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Abstract

Background. Previous research has indicated that attention-deficit/hyperactivity disorder
(ADHD) is associated with an increased risk for dementia, but studies are scarce and inconclu-
sive. We aimed to investigate the association between ADHD, and dementia and mild cognitive
impairment (MCI). Additionally, we aimed to investigate the impact of comorbid conditions,
educational attainment, head injuries, other developmental disorders, and sex on the associ-
ation.

Methods. The study population consisted of 3,591,689 individuals born between 1932 and 1963,
identified from Swedish population-based registers. Cases of ADHD, dementia and MCI were
defined according to ICD diagnostic codes and ATC codes for medication prescriptions. A Cox
proportional hazards model was used to test the associations between ADHD, and dementia
and MCIL.

Results. Individuals with ADHD had an increased risk for dementia and MCI. After adjusting
for sex and birth year, a hazard ratio (HR) was 2.92 (95% confidence interval 2.40-3.57) for
dementia, and 6.21 (5.25-7.35) for MCI. Additional adjustment for psychiatric disorders
(depression, anxiety, substance use disorder, and bipolar disorder) substantially attenuated
the associations, HR = 1.62 (1.32-1.98) for dementia, and 2.54 (2.14-3.01) for MCI. Common
metabolic disorders (hypertension, type 2 diabetes, and obesity), sleep disorders, head injuries,
educational attainment, and other developmental disorders, had a limited impact on the
association. The association between ADHD and dementia was stronger in men.
Conclusions. ADHD is a potential risk factor for dementia and MCI, although the risk
significantly attenuates after controlling for psychiatric disorders. Further research is needed
to confirm these findings and to explore underlying mechanisms of the associations.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common, childhood-onset neurodevelop-
mental disorder and an important risk factor for many psychiatric [1,2] and general medical
disorders [2] across the life span. Symptoms of ADHD may persist to an older age in a substantial
number of individuals with ADHD [3]. However, the extent to which individuals with ADHD are
at increased risk for dementia and mild cognitive impairment (MCI) is unclear. Dementia is
characterized by a significant decline in cognition, behavior and in the ability to perform everyday
activities, whereas MCI is defined by the presence of impairment in one or more cognitive
domains without affecting functional independence and without fulfilling the diagnostic criteria
for dementia [4].

Studies in humans [5-8] and animal models of ADHD [9-10] have indicated an association
between antecedent symptoms of ADHD and cognitive deficits in later life, but available
literature is limited and conflicting. Three studies, including a population-based study from
Taiwan [5], a U.S. hospitalization discharge, cohort study [6], and a case-control study from
Argentina [7], found an increased risk for dementia in people with ADHD. In contrast, a
cross-sectional study from the United States [8] did not find a significant association between
childhood symptoms of ADHD and dementia/MCI in later life. Limitations of these studies
were the use of inpatient-care data that cover more severe cases of ADHD and dementia [6],
while most patients with ADHD are treated in outpatient care, and over-representation of
males and individuals aged 18-54 years old in the study population [5]. The included
individuals [5] might not represent the population at risk, as it has been reported that
dementia is more prevalent in women and the risk of developing dementia before age 50 is
low [11]. Other limitations were the retrospective assessment of childhood ADHD symptoms
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in older adults with and without cognitive impairment [7-8],

allowing for recall bias and misclassification.

Additionally, it has been proposed [12] that ADHD might lead
to development of cumulative health-compromising factors along
the lifespan, which in turn present risk factors for developing MCI
and dementia in later life. Low educational attainment, common
metabolic disorders or metabolic syndrome (i.e., hypertension, type
2 diabetes [T2D] and obesity), sleep disorders, head injuries, and
psychiatric disorders (i.e., depression, anxiety, substance use dis-
order [SUD], and bipolar disorder), are associated with ADHD
[1,2], and well-established risk factors for dementia [13-16]. Unfor-
tunately, only a few studies have explored the potential impact of
these factors on the association between ADHD and dementia, with
inconsistent findings. One study reported an increased risk for
dementia in people with ADHD even after adjusting for socio-
economic status, general medical and psychiatric comorbidities
[5]. In contrast, another study [6] found that the association
between ADHD and dementia was no longer significant after

controlling for metabolic dysregulation.

The current study aimed to extend previous research [5-8,12]
by utilizing large-scale population data from national registers in
Sweden, and a retrospective cohort design to investigate the
association of ADHD with dementia and MCI. We additionally
aimed to investigate to what extent these associations are affected
by educational attainment, comorbid metabolic disorders (i.e.,
hypertension, T2D, and obesity), sleep disorders, head injuries,
and psychiatric disorders (i.e., depression, anxiety, SUD, and
bipolar disorder). We also investigated whether a potentially
increased risk for dementia is specific to ADHD, or shared with
comorbid developmental disorders [17]. Finally, since prevalence
rates of ADHD [1] and dementia [11] differ between men and
women, we aimed to explore whether their associations differ

by sex.
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Method
Data sources

We used data from multiple Swedish population-based registers. All
individuals registered in Sweden are assigned a unique personal
identity number that enables a linkage of these registers [18]. The
Total Population Register (TPR) includes all individuals in Sweden
born since 1932, who were alive in 1963 and later. We used the
following demographic data from the TPR: date of birth, sex, date of
death, and migration [18]. The National Patient Register (NPR)
covers all primary, and up to eight secondary diagnoses from
inpatient hospital admissions since 1987, and information from
the outpatient register since 2001 [19]. The Cause of Death Register
(CDR) contains information of all deaths since 1952 [20]. All diag-
noses in the NPR and CDR were classified according to the Inter-
national Classification of Diseases (ICD) versions 7/8/9/10. The
Prescribed Drug Register (PDR) covers data on all dispensed medi-
cation prescriptions since July 1, 2005 using the Anatomical Thera-
peutic Classification (ATC) system, with a date of prescription and
dosage. Longitudinal integration database for health insurance and
labour market studies register (LISA) covers information on edu-
cational attainment for individuals aged > 16 since 1990 [21].

Study population

The total cohort consisted of 3,591,689 individuals born between
1932 and 1963, who were alive and resided in Sweden in 2001
(Figure 1). We excluded individuals who emigrated from Sweden
and died before 2001, and before age 50, and those who immigrated
to Sweden after 2001 and aged 50 and above. A diagnosis of ADHD
has been mostly available from the outpatient care medical files
recorded in the NPR since 2001. The beginning of the follow-up was
set at age 50. The end of the follow-up was set at the date of a

Individuals born between 1932-1963 assessed for
eligibility(n=4,343,379)

A

y

Exclusion criteria:

- Emigration before 2001 and age 50
- Immigration after 2001 and age 50
- Death before 2001 and age 50
Total excluded, n=751,690

Study population
(n=3,591,689)

!

3,582,157 individuals without
ADHD

Figure 1. Flowchart of the study population selection process.
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diagnosis of dementia/MCI, emigration, death, or December
31, 2013 (the last date with available data), whichever came first.

Measures of ADHD

ADHD cases were defined as individuals who received an ICD-9/10
diagnosis from the NPR [22], or dispensed medication prescription
for ADHD treatment according to the ATC codes from the PDR [23]
(Supplementary Table S1), at any age. Medication prescriptions can
be considered as valid indicators of ADHD diagnoses, and both
ADHD diagnoses from the NPR and medication prescriptions from
the PDR are provided exclusively by specialists in Sweden [22]. To
additionally ensure that ADHD cases reflect clinically relevant diag-
noses, we performed a sensitivity analysis by including only individ-
uals with a confirmed diagnosis of ADHD from the NPR [24].

Measures of dementia and MCI

We included a diagnosis of dementia or MCI recorded at age 50 or
older to minimize the risk of misdiagnosis with conditions with
similar clinical presentations (i.e., ADHD) when dementia/MCI is
diagnosed at a younger age [25]. The following types of dementia
were included: Alzheimer’s disease (AD), vascular dementia, and
other dementias, with diagnostic codes according to the ICD-
8/9/10 from the NPR and the CDR, or medication prescription
for AD according to the ATC codes from the PDR (Supplementary
Table S1) [26]. MCI was identified from the NPR in accordance
with the ICD-10 (Supplementary Table S1) [4].

Covariates

The following variables, associated with ADHD and/or dementia in
previous research, were addressed as covariate sets: (a) sex [1,11] and
birth year [11]; (b) educational attainment (highest level of education
by age 50 with categories: compulsory education <9 years/upper
secondary/postsecondary/postgraduate) [1,13]; (c) metabolic dis-
orders: hypertension, T2D, and obesity [2,13]; (d) sleep disorders
(organic and nonorganic) [2,15]; (e) head injuries [2,16]; (f) psychi-
atric disorders: depression, anxiety, SUD, and bipolar disorder;
[1,2,13,14] (g) other developmental disorders (i.e., autism spectrum
disorder, intellectual disability, motor disorders, and learning dis-
orders) [17]. We extracted a first diagnosis of included disorders and
head injuries, coded according to the ICD-8/9/10 from the NPR
(Supplementary Table S1) and acquired at any age.

Statistical analysis

We used a Cox proportional hazards model to test the association of
ADHD with dementia/MCI, by comparing the rate of having these
disorders between individuals with and without ADHD from the age
of 50 years, with attained age as the underlying timescale. Since
ADHD is defined according to the ICD-10 criteria by a childhood-
onset of the symptoms [27], we considered individuals receiving a
diagnosis of ADHD during the study period as exposed from the start
of follow-up (i.e., from age 50). Hazard ratio (HR) was estimated with
95% confidence intervals (CI), with adjustment for sex and birth
year, followed by separate adjustments for each covariate set.

We used Wilcoxon two-sample test to evaluate differences in
median age of dementia/MCI diagnosis, and median age in 2013
between individuals with and without ADHD. When distribution
of frequencies for covariates differed between groups with and
without ADHD, we used logistic regression models to inspect
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associations between ADHD and the covariates, presented as odds
ratios (OR) with 95 % ClIs and adjusted for sex and birth year.

To investigate whether the case definition of ADHD based on a
confirmed diagnosis would affect the results, we conducted a
sensitivity analysis by excluding cases with ADHD medication
prescription only.

Main and sensitivity analyses were presented collapsed across
sex and stratified by sex. We used SAS version 9.4 (SAS Institute,
Inc.) for data management and R version 3.6.1 for data analyses.

Results
Descriptive characteristics of the study population

The study population covered 3,591,689 individuals born between
1932 and 1963 (Figure 1). We identified 9,532 (0.3%) people
diagnosed with ADHD diagnosis/medication prescription, among
which 5,168 (54.2%) were male (Table 1). Median age of ADHD
diagnosis/medication prescription was 52 years (IQR 48—57). By
the end of the follow-up, 55,194 (1.5%) individuals developed
dementia, and 23,507 (0.6%) developed MCI, with a median fol-
low-up time of 14.13 years for both dementia and MCI. Median age
at diagnosis for dementia and MCI was significantly lower in
individuals diagnosed with ADHD compared to those without
ADHD (Table 1; Wilcoxon Two-Sample Test: for dementia,
Z = —9.02, p < 0.0001; for MCI, Z = —11.55, p < 0.0001). At the
end of 2013 individuals with ADHD were younger than those
without ADHD (Table 1; Wilcoxon Two-Sample Test:
Z=—80.03, p <0.0001). All covariates were significantly associated
with ADHD (adjusted for sex and birth year, Table 2).

Main findings

We found an increased risk of having both dementia (HR = 2.92,
95% CI = 2.40—3.57) and MCI (HR = 6.21,95% CI = 5.25—7.35) in
individuals with ADHD compared with individuals without
ADHD, adjusting for sex and birth year (Table 3). After separate
adjustments of the analysis for each considered covariate set, we
observed that educational attainment, metabolic disorders, sleep
disorders, head injuries and other developmental disorders had a
minimal impact on the associations of ADHD with dementia/MCI
(Table 3). In contrast, the adjustment for psychiatric disorders
significantly attenuated the observed associations with HR = 1.62,
95% CI = 1.32—1.98, for dementia, and HR = 2.54, 95%
CI = 2.14—3.01, for MCI (Table 3).

The association between ADHD and dementia across all levels
of adjustments was stronger in men compared to women (Table 3),
with a significant ADHD by sex interaction coefficient, 0.58, 95%
CI =0.38—0.88, p = 0.01, meaning that the risk of having dementia
in women with ADHD was 42% lower than in men with ADHD. An
event rate per 10,000 person years for dementia was lower in
women (10.36, 95% CI = 7.18—14.48) than men (17.13, 95%
CI = 13.16—21.92) with ADHD, while the event rates for men
and women without ADHD were equal (Table 1). On the other
hand, the risk of having MCI was not significantly different between
men and women with ADHD (ADHD by sex interaction coefficient
0f 0.97, 95% CI = 0.69—1.35, p = 0.84).

Sensitivity analyses

We performed a sensitivity analysis to investigate whether the
results were affected by the case identification for ADHD that
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Table 1. Descriptive characteristics of the study population.
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Individuals without ADHD Individuals with ADHD
N = 3,582,157 N = 9,532 Total N = 3,591,689

Male, N (%) 1,815,916 (50.7) 5,168 (54.2) 1,821,084 (50.7)
Female, N (%) 1,766,241 (49.3) 4,364 (45.8) 1,770,605 (49.3)
N on December 31, 2013 3,265,451 8,938 3,274,389
Median age in 2013 (IQR) 63 (56—70) 55 (52—60) 63 (56—70)
Dementia All, N (%) 55,094 (1.5) 100 (1.0) 55,194 (1.5)

Age at diagnosis median (IQR) 72 (67—76) 61.5 (56—70.5) 72 (67—76)

Event rate per 10,000 person years

10.75 (10.66—10.84)

13.94 (11.30—17.01)

10.76 (10.67—10.85)

Male, N (%)

27,126 (1.5)

64 (1.2)

27,190 (1.5)

Age at diagnosis median (IQR)

72 (67—76)

61 (56—68)

72 (67—76)

Event rate per 10,000 person years

10.57 (10.44—10.69)

17.13 (13.16—21.92)

10.58 (10.45—10.70)

Female, N (%)

27,968 (1.6)

36 (0.8)

28,004 (1.6)

Age at diagnosis median (IQR)

72 (68—76)

63.5 (56—73)

72 (68—76)

Event rate per 10,000 person years

10.94 (10.81—11.07)

10.36 (7.18—14.48)

10.94 (10.81—11.07)

MCl All, N (%)

23,365 (0.6)

142 (1.5)

23,507 (0.6)

Age at diagnosis median (IQR)

69 (62—74)

59 (53—66)

69 (62—74)

Event rate per 10,000 person years

4,51 (4.45—4.57)

19.89 (16.71—23.50)

4,53 (4.47—4.59)

Male, N (%)

11,760 (0.6)

75 (1.4)

11,835 (0.6)

Age at diagnosis median (IQR)

69 (62—74)

60 (53—65)

69 (62—74)

Event rate per 10,000 person years

4.54 (4.46—4.63)

20.41 (16.06—25.59)

4.57 (4.48—4.65)

Female, N (%)

11,605 (0.7)

67 (1.5)

11,672 (0.7)

Age at diagnosis median (IQR)

69 (62—74)

58 (53—66)

69 (62—74)

Event rate per 10,000 person years

4.48 (4.40—4.56)

19.30 (14.83—24.69)

4.50 (4.42—4.58)

Abbreviations: ADHD, Attention-deficit/hyperactivity disorder; MCI, Mild cognitive impairment.

Table 2. Descriptive characteristics of the study population with regard to educational attainment, metabolic and sleep disorders, head injuries, psychiatric
disorders, and other developmental disorders, and the associations with ADHD, presented as odds ratios (OR) with 95% confidence intervals (Cl), adjusted for sex

and birth year.

Without ADHD 3,582,157 N (%)

With ADHD 9,532 N (%)

Total 3,591,689 N (%)

OR (95% Cl) adjusted for

sex and birth year

Educational attainment® 3,369,548 9,492 3,379,040 -
Compulsory education <9 years” 947,636 (28.1) 2,109 (22.2) 949,745 (28.1) 1.00
Upper secondary 1,484,868 (44.1) 4,796 (50.5) 1,489,664 (44.1) 1.08 (1.03—1.12)
Postsecondary 902,231 (26.8) 2,510 (26.4) 904,741 (26.8) 0.78 (0.74—0.81)
Postgraduate 34,813 (1.0) 77 (0.8) 34,890 (1.03) 0.66 (0.53—0.83)
Hypertension 739,049 (20.6) 1712 (18.0) 740,806 (20.6) 1.64 (1.55—1.73)
Type 2 diabetes 261,175 (7.3) 646 (6.8) 261,821 (7.3) 1.62 (1.49—1.76)
Obesity 93,282 (2.6) 635 (6.7) 93,917 (2.6) 2.65 (2.44—2.87)
Sleep disorders 148,768 (4.1) 1572 (16.5) 150,340 (4.2) 4,70 (4.45—4.97)
Head injuries 109,831 (3.1) 952 (10.0) 110,783 (3.1) 3.83 (3.58—4.10)
Depression 193,946 (5.4) 4199 (44.0) 198,145 (5.5) 14.32 (13.74—14.92)
Anxiety 165,425 (4.6) 3963 (41.6) 169,388 (4.7) 14.09 (13.51—14.68)
Substance use disorder 197,001 (5.5) 3820 (40.1) 200,821 (5.6) 12.15 (11.65—12.68)
Bipolar disorder 27,010 (0.7) 1299 (13.7) 28,309 (0.8) 20.40 (19.20—21.67)
Other developmental disorders 14,334 (0.4) 1028 (10.8) 15,362 (0.4) 26.81 (25.05—28.69)

Missing values for educational attainment: 212,649. These cases were deleted from the main analysis adjusted for educational attainment.

PReference category is compulsory educational attainment.
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revealed the same pattern of results across adjustments for all
included covariate sets with overlapping confidence intervals, but
somewhat lower associations of ADHD with dementia/MCI com-
pared to the main analysis (Supplementary Table S2). When case
identification of ADHD was based on a diagnosis only, point
estimates for dementia attenuated towards the null and became
nonsignificant after adjusting for psychiatric disorders.

Since the median age of ADHD and MCI/dementia diagnoses
were relatively close in time and to provide further confirmation of
the clinical validity of ADHD diagnoses, we conducted two post hoc
sensitivity analyses, adjusted for sex and birth year, based on more
sctrict case defitions of ADHD by including (a) only cases with at
least two confirmed diagnoses of ADHD and (b) only cases with a
primary diagnosis of ADHD. Both post hoc sensitivity analyses
yielded results consistent with the main analysis (Supplementary
Material, p. 4).

Discussion

In this Swedish population-based register study, we found that
ADHD was associated with an increased risk for both dementia
and MCI. Psychiatric disorders substantially attenuated the asso-
ciations of ADHD with dementia and MCI. Additionally, we dem-
onstrated that the association between ADHD and dementia was
stronger in men than in women.

Our findings support previous studies that identified an increased
risk for dementia in people with antecedent ADHD [5-7]. One study,
which did not find an association [8], applied a restrospective
assessment of childhood ADHD sympoms in a small geriatric sam-
ple, while the current study used population-based, large scale data
and ICD-diagnoses of ADHD. Furthermore, a recently published
study that used Swedish health registers [28] identified an association
between ADHD and Alzheimer’s disease and any dementia across
generations.

Additionally, findings of the current study support a hypothesis
that cumulative health-compromising factors of ADHD may affect
the association between ADHD and dementia [12]. Specifically, we
found that psychiatric disorders (i.e., anxiety, depression, SUD, and
bipolar disorder), highly comorbid with ADHD [1,2], may partially
explain the associations. Midlife psychiatric disorders present sig-
nificant risk factors for dementia, independently from physical
comorbidities [13,14]. It has been proposed that ADHD symptoms
could affect cognitive functioning in older age indirectly through
depressive symptoms. [29,30] Plausible underlying mechanisms,
such as increased oxidative stress and inflammation, linked to both
psychiatric disorders and dementia [31], should be considered in
future research. Future longitudinal studies are required to eluci-
date the timeline between the onset of ADHD, other psychiatric
disorders, and dementia.

Our finding that educational attainment had a limited influence
on the association between ADHD and dementia needs to be
interpreted carefully. Individuals with ADHD were more likely to
complete secondary education, but less likely to complete postse-
condary/postgraduate education compared to those without
ADHD. This is somewhat inconsistent with previous studies that
have identified an association between ADHD and lower educa-
tional levels [1]. A potential explanation is that older adults with
low education remain undiagnosed for ADHD in Sweden. Add-
itionally, individuals with more severe ADHD and low education
may not live to an older age, due to increased mortality rates
associated with ADHD [32]. Future studies need to explore whether
our findings generalize to other settings.
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We found an increased risk for common metabolic
(i.e., hypertension, T2D, obesity) and sleep disorders, and head
injuries in individuals with ADHD. Still, these covariates only
minimally affected the associations of ADHD with dementia/
MCI. One study [6] found that metabolic dysregulation mediated
the association between ADHD and dementia. However, metabolic
disorders might have been underdiagnosed in our cohort, which
could have attenuated their effect on the association between
ADHD and dementia/MCI. Individuals with ADHD have low rates
of seeking medical treatment, despite having an increased risk for
overall health problems [1]. Additionally, individuals with ADHD
in our cohort were significantly younger at the end of the follow-up
period and had lower crude prevalence estimates for T2D and
hypertension, than those without ADHD. Since the rates of T2D
and hypertension increase with age [2], the group with ADHD in
this population might have not developed these disorders to the full
extent due to younger age.

Further, our findings suggest that the association between
ADHD and dementia/MCI may be independent from other devel-
opmental disorders. We were unable to address other early-life and
neurobiological/genetic explanations to the observed associations
[12]. Early-life adverse factors, both prenatal (i.e., fetal stress and
low birth weight) and postnatal (i.e., psychosocial adversity) have
been recognized as risk factors for ADHD [33], as well as MCI/de-
mentia [34]. A large genome-wide, cross-disorder study failed to
find statistically significant genetic correlations between ADHD
and dementia [35], but the findings of this study are inconclusive as
only the overlap between common genetic variants was explored,
explaining a small proportion of the heritability. Further, the cur-
rent study design did not allow us to differentiate between the effect
of ADHD and ADHD medication on dementia/MCI. Future
research is needed to investigate early-life and neurobiological/
genetic mechanisms underlying the link between ADHD and
dementia, and a potential role of medication.

The association between ADHD and dementia was somewhat
stronger in men, while previous studies did not address the effect of
sex on the association [6-8], or they found a stronger association in
women [5]. We also found higher rates of dementia in men than
women with ADHD. It is possible that dementia is underdiagnosed
in women with ADHD. Alternatively, as ADHD is potentially
underdiagnosed in females [1], it is plausible that preceding symp-
toms of ADHD were not recognized in some women who devel-
oped dementia.

The current study identified a prevalence of clinically diag-
nosed ADHD of 0.3%. This is notably lower compared to a pooled
prevalence estimate based on validated scales of 2.5% in adults
[36] and 2.2% in older adults [3], but consistent with the pooled
prevalence of 0.2% based on clinically diagnosed ADHD in adults
older than 50 [3]. Although the prevalence of ADHD declines with
age [36], it may be underdiagnosed in older age due to (a) ADHD
being misdiagnosed as age-related cognitive decline or other
psychiatric conditions [25], (b) inadequate diagnostic criteria
for this age group [36], and (c) only the most severe forms of
ADHD being diagnosed, and/or (4) premature mortality associ-
ated with ADHD [37]. Further, a study from the Netherlands
reported a population weighted prevalence of ADHD of 2.8% in
older adults based on an ADHD diagnostic interview [38], and
may additionally indicate a substantial underestimation of the
prevalence in the current study. Future studies using validated
instruments for assessment of ADHD in large community sam-
ples of older adults are therefore needed to replicate the current
findings.
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Limitations

Some limitations of the current study should be addressed when
interpreting its findings. The risk for MCI in people with ADHD
was larger than the risk for dementia, and the median age of
diagnosis for ADHD and MCI/dementia were close in time. In
older adults, symptoms of ADHD, such as difficulty to organize
activities, inability to sustain attention, memory problems, behav-
ioral and psychiatric symptoms (e.g., sleep disturbances, anxiety,
and depression) may resemble prodromal dementia/MCI
[25]. Additionally, other psychiatric conditions with similar clinical
presentation may be misdiagnosed as ADHD, or vice versa
[25]. The question of misdiagnosis could not be fully addressed
due to limited information on dementia/MCI diagnoses provided
in the registers. We partially addressed this issue by re-running the
analyses including only cases with at least two established diagnoses
and only cases with a primary diagnosis of ADHD, which con-
firmed our main findings. Future validation studies of MCI and
adult ADHD classification criteria in Swedish registries are war-
ranted.

We could not investigate separate associations between ADHD
and dementia subtypes (i.e., AD, vascular dementia, dementia with
Lewy bodies, frontotemporal dementia) due to a small number of
individuals with ADHD diagnosed with each subtype. It is plausible
that different subtypes of dementia, having distinct etiological
pathways, are differentially associated with ADHD and comorbid
disorders. Additionally, ADHD and some subtypes of dementia
might only share similar clinical presentation; however, underlying
mechanisms could be distinct and unrelated [12]. For instance,
previous research has found no or very little evidence for an
association between AD and ADHD [5-8]. Future studies should
focus on building a more comprehensive model of possible associ-
ations between ADHD and different subtypes of dementia, and on
investigating the role of specific comorbid disorders for each asso-
ciation.

We did not cover behavioral outcomes (i.e., smoking, diet,
exercise, and treatment-seeking behaviors) of ADHD that could
affect the association between ADHD and dementia [12], since this
information was not available in the registers. Future studies should
aim to include relevant behavioral variables.

The median age of the study population at the end of the follow-
up was 63 years, while the risk for dementia substantially increases
after the age of 65 [11], thus, we might have mostly captured early-
onset cases of dementia. Further follow-up of these individuals to a
more advanced older age would be necessary to explore the asso-
ciation with later-onset dementia. The use of a relatively young
cohort may explain our finding of similar event rates of dementia
for men and women without ADHD, which is inconsistent with
reported higher rates of dementia in women in the general popu-
lation, since potential sex differences could be present after age
90 [11]. Further, the number of dementia cases were almost twice
the number of MCI cases and only 9,908 individuals had both MCI
and dementia. It is plausible that some individuals tend to seek
medical help only when they experience more severe cognitive
symptoms due to social stigma [39]. Because of the younger age
of the cohort, the remaining individuals with MCI might develop
dementia in the future.

Conclusions

In conclusion, the present study suggests that there is an increased
risk for dementia and MCI in individuals with ADHD, with the
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association between ADHD and dementia being stronger in men
than in women. These associations substantially attenuate after
controlling for comorbid psychiatric disorders, while common
metabolic disorders and sleep disorders, head injuries, educational
attainment, and other developmental disorders, have a limited
impact. Since this is a notably understudied topic, more research
is of crucial importance to confirm our findings and investigate
underlying mechanisms. Specifically, future neurobiological and
epidemiological studies are needed, which should cover different
subtypes of dementia, behavioral outcomes of ADHD, and a
broader range of socioeconomic variables and comorbid health
conditions.
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