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Background: Attention-Deficit/Hyperactivity Disorder (ADHD) is a highly prevalent

neurodevelopmental condition, which may be associated with life-enduring cognitive

dysfunction. It has been hypothesized that age-related cognitive decline may overlap with

preexisting deficits in older ADHD patients, leading to increased problems to manage

everyday-life activities. This phenomenon may mimic neurodegenerative disorders, in

particular Mild Cognitive Impairment (MCI). This cross-sectional study aims to assess

cognitive and behavioral differences between older subjects with ADHD and MCI.

Methods: A total of 107 older participants (41 controls; 40MCI and 26 ADHD; mean age

= 67.60± 7.50 years; mean schooling= 15.14± 2.77 years; 65.4% females) underwent

clinical, cognitive, and behavioral assessments by a multidisciplinary team at the Memory

Clinic, D’Or Institute for Research and Education, Rio de Janeiro, Brazil. Mean scores in

neuropsychological tasks and behavioral scales were compared across groups.

Results: Participants with ADHD showed poorer performances than controls in episodic

memory and executive function with large effect-sizes. Performances were comparable

between MCI and ADHD for all domains.

Discussion: MCI and ADHD in older individuals are dissociated clinical entities

with overlapping cognitive profiles. Clinicians ought to be aware of these converging

phenotypes to avoid misdiagnosis.

Keywords: attention deficit disorder with hyperactivity, cognitive dysfunction, dementia, neuropsychology,

cognitive aging

INTRODUCTION

Originally regarded as exclusive to childhood and adolescence, Attention-Deficit/Hyperactivity
Disorder (ADHD) has been recognized as a lifelong neurodevelopmental condition, persisting
into old age in 3–4% of the cases (1, 2). However, available data on the natural history of
the disorder beyond mid-adulthood are scarce, and the potential interactions between lifetime
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cognitive dysfunction, including attentional, executive and
memory deficits, and age-related cognitive decline are still poorly
understood (1, 3–6). Previous reports have suggested that late-life
cognitive changes may overlap with these preexisting difficulties,
leading to increased problems to manage everyday-life activities,
which may mimic neurocognitive disorders, in particular Mild
Cognitive Impairment (MCI) (5).

Alternatively, the idea that ADHD may accelerate or
predispose to pathological neurogenerative processes is
attractive, yet unproven (7). It could be argued that functional
and clinical outcomes associated with the condition compared
to unaffected individuals are too coincidental with established
risk factors for dementia to be unrelated (8). Those include
lower educational level (9) and increased prevalence of traumatic
brain injury (10), obesity (11), smoking (12), alcohol-related
disorders (13), depression (14), social isolation due to peer
rejection (15) and physical inactivity (16). In addition, extensive
data have indicated the contribution of oxidative stress and
neuroinflammation to the pathophysiology of both ADHD and
Alzheimer’s Disease (17–20).

With that, characterizing the cognitive and behavioral profile
of older subjects with ADHD is needed to allow further
insight on potentially converging pathological mechanisms in
neurodevelopmental and neurodegenerative disorders in late-
life and to avoid misdiagnosis of conditions with resembling
clinical manifestations. In addition, therapeutic implications
of accurately distinguishing these clinical entities could exist,
considering that the effectiveness of treatment for ADHD in
adults has been proven (21). Hence, the present study aims to
compare performances in standardized neuropsychological tests
and severity of depression and anxiety across elderly individuals
classified as normal controls, ADHD and MCI.

METHODS

Sample
Participants were volunteers referred for clinical and cognitive
assessment due to cognitive complaints by health care services
and senior centers in Rio de Janeiro, Brazil. Subjects older than
55 years old and with four or more years of formal education
were assessed between January 2014 and November 2020 in
the Memory Clinic, D’Or Institute for Research and Education,
Rio de Janeiro, Brazil. Those were eligible for the study if
none of the following criteria were met: current delirium (22),
history of severe psychiatric and neurological disorders (e.g.,
schizophrenia, bipolar disorder, intellectual disability, autism
spectrum disorder, dementia or substance-related disorders) (22)
and severe uncorrected sensorial deficits.

Procedures
Participants underwent clinical, neuropsychological and
language assessments by a multidisciplinary team. Initially,
subjects were interviewed for current and past medical history by
a physician. Neuropsychologists and speech-language therapists
conducted neuropsychological and language protocols. Validated
instruments for assessing cognitive changes in older Brazilian
population were applied, including: (1) the Mini-Mental State

Examination (MMSE), an estimate of global cognitive function
(23, 24); (2) the Rey Auditory verbal-Learning Test (RAVLT), a
measure of verbal episodic memory (25, 26); (3) the Block Design
Test, which taps visuospatial abilities (27); (4) the Trail-making
Test (TMT) parts A and B, which assesses visual tracking and
cognitive flexibility (28); (5) the Digit Span Test, including the
Forward and the Backwards subtests, which measures attention
and workingmemory (29); (6) Semantic (animals) and phonemic
(letters F, A, and S) verbal fluency test, which evaluates semantic
memory and executive function (30). RAVLT subtests were
analyzed, as follows: the sum of words retrieved during the
immediate recall phase (RAVLT A1-A5); the number of correct
items in the delayed recall task (RAVLT A7); the ratio A6/A5,
corresponding to the retroactive interference index (RAVLT
A6/A5); and the correctly recognized words during cued-recall
task (RAVLT Rec).

Additionally, the Brazilian-Portuguese versions of the
Geriatric Depression Scale (GDS) and the Geriatric Anxiety
Scale (GAI) were applied to the participants (31–34). The
presence of significant depressive symptoms was determined
by the presence of 5 or more points in the GDS (32), whereas
clinically relevant anxiety was defined as GAI > 13 (34).
Functional status was considered preserved if participants
scored 21 points in the adapted version for the Brazilian older
population of the Lawton and Brody Scale (35).

Classification
Diagnosis of ADHD was established by board-certified
psychiatrists based on the DSM-5 criteria (22), independently
from results on cognitive evaluation. The presence of DSM-5
inattentive and/or hyperactive/impulsive criteria, initiated
during childhood, was determined through clinical interview.
MCI was defined according to the DSM-5 criteria for Mild
Neurocognitive Disorder, which comprises: (1) presence of
cognitive complaint by the patient or relatives; (2) performances
in neuropsychological tests below 1 SD from normative values
for age and schooling and (3) functional status within normal
range, as defined using the Lawton and Brody Scale (22, 35).
Among MCI subjects, those presenting performances lower than
1 SD from normative data in one or more memory index were
classified as Amnestic MCI.

Statistical Analyses
Normality of data was assessed using Kolmogorov-Smirnov
test. Mean differences in continuous sociodemographic variables
were analyzed using one-way analysis of variance (ANOVA),
followed by Games-Howell post-hoc test (36); or Kruskal-Wallis
H test. Differences in distributions of categorical variables
(sex, presence of significant depressive symptoms and anxiety)
were assessed through Pearson’s Chi-Square test (X2). Mean
differences in neuropsychological performances across groups
were assessed using analysis of covariance (ANCOVA—for
normally distributed variables) or rank analysis of covariance
(non-normally distributed variables) (37), adjusting for age,
schooling, sex and severity of depressive symptoms (measured
by the GDS), since groups differed in these measures. Effect-sizes
were computed as partial eta-squared (partial η

2); those values
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were interpreted according to benchmarks suggested by Cohen
as follows: small, medium and large effect sizes were defined as
partial η

2 of 0.01, 0.06, and 0.14, respectively (38). Bonferroni
correction was applied to avoid multiple testing issues when
analyzing group-differences in cognitive tests. The alpha-level
was divided by the number of comparisons; as a result, the level
of significance was set at p < 0.004. All analyses were conducted
using IBM Statistical Package for the Social Sciences (IBM SPSS
v. 26).

Ethics
All the participants provided an informed consent prior to
the inclusion in the study. The project was approved by the
Research Ethics Committee of the D’Or Institute under the
protocol no. 226/11. The principles of the Resolution no.
510/2016 of the Brazil’s National Health Council, which regulates
research involving human beings in the country, as well as

those of the latest version of the Declaration of Helsinki,
were followed.

RESULTS

A total of 107 participants (mean age= 67.60± 7.50 years; mean
schooling = 15.14 ± 2.77 years; 65.4% females) were included in
the analyses. Sixty percent (n = 24) of participants in the MCI
group were classified as amnestic MCI.

MCI group was significantly older and less educated than
controls and ADHD participants. A higher proportion of females
were found in the control group (82.9%) than among MCI
(60.0%) and ADHD (46.2%) subjects (p < 0.05). Scores in GDS
were significantly more elevated in ADHD participants than in
controls (p < 0.05). Presence of clinically relevant depressive
symptoms (GDS > 5) did not differ across groups (p = 0.14).
Neither scores on GAI nor presence of clinical anxiety (GAI

TABLE 1 | Sociodemographic, behavioral, and cognitive characteristics of the sample.

Controls (n = 41) MCI (n = 40) ADHD (n = 26) Indices p-value

Variables Mean ± SD Mean ± SD Mean ± SD

Age (years) 65.60 ± 6.27 70.35 ± 6.63 66.53 ± 9.33 H = 10.881a,b <0.05

Schooling (years) 15.73 ± 2.30 14.00 ± 3.19 15.96 ± 2.19 H = 12.672a,b <0.05

Sex (%Females) 82.9 60.0 46.2 X2 = 10.340a,b <0.05

GDS 3.36 ± 3.29 4.27 ± 3.68 6.12 ± 4.68 H = 6.234b <0.05

Depression (yes/no) 26.8 40.0 50.0 X2 = 3.836 0.14

GAI 5.95 ± 4.94 6.90 ± 5.75 9.08 ± 5.20 H = 5.200 0.07

Anxiety (yes/no) 14.60 17.50 26.90 X2 = 1.641 0.44

aControls 6= MCI.
bControls 6= ADHD.

MCI, Mild Cognitive Impairment; ADHD, Attention-Deficit/Hyperactivity Disorder; GDS, Geriatric Depression Scale; GAI, Geriatric Anxiety Scale.

TABLE 2 | Neuropsychological performances across groups with adjustments for age, sex, schooling, and depressive symptoms.

Controls (n = 41) MCI (n = 40) ADHD (n = 26) Index p-value Effect-size

Tasks Mean ± SD Mean ± SD Mean ± SD

MMSE 28.46 ± 1.30 26.77 ± 1.90 27.65 ± 1.85 F = 2,897 0.06 Partial η2 = 0.05

Block Design 31.56 ± 8.54 23.92 ± 9.30 27.20 ± 12.85 F = 3,146 0.06 Partial η2 = 0.05

RAVLT A1-A5 51.21 ± 6.98 36.52 ± 9.27 42.19 ± 10.40 F = 1,6045a,b <0.001* Partial η2 = 0.24

RAVLT A7 10.90 ± 2.37 5.87 ± 3.54 7.96 ± 3.41 F = 1,4961a,b <0.001* Partial η2 = 0.23

RAVLT A6/A5 0.84 ± 0.14 0.60 ± 0.27 0.73 ± 0.22 F = 4,440a 0.01 Partial η2 = 0.08

RAVLT Rec 14.95 ± 2.41 11.85 ± 3.73 9.00 ± 6.35 F = 11,393a,b <0.001* Partial η2 = 0.18

TMT A 38.31 ± 12.01 58.05 ± 26.65 47.75 ± 21.86 F = 3,982a 0.02 Partial η2 = 0.07

TMT B 89.36 ± 30.57 154.16 ± 67.87 133.34 ± 72.06 F = 9,863a,b <0.001* Partial η2 = 0.16

Digit Span Forward 8.80 ± 2.08 7.27 ± 1.93 6.61 ± 2.07 F = 9,211a,b <0.001* Partial η2 = 0.15

Digit Span Backwards 6.29 ± 1.81 4.60 ± 1.69 5.11 ± 1.75 F = 7,885a 0.001* Partial η2 = 0.13

Semantic VF 18.70 ± 4.81 16.28 ± 4.78 15.36 ± 5.25 F = 3,222b 0.04 Partial η2 = 0.06

Phonemic VF 42.73 ± 18.73 36.69 ± 15.25 33.16 ± 13.57 F = 2,082 0.13 Partial η2 = 0.04

aControls 6= MCI.
bControls 6= ADHD.
*Significant at the 0.004 level.

MCI, Mild Cognitive Impairment; ADHD, Attention-Deficit/Hyperactivity Disorder; MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory verbal-Learning Test; TMT A, Trail-making

test part A; TMT B, Trail-Making Test part B; VF, Verbal fluency.
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> 13) was distinct among diagnostics clusters. Table 1 depicts
these results.

After adjustment for age, sex, years of schooling and GDS,
mean scores in all memory indices (RAVLT A1-A5, RAVLT A7,
RAVLT A6/A5, and RAVLT Rec), TMT B, Digit Span Forward
and Digit Span Backwards were significantly different between
controls and MCI subjects. Controls performed significantly
better than ADHD group in RAVLT A1-A5, RAVLT A7, RAVLT
Rec, TMT B and Digit Span Forward. Except for Digit Span
Backwards (partial η2 = 0.13), effect-sizes were large for all these
variables (partial η

2
> 0.14). No mean difference was observed

between ADHD and MCI in the cognitive tasks. Those findings
are shown in Table 2.

DISCUSSION

In this study, a pattern of amnestic-dysexecutive
neuropsychological deficits was evidenced in older subjects
with ADHD in comparison with normal controls, after
controlling for age, years of schooling, sex and severity
of depressive symptoms. However, task performances
in this group were not distinguishable from MCI,
suggesting that these conditions manifest as overlapping
cognitive syndromes.

Verbal memory impairments in ADHD were identified for
acquisition, delayed recall and recognition processes in relation
to controls, which is in line with previous systematic and
scoping reviews examining cognitive deficits in adults with the
disorder (39, 40). It has been presumed that poor memory
strategy selection in those individuals due to a disrupted
phonological loop may lead to inefficient encoding of the
material to be learned. With the deficient conversion of verbal
stimuli into memory, performances in tasks involving retrieval of
information both spontaneously and in response to verbal cues
predictably fall below the average levels (39, 41).

In addition, scores in executive function tasks were
comparable between ADHD and MCI groups. Accordingly,
previous reports suggested that severity of frontal-executive
impairments in ADHD, whether inherent of the disorder
or exacerbated by age-related cognitive decline, might be
compatible with subtle, but measurable difficulties to perform
everyday life activities, which might mimic MCI presentation
(41, 42). Longitudinal investigation of executive control in this
diagnostic group may clarify about the contribution of aging to
cognitive load and disability in ADHD.

Several limitations of the present study ought to be discussed.
Given that awareness of ADHD, especially of later-life cases,
has only been recently widespread (43), none of the participants
with the condition had been given a diagnosis before the initial

assessment in the study. Detection of the disorder was based on
retrospective reports of DSM-5 childhood-onset of inattentive
and/or hyperactive/impulsive criteria. Evidence of stability of
ADHD traits through lifespan might suggest the validity of
classification measures developed for younger populations in
older samples (44), but more studies addressing this issue
are needed (2). Furthermore, the etiological heterogeneity
of MCI identified using solely clinical parameters has been
widely recognized (45). Future studies applying biomarkers of
neurodegenerative and cerebrovascular diseases might reduce
selection bias. Finally, the small sample size, the tertiary setting,
and the cross-sectional design might also affect validity of our
results. Hence, large longitudinal community-based research is
needed to confirm our findings.

In conclusion, our data suggest that MCI and ADHD are
dissociated clinical entities with overlapping cognitive profiles.
Considering the distinct therapeutic implications of the detection
of these conditions, clinicians ought to be aware of these
converging phenotypes to avoid misdiagnosis. A high level of
suspicious and detailed history taking is crucial to allow the
differential diagnosis of these disorders.
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