 symptoms (score: 0–17) from the Maastricht Questionnaire. Information on dementia was obtained
from national registers. Risk time for dementia was counted from five years after VE assessment for participants > 55 years at
the time of VE assessment. For younger participants, risk time for dementia was counted from the year they turned 60 years
and onwards. Participants were followed until 2016. We used Poisson regression to calculate incidence rate ratios (IRR) and
their 95% confidence intervals (CI).
Results: During an average follow-up of 10 years, 872 participants were registered with dementia. We found a doseresponse relation between the number of VE symptoms and the incidence of dementia. For every additional VE symptom, the
dementia incidence increased by 2% (IRR = 1.024; 95% CI: 1.004–1.043). Adjustment for socio-demographic and healthrelated factors did not change the results substantially. Neither did stratification by age, sex, educational level, and marital
status.
Conclusion: We found evidence that VE is a risk factor for dementia. Our sensitivity analyses supported that this association
was not only due to VE being a potential prodromal sign of dementia.
Keywords: Dementia, mental health, psychological stress, subjective health complaint
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INTRODUCTION
Dementia is a common disorder affecting memory,
behavior, emotions, and thinking [1, 2]. Dementia
also interferes with independence in everyday activities [1, 2]. In 2015, 46.8 million individuals were
living with dementia worldwide, and the number
of affected individuals is estimated to double every
20 years from 2015 and onwards [3]. Dementia is
strongly age-related, and at age 60–64 years, the incidence of dementia is estimated to be 3.9 per 1,000
person-years, while it is 104.8 per 1,000 person-years
at age 90 + years [3].
Previous studies have suggested that psychological
distress, operationalized, e.g., as feelings of anxiety, depression, irritability, and reactions to external
stressors in one’s everyday life, is associated with
an increased risk of dementia [4–10]. Psychological
distress can be defined as a state of emotional suffering sometimes accompanied by somatic symptoms
[11]. Experiencing psychological distress in specific
periods during life may affect cognitive health [12].
When the physiological stress response is triggered,
hypothalamic-pituitary-adrenal axis activity fosters
an excessive production of cortisol, which potentially leads to hippocampal damage [4, 5, 9, 12–15].
Thereby, the stress response can affect cognitive function and the risk of dementia.
Vital exhaustion (VE) is a mental state of psychological distress and is proposed by Appels and
Mulder to denote premonitory symptoms of myocardial infarction [16, 17]. VE is suggested to be a
potential response to unsolvable problems in individuals’ lives, in particular when being incapable
of adapting to prolonged exposure to psychological stressors [17–19]. Previous studies have reported
that VE is associated with cardiovascular disease
(CVD), metabolic syndrome, elevated platelet count,
all-cause mortality, chronic obstructive pulmonary
disease, weight gain, and risk of obesity [19–24].
VE covers both somatic and cognitive complaints
of unusual fatigue, increased irritability and feelings
of demoralization [16, 17, 19]. VE shares similar
symptoms with depression, which is a risk factor for
dementia [2, 25]. However, VE has been proposed
to represent a more somatic dimension of distress
and the cognitive/affective symptoms of depression
have shown to be less apparent in VE [20, 26]. Based
on previous studies on psychological distress and
dementia, more longitudinal studies are needed to
contribute to a broader understanding of the role of
psychological distress in relation to later cognitive

health [6, 7, 27]. Therefore, in the present study, we
investigate whether VE is a risk factor for dementia
in later life.

MATERIALS AND METHODS
Study population and design
The Copenhagen City Heart Study (CCHS) is
a large population-based study established in 1975
[28]. A sample of 20,000 women and men was
randomly drawn by using personal identification
numbers from 90,000 inhabitants aged 20 years and
above living in the Copenhagen area in Denmark
[28]. The inhabitants were invited to participate in
four examinations at different time points in the years
1976–1978, 1981–1983, 1991–1994, and 2001–2003
[28]. For the present paper, data on all participants
born in 1956 or earlier were available. The primary
aim of CCHS was the prevention of coronary heart
disease and stroke; however, many aspects of other
conditions were added during the study’s follow-up
surveys [28]. CCHS is described in detail elsewhere
[28]. Our study population was based on participants
enrolled at baseline in the third survey of CCHS in
1991–1994 (N = 10,135) in which participants’ VE
symptoms were registered. The response rate of the
third survey was 61.2% [28] and participants included
in this study were followed until the end of 2016
with a very low loss to follow-up due to emigration
(n = 3). In order to be at risk of dementia, we initially
restricted our study population to 8,570 participants
who were born in 1956 or earlier and who would
therefore turn 60 years before end of follow-up in
2016. We made this restriction in order to include
participants who reached an age during follow-up
where they would be at risk of dementia. Furthermore, it has been shown that the validity of dementia
diagnoses in younger patients is poor [29, 30]. We
also excluded participants who were 80 years or
older when they responded to questions about VE,
because of the high risk of undiagnosed dementia
in this age group with reverse causation as a consequence. VE was assessed in 1991–1994 (referred to
as baseline). To reduce reverse causation, we postponed start of follow-up with five years from the
time of baseline participation (i.e., 1995–1999). This
means that participants who were diagnosed with
dementia within the first five years after baseline were
excluded. Furthermore, for those who were younger
than 60 years in 1995–1999, start of follow-up was
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Fig. 1. Study design.

Fig. 2. Flow chart of the final study population selected for analyses (N = 6,807).

further postponed until they turned 60 years. This latter step was taken in order to only include risk time
for participants who were at risk of dementia. A final
requirement was that participants needed to be free of
dementia (i.e., not registered with a dementia diagnosis) when starting to contribute with risk time to
our analyses. Participants were followed until death,
emigration, dementia diagnosis, or end of followup in 2016, whichever came first (Fig. 1). Thus, our

final study population consisted of 6,807 participants
(Fig. 2). Through an encrypted personal identification number, the data from CCHS were linked to
information from Danish national registers.
Vital exhaustion
VE was assessed by a 17-item questionnaire based
on the original Maastricht Questionnaire (MQ) [16,

372

S. Islamoska et al. / Vital Exhaustion and Dementia
Table 1
The 17 vital exhaustion symptoms
from the Maastricht Questionnaire

Do you . . .
Often feel tired?
Feel altogether weak?
Feel you have not accomplished much recently?
Sometimes have difficulty coping?
Think you have come to a dead end?
Lately feel listless?
Have feelings of hopelessness recently?
Lately have difficulties concentrating?
Do little things irritate you more than they used to?
Feel that you want to give up?
Feel fine?
Sometimes feel your body is like a battery running out?
Sometimes wish you were dead?
At the moment feel that you do not have what it takes?
Feel dejected?
Sometimes just feel like crying?
Ever wake up with a feeling of exhaustion?

17, 31] (Table 1). Participants were presented with
the 17 VE symptoms and were asked how they had
been feeling within the past six months. The response
options of VE were scored 1 for ‘Yes’ and 0 for ‘No’
and ‘I do not know’ except for the item ‘Feel fine’
which was reverse scored [17, 31]. In accordance with
previously applied categorization, we divided VE into
four categories based on the total sum of symptoms:
0 (reference), 1–4 (low), 5–9 (medium), and 10–17
(high) [31]. The main analyses were conducted for
the total VE score (range: 0–17) both as a continuous variable and a categorical variable with the four
categories, respectively.
Dementia
Dementia was defined from one of the following whichever came first: 1) First registration
of a dementia diagnosis in the Danish National
Patient Register [32], the Danish Psychiatric Central Research Register [33], and the Danish Register
of Causes of Death [34] using the International
Classification of Diseases (ICD) codes from the
8th (ICD-8) and 10th (ICD-10) revision: unspecified dementia (ICD-8: 290.09-19; ICD-10: F03.9,
G31.9), Alzheimer’s disease (AD) (ICD-8: 290.10;
ICD-10: F00.0-00.9, G30.0-30.9), vascular dementia
(ICD-8: 293.09-19; ICD-10: F01.0-01.9), frontotemporal dementia (ICD-8: 290.11; ICD-10: F02.0),
and Lewy body dementia (ICD-10: G31.8). The
ICD-8 system was in use until 1993, and the ICD10 system was introduced in 1994. This means
that we used ICD-8 codes to identify and exclude

participants with dementia at the time of the baseline
assessment of VE in 1991–1994; 2) First prescription and purchase of an anti-dementia drug such as
cholinesterase-inhibitors (donepezil or, galantamine,
or rivastigmine) or glutamate-receptor antagonists
(memantine), which are used in the treatment of AD,
Lewy body dementia, and dementia in Parkinson’s
disease. Based on these prescription data from the
Danish National Prescription Registry [35], we identified patients treated with anti-dementia medication,
but who are not registered with a dementia diagnosis. In order to receive a prescription for subsidized
dementia medication in Denmark, patients have to be
diagnosed with dementia by a specialist in geriatrics,
neurology or psychiatry.
Covariates
In our statistical analyses, we chose to adjust for
covariates that have been shown to be associated with
dementia (references in the following paragraphs
support the association between the chosen covariates and dementia). Baseline data were obtained from
CCHS in 1991–1994 and follow-up data from registers were obtained until 2016.
Socio-demographic factors
From the national registers, we obtained baseline information on age and sex [2]. From CCHS
data in 1991–1994, we obtained information on
marital status [36] categorized as being married (married/cohabiting)/unmarried (not married;
divorced/separated; widow/widower), and the highest attained educational level [2] defined as low
educational level (primary school), medium educational level (upper secondary education; business
high school; vocational education and training),
and high educational level (short-term further education; middle-range education; bachelor’s degree;
extended education; and research degree). From the
national registers, we also included information on
educational level for participants who had missing
information in CCHS.
Lifestyle factors
From CCHS, we obtained baseline information
on tobacco smoking [2] categorized as current
smoker/past smoker/non-smoker; alcohol intake
[2] measured as a continuous variable (unit per
week); body mass index (BMI) classified according
to standard defined cut-off points as underweight (<18.5 kg/m2 ), normal (18.5–24.9 kg/m2 ),
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overweight (25–29.9 kg/m2 ), and obese (>30 kg/m2 );
physical activity [2] in leisure time categorized into
four categories as sedentary (light activity less than 2
hours a week), light (light activity 2–4 hours a week),
moderate (light activity for more than 4 hours or vigorous activity 2–4 hours a week), and hard (vigorous
activity for more than 4 hours a week or regular hard
physical activity); sleep medication [37] defined as
daily or almost daily use of sleep medication categorized as yes/no; total cholesterol [2] in mmol/L;
and blood pressure [2] included as systolic and diastolic blood pressure (mmHg) (blood samples were
measured non-fasting).
Comorbidities
From the national registers, diagnoses were
obtained on diabetes mellitus, CVD (coronary heart
diseases and cerebrovascular diseases), and mental
disorders defined as a record of psychiatric hospitalization (schizophrenia, schizotypal or schizoaffective
disorders, affective psychoses or disorders, paranoid
states, other psychoses, unspecified psychoses,
manic episodes, nervousness and debility, depressive
neuroses, recurrent depressive disorders, delusional
disorders and acute and transient psychotic disorders) [2]. We only used information about the
different diagnoses for comorbidities occurring
before baseline.
Statistical analyses
In the descriptive statistics, chi-square tests were
applied to investigate differences across the four VE
categories in the categorical variables, and ANOVA
tests were applied to investigate differences in the
mean scores of the continuous variables. Follow-up
analyses were performed by Poisson regression using
person-years (on log-scale) as off-set with VE in four
categories and as a continuous scale, respectively. The
purpose of using both measures of VE was to investigate the incidence of dementia when considering both
one-symptom changes in VE and also potential differences in reporting low, medium, and high levels of VE
based on specific numbers of symptoms. The followup time was computed into one-year intervals including three different time scales: age, time since VE
assessment (i.e., participation in the survey), and calendar year. The start of follow-up time was counted
when at least five years had passed since baseline and
the participants had turned at least 60 years.
We adjusted for covariates in four different models.
A crude model was applied without adjusting for any
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covariates (Model 1). In Model 2 (our main model),
we adjusted for socio-demographic factors (current
age, sex, educational level, marital status), mental disorders, calendar time, and time since VE assessment.
In Model 3, we further adjusted for lifestyle factors (tobacco smoking, alcohol intake, BMI, physical
activity, sleep medication, total cholesterol, systolic
blood pressure). Finally, in Model 4, we also adjusted
for previous history of diabetes mellitus and CVD.
Since lifestyle factors and history of diabetes mellitus
and CVD could act as both confounders and mediators in the association between VE and dementia, we
included these factors in separate models (Model 3
and 4).
In addition, we performed analyses stratified by
age, sex, educational level, and marital status to investigate potential differences in the association between
VE and the incidence of dementia within these groups
[2]. For these analyses, we dichotomized the age variable according to the mean age of 60 years at baseline,
i.e.,<60 years and ≥60 years.
We performed sensitivity analyses in which we
postponed the start of follow-up until 10, 15 and 20
years after the VE assessment to test whether the association between VE and dementia remained robust
to this methodological choice. Using Pearson correlation analysis, we also investigated how stable VE
was in participants who reported VE at baseline in
1991–1994 and 10 years later at CCHS’s next survey
in 2001–2003.
RESULTS
Characteristics of the study population
In the overall study population, the mean age at
the time of VE assessment was 60 years (SD = 10.7),
58.5% of the population was women and the mean
VE score was 3.0 (SD = 3.6). Approximately 25%
of the study population reported medium (5–9
symptoms) and high VE (10–17 symptoms) scores
(Table 2). Participants with higher VE scores were
more often women, unmarried, smokers, sedentary
during leisure time, and daily users of sleep medication, and they more often had a low educational level
and previous mental disorders or CVD.
Main analyses
During an average follow-up time of 10 years
(SD = 5.7), 13% (n = 872) of the participants were
diagnosed with dementia. The mean age of the
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Table 2
Baseline characteristics of the study population according to their vital exhaustion (VE) score
shown in prevalence and means with standard deviations (SD) (N = 6,807)

Characteristics

Age (y), mean (SD)
Risk time (y), mean (SD)
Sex, n (%)
Marital status, n (%)
Educational level, n (%)

Mental disorders, n (%)
Current smoker, n (%)
Alcohol (unit per week), mean (SD)
Total cholesterol (mmol/L), mean (SD)
Blood pressure (mmHg), mean (SD)
BMIa , n (%)
Physical activitya , n (%)
Sleep medication, n (%)
CVD, n (%)
Diabetes mellitus, n (%)

Women
Unmarried
Low
Medium
High
Yes
Yes

Systolic
Diastolic
Overweight
Sedentary
Yes
Yes
Yes

Total population
N = 6,807
(100%)

0
n = 2,146
(31.5%)

60.3 (11.0)
10.6 (5.7)
3,980 (58.5%)
2,809 (41.3%)
1,618 (24.0%)
3,701 (54.8%)
1,434 (21.2%)
456 (6.7%)
3,317 (48.7%)
9.3 (12.1)
6.3 (1.2)
140.5 (22.0)
85.5 (11.9)
2,558 (38.3%)
777 (11.5%)
524 (7.7%)
439 (6.5%)
101 (1.5%)

61.6 (10.6)
11.2 (5.7)
1,076 (50.6%)
799 (37.7%)
456 (21.5%)
1,189 (56.2%)
472 (22.3%)
69 (3.2%)
973 (45.4%)
9.1 (10.7)
6.4 (1.2)
142.7 (22.1)
86.2 (11.8)
852 (40.6%)
160 (7.5%)
85 (4.0%)
105 (4.9%)
27 (1.3%)

VE score
1–4
n = 3,000
(44.1%)
59.7 (11.2)
10.5 (5.8)
1,708 (58.0%)
1,185 (40.3%)
658 (22.5%)
1,639 (56.1%)
624 (21.4%)
167 (5.7%)
1,441 (48.0%)
9.6 (12.1)
6.3 (1.2)
140.1 (22.0)
85.3 (11.8)
1,118 (38.7%)
297 (10.1%)
191 (6.5%)
183 (6.2%)
34 (1.1%)

5–9
n = 1,153
(16.9%)

10–17
n = 508
(7.5%)

Overall
p-valueb

59.8 (11.2)
10.2 (5.7)
792 (69.4%)
536 (47.0%)
298 (26.4%)
604 (53.6%)
225 (20.0%)
119 (10.4%)
596 (51.7%)
9.0 (11.8)
6.3 (1.2)
138.5 (21.5)
84.9 (12.0)
400 (36.0%)
174 (15.3%)
136 (12.0%)
90 (7.9%)
17 (1.5%)

59.6 (10.5)
9.7 (5.6)
354 (70.2%)
259 (51.4%)
189 (37.9%)
237 (47.5%)
73 (14.6%)
97 (19.3%)
307 (60.4%)
9.3 (17.1)
6.4 (1.4)
138.0 (22.0)
84.9 (12.7)
172 (35.0%)
139 (27.7%)
111 (22.1%)
59 (11.7%)
23 (4.6%)

<0.0001
–
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
0.3884
0.0134
<0.0001
0.0091
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

a BMI:

Body mass index categorized as underweight (<18.5 kg/m2 ), normal (18.5–24.9 kg/m2 ), overweight (25–29.9 kg/m2 ), and obese
(>30 kg/m2 ). Physical activity in leisure time categorized as sedentary (light activity less than 2 hours a week), light (light activity 2–4 hours
a week), moderate (light activity for more than 4 hours or vigorous activity 2–4 hours a week), and hard (vigorous activity for more than
4 hours a week or regular hard physical activity). b p-values were based on chi-square tests for categorical variables and ANOVA tests for
continuous variables. The p-value for the educational variable was calculated based on all three educational levels.

participants when being diagnosed with dementia
was 82 years (SD = 6.9).
In Table 3, the results from the analyses with
the categorical VE variable showed that there was
a dose-response relationship between levels of VE
symptoms and the incidence of dementia. Thus,
reporting a medium number of VE symptoms was
associated with a 25% higher incidence of dementia
(IRR = 1.250; 95% CI: 1.015–1.540), while reporting
a high number of VE symptoms was associated with a
40% higher incidence of dementia (IRR = 1.404; 95%
CI: 1.049–1.878). However, the association between
reporting a low number of VE symptoms and the incidence of dementia was not statistically significant
(IRR = 1.164; 95% CI: 0.994–1.363). Adjusting for
lifestyle factors and comorbidities did not attenuate
the association between levels of VE symptoms and
the risk of dementia.
In Table 3, the results from the analyses with
the continuous VE variable showed that for every
one-symptom increase in VE, the IRR of dementia
increased by 2% (IRR = 1.023; 95% CI: 1.004–1.043)
after adjusting for socio-demographic factors and
mental disorders (Model 2). When further adjusting
for lifestyle factors and comorbidities, the dementia

IRR increased with 3% for every one-symptom
increase in VE. Thus, adjustment did not attenuate
the association between VE and dementia.
The results of the stratified analyses did not reveal
substantial differences in the estimates of the associations between VE and dementia among those aged
< 60 years versus ≥60 years or among those being
unmarried versus married (Table 4). The results were
similar when using < 70 years and ≥70 years as
a cut-off (data not shown). The estimates of the
association between VE and dementia seemed to be
somewhat stronger among men than among women,
and whereas the estimates for the groups with low
and medium education supported our overall findings, the estimates for the group with high education
did not support that VE was associated with a higher
incidence of dementia. Due to the lower statistical
power in the stratified analyses, only the estimates for
men and for the group with medium educational level
reached statistical significance at conventional levels.
Sensitivity analyses
When postponing the start of follow-up to 10, 15,
or 20 years after the VE assessment, identical IRR’s

5
10
15
20

Continuous

5,935 (87.2%)
5,041 (88.4%)
4,150 (91.6%)
3,309 (96.3%)

1,869 (87.1%)
2,617 (87.2%)
1,001 (86.8%)
448 (88.2%)

Nondementia
cases n (%)

872 (12.8%)
659 (11.6%)
381 (8.4%)
127 (3.7%)

277 (12.9%)
383 (12.8%)
152 (13.2%)
60 (11.8%)

Dementia
cases
n (%)

1.006 (0.989–1.024)
1.000 (0.979–1.021)
0.992 (0.964–1.020)
1.028 (0.980–1.080)

–
1.058 (0.911–1.230)
1.117 (0.921–1.355)
1.059 (0.808–1.389)

Model 1
IRR
(95% CI)

1.023 (1.004–1.043)
1.023 (1.004–1.043)
1.022 (0.992–1.052)
1.064 (1.016–1.113)

–
1.164 (0.994–1.363)
1.250 (1.015–1.540)
1.404 (1.049–1.878)

Model 2
IRR
(95% CI)

1.028 (1.006–1.049)
1.028 (1.006–1.049)
1.031 (1.000–1.063)
1.069 (1.018–1.123)

–
1.150 (0.978–1.352)
1.288 (1.039–1.597)
1.467 (1.079–1.994)

Model 3
IRR
(95% CI)

1.025 (1.004–1.046)
1.025 (1.004–1.046)
1.030 (0.999–1.062)
1.070 (1.018–1.124)

–
1.144 (0.973–1.346)
1.273 (1.025–1.580)
1.411 (1.034–1.926)

Model 4
IRR
(95% CI)

135 (4.2%)
737 (20.3%)
290 (10.3%)
582 (14.6%)
260 (16.1%)
497 (13.4%)
103 (7.2%)
391 (13.9%)
480 (12.0%)

Dementia
cases
n (%)
1.051 (1.012–1.091)
1.019 (1.000–1.038)
1.029 (0.995–1.064)
0.991 (0.970–1.012)
1.013 (0.987–1.040)
1.003 (0.978–1.029)
0.935 (0.871–1.004)
1.000 (0.975–1.025)
1.007 (0.982–1.032)

Model 1
IRR
(95% CI)

1.036 (0.997–1.077)
1.020 (0.999–1.042)
1.053 (1.016–1.091)
1.012 (0.989–1.035)
1.023 (0.993–1.053)
1.033 (1.005–1.061)
0.973 (0.899–1.052)
1.022 (0.995–1.050)
1.024 (0.996–1.052)

Model 2
IRR
(95% CI)

1.031 (0.988–1.075)
1.023 (1.000–1.047)
1.046 (1.005–1.090)
1.021 (0.997–1.046)
1.026 (0.994–1.060)
1.036 (1.007–1.066)
0.970 (0.899–1.047)
1.026 (0.996–1.057)
1.028 (0.999–1.059)

Model 3
IRR
(95% CI)

1.024 (0.980–1.069)
1.022 (0.999–1.046)
1.045 (1.003–1.089)
1.017 (0.993–1.043)
1.024 (0.991–1.058)
1.033 (1.004–1.063)
0.969 (0.901–1.043)
1.022 (0.992–1.053)
1.026 (0.996–1.057)

Model 4
IRR
(95% CI)

Model 1: non-adjusted. Model 2: adjusted for age, sex, marital status, educational level, mental disorders, calendar time, and time since VE assessment. Model 3: Model 2 + lifestyle factors
(tobacco smoking, alcohol intake, BMI, physical activity, sleep medication, total cholesterol, and systolic blood pressure). Model 4: Model 3 + comorbidities (diabetes mellitus and cardiovascular
diseases).

Marital status

Educational level

Sex

3,047 (95.8%)
2,888 (79.7%)
2,537 (89.7%)
3,398 (85.4%)
1,358 (83.9%)
3,204 (86.6%)
1,331 (92.8%)
2,418 (86.1%)
3,510 (88.0%)

Age

<60 y
≥60 y
Men
Women
Low
Medium
High
Unmarried
Married

Non-dementia
cases
n (%)

Stratification

Table 4
The association between vital exhaustion (VE) score (continuous) and incidence of dementia rate ratios (IRR)
with 95% confidence intervals (95% CI) for start of follow-up five years after VE assessment stratified by age, sex, educational level and marital status respectively (N = 6,807)

Model 1: non-adjusted. Model 2: adjusted for age, sex, marital status, educational level, mental disorders, calendar time, and time since VE assessment. Model 3: Model 2 + lifestyle factors
(tobacco smoking, alcohol intake, BMI, physical activity, sleep medication, total cholesterol, and systolic blood pressure). Model 4: Model 3 + comorbidities (diabetes mellitus and cardiovascular
diseases).

5
5
5
5

Start of
followup (y)

None (0 symptoms) ref.
Low (1–4 symptoms)
Medium (5–9 symptoms)
High (10–17 symptoms)

VE

Table 3
The association between vital exhaustion (VE) score (categorical and continuous) and incidence of dementia rate ratios (IRR)
with 95% confidence intervals (95% CI) with start of follow-up 5, 10, 15, and 20 years after VE assessment (N = 6,807)
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of dementia were observed as when starting followup of dementia from five years after VE assessment
(Table 3). Thus, the sensitivity analyses did not alter
the previous results on the associations between VE
and incidence of dementia.
Our additional analyses investigating the association between reporting VE at baseline in 1991–1994
and again in the next survey in 2001–2003 showed a
Pearson correlation coefficient of r = 0.523, p < 0.001
(n = 3,784). Thus, the retest correlation was quite
substantial with a 10-year retest interval. By using
frequency analyses and analyzing VE in the four categories displayed in Tables 2 and 3, we investigated
whether participants who participated in both surveys
changed their level of VE from the first survey to the
next. We observed that 30% reported a higher VE
level than previously, 20% reported a lower VE level
than previously, and 50% reported the same level of
VE at both time points (data not shown).

DISCUSSION
Among the 6,807 participants of this longitudinal,
population-based study, we found a positive association between the number of VE symptoms and the
incidence of dementia. Even when postponing the
start of follow-up to 10, 15, and 20 years after VE was
reported, the direction and the magnitude of the association between VE and the incidences of dementia
remained consistent.
Adjustment for lifestyle factors and comorbidities
did not change the results substantially in any of the
analyses. Stratifying the analyses by age, sex, educational level and marital status did not reveal different
associations between VE and dementia when compared with the association observed for the whole
population. One exception was the group with high
educational level for whom we found no indication
of a higher incidence of dementia with increasing
VE. There was a positive and significant correlation
between how participants reported VE at baseline and
again 10 years later, and we cannot rule out that VE at
least partly may reflect a personality trait rather than
a mental state.
Our findings are strengthened by the large study
population, the use of a validated VE scale, and the
low risk of loss to follow-up as all participants were
followed in national registers and only 3 participants
were lost to follow-up due to emigration. Furthermore, the large amount of both self-reported and
register data made it possible to adjust for several

important risk factors for dementia. By excluding participants with a dementia diagnosis during the first
five years after the assessment of VE, we aimed at
reducing reverse causation. Even when we further
postponed start of follow-up, the observed association remained. However, it is important to consider
that the association between VE and dementia might
have been diluted due to the long time-span between
exposure and outcome assessment. This could be the
case particularly for participants who did not report
the same number of VE symptoms 10 years later,
which was the case for 50% of the participants.
VE represents subjective accounts of the participants’ feelings in the past six months. Hence, their
general way of perceiving themselves and their surroundings will most likely affect how they respond.
Psychological distress could be due to higher vulnerability to stressors and poor coping strategies [4,
5, 38]. Experiencing several stressors that potentially
accumulate over time can cause psychological distress in individuals depending on how they perceive
stressors [39, 40]. Being high on the personality trait
neuroticism and being prone to experiencing psychological distress have been shown to be associated with
the risk of dementia [41]. Among healthy individuals
reporting VE, a longitudinal association was found
between VE and neuroticism, low self-esteem, and a
tendency to use an emotion-oriented coping strategy
in stressful situations [42]. Based on this knowledge,
it cannot be ruled out that the measure of VE reflects a
stable personality trait rather than psychological distress. Alternatively, being high on personality traits,
such as neuroticism, could make some individuals
more prone to developing VE as a response to external
stressors.
A possible, unmeasured confounder is the
apolipoprotein E (ApoE) genotype, which is involved
in sporadic dementia and which has been observed
to affect the modulation of stress response processes
[43]. We cannot rule out that reporting high VE scores
is associated with the ApoE gene which would create a spurious association between VE and dementia.
Other potential confounders could be other established risk factors for dementia, such as hearing loss
and social isolation [2].
Despite the high validity of dementia diagnoses
and the improvement of the diagnostic rate in Denmark [44, 45], approximately 60% of dementia cases
are not diagnosed, which could lead to biased results
[46, 47]. Suggested reasons for not being diagnosed
could be the patient’s fear of stigmatization, lack of
knowledge of dementia and treatment among patients
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and relatives, clinicians lacking clinical diagnostic guidelines, and varying diagnostic procedures at
different hospitals [44, 46]. Thus, register data on
dementia diagnoses underestimate the prevalence in
the general population. To improve the validity of our
outcome measure, we also added information about
prescription of anti-dementia medication. Yet, this
choice meant that some patients with dementia in
Parkinson’s disease might erroneously be categorized
as cases in the present study.
In CCHS as a whole, 61.2% of those invited
responded to the third survey. In the age group relevant for this study, the response rate ranged from
52.1–67.6% among women in which the lowest rate
was in the age group 75–79 years and highest in the
age group 50–54 years. For men, the response rate
range was 56.5–64.0%, and the rate was lowest in the
age group 35–39 years and highest in the age group
50–54 years [48]. Participants were included depending on their morbidity (i.e., being non-demented)
and mortality (i.e., surviving until the survey in
1991–1994 and start of follow-up). As a consequence,
included participants are most likely healthier than
non-participants. Altogether, these analytical decisions and the selection of healthy individuals into
the survey are likely to yield an underestimation of
the true association between VE and dementia. Yet,
it is also possible that individuals with poor health
are more likely to be in contact with the healthcare
system and be registered with a dementia diagnosis.
Indeed, our descriptive analyses showed that those
reporting high VE seemed to be disadvantaged in
terms of their health status, which then may imply
a potential overestimation of the association between
VE and dementia.
This is the first study investigating the association
between VE and incidence of dementia. However, our
results are in line with previous studies of psychological distress and dementia [4–10]. Furthermore,
the similarity between symptoms of depression and
VE also supports the potential link between VE and
dementia, as depression is a well-established risk factor for dementia [2, 25, 49]. At the same time, the
similarity between symptoms of depression and VE
adds to the complexity of distinguishing between the
concepts, their symptoms and their origin. Therefore,
we cannot eliminate the possibility that symptoms
of VE could be symptoms of underlying depression.
Thus, residual confounding due to the presence of
depression at the time of VE assessment is still likely
to influence the results. Another study found that
especially the depressive feelings of hopelessness
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were associated to cognitive health and the risk of
AD and that immunology or lifestyle factors could
be potential mechanisms [50]. Several of the VE
symptoms relate to both the hopelessness dimension
of depression, but also the somatic dimension, thus,
there is an overlap of symptoms between the two
concepts [20, 50].
Conceptually, symptoms of VE also overlaps with
burnout, which is a condition caused by long-term
exposure to occupational stressors [19, 51]. VE is
not conceptualized as a response to specific stressors
and the different tools of assessing VE and burnout
make it difficult to compare burnout to VE [19]. However, since we have no information on what type of
stressors led to VE, we cannot rule out that VE could
reflect burnout in some of the participants.
Subclinical symptoms of depression have shown to
impact cognitive function negatively [52]. However,
it has also been suggested that depressive symptoms and depression diagnoses in later life might be
early manifestations of dementia [2]. Since symptoms of VE and depression have shown to overlap
[25], VE could be a prodromal sign of dementia.
In combination with the long preclinical phase of
AD, in particular, there is a risk of reverse causation.
Importantly, the association between VE and dementia remained when postponing the start of follow-up,
which supports the notion that our findings are not
solely explained by VE being an early sign of pathological changes eventually leading to dementia.
We acknowledge previous critical perspectives on
VE as being a tool for research rather than practice
and prevention, and that this is an older concept used
in previous questionnaires [53]. However, data on VE
have also been collected in recent studies and is still
used in today’s research [19, 20]. Research on midlife
risk factors and health outcomes in later life depends
on long follow-up periods in which use of previously
applied and maybe debated concepts are sometimes
the only option in today’s research.
Conclusions
In this study, we found arguments that VE is a
risk factor for dementia. After adjusting for important confounders, the associations became significant
and remained unaffected when addressing potential
reverse causation. However, as VE seemed to be
relatively stable over a 10-year period in half of
the participants, VE could reflect personality types
of individuals who are also more prone to experiencing negative health outcomes in older age. Our
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results highlight the importance of identifying and
considering indicators of psychological distress in
the prevention of later disease. As this is the first
study on VE and dementia, more longitudinal and
interdisciplinary research is needed to understand
the underlying mechanism between psychological
distress in general, VE more specifically, and neurological diseases such as dementia.
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