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ABSTRACT

ARTICLE HISTORY

Objectives: Previous studies indicated that stress diagnoses increase the risk of dementia.
However, previous results may be biased by confounding, reverse causation and misclassification.
Therefore, the main aim of this study was to investigate the association between clinically diagnosed stress in midlife and later dementia risk, while addressing limitations of previous studies.
Methods: The study population was selected from all individuals in Denmark born 1935–1956.
Individuals diagnosed with stress in midlife (aged 37–58 years) were matched (1:5) with individuals
without stress diagnoses based on sex and birthdate (N ¼ 103,484). Data were retrieved from
national registers. Cox regression models were adjusted for socio-demographic factors and different morbidities.
Results: We found a 2.20 (95% CI: 1.93–2.50) times higher rate of dementia among individuals
with any stress diagnosis registered in midlife compared with no stress diagnosis. Hazard rate
ratios of dementia were 1.73 (95% CI: 1.13–2.65) among individuals with acute stress reactions,
2.37 (95% CI: 2.05–2.74) among individuals with adjustment disorders, and 2.20 (95% CI: 1.73–2.80)
among individuals with unspecified stress reactions. Individuals with PTSD and other stress reactions had non-significantly elevated rates of dementia. Adjustment for confounding only slightly
attenuated the association, and reverse causation did not appear to bias the results substantially.
Conclusion: Our results support the hypothesis that severe stress in midlife is an important risk
factor for dementia. This finding emphasizes the importance of identifying and treating severe
stress in midlife to reduce potential detrimental consequences for brain health in later life.
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Introduction
Despite indications of stagnation or even decline in
dementia incidence in high-income countries (Prince et al.,
2013; Taudorf et al., 2019), dementia continues to constitute a major threat to public health in the upcoming years
(Prince et al., 2015). Dementia is caused by neurodegenerative and vascular changes often evolving over decades, and
therefore the search for modifiable risk factors starts in
midlife or even earlier (Livingston et al., 2017).
One branch of dementia epidemiology has focused on
stress as a risk factor for dementia, as there are several
plausible neuropathological pathways linking stress and
dementia (Cameron & Schoenfeld, 2018; Greenberg, Tanev,
Marin, & Pitman, 2014; Johansson et al., 2019; Linz et al.,
2019; Mohlenhoff, O’Donovan, Weiner, & Neylan, 2017;
Piirainen et al., 2017; Sussman, Pang, Jetly, Dunkley, &
Taylor, 2016). A long-term activation of the physiological
stress response can lead to long-term changes in the brain
and thereby influence the risk of dementia (Ouanes &
Popp, 2019). Although the precise mechanisms linking
stress and dementia are not fully understood, different
mechanisms have been suggested to link stress to
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neurodegeneration, e.g. through elevated cortisol levels
and through direct effects on different brain areas. Also,
metabolic dysfunction reflected as the metabolic syndrome,
neuroinflammation, and dysregulation of the HypothalamicPituitary-Adrenal axis have been suggested as mediators of
neurodegeneration (Ouanes & Popp, 2019). Furthermore,
some brain regions, especially the hippocampus, are suggested to be particularly vulnerable to the effects of stress
hormones during midlife and late-life (þ30 years) (Lupien,
Juster, Raymond, & Marin, 2018).
Indeed, previous studies support an association between
self-reported psychological stress and dementia (Islamoska
et al., 2019; Johansson et al., 2010; Nabe-Nielsen et al.,
2019; Skogen, Bergh, Stewart, Knudsen, & Bjerkeset, 2015),
and between clinical diagnoses of stress and dementia
(Flatt, Gilsanz, Quesenberry Jr., Albers, & Whitmer, 2018;
Gradus et al., 2018; Greenberg et al., 2014; Mawanda,
Wallace, McCoy, & Abrams, 2017; Meziab et al., 2014;
Qureshi et al., 2010; Rafferty, Cawkill, Stevelink, Greenberg,
& Greenberg, 2018; Yaffe et al., 2010). A stress diagnosis
denotes severe stress reactions and adjustment disorders
as maladaptive responses to severe or continued exposure
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Figure 1. Study design. Individuals born between 1935 and 1956 were followed from when they turned 60 years until death, emigration, dementia diagnosis,
or end of follow-up in 2017. Stress diagnoses were registered from 1994 onwards. This figure illustrates the life course of a single individual from 6 of the 21
included birth years exemplifying individuals turning 60 years and being followed in registers until endpoints.

to stressors (World Health Organization, 2016). Among
these diagnoses, particularly Post-Traumatic Stress Disorder
(PTSD) has shown to be associated with a decrease in cognitive function and increased risk of dementia in populations aged  55 years at the time of exposure assessment
(Flatt et al., 2018; Mawanda et al., 2017; Meziab et al., 2014;
Qureshi et al., 2010; Rafferty et al., 2018; Sumner et al.,
2017; Yaffe et al., 2010).
Animal studies on stress suggest that stress in midlife
may accelerate the progression of Alzheimer’s disease (AD)
pathology and cognitive decline (Sandi, 2007; Wheelan
et al., 2018). In humans, midlife is suggested to denote the
age range of 40–60 years (Lachman, Teshale, & Agrigoroaei,
2015; Livingston et al., 2017; Ritchie, Ritchie, Yaffe, Skoog,
& Scarmeas, 2015). A recent Danish register-based study
found that stress diagnoses among individuals aged 
40 years was associated with a higher risk of dementia
(Gradus et al., 2018). Yet, the authors noted that the validity of their findings was limited by lack of adjustment for
confounding by educational level (Gradus et al., 2018).
Furthermore, the previous study did not obtain information
about dementia from all available sources (Gradus
et al., 2018).
Against this background, the main aim of this Danish
nationwide register-based study was to investigate the
association between a stress diagnosis and the risk of
dementia, while adjusting for education and obtaining
dementia diagnosis information from multiple sources.
Furthermore, we focused specifically on stress in midlife
(37–58 years) and the risk of dementia after 60 years in
order to clearly separate exposure from outcome and
reduce the risk of stress being a consequence of dementiarelated cognitive decline. Additionally, in order to address
limitations from the previously published Danish study,
information about morbidities from a longer time span and
individuals of all ethnic origins were included as well as
expansion of the follow-up time with six calendar years.

Methods
Design and study population
We included national register-based data on inhabitants of
all countries of origin in Denmark born from 1935 to 1956
(N ¼ 1,657,890). We recorded information on stress

diagnoses according to the 10th revision of the
International Classification of Diseases (ICD-10) from 1994
onwards among individuals aged 37–58 years and obtained
register information on dementia cases from the age of
60 years onwards (Figure 1). We recorded dementia diagnoses for all individuals aged  60 years in order to clearly
separate the timing of exposure from timing of the outcome. Furthermore, validation studies have demonstrated a
lower validity of dementia diagnoses among younger individuals (Nielsen, Vogel, Phung, Gade, & Waldemar, 2011;
Salem et al., 2012), thus, individuals with dementia before
the age of 60 years were excluded. Individuals were followed until dementia diagnosis, death, emigration or end
of follow-up (31 December 2017), whichever came first.
Individuals with dementia, who died or emigrated, or
had missing information on covariates before the age of
60 years were excluded (Figure 2). We included individuals
of all ethnic origins to obtain a study population reflecting
the Danish population and to be able to explore potential
differences between sub-populations. Due to irregularities
in national education data (Jensen & Rasmussen, 2011) and
population data in general, some individuals had missing
data for some or all calendar years and were therefore excluded.
We applied an exposure-matching procedure in which
we matched one individual with a stress diagnosis with
five reference individuals without a stress diagnosis by sex
and birthdate (± 30 days) (Grandits & Neuhaus, 2010). To
be included, individuals had to be alive on their 60 years’
birthday. We defined the year of the first registered stress
diagnosis as the index year for all exposed individuals and
used the same index year for the matched unexposed individuals in the same generalized pair. Information on covariates were extracted one year before the index year in
order to ensure the temporal relation between assessment
of potential confounders and assessment of exposure status. Our final study population included 103,484 individuals
(Figure 2).

Stress diagnoses
We identified individuals with a stress diagnosis using
patient data from the Danish National Patient Register
(NPR) and the Danish Psychiatric Central Research Register
(PCRR) (Lynge, Sandegaard, & Rebolj, 2011; Mors, Perto, &
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Original study population
born between 1935 and 1956
N = 1,657,890
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Individuals were excluded due to: missing information on education
(n = 88,962) and country of birth (n = 294), stress after age 58
(n = 11,209), dementia before entry (n = 8,305), died before entry
(n = 137,629), emigrated before entry (n = 21,200)

Eligible study population for matching
N = 1,390,291

Population with
stress diagnoses
n = 18,893

Population without
stress diagnoses
n = 1,371,398

Matched study population
N = 111,739

Individuals excluded due to missing information on marital status
(n = 3,289) and education (n = 4,966) in specific index years

Final study population
N = 103,484

Figure 2. Flow chart of the selection of study population (N ¼ 103,484). After excluding individuals with missing information from the start, some individuals
had missing information on education and marital status for specific index years and were therefore excluded after matching.

Mortensen, 2011). We extracted data from ICD-10 codes for
the following diagnoses from 1994 onwards: acute stress
reactions (F43.0), PTSD (F43.1), adjustment disorders
(F43.2), other reactions to severe stress (F43.8), and unspecified reactions to severe stress (F43.9) (Gradus et al., 2014;
World Health Organization, 2016). The NPR and PCRR
include data on a combination of all in- and outpatient contacts at somatic and psychiatric departments or wards in the
secondary healthcare system all over Denmark (Mors et al.,
2011; Schmidt et al., 2015). In Denmark, there is free and
public access to the healthcare system, which improves the
coverage of the register-based information. However, mild
to moderate psychiatric disorders are diagnosed and treated
in clinics of general practitioners or specialists in psychiatry
and are not included in registers (Mors et al., 2011). We
assume that individuals who are treated for their stress diagnosis in the secondary healthcare system are more severe
cases compared with individuals treated in the primary
healthcare system. Information on stress diagnoses was
derived from primary diagnoses (i.e., the reason for hospital
contact) or secondary diagnoses (i.e., additional diagnoses
registered at the same time as the primary diagnosis) registered in the secondary healthcare system.

Dementia
We defined dementia as either the first ever redeemed
anti-dementia medication or registration of a dementia
diagnosis, whichever came first. Dementia diagnoses were
obtained by using patient data from the NPR (Lynge et al.,
2011) and the PCRR (Mors et al., 2011), and mortality
data from the Danish Register of Causes of Death (HelwegLarsen, 2011) using ICD-8 and ICD-10 codes for AD,
vascular dementia, frontotemporal dementia, Lewy body
dementia, and unspecified and other dementia (Table A.1).
We did not differentiate between the sub-types of dementia due to poor validity of the individual diagnoses, with
the exception of AD, and, additionally, a great part of the
patients has unspecific diagnoses (Phung et al., 2007;

Taudorf et al., 2019). Information on redeemed prescription
medication data was based on Anatomical Therapeutic
Chemical Classification System (ATC) codes (Table A.2) of
cholinesterase-inhibitors or glutamate-receptor antagonists
and was obtained from the Danish National Prescription
Registry (Kildemoes, Sørensen, & Hallas, 2011). In Denmark,
all medical doctors can prescribe anti-dementia medication,
but it must be prescribed by a specialist in geriatrics, neurology or psychiatry for patients to receive reimbursement
for these medications (Johannsen, Waldorff, Pedersen, &
Wermuth, 2019).

Covariates
Information on dementia risk factors was obtained from
national registers including socio-demographic factors, i.e.,
birthdate, sex, country of origin (Denmark/Western countries/Non-Western countries), marital status (unmarried/
married), and highest attained educational level (low educational level defined by primary school/medium educational defined by upper secondary education, business
high school, and vocational education and training/high
educational level defined by short-term further education,
middle-range education, bachelor’s degree, extended education, and research degree).
Based on previous literature (Gradus, 2017; Pedersen
et al., 2014) and expert opinion, we generated a combined
measure of the following psychiatric diagnoses from both
ICD-8 and ICD-10: schizophrenia, schizotypal and delusional
disorders, mood affective disorders, other or unspecified
psychoses, neuroses, transient situational disturbances, and
mental and behavioral disorders due to psychoactive substance use (Table A.1). Data on psychiatric morbidities were
included for all individuals until the index date and dated
back to 1968.
Likewise, we defined three binary variables including
diagnoses of cardiovascular and metabolic morbidities
(myocardial infarction, heart failure, peripheral vascular
disease, cerebral vascular accident, type 1 and type 2

452 (10)

Unspecified stress
reactions cohort
n ¼ 4,326

diabetes), head injuries, and sleep disorders, respectively
(Table A.1). Data were dated back to 1970.
All data in this study were obtained with approval from
Statistics Denmark and the Danish Health Data Authority.

403 (9)
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(24%)
53 (50-56)
2,906 (67)
4,012 (93)
119 (3)
195 (4)
1,667 (39)
1,249 (29)
1,533 (35)
1,544 (36)
580 (13)
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52 (8)
899 (9)
PTSD: Post-Traumatic Stress Disorder.
The frequency of individuals with previous sleep disorders for the separate stress diagnoses included too few individuals to display.

205 (11)
148 (11)
1,739 (10)
135 (1)
Yes
Yes

5,586 (7)
315 (0.4)

43 (7)
892 (9)
135 (8)
117 (9)
4,640 (5)

Previous psychiatric morbidities,
n (%)
Previous cardiovascular and
metabolic morbidities,
n (%)
Previous head injuries, n (%)
Previous sleep disorders,
n (%)

Marital status, n (%)
Educational level, n (%)

Yes

1,566 (9)

(3%)
53 (50-56)
491 (76)
604 (94)
20 (3)
18 (3)
232 (36)
164 (26)
192 (30)
286 (44)
66 (10)
(56%)
51 (46-55)
6,612 (66)
9,283 (92)
372 (4)
384 (4)
4,338 (43)
3,765 (38)
3,745 (37)
2,529 (25)
1,686 (17)
(10%)
53 (48-56)
926 (52)
1,028 (58)
53 (3)
705 (39)
568 (32)
491 (27)
687 (38)
608 (34)
159 (9)
(7%)
52 (48-55)
814 (61)
1,239 (93)
40 (3)
59 (4)
512 (38)
427 (32)
517 (39)
394 (29)
188 (14)
(17%)
52 (48-55)
11,610 (65)
15,987 (89)
601 (3)
1,340 (7)
7,246 (40)
6,044 (34)
6,596 (37)
5,288 (29)
3,621 (4)
(83%)
51 (47-54)
55,596 (65)
81,200 (95)
2,181 (3)
2,175 (2)
25,213 (29)
27,167 (32)
34,908 (41)
23,481 (27)
2,662 (15)

Adjustment
disorders cohort
n ¼ 10,039

Sub-diagnoses of stress
PTSD

cohort
n ¼ 1,786
Acute stress
reactions cohort
n ¼ 1,338
Any stress
diagnosis cohort
n ¼ 17,928
Comparison
cohort
n ¼ 85,556

Years
Female
Danish
Western
Non-Western
Unmarried
Low
Medium
High
Yes
Characteristics
Age at index year, median (IQR)
Sex, n (%)
Country of origin, n (%)

We were particularly concerned about reverse causation,
i.e., that stress was an early indicator of dementia pathology. Therefore, we conducted sensitivity analyses and

Table 1. Baseline characteristics of the study population with and without a stress diagnosis. Prevalence and medians with 25-75% interquartile ranges (IQR) are shown (N ¼ 103,484).

Descriptive analyses were used to investigate the distribution of socio-demographic factors and different morbidities
among individuals with and without stress diagnoses
(Table 1).
To investigate the association between stress diagnoses
and dementia, we applied the Cox regression model and
used time after the age of 60 years as underlying time
scale for the analyses. Stress diagnoses were recorded
from 1994 onwards, thus, individuals with stress before
1994 will be misclassified as non-exposed. We used data
from individuals born across a wide range of years, and
because the probability of exposure misclassification
depended on birth cohort, we analyzed data using a Cox
model stratified on birth cohorts to ensure that comparisons were made among individuals with the same risk of
misclassification.
We conducted two sets of main analyses: First, we used
one binary exposure variable combining all five stress diagnoses and defined as having any stress diagnosis. Second,
as 79 individuals were registered with more than one stress
diagnosis at the same occasion, we also defined five binary exposure variables defining the five different stress
diagnoses. Matched unexposed individuals were used as
reference group in all analyses. We adjusted for potential
confounding in two steps: 1) Model 1 included sex; 2)
Model 2 included sex, country of origin, marital status,
educational level, psychiatric morbidities, cardiovascular
and metabolic morbidities, head injuries, and sleep disorders (Table 2). We conducted supplementary analyses
focusing specifically on AD. In these analyses, individuals
were censored, if the first dementia diagnosis was any of
the other previously defined dementia outcomes. In addition, we adjusted for all morbidities occurring after the
index date to investigate whether potential mediating
effects could explain the association between stress diagnoses and dementia.
In additional interaction analyses, we investigated
whether the association between having any stress
diagnosis (yes/no) and dementia was stronger for a
specific sex (men and women), educational level (low,
medium and high), birth cohort (1935–1939, 1940–1944,
1945–1949 and 1950–1956), and country of origin
(Denmark, Western countries and Non-Western countries).
The resulting p-values are shown in Table 3. Furthermore,
we also made a refinement of the exposure to investigate
whether the stress-dementia association depended on
age at the time of stress diagnosis. We created a variable
defining individuals registered with stress diagnoses at
either age 37–48 years, 49–54 years or 55–58 years,
respectively, and compared them with individuals without
stress diagnoses.

Other stress
reactions cohort
n ¼ 642

Statistical analysis
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Table 2. Hazard ratios (HR) for dementia with 95% confidence intervals (95% CI). Results for any stress diagnosis and the five specific stress diagnoses vs.
no stress diagnosis are presented (N ¼ 103,484).
Dementia cases/
Analysis
Main
Main
Main
Main
Main
Main
Sensitivity
Sensitivity
Sensitivity
Sensitivity

Stress diagnosis
None (ref.)
Any
Acute stress reactions
PTSD
Adjustment disorders
Other stress reactions
Unspecified stress reactions
Any
Any
Any
Any

Start of
follow-up (years)
1
1
1
1
1
1
5
 10
 15
 20

person-years
784/571,291
369/112,760
22/8,491
15/10,014
254/66,696
8/3,792
73/24,849
327/102,042
278/82,805
232/73,772
197/70,457

Model 1
HR (95% CI)
1.00
2.51 (2.22-2.84)
1.90 (1.24-2.90)
1.19 (0.71-1.98)
2.74 (2.38-3.16)
1.56 (0.74-3.27)
2.47 (1.94-3.13)
2.35 (2.07-2.68)
2.34 (2.03-2.69)
2.36 (2.03-2.75)
2.42 (2.05-2.85)

Model 2
HR (95% CI)
1.00
2.20 (1.93-2.50)
1.73 (1.13-2.65)
1.08 (0.64-1.81)
2.37 (2.05-2.74)
1.41 (0.67-2.97)
2.20 (1.73-2.80)
2.07 (1.81-2.37)
2.05 (1.77-2.37)
2.08 (1.78-2.44)
2.10 (1.77-2.49)

Model 1: adjusted for sex and being registered with any of the other stress diagnoses at the same time. Model 2: adjusted for Model 1 þ country of origin,
marital status, educational level, and morbidities. In the sensitivity analyses, the start of follow-up started at least 5, 10, 15 or 20 years after the
index date.

Table 3. Hazard ratios (HR) for dementia with 95% confidence intervals (95% CI). Results for any stress diagnosis vs. no stress diagnosis grouped by sex,
educational level, country of origin and the birth cohorts 1935-1956 (N ¼ 103,484) and corresponding interaction tests expressed by p-values.
Groups
Sex
Men
Women
Educational level
Low
Medium
High
Country of origin
Denmark
Western countries
Non-Western countries
Birth cohorts
1935-1939
1940-1944
1945-1949
1950-1956

No. of individuals with stress
diagnoses/total no. of individuals

Dementia cases /
person-years

HR (95% CI)

6,318/36,278
11,610/67,206

140/37,533
229/75,227

2.33 (1.90-2.86)
2.12 (1.81-2.49)

6,044/33,211
6,596/41,504
5,288/28,769

162/39,697
126/41,731
81/31,332

2.29 (1.88-2.78)
2.09 (1.70-2.58)
2.20 (1.68-2.88)

15,987/97,187
601/2,782
1,340/3,515

349/102,755
8/3,657
12/6,348

2.25 (1.97-2.56)
1.66 (0.72-3.81)
1.34 (0.64-2.78)

452/2,613
1,781/10,331
4,283/24,798
11,412/65,742

48/6,240
120/22,092
119/39,219
82/45,209

p-value for
interaction
0.48
0.83

0.31

0.52
1.92
2.45
2.24
2.01

(1.38-2.66)
(1.96-3.07)
(1.79-2.80)
(1.54-2.63)

All models were adjusted for sex, other stress diagnoses, country of origin, marital status, educational level, and morbidities.

considered individuals at risk of dementia only when at
least 5, 10, 15, and 20 years had passed after the index
date (Table 2).
Since a key assumption of the Cox regression model is
that the rate ratio of hazards for any two groups is constant over time (Altman, 1991), we tested the proportionality of hazards. In a Cox regression model including
covariates of Model 2, we included a time dependent interaction between time and covariates and tested its significance (Hosmer, Lemeshow, & May, 2008).

Results
In our study population of 103,484 individuals, 17,928 (17%)
individuals were registered with a clinical stress diagnosis
(median age: 52 years). More specifically, 56% were registered with an adjustment disorder, 24% were registered
with unspecified stress reactions, and less than 10% were
diagnosed with acute stress reactions, PTSD, or other stress
reactions (Table 1). Among individuals with any stress diagnosis compared with none, there were slightly more individuals who were from Non-Western countries, unmarried, and
had other psychiatric morbidities. Among individuals with
PTSD compared with other stress diagnoses, there was an
equal distribution of men and women with PTSD and more
individuals were from Non-Western countries.

The median follow-up time from the age of 60 years was
5.7 years (interquartile range (IQR): 3.0–9.4). The median
number of years between stress diagnosis and dementia
was 12.9 (IQR: 8.8–17.3). We observed that 369 individuals
with any stress diagnosis were registered with dementia at
a median age of 66 years (IQR: 62–70). In the unexposed
cohort, 784 individuals were registered with dementia with
a median age of 67 years (IQR: 64–71). Individuals were
mainly registered with dementia for the first time in patient
data (85%) followed by prescription data (14%) and mortality data (1%).
The main analyses showed that among individuals with
any stress diagnosis, a 2.20 times higher rate of dementia
was observed (95% CI: 1.93–2.50). We observed a 1.73
times higher rate of dementia among individuals with
acute stress reactions (95% CI: 1.13–2.65), a 2.37 times
higher rate of dementia among individuals with adjustment
disorders (95% CI: 2.05–2.74), and a 2.20 times higher rate
of dementia among individuals with unspecified stress
reactions (95% CI: 1.73–2.80). The rate of dementia in individuals with PTSD and other stress reactions pointed to a
marginally higher risk, but these estimates were statistically
non-significant. Adjustment for socio-demographic factors
and morbidities only slightly attenuated the association
(Table 2). In additional analyses, we investigated all confounders from Model 2 as potential mediators by adjusting
for these factors, when they occurred after the index date.
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Table 4. Hazard ratios (HR) for dementia with 95% confidence intervals (95% CI). Results for any stress diagnosis at age 37-48, 49-50 and 50-58 years vs.
no stress diagnosis (N ¼ 103,484) and homogeneity test expressed by p-value.
Groups

No. of individuals with
stress diagnoses

Dementia cases/
person-years

Model 1
HR (95% CI)

Model 2
HR (95% CI)

5,158
7,069
5,701

39/23,445
147/46,455
183/42,860

1.96 (1.41-2.73)
2.57 (2.15-3.07)
2.62 (2.22-3.08)

1.83 (1.32-2.55)
2.27 (1.89-2.72)
2.24 (1.89-2.64)

p-value for
homogeneity
0.48

37-48 years
49-54 years
55-58 years

Model 1: adjusted for sex and being registered with any of the other stress diagnoses at the same time. Model 2: adjusted for Model 1 þ country of origin,
marital status, educational level, and morbidities.
Test for homogeneity comparing differences in HRs across the age groups adjusted for covariates of Model 2.

The results showed that throughout the whole follow-up
period, there was a lower but significantly higher rate of
dementia among individuals with stress diagnoses compared with not having stress diagnoses (HR ¼ 1.17; 95%
CI: 1.02–1.36).
Our interaction analyses did not show any significant
differences in the association between stress diagnoses and
dementia among men and women and across educational
levels, countries of origin, and birth cohorts (Table 3).
We found the highest rate of dementia among individuals aged 49–58 years when registered with a stress diagnosis compared with individuals without any stress diagnosis
(Table 4). However, the difference in HRs across age groups
were not significantly different (p ¼ 0.48).
In our sensitivity analyses, the association between
stress diagnoses and dementia were slightly attenuated,
but remained statistically significant when postponing start
of follow-up to at least 5, 10, 15, and 20 years after index
date (Table 2). The estimates for the association between
stress diagnoses and AD had the same direction as in the
main analyses of stress and the combined measure of all
dementia diagnoses, but the HR for AD was somewhat
lower (Model 2: HR ¼ 1.75; 95% CI: 1.31–2.32).
The tests for proportional hazards showed that this
assumption was violated for some of the covariates, however, the overall HR observed for the association between
any stress diagnosis and the rate of dementia (Table 2: HR
¼ 2.20; 95% CI: 1.93–2.50) remained robust when allowing
for non-proportionality of dementia hazards for these covariates. More importantly, the HR for any stress diagnosis
varied significantly with time and tended to decrease with
time. Thus, the reported HRs of dementia should be interpreted as average estimates of the association between
stress diagnoses and the rate of dementia after the age
of 60 years.

Discussion
Main results
In this national longitudinal follow-up study of 103,484
individuals, the main results showed a higher rate of
dementia over time when registered with any clinical stress
diagnosis. In analyses of specific stress diagnoses, individuals with acute stress reactions, adjustment disorders and
unspecified stress reactions had significantly higher rates of
dementia than individuals without any stress diagnosis. The
highest rate of dementia was found among individuals registered with a stress diagnosis at age 49–58 years. Overall,
adjustment for confounding by socio-demographic factors
and morbidities only slightly attenuated the associations,

as did the application of a longer time-window between
index date and start of follow-up.

Comparison with previous research
Overall, our main findings are in alignment with results of
previous studies demonstrating a longitudinal association
between dementia and measures of self-reported psychological stress (Islamoska et al., 2019; Johansson et al., 2010;
Nabe-Nielsen et al., 2019; Skogen et al., 2015) and a clinical
diagnosis of stress (Gradus et al., 2018).
The validity of the results from our and previous observational studies is supported by evidence regarding plausible
physiological mechanisms including neurodegenerative processes in the brain linking chronic stress to dementia
(Greenberg et al., 2014; Johansson et al., 2019; Ouanes &
Popp, 2019). Furthermore, the discrepancies in the risk estimates between stress and AD, and stress and all dementia
diagnoses may suggest a difference in the underlying mechanism, which have not been fully unveiled yet (Johansson
et al., 2019).
Our results were comparable to results from the previous Danish study (Gradus et al., 2018) reporting an association between acute stress reactions, adjustment
disorders and unspecified stress reactions and a higher
risk of dementia. Yet, for the remaining diagnoses of
stress, our results indicated a somewhat lower and nonsignificant association with dementia (PTSD: HR ¼ 1.08
vs. 2.0; other stress reactions: HR ¼ 1.41 vs. 2.2) (Gradus
et al., 2018). These differences may stem from differences
in the scope of our and the previous study yielding disparities in methodological approaches. Our aim was to
investigate midlife risk factors for dementia, as midlife
has been emphasized as the period in which dementia
pathology is likely to have its onset (Livingston et al.,
2017; Ritchie et al., 2015). In the previous Danish study,
approximately 19% of the study population were 
60 years by the time of stress diagnosis (Gradus et al.,
2018). However, late-life neuropsychiatric symptoms, e.g.
depressive, anxious, apathetic, irritable, or psychotic
symptoms, leading to a stress diagnosis may be early
signs of dementia (Livingston et al., 2017). We recorded
information on stress diagnoses from individuals, who
were aged 37–58 years to reduce the risk of reverse causation. We also adjusted for educational level, which did
not, however, seem to cause severe confounding.
In general, previous studies have reported higher and
significant dementia rates among individuals with PTSD
compared with our results (Flatt et al., 2018; Mawanda
et al., 2017; Meziab et al., 2014; Qureshi et al., 2010;
Rafferty et al., 2018; Yaffe et al., 2010). In the majority of
the previous studies, the study populations included US
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veterans (predominantly men) aged  55 years (Mawanda
et al., 2017; Meziab et al., 2014; Qureshi et al., 2010; Yaffe
et al., 2010) with estimates ranging from 1.35–2.31. Apart
from our and the previous Danish study (Gradus et al.,
2018), the only other population-based study was from the
US and included individuals aged  60 years at baseline
(Flatt et al., 2018). In this latter study, a 1.20 higher rate of
dementia (95% CI: 1.02–1.41) was reported among individuals with PTSD (Flatt et al., 2018).

Strengths and limitations
This is the first study to investigate the association
between clinical stress diagnoses specifically in midlife and
the risk of dementia in later life. To ensure that information
about covariates was obtained before the date of the stress
diagnoses, we matched the exposed population with a
non-exposed population on sex and birthdate and used
register-based data prior to the index date. To reduce confounding, we adjusted for several dementia risk factors,
such as education, country of origin, marital status, psychiatric, cardiovascular and metabolic morbidities, head injuries, and sleep disorders using hospitalization data dating
back to 1968. We had available register data until 2017
making it possible to follow individuals with stress diagnoses in registers for more than 20 years with a low risk of
loss to follow-up. The use of register-data yielded a large
study population and high statistical power, although,
some sub-analyses were based on smaller groups.
F43 stress diagnoses are valid measures applicable for
research and diagnostics (Svensson, Lash, Resick, Hansen, &
Gradus, 2015). The stress diagnoses registered in original
medical records have been compared with register diagnoses, and 80% of the medical records noted a stressful or
traumatic event (Svensson et al., 2015). Nevertheless, a
main methodological limitation of our study is that exposure information only dated back to the inception year of
ICD-10 in 1994. Thus, the risk of misclassifying individuals—particular in older birth cohorts—as non-exposed is
pronounced. We addressed this limitation by taking birth
cohort into account in our statistical model. Furthermore,
we adjusted for psychiatric diagnoses that from an expert
opinion might have been used for patients with severe
stress reactions before ICD-10. In addition, we cannot rule
out that individuals in the comparison cohort were treated
for mild to moderate psychiatric diagnoses by general practitioners. Such treatment is not recorded in the available
registers. Thus, our results only apply to severe cases of
clinical stress reactions and adjustment disorders, and due
to misclassification of exposed individuals, the stressdementia association is likely to be underestimated, as the
non-exposed group is diluted by exposed individuals.
The validity of the results of the present study is
strengthened by the use of validated register data on
dementia diagnoses (Phung et al., 2007). However, despite
that the validity of dementia diagnoses and the diagnostic
rate in secondary care have improved over time (Phung
et al., 2007; Phung, Waltoft, Kessing, Mortensen, &
Waldemar, 2010), only 40% of dementia patients are actually
registered with a diagnosis (Jørgensen & Waldemar, 2014;
Prince, Bryce, & Ferri, 2011), which limits our study’s ability
to detect associations between the exposure and the
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outcome under study. We addressed this limitation by
obtaining dementia information from all available registerbased sources. It should be noted that some types of
dementia medication may also be used for dementia in
Parkinson’s disease and mild cognitive impairment, which
were not defined as an outcome in our study. We cannot
preclude that anti-dementia medications are prescribed to
individuals with mild cognitive impairment, despite that
national clinical guidelines did not recommend use of antidementia medications to patients with mild cognitive
impairment, but without dementia (Sundhedsstyrelsen,
2013). Furthermore, it could be speculated that declining
medication prices may lead to dementia patients being
referred to specialists less often and instead being prescribed anti-dementia medications without an expert examination. Thus, the specificity of dementia based on
information on anti-dementia medications may be decreasing over time. A primary concern is that we cannot rule out
detection bias occurring, if dementia is more frequently
diagnosed when in contact with the healthcare system, e.g.
due to stress. Such a detection bias is likely to result in an
overestimation of the association between stress and
dementia. We partly took this bias into account by adjusting
for a range of covariates which, apart from being potential
confounders, were also likely to be associated with healthcare use.
Dementia is typically registered in individuals aged
80–89 years (Prince et al., 2015). Our study population was
relatively young at the end of follow-up and the overall incidence of dementia was only registered until the age of
82 years among the oldest individuals in our population.
Furthermore, in a recent Danish, national register-based study
including all dementia cases above age 60, the median age
was 82 years among dementia cases at the time of diagnosis
(Taudorf et al., 2019). Thus, it is unknown whether results
also apply to individuals above the age of 82 years, who
comprise the majority of individuals with dementia (Taudorf
et al., 2019). This is also supported by the proportional hazards tests showing a tendency of a decreasing dementia rate
ratio after age 60. Thus, we cannot rule out that a longer follow-up time would yield other results.
When adjusting for confounding by different morbidities,
the results only changed marginally. Yet, we cannot eliminate
that morbidities developed after the stress diagnosis may
have affected the risk of dementia. Taking other morbidities
throughout the whole follow-up period into account resulted
in a substantially lower, but still significant association
between clinical stress diagnoses and dementia. However, due
to the onset of such morbidities, these are considered potential mediators, which in principle should not be adjusted for.
Unfortunately, there was no available register-based
information on other important confounders such as obesity, physical inactivity, smoking, hypertension, hearing loss,
social isolation and personality (Livingston et al., 2017; Low,
Harrison, & Lackersteen, 2013). Other studies adjusting for
several of these confounders found slight attenuations of
the association between self-reported stress and dementia
(Islamoska et al., 2019; Nabe-Nielsen et al., 2019).
In most cases, dementia is a slowly developing syndrome with a long preclinical phase (Livingston et al.,
2017). Hence, we were particularly concerned that our
results were biased by reverse causation, i.e. that declining
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cognitive function increased the risk of being diagnosed
with stress. Yet, excluding dementia cases and risk time
during the first 5–20 years after the index date only slightly
attenuated the associations. Thus, even though we cannot
rule out that dementia pathology in its early stage could
affect the risk of severe stress reactions, this effect did not
seem to explain all of the observed association.

Conclusion
In this national register-based study, we found empirical
support for the hypothesis that clinically diagnosed stress
in midlife is a risk factor for dementia in later life. Although
the majority of the sub-diagnoses of stress had rates ratios
of dementia within the same range, we found the strongest association between acute stress reactions, adjustment
disorders and unspecified stress reactions and dementia. In
particular, individuals in late midlife had a higher rate ratio
of dementia. Our study highlights the importance of identifying and treating severe stress in midlife in order to
reduce potential detrimental consequences for brain health
in later life.
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Appendix
Table A.1. Diagnostic codes for dementia and different morbidities including psychiatric, cardiovascular and metabolic morbidities, head injuries and sleep
disorders based on diagnoses from the International Classification of Diseases (ICD) codes of the 8th and 10th revision.
Type of diagnoses

ICD-8 codes

Dementia
Alzheimer’s disease
Vascular dementia
Frontotemporal dementia
Lewy body dementia
Unspecified and other dementia
Psychiatric
Schizophrenia, schizotypal and delusional disorders
Mood affective disorders
Other or unspecified psychoses
Neuroses
Transient situational disturbances
Mental and behavioral disorders due to psychoactive substance use
Cardiovascular and metabolic
Myocardial infarction
Heart failure
Peripheral vascular disease
Cerebral vascular accident
Type 1 and type 2 diabetes
Head injuries
Injuries to head incl. sequelae
Sleep disorders
Organic sleep disorders
Non-organic sleep disorders

ICD-10 codes

290.10
293.09-19
290.11
–
290.09, 290.18-19

F00.0-00.9, G30.0-30.9
F01.0-01.9
F02.0
G31.8
F03.9, G31.9

295.09-99, 297.09-99
296.09-99, 790.29
298.09-99, 299.00-09
300.49-99
307.99

F20-F29
F30-F39

F10-19
410.09-414.99
427.09-19, 428.99, 782.49
440.09-445.99
430.00-438.99
249.00-09, 250.00-250.09

I21-I25
I50, I110, I130, I132
I70-74, I77
I60-I69, G45-46
E100, E101, E109-111, E119
S00-09, T90-90.9
G47-G47.9
F51-51.9

Table A.2. Anatomical Therapeutic Chemical (ATC) codes for identification of anti-dementia medication.
Medication

ATC code

Donepezil
Rivastigmine
Galantamine
Memantine

N06DA02
N06DA03
N06DA04
N06DX01

