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Interaction

This scoping review aims at giving an overview of the possible influence of neurodevelopmental disorders
(NDDs) on cognitive-behavioral neurodegenerative diseases (CBNDs). Based on the PRISMA-ScR checklist, it
details the methods of NDDs screening, the identified NDDs-CBNDs associations, as well as the criteria and types
of association. The last literature search was performed in June 2023. In the final study, 32 articles were
included. Analysis first showed that NDDs were mainly detected through medical records screening. Second, the
association of specific learning disorders and major or mild neurocognitive disorder due to Alzheimer’s disease
was the most investigated. Third, associations were mostly based on prevalence comparisons. Finally, 66 % of
studies reported a positive association between NDDs and CBNDs. Notably, up to 67 % of positive associations
were observed with atypical forms of certain CBNDs. Authors’ interpretations suggest that NDDs could constitute
a risk factor for CBNDs. However, the influence of NDDs on CBNDs still lacks evidence and biological support,
possibly due to the heterogeneity of methods and criteria employed. Developing validated assessment tools for all
NDDs and conducting cohort studies could be beneficial for research, and clinical practice. Indeed, this review
also underlines the importance of adopting a life-span approach regarding CBNDs.

clinical screening, atypical features caused by NDDs may sometimes be
mistaken for symptoms of cognitive and behavioral neurodegenerative

1. Introduction

Neurocognitive disorders, as defined in the DSM-5 (American Psy-
chiatric Association, 2013), are characterized by an acquired cognitive
impairment. Their diagnosis thus depends on the comparison between
current and previous levels of functioning (American Psychiatric Asso-
ciation, 2013; Gale et al., 2018). However, both can be affected by
neurodevelopmental disorders (NDDs), as they influence dynamics of
lifelong neurocognitive trajectories. Indeed, while cognitive and
behavioral symptoms of atypical brain development reveal themselves
in childhood, they frequently persist into adulthood (Faraone et al.,
2015; Geurts and Jansen, 2012; Nergard-Nilssen and Hulme, 2014;
Whitehouse et al., 2009). Therefore, without thorough retrospective

diseases (CBNDs) (Callahan, 2017; Colvin and Sherman, 2020).

Recent literature reflects the growing interest in the link between
NDDs and CBNDs (Ouellette and Lacoste, 2021; Paternico et al., 2015).
Delving beyond the possible concomitance and resemblance of symp-
toms, a collection of publications even suggests that NDDs could influ-
ence the emergence, and sometimes the course of CBNDs. Accordingly,
several reviews focusing on the potential association between certain
CBNDs and specific NDDs were released (Becker et al., 2023; Callahan,
2017). For instance, they aimed at evaluating the risk of neurodegener-
ative disease or dementia in adults with attention-deficit/hyperactivity
disorder (Becker et al., 2023) (ADHD), or at outlining hypothetical
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ways in which ADHD and mild cognitive impairment (MCI) might relate
to each other (Callahan, 2017). Moreover, points of view were also given
on possible interactions between these two groups of syndromes (Magnin,
2021). Nevertheless, the range of syndromes studied and the type of
methodology used to identify syndromes and their associations make it
arduous to obtain a comprehensive understanding of the issue.

The present scoping review aims at giving an up-to-date overview of
the question. Its focus is not only on the pairs of NDDs and CBNDs that
have been studied, but also on the methods employed to do so. Addi-
tionally, it sums up interpretations found in the literature regarding the
interactions between NDDs and CBNDs. More precisely, the five ques-
tions addressed in this scoping review are: (1) What methods are used to
detect a history of neurodevelopmental disorder? (2) What pairs of
neurodevelopmental disorders and neurodegenerative diseases have
been studied in the literature? (3) What are the criteria used by the
authors to determine whether associations between neuro-
developmental disorders and neurodegenerative diseases exist? (4)
What type of associations are these? (5) How are they interpreted by the
authors? This study should provide insights for future research and
clinical practice, by helping identifying questions for future experi-
mentation and by suggesting ways of addressing them.

2. Methods

This scoping review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) checklist (Tricco et al., 2018).

2.1. Data sources

A systematic search of publications listed in the PubMed, Embase
and Web of Science databases was conducted on December 20, 2022
using 3 equations specifically tailored to each database. Appendix A
contains the full search strategies from each database. Example search
terms included «neurodevelopmental disorder» and «neurodegenerative
disease». There was no date restriction. We applied «English language»
and «human» filters. The search was updated on June 26, 2023. Addi-
tional relevant publications were identified by scrutinizing references of
the studies found through the database searches.

2.2. Study selection

Articles were selected if they were peer-reviewed primary studies
that addressed the following question: What is the influence of neuro-
developmental disorders on cognitive and behavioral neurodegenera-
tive diseases? We adopted the NDD definition provided by the DSM-5
(American Psychiatric Association, 2013), which includes attention
deficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD),
Intellectual Developmental Disorder (IDD) (except genetic syndromes
such as Rett syndrome, Fragile X syndrome, Down syndrome),
communication disorders, specific learning disorders, and motor disor-
ders. Regarding neurodegenerative diseases, we focused on those char-
acterized by a primary impairment in cognition and/or behavior that are
not attributable to an acquired brain injury/event. This is why we
excluded predominantly motor neurodegenerative diseases such as
Parkinson’s disease as well as cerebrovascular disorders and chronic
traumatic encephalopathy, respectively.” Furthermore, in addition to
editorials, reviews and position papers, interventional research, meth-
odology papers and validation studies were excluded. Similarly, studies
focusing on non-human animals, cells, organoids and in silico models

2 Movement disorders, cerebrovascular disorders and chronic traumatic en-
cephalopathy were excluded to limit the heterogeneity in classification of
neurocognitive disorders, definition of types of association and methods of
investigation, in order to facilitate interpretation of the findings.
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were also excluded.

All citations outside the scope of this review were initially excluded
by one author (PS) on the basis of their title. Following this, two authors
(PS and JP) examined the abstracts of the remaining citations. If these
met the eligibility criteria, they underwent a full-text review by PS and
JP. Decisions involving two reviewers were blinded. In case of
disagreement, consensus was reached through discussion.

2.3. Data extraction

In accordance with the PRISMA Extension for Scoping Reviews
guidelines (Tricco et al., 2018), we used a flowchart to outline the study
selection process (Fig. 1). Where reported, the following data were
extracted from each article: title, authors, year of publication, article
type, group size, method for determining NDD history, investigated NDD
and CBND pairs, association criteria, type of association and author
interpretation (Table 1).

2.4. Data analysis

To address the five research questions, variables of interest collected
in each reviewed study were categorized as follows.

2.4.1. Methods of investigation of the history of NDDs

The methods used to identify NDDs history were classified into 7
categories, and all methods used were listed. Articles that reviewed
subjects’ medical records, or recruited participants from specialized
databases were classified as «Medical Record Screening». The term
«Anamnesis» was chosen to describe questions such as «Do you have a
history of a learning disability?» and, more generally, the clinical
interview during which subjects could report a history of NDDs. The
label «Questionnaires» encompassed both personal surveys and self-
administered questionnaires that were completed by the patient or the
caregiver alone. A «cognitive assessment», in this context, referred to
evaluating a cognitive domain to identify potential neurodevelopmental
deficits. «Genetic proxies» are genome-wide significant variants the
presence of which is associated with NDDs, regardless of familial his-
tory. Studies using adapted «Diagnosis criteria» aimed to identify NDDs in
adult patients following clinical criteria. Lastly, «Informant» referred to a
method that involved gathering the perspective of study partners or
caregivers on the subject’s history of NDDs through a questionnaire or
interview, in addition to the subject’s own responses.

2.4.2. Pairs of NDDs & CBNDs

A «pair» refers to a set comprising a category of NDDs and a category
of CBNDs that has been studied in the literature. The DSM-5 (American
Psychiatric Association, 2013) provides the categories under which the
various terms used to describe NDDs and CBNDs in the reviewed studies
were classified.

The classification of NDDs is detailed in Table 2. It should be noted
that the terms «learning disorders» (according to the ICD10) (Weltge-
sundheitsorganisation, 2009) and «mental retardation» were grouped
under the heading «Intellectual Disability»/«Intellectual Developmental
Disorder». So were «dyslexia» and «reading disorder», corresponding to
the subcategory «Specific Learning Disorders with impairment in
reading» (315.00), but also «language learning disability» fitting the
«Specific Learning Disorders with impairment in reading» (315.00) or
the «Specific Learning Disorders with impairment in written expression»
(315.2) categories. Additionally, «speech disorder» is an exact subcat-
egory (315.39) of «Communication disorders» of the DSM-5 (American
Psychiatric Association, 2013). Likewise, «Attention Deficit Hyperac-
tivity Disorder» and «Autism Spectrum Disorder» are listed as such
(codes 314.01 and 299.00 respectively).

Regarding the classification of CBNDs, details can be found in
Table 3. Again, it should be noted that the term «cognitive disorders»
(including delirium, dementia, amnesia, other cognitive disorders)
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Fig. 1. Flow diagram for the scoping review process with Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Re-

views guidelines.

found in one study based on the ICD10 (Weltgesundheitsorganisation,
2009) corresponds to the broad category «Neurocognitive Disorders»
(591) of the DSM-5 (American Psychiatric Association, 2013). The ar-
ticles reporting «dementia (including Alzheimer’s disease (AD), vascular
dementia (VaD), and other dementias)», «dementia including AD», «<AD
and other dementias», «early-onset AD and other dementias», «pre--
senile dementia», «Mild cognitive impairment» (MCI) and «cognitive
decline» were classified as treating «Major and Mild Neurocognitive
Disorders» (602). The labels «Alzheimer-type neuropathology», «AD»,
«logopenic variant Primary Progressive Aphasia» (lvPPA), «Posterior
cortical atrophy» (PCA) and «dysexecutive AD» were part of «Major or
Mild Neurocognitive Disorder Due to Alzheimer’s Disease» (611).
«Frontotemporal dementia» (FTD), «semantic variant Primary Progres-
sive Aphasia» (svPPA) and «non fluent variant Primary Progressive
Aphasia» (nfvPPA) described «Major or Mild Frontotemporal Neuro-
cognitive Disorder» (614). Finally, «Lewy Body Disease» (LBD) referred
to «Major or Mild Neurocognitive Disorder with Lewy Bodies» (618).We
tallied the frequency with which each pair was investigated, considering
that several may have been examined in the same article. If a NDD was
studied in relation to two CBNDs, then we counted the former as studied
twice, in two separate pairs. The same rule was applied to a CBND that
would be associated with two NDDs. Moreover, atypical CBNDs were
identified, grouping together the following syndromes: primary pro-
gressive aphasia (PPA), posterior cortical atrophy (PCA), behavioral
Alzheimer’s disease (AD) and early-onset CBNDs. Pairs of NDDs and
atypical CBNDs were explicitly analyzed.

2.4.3. Criterion of association

The criterion of association is the result upon which the conclusion of
the association between a NDD and a CBND is based. Seven criteria have
been identified. Firstly, the outcome may be the severity of «cognitive
impairment» assessed by neuropsychological testing in patients with a
history of NDDs compared with patients without a history of NDDs. A
second criterion is «concurrent cerebral modifications», which refers to the

presence of features typical of NDDs in cerebral regions affected by
neurodegeneration. A third is the estimate derived from «Mendelian
randomization», which uses genetic variation to address causal questions
about how modifiable exposures such as NDDs influence different out-
comes, in this case, the development of a CBND. Another is the «preva-
lence» of NDDs in individuals with a CBND compared to the prevalence
of NDDs in a control group, or the prevalence of CBNDs in individuals
with NDDs compared to that in a sample of individuals without NDD.
Finally, the association criterion can be a «hazard ratio» (HR),
comparing two risks: the likelihood of developing a CBND in an indi-
vidual with a NDD versus the likelihood of developing it in an individual
without. The same principle applies to the «Odds Ratio» (OR) and the
«Incidence Rate Ratio» (IRR). In these cases, instead of comparing risks,
odds and incidence rates are compared, respectively.

2.4.4. Type of association

For each pair, we recorded the number of times the association be-
tween a NDD and a CBND was classified as «positive», «negative», or
«undetected». The association was considered «positive» if the NDD
appeared to favor the presence of the CBND or the modification of its
clinical expression. Conversely, the connection was classified as «nega-
tive» if the opposite was observed. We labeled a lack of association as
«undetected», indicating that the NDD did not appear to affect the CBND.
The type of association was based on the criterion of association. When
no statistical analysis was available, it was based on the conclusion
provided by the article.

2.4.5. Authors’ interpretation

The final issue examined in this review pertains to how the authors of
the articles in question interpreted the associations between NDDs and
CBNDs. To address this, we closely examined their discussions. It must
be noted that we collected all interpretations and hypotheses, not only
the ones focusing on the pairs specifically investigated in each article.
Using thematic analysis techniques (Vaismoradi et al., 2016) in an



Table 1
Summary of reviewed studies.

Reference Study design

Participants
Age (in years)

Studied NDD

Studied CBND

Method of
Investigation
of the history
of NDD

Type of
criterion of
association

Criterion of association

Positively
associated pairs

Positive
association
of an
atypical
CBND

CBND
earlier
onset in
post-hoc
analysis

1 Cross-
Reid and Aungle, sectional

(1974)

2 Cross-
Tait, (1983) sectional

3 Cross-
Barcikowska sectional
et al., (1989)

4 Cross-
Popovitch et al., sectional
(1990)

5 Cross-
Silverman et al., sectional
(1993)

155 "mentally defective"
Age > 44

81 "mental defectives"
Age > 65

70 "mentally retarded
people"
Age > 65

385 brains of "mentally
retarded adults "

Age at time of death:
23-44 years (n=51)
45-64 years (n=172)
65-90 years (n=162)

303 "mentally retarded
adults" (same sample in
Popovitch et al., 1990)

Intellectual
Developmental
Disorder

Intellectual
Developmental
Disorder

Intellectual
Developmental
Disorder

Intellectual
Developmental
Disorder

Intellectual
Developmental
Disorder

Major and Mild
Neurocognitive
Disorders

Major and Mild
Neurocognitive
Disorders

Major or Mild
Neurocognitive
Disorder Due to
Alzheimer’s
Disease

Major or Mild
Neurocognitive
Disorder Due to
Alzheimer’s
Disease

Major or Mild
Neurocognitive
Disorder Due to
Alzheimer’s
Disease

Medical record
screening

Medical record
screening

Non described

Medical record
screening

Medical record
screening

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence of dementia:
age >45:11/155

age >65: 3/22
Prevalences superior to
the ones reported in
samples of age >65.
Prevalence of senile
dementia: between 10 %
and 17 %.

Prevalence comparable to
the normal and to the
"handicapped"
population.

22/70 (31,4 %) brains
had neuropathology
consistent with a
diagnosis of AD.
Prevalence consistent
with the "non-retarded
population".

Frequency of individuals
with neurofibrillary
tangles and/or neuritic
plaques:

33 % in the age group
<45, 56.8 % in the
middle age group, and
78 % in the age group
>65.

These values are within
the range of those
reported in non-retarded,
non-demented
individuals at comparable
ages.

Positive diagnoses of AD
(histological definition):
9.5 % of cases <50 yo,
54.2 % of cases 50-65 yo,
76 % of cases 66-75 yo,
and 87 % of cases >75 yo.
No given comparison.
AD diagnosed in 9.5 % of
cases <50 yo, 54.2% in
those 50-65 yo, 76 % in
those 66-75 yo, 87 % in
the >75 yo.

These values are within
the range of those
reported in a number of

Intellectual
Developmental
Disorder / Major
and Mild
Neurocognitive
Disorders

None

None

Intellectual
Developmental
Disorder / Major or

Mild Neurocognitive

Disorder Due to
Alzheimer’s Disease

None

NI

NI

NI

NI

NI

No

No

(continued on next page)
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Table 1 (continued)

Reference Study design Participants Studied NDD Studied CBND Method of Type of Criterion of association Positively Positive CBND
Age (in years) Investigation criterion of associated pairs association earlier
of the history association of an onset in
of NDD atypical post-hoc
CBND analysis
studies of non-retarded,
non-demented
individuals at comparable
ages.
6 Cross- 124 individuals w/ a Intellectual Major and Mild Medical record Prevalence Sixteen (12.9 %) subjects None NI No
Sansom et al., sectional "learning disorder": Developmental Neurocognitive screening showed evidence of a
(1994) 32 mild Disorder Disorders & Diagnosis dementing condition
56 moderate criteria (including one with
36 severe LD Down’s syndrome).
NB: 4 had Down’s Prevalence comparable
syndrome with that in the general
Age range: 60-94 population over the age
of 65.
7 Cross- 134 people with "learning  Intellectual Major and Mild Medical record Prevalence Dementia in 21+6 % Intellectual NI No
Cooper, (1997) sectional disorder" Developmental Neurocognitive screening (CI99,9 % [9,9 %j; Developmental
Age range: 65-94 (73,2; Disorder Disorders 33,4 %]) Disorder / Major
6,48 years) Higher than the general and Mild
population rate. Neurocognitive
Disorders
8 Cross- 117 adults with "mental Intellectual Major and Mild Medical record Prevalence For adults 65 and 75 None NI No
Zigman et al., sequential retardation without Down  Developmental Neurocognitive screening years of age and older,
(2004) syndrome" Disorder Disorders respectively: Possible/
Comparison sample from definite dementia:.042
the National Health (95% CI [.012,.104])
Interview Survey 1996 and .056 (95 % CI
Age: >65 [.012,.154])
Possible/definite
dementia or “uncertain
with complications’’:
.090 (95 % CI
[.042,.164]) and.121
(95 % CI [.050,.233]).
Prevalence rates of AD
based upon physician
diagnosis: .027 (95 % CI
[.006,.076]) and .041
(95 % CI [.008,.114]).
Rates comparable to
consensus prevalence
estimates for AD for the
general population
without mental
retardation.
9 Case-control 353 controls Specific Learning Major or Mild Anamnesis Prevalence Pearson chi2 for Specific Learning Yes No
Rogalski et al., Age at first visit: 69.4 Disorder Neurocognitive & Medical individual history, 33.15;  Disorder / Major or
(2008) (8.2) Disorder Due to record p<.001; Mild Neurocognitive
154 w/ typical amnestic Alzheimer’s screening Pearson chi2 for first- Disorder Due to
AD Disease degree family members, Alzheimer’s Disease
Age at onset: 71.2 (9.5) Major or Mild 41.57; p<.001 Major or Mild
84 w/ bvFTD Frontotemporal Frontotemporal

Age at onset: 60.3 (9.2)

(continued on next page)
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Table 1 (continued)

Reference Study design Participants Studied NDD Studied CBND Method of Type of Criterion of association Positively Positive CBND
Age (in years) Investigation criterion of associated pairs association earlier
of the history association of an onset in
of NDD atypical post-hoc
CBND analysis
108 w/ PPA Neurocognitive Neurocognitive
Age at onset: 62.9 (8.3) Disorder Disorder
10 Cross- 195 older adults Specific Learning Major and Mild Questionnaire Prevalence 10 % of patient sample None NI No
Metzler-Baddeley sectional Age: 77 (8) Disorder with Neurocognitive received a positive score
et al., 2008 impairment in Disorders suggestive of dyslexia,
reading consistent with estimates
of prevalence in the
general population.
11 Case-control 109 patients with early Attention Deficit Major or Mild Questionnaire Odds ratio Prevalence of ADHD Attention Deficit NI No
Golimstok et al., mild to moderate Hyperactivity Neurocognitive & Diagnosis symptoms in DLB cases Hyperactivity
(2010) probable Dementia Lewy Disorder Disorder With criteria was significantly higher Disorder / Major or
Body Lewy Bodies & Informant when compared with the Mild Neurocognitive
Age: 75.1 (7.4) control group (p< 0.001, Disorder With Lewy
251 patients with early OR 5.1, 95 %CI 2.7-9.6) Bodies
probable AD Type and also when compared
Age: 74.2 (7.1) with AD Type (p< 0.001,
149 controls OR 4.9, 95 %CI 2.8-8.4)
Age: 74.1 (8)
12 Cross- 310 elderly participants: Attention Deficit Major or Mild Questionnaire Prevalence Cognitive status (Normal: ~ None NI No
Ivanchak et al., sectional 297 ADHD negative Hyperactivity Neurocognitive & Informant Cognitively impaired)
(2011) Age: 77.9 (7. 5) Disorder Disorder Due to (p=0.90)
13 ADHD positive Alzheimer’s ADHD positive: 10:3
Age: 74.3 (7.4) Disease ADHD negative: 233:64
13 Case-control 48 individuals w/ IvPPA Specific Learning Major or Mild Medical record Prevalence Among the PPA subtypes,  Specific Learning Yes Yes
Miller et al., Age: 64 (9) Disorder with Neurocognitive screening history of learning Disorder with
(2013) 51 individuals w/ nfvPPA impairment in Disorder Due to disability was impairment in
Age: 68 (7) reading Alzheimer’s significantly greater in reading
90 individuals w/ svPPA and/or with Disease the logopenic variant and/or with
Age: 63 (7) impairment in Major or Mild (n=12/48, 25 %; 10/12 impairment in
written expression  Frontotemporal were dyslexic) relative to  written expression /
Neurocognitive semantic variant PPA Major or Mild
Disorder [n=3/90 3 %; P <0.001] Neurocognitive
and non-fluent variant Disorder Due to
PPA cohort [n=1/51 2 %j; Alzheimer’s Disease
P<0.001]
14 Cross- Sample from 2009 to Autism Spectrum Major and Mild Medical record Prevalence ASD group versus IDD- None NI No
Kats et al., (2013) sectional 2010: Disorder Neurocognitive screening only group:
438 w/ ASD & IDD (27 % Disorders 2009-2010 prevalence

mild, 37 % moderate,
36 % severe IDD)

Age: 42 (8)

4551 w/ IDD only (47 %
mild, 33 % moderate,
19 % severe)

Age: 45 (8)

Sample from 2010 to
2011:

298 w/ ASD and IDD
(31 % mild, 34 %
moderate, 36 % severe
IDD)

ratio (PR)=1.01, IC95
(1.00, 1.03)
2010-2011: PR=0.99 95
%CI(0.99, 1.00)

(continued on next page)

D 32 28BS "W'T'd

¥SETOI (FTOT) 66 SM11Y Y2.1asaYy Sutasy



Table 1 (continued)

Reference Study design Participants Studied NDD Studied CBND Method of Type of Criterion of association Positively Positive CBND
Age (in years) Investigation criterion of associated pairs association earlier
of the history association of an onset in
of NDD atypical post-hoc
CBND analysis
Age: 41 (8)
3963 w/ IDD-only (47 %
mild, 35 % moderate or
18 % severe IDD)
Age: 44 (8)
15 Cross- 58 patients w/ PPA: Specific Learning Major or Mild Anamnesis Prevalence 50 % of the cases (29 of Specific Learning Yes No
Rogalski et al., sectional 29 w/ personal or family Disorder Neurocognitive & Informant 58 patients with PPA) had ~ Disorder / Major or
(2014 history of LD Disorder Due to & Medical either a personal or Mild Neurocognitive
Age: 60.4 (8.3) Alzheimer’s record family history of LD. Disorder Due to
29 w/o personal or family Disease screening Alzheimer’s Disease
history of LD: Major or Mild Major or Mild
Age: 62.0 (8.2) Frontotemporal Frontotemporal
NB: 20 patients are also Neurocognitive Neurocognitive
part of the sample in Disorder Disorder
Rogalski et al., (2008).
16 Case-control 68 individuals w/ Typical ~ Specific Learning Major or Mild Questionnaire Odds ratio Patients with Probable LD  Specific Learning Yes No
Seifan et al., AD Disorder Neurocognitive vs patients with Possible Disorder / Atypical
(2015) Age: 70.1 (6.7) Disorder Due to or Absent LD, were Major or Mild
17 individuals w/ Alzheimer’s significantly more likely Neurocognitive
Atypical AD (11 IvPPA, 3 Disease to be diagnosed with Disorder Due to
PCA, 3 Dysexecutive AD) Atypical Dementia vs. Alzheimer’s Disease
Age: 67.1 (8.0) Typical AD (OR 13.1,
95 %CI [1.3; 128.4])
17 Case-control 1507 w/ ASD [(37.2% Autism Spectrum Major and Mild Medical record Odds ratio Dementia OR (99 %CI): Autism Spectrum NI No
Croen et al., autistic disorder, 29.7 % Disorder Neurocognitive screening 4.40 [2.50; 7.71] Disorder / Major
(2015) Asperger’s syndrome, Disorders and Mild
30.7 % PDD-NOS, 2.3 % Neurocognitive
undetermined; 19.2 % Disorders
also had a diagnosis of
IDD (12.8 % mild, 3.1 %
moderate, 6.2 % severe,
77.9 % level not
specified)]
15,070 Controls
Age of the study
population: 29 (12) (52 %
between 18 and 24y,
9.5% > 50y)
18 Case-control 163 individuals w/ Specific Learning Major and Mild Cognitive Odds ratio Individuals who met Specific Learning NI No
Lebowitz et al., Suspected Reading Disorder with Neurocognitive evaluation criteria for Suspected Disorder with
(2016) Disorder impairment in Disorders Reading Disorder were impairment in
Age: 62 (9) reading significantly more likely reading / Major and
1641 Normal readers to meet the psychometric ~ Mild Neurocognitive
Age: 62 (9) definition of MCI on Disorders

Paired Associates delayed
recall (OR = 3.36, [2.13;
5.31] p< 0.001) and
Visual Reproduction
delayed recall (OR =
1.93, [1.14;3.28] p<
0.05).

(continued on next page)
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Table 1 (continued)

Reference Study design Participants Studied NDD Studied CBND Method of Type of Criterion of association Positively Positive CBND
Age (in years) Investigation criterion of associated pairs association earlier
of the history association of an onset in
of NDD atypical post-hoc
CBND analysis
19 Retrospective 162 individuals w/ AD Attention Deficit Major or Mild Medical record Incidence rate Severe ADHD phenotype Attention Deficit NI No
Fluegge and cohort 162 individuals w/ LBD Hyperactivity Neurocognitive screening ratio increases hospitalization Hyperactivity
Fluegge, (2017) Age: Non described Disorder Disorder With risk for an all-listed Lewy  Disorder / Major or
Lewy Bodies Body Dementia diagnosis Mild Neurocognitive
Major or Mild (IRR: 1.21, 95 %CI [1.08; Disorder With Lewy
Neurocognitive 1.35]) and Alzheimer’s Bodies
Disorder Due to disease (AD) discharge Major or Mild
Alzheimer’s diagnosis (IRR: 1.15, Neurocognitive
Disease 95 %CI [1.05; 1.271) Disorder Due to
Alzheimer’s Disease
20 Retrospective 675 participants with Attention Deficit Major and Mild Medical record Hazard ratio Incidence of dementia Attention Deficit NI Yes
Tzeng et al., cohort ADHD Hyperactivity Neurocognitive screening was higher in the ADHD Hyperactivity
(2017) 2025 matched control Disorder Disorders groups than in the non Disorder / Major
group without ADHD ADHD control cohort and Mild
Total of 2700 enrolled (5.48 % vs. 4.0 %). Neurocognitive
patients Adjusted HR: 4.008 (95%  Disorders
Age: 78,07 % aged 18-54; CI = [2.526; 6.361],
21,93 % aged > 55 p<.001).
21 Case-control 95 individuals w/ PCA Specific Learning Major or Mild Medical record Prevalence For all Specific LDs: Specific Learning Yes No
Miller et al., Age at first visit: 61.9 Disorder with Neurocognitive screening Compared with a 10.0 % Disorder (all) /
(2018) (7.0) impairment in Disorder Due to estimated general atypical Major or
84 individuals w/ IvPPA reading, in written  Alzheimer’s population rate of LDs, Mild Neurocognitive
(including 48 previously expression, in Disease individuals with PCA and  Disorder Due to
described in Miller et al., mathematics IvPPA had a significantly Alzheimer’s Disease
2013) elevated prevalence of Specific Learning
Age at first visit: 65.1 LDs (p=.007 and p<.001,  Disorder with
8.7) respectively). impairment in
100 individuals w/ Non-language LD: mathematics /
amnestic AD The PCA cohort had an atypical Major or
Age at first visit: 64.0 elevated prevalence of Mild Neurocognitive
(12.6) mathematical LDs Disorder Due to
compared with the Alzheimer’s Disease
general population (13
observed vs 6 expected,
p=.003).
22 Case series 3 patients w/ IvPPA and Specific Learning Major or Mild Anamnesis Concurrent Cerebrocortical Specific Learning Yes No
Miller et al., dyslexia Disorder with Neurocognitive cerebral microdysgenesis, Disorder with
(2019) Age: impairment in Disorder Due to modifications reminiscent of focal impairment in
Case 1: 47 reading Alzheimer’s cortical dysplasia was reading / atypical
Case 2: 54 Disease observed in all patients. Major or Mild
Case 3: 53 The same perisylvian Neurocognitive
regions showed the Disorder Due to
highest extent of AD- Alzheimer’s Disease
dependent
neurodegeneration.
23 Cross- 142 older persons with Autism Spectrum Major and Mild Questionnaire Cognitive Participants with high Autism Spectrum NI Yes
Rhodus et al., sectional cognitive impairment Disorder Neurocognitive impairment autism index ratings Disorder / Major
(2020) All participants: Disorders (Autism ‘Possible/Very and Mild
79.84 (8.39) Major or Mild Likely’, n=23) reported Neurocognitive
ASD Unlikely: Neurocognitive significantly younger age Disorders
80.41 (8.00) Disorder Due to at onset of cognitive Major or Mild

(continued on next page)
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Table 1 (continued)

Reference Study design Participants Studied NDD Studied CBND Method of Type of Criterion of association Positively Positive CBND
Age (in years) Investigation criterion of associated pairs association earlier
of the history association of an onset in
of NDD atypical post-hoc
CBND analysis
ASD Possible/Likely: Alzheimer’s impairment than those Neurocognitive
76.96 (9.87) Disease who scored in the Autism Disorder Due to
Major or Mild ‘Unlikely’ range (n=119): Alzheimer’s Disease
Frontotemporal 71.14+10.9 vs. 76.65 Major or Mild
Neurocognitive +8.25 (p=0.034) Frontotemporal
Disorder Neurocognitive
Major or Mild Disorder
Neurocognitive Major or Mild
Disorder With Neurocognitive
Lewy Bodies Disorder With Lewy
Bodies
24 Case-control 4685 autistic older adults Autism Spectrum Neurocognitive Medical record Odds ratio OR: 8.4 Autism Spectrum NI No
Hand et al., Matched population Disorder Disorders screening 95 %CI [7.7; 9.1] Disorder
(2020) comparison (N=46,850) /Neurocognitive
Age: >65 Disorders
25 Retrospective 4246,182 index Attention Deficit Major and Mild Medical record Hazard ratio Parents of index persons Attention Deficit NI Yes
Zhang et al., cohort person—parent pairs, Hyperactivity Neurocognitive screening with ADHD had an Hyperactivity
(2021) 7548,861 index Disorder Disorders increased risk of AD Disorder /early
person-grandparent pairs, compared to the parents onset Major and
1838,520 index of index persons without Mild Neurocognitive
person-uncle/aunt pairs ADHD (HR 1.55, 95 %CI Disorders
Median ages (Inter [1.26; 1.89]. The
Quartile Ranges): association with AD in
Index persons: 23 (18-28) grandparents attenuated
Parents: 53 (47-59) (1.11, 1.08;1.13), and the
Grand-parents: 82 association in uncles/
(72-91) aunts was similar to
Uncles/aunts: 53 (47-60) grandparents but not
statistically significant
(1.15, 0.85;1.56).
A similar pattern was
observed for any
dementia with an
increased risk in parents
(1.34, 1.11;1.63) and
grandparents (1.10,
1.08;1.12), and a
nonsignificant
association in uncles/
aunts (1.04, 0.79;1.39).
26 Retrospective Total cohort Attention Deficit Major and Mild Medical record Hazard ratio Hazard ratio was 2.92 Attention Deficit NI No
Dobrosavljevic cohort (N=3591,689 individuals)  Hyperactivity Neurocognitive screening (95 %CI [2.40; 3.57]) for Hyperactivity
et al., (2021) 3582,157 individuals w/o Disorder Disorders dementia, and 6.21 Disorder / Major
ADHD ([5.25; 7.35]) for MCI. and Mild
Median age at end at Neurocognitive
follow up (Inter Quartile Disorders

Range): 63 (56—70)
9532 individuals w/
ADHD

63 (56—70)

(continued on next page)
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Table 1 (continued)

Reference Study design Participants Studied NDD Studied CBND Method of Type of Criterion of association Positively Positive CBND
Age (in years) Investigation criterion of associated pairs association earlier
of the history association of an onset in
of NDD atypical post-hoc
CBND analysis
27 Retrospective ASD only (n=12,648) Autism Spectrum Major and Mild Medical record Hazard ratio Dementia was found to Autism Spectrum Yes No
Vivanti et al., cohort IDD w/0 ASD Disorder Neurocognitive screening occur more frequently in Disorder
(2021) (n=406,570) & Intellectual Disorders individuals with ASDonly  and Intellectual
ASD w/ IDD (n=26,168) Developmental (adjusted HR, 1.96; 95 % Developmental
Neither ASD nor IDD Disorder CI [1.69; 2.28]), as well Disorder / early
diagnoses (n=798,828) as individuals with ASD onset Major and
Age at enrollment of total and co-occurring IDD Mild Neurocognitive
sample: 30-64 (2.89; [2.62; 3.17]) and Disorders
IDD only (3.01; [2.87;
3.15]).
28 Mendelian ADHD: 20,183 cases; Autism Spectrum Major or Mild Genetic proxies Mendelian Weak evidence of acausal ~ None NI No
Pagoni et al., randomization 35,191 controls Disorder Neurocognitive Randomization effect of genetic liability:
(2022) ASD: 18,381 cases; 27,969 Disorder Due to to ADHD on AD
controls Alzheimer’s (OR=1.00, 95 %CI [0.98;
AD: 24,087 cases; 55,058 Disease 1.02], p=0.39)
controls to AD on ADHD
(OR=1.12, 95 %CI [0.86;
1.441, p=0.37)
to ASD on AD (OR =0.99,
95 %CI [0.97; 1.01],
p=0.70)
to AD on ASD (OR=1.19,
95 %CI [0.94; 1.51],
p=0.14).
29 Cross- 16 controls w/ AD Specific Learning Major or Mild Questionnaire Prevalence Regarding the None No No
dos Reis et al., sectional Age: 79.9 (9.0) Disorder Neurocognitive & Informant comparison between
(2022) 20 individuals w/ PPA Disorder Due to patients with PPA and
(age: 68.1 (7.7)): Alzheimer’s AD, and their children, no
8 svPPA, Disease significant differences
Age: 65.0 (8.5) Major or Mild were observed regarding
7 nfvPPA Frontotemporal the occurrence of: a
Age: 72.4 (5.9) Neurocognitive report of learning
3 IvPPA Disorder difficulties in childhood;
Age: 67.0 (9.6) take it longer than
2 non-classifiable children the same age to
Age: 67.0 (2.8) learn to read and write;
history of diagnosis of any
learning disability; need
for tutoring or addition
classes due to learning
difficulties; school
dropout; repetition of any
school grade.
30 Case-control 210 autistic middle and Autism Spectrum Major and Mild Medical record Cognitive Higher autistic trait Autism Spectrum NI Yes
Klein et al., (2023) older age adults Disorder Neurocognitive screening impairment ratings were found for Disorder / Major
14,453 population based Disorders autistic adults screening and Mild
non autistic participants positive compared to Neurocognitive
Age of total sample: 55.63 those screening negative Disorders

(9.44), range 42-81

using a cutoff of >1
(p=0.05, d=-0.23), and
a higher-threshold cutoff

(continued on next page)
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Table 1 (continued)

Reference Study design Participants Studied NDD Studied CBND Method of Type of Criterion of association Positively Positive CBND
Age (in years) Investigation criterion of associated pairs association earlier
of the history association of an onset in
of NDD atypical post-hoc
CBND analysis
of >2 (p=0.001,
d=-0.47) on the
Ascertain Dementia
Questionnaire-8 (ADS8).
31 Prospective 212 cognitively Attention Deficit Major and Mild Genetic proxies  Cognitive Higher ADHD-Polygenic Attention Deficit NI No
Leffa et al., 2023 cohort unimpaired individuals Hyperactivity Neurocognitive impairment Risk Score (PRS) was Hyperactivity
(age: 73.1 (5.9)): Disorder Disorders associated with a higher Disorder / Major
AB-negative (N=137): decline in general and Mild
72.2 (5.7) cognitive performance Neurocognitive
AB-positive (N=75): 74.8 over 6 years (ADHD-PRS Disorders
(5.9 x time; § = —0.10, 95 %CI
Age: [-0.16; —0.03],
p=0.003).
Higher ADHD-PRS was
related to a progressive
decline in memory
function (ADHD-PRS x
time; p = —0.01, 95 %CI
[-0.02; —0.002],
p=0.01).
32 Mendelian svPPA (308 cases/616 Specific Learning Major or Mild Genetic proxies  Mendelian Using the Inverse None No No
Nassan et al., randomization controls) Disorder Neurocognitive Randomization Variance-Weighted MR
(2023) nfvPPA (269 cases/538 with impairment Disorder Due to method, dyslexia and
controls) in reading Alzheimer’s developmental speech
IvPPA (324 cases/3444 and/or with Disease disorders were not
controls) impairment in Major or Mild associated with any PPA
written expression Frontotemporal subtype (p>0.05).
and Neurocognitive
Communication Disorder
Disorder (speech
disorder)

Note: When given in the studies, mean ages and standard deviations were reported as follows: mean (standard deviation). Earlier-onset dementia (n=1) was classified as an atypical CBND. However, typical CBNDs found to
have an earlier onset in post-hoc analysis were not classified as atypical. Such cases are reported in the column “CBND earlier onset in post-hoc analysis”. AD: Alzheimer’s disease, ADHD: attention deficit/hyperactivity
disorder, ASD: autism spectrum disorder, DLB: dementia with Lewy Bodies, FTD: Frontotemporal dementia, HR: hazard ratio, IDD: intellectual developmental disorder, IRR: incidence rate ratio, LD: learning disorder,
IvPPA: logopenic variant of primary progressive aphasia, MCIL: Mild cognitive impairment, MR: mendelian randomization, nfvPPA: non-fluent variant of primary progressive aphasia, NI: not investigated, OR: odds ratio,
PCA: Posterior cortical atrophy, svPPA: semantic variant of primary progressive aphasia, VaD: Vascular dementia.
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Table 2

Classification of neurodevelopmental disorders.

Labels found in the reviewed papers

Corresponding categories of the DSM-
5

Mental retardation

Intellectual disability

Learning disorder*

Autism Spectrum Disorder

Attention Deficit Hyperactivity Disorder

Learning disorder

Learning disability
Dyslexia
Suspected reading disorder
Language learning disability
Language learning disability

Dyscalculia, difficulties in mathematical
and/or visuospatial functioning
Speech disorder

Intellectual Disability (Intellectual
Developmental Disorder)

Autism Spectrum Disorder (299.00)
Attention Deficit Hyperactivity
Disorder (314.01)

Specific Learning Disorder

with impairment in reading
(315.00)

with impairment in written
expression (315.2)

with impairment in mathematics
(315.1)
Communication Disorder

Speech disorder (315.39)

Note: *Based on the ICD10

Table 3
Classification of cognitive and behavioral neurodegenerative diseases.

Labels found in the reviewed papers Corresponding categories of the DSM-5

Cognitive disorders (delirium, dementia,
amnesia, other cognitive disorders)*

Dementia (AD, VaD, and other
dementias)

Dementia including AD

AD and other dementias

Early-onset AD and other dementias

Pre-senile dementia

MCI

Cognitive decline

Alzheimer-type neuropathology

AD

IvPPA

PCA

dysexecutive AD

FTD

svPPA

nfvPPA

Lewy Body Disease

Neurocognitive Disorders (591)

Major and Mild Neurocognitive
Disorders (602)

Major or Mild Neurocognitive Disorder
Due to Alzheimer’s Disease (611)

Major or Mild Frontotemporal
Neurocognitive Disorder (614)

Major or Mild Neurocognitive Disorder
With Lewy Bodies (618)

Note: AD: Alzheimer’s disease, FTD: Frontotemporal dementia, ICD10: Interna-
tional Classification of Diseases 10th revision, IvPPA: logopenic variant of pri-
mary progressive aphasia, MCI: Mild cognitive impairment, nfvPPA: non-fluent
variant of primary progressive aphasia, PCA: Posterior cortical atrophy, svPPA:
semantic variant of primary progressive aphasia, VaD: Vascular dementia.
*Based on the ICD10

inductive semantic approach, we identified the themes described in the
Results section.

3. Results

In June 2023, a total of 2763 articles were found in the PubMed,
Embase, and Web of Science databases (Fig. 1). After removing 60 du-
plicates, 2703 articles were screened based on their title and abstract.
Out of these, 46 met the inclusion and exclusion criteria. Three records
could not be retrieved resulting in a total of 43 articles that were
reviewed in full-text. Twenty of these were included in the study. In
addition, we identified 28 articles through citation searching, 12 of
which were part of our final analysis. Ultimately, the scoping review
focuses on 32 records.
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3.1. Methods of investigation of the history of neurodevelopmental
disorders

The most common approach used to detect a potential history of
NDDs was the medical record screening, employed in 50 % of the studies
(n=19). Questionnaires were the second most frequent method, found in
6 articles (16 %) (Table 4). Informants were consulted in 4 studies
(10 %), whereas anamnesis and genetic proxies were used 3 times (8 %)
each. Two studies (5 %) adapted diagnosis criteria and one (3 %) con-
ducted a cognitive evaluation. In 78 % of cases (n=25), the method was
utilized alone, but in 6 studies (22 %), it was combined with other
methods. The combinations were as follows: Informant/Questionnaire/
Diagnosis criteria, Informant/Anamnesis/Medical record screening,
Medical record screening & Diagnosis criteria, Anamnesis & Medical
Record Screening, Informant & Questionnaire (combination used twice).
Thus, the help of the Informant and the Diagnosis criteria were used
exclusively in combination. One study did not specify any method.

3.2. Pairs of NDD & CBND

On the one hand, the most studied NDDs were Specific Learning
Disorders (n=15 articles, 34 % of associations), either unspecified (n=7,
16 %) or with impairment in reading and/or in written expression (n=4,
9 %), solely in reading (n=3, 7 %), or in reading, written expression
and/or mathematics (n=1, 2 %). ASD was reported 10 times (23 %), and
was followed by IDD (n=9, 20 %) and ADHD (n=8, 18 %). Communi-
cation disorders were mentioned twice (5 %).

On the other hand, regarding CBNDs, 16 reports examined Major and
Mild Neurocognitive Disorders (39 % of associations). Other studies
targeted Major or Mild Neurocognitive Disorder due to Alzheimer’s
Disease (n=15, 37 %), due to Frontotemporal Neurocognitive Disorder
(n=6, 15 %), or else with Lewy Bodies (n=3, 7 %). One article was
dedicated to the broader category of Neurocognitive Disorders (2 %).

Regarding pairs of NDDs and CBNDs, 15 were studied in the litera-
ture (regardless of the type of association). These pairs are described in
Fig. 2. The most frequently studied was Specific Learning Disorders in
relation with Major or Mild Neurocognitive Disorder Due to Alzheimer’s
Disease (n=8).

3.3. Criterion of association

In 50 % of the studies (n=16), an association was determined by
comparing prevalence. Hazard and odds ratios were utilized four (13 %)
and five times (16 %) respectively, representing about 28 % of the
criteria collectively. Cognitive impairment evaluation was selected in
9 % of the studies (n=3), while estimates from mendelian randomiza-
tion were implemented in two studies (6 %). Concurrent cerebral
modifications and Incidence Rate Ratio were reported once (3 %) each.

3.4. Type of association

An association between NDDs and CBNDs was found to be positive in
66 % of the studies (n=21) (Fig. 2), while 34 % of the records did not
detect any (n=11). None of the studies reported a negative association.

Notably, some positive associations were found between NDDs and
atypical presentations of CBNDs (Table 1). Indeed, atypical variants of
CBNDs concerned 17 % (n=2/12) of the positive associations of Major
and Mild Neurocognitive Disorders, 67 % (n=6/9) of that of Major or
Mild Neurocognitive Disorder Due to Alzheimer’s Disease and 67 %
(n=2/3) of that of Major or Mild Frontotemporal Neurocognitive Dis-
order. Besides, four studies (13 %) reported an earlier onset of CBNDs in
post-hoc analyses.
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Table 4

Description of the questionnaires used to investigate NDDs.

Reference of the
study

Studied NDD

Description of the questionnaire

Source of the questionnaire

Metzler-Baddeley
et al., 2008

Golimstok et al.,
(2010)

Ivanchak et al.,
(2011)

Seifan et al., (2015)

Rhodus et al., (2020)

dos Reis et al.,
(2022)

Specific Learning Disorder
with impairment in reading

Attention Deficit
Hyperactivity Disorder

Attention Deficit
Hyperactivity Disorder

Specific Learning Disorder
(language related or non-
language related)

Autism Spectrum Disorder

Specific Learning Disorder

- 10 yes/no items relating to cognitive
problems associated with dyslexia

- Cut-off: 5 points

- Not fully validated

- Spanish Wender Utah Rating Scale

- Uses 25 characteristics of ADHD

- Likert-type scale from 0 (not at all/
slightly) to 4 (very much)

- Cut-off: 36 or above

- Validated

- Wender-Utah ADHD scale

- Uses 25 characteristics of ADHD

- Likert-type scale from 0 (not at all/
slightly) to 4 (very much).

- Cut-off: 36 or above

- Validated

- Consensus review of the Social &
Developmental History

- LD categorized as: Probable, Possible or
Absent

- Non validated scale but many items are
included in the Colorado Learning
Difficulties Questionnaire

- Gilliam Autism Rating Scale-Second
Edition (GARS-2), filled by partners and
caregivers

- 42 objective statements of characteristic
ASD behaviors based on observable
frequency

- Item ranked on an ordinal scale from
0to3

- 3 subscales: behaviors, communication,
social interaction

- Autism Index Score (AIS): ‘Autism
Possible/Very Likely’ (AIS > 70) and
‘Autism Unlikely” (AIS < 70)

- Lack of validation in older adults

- Structured heteroquestionnaire
prepared by the researchers

- Applied in person or by telephone

McLoughlin et al., (1994)

Rodriguez-Jiménez et al., (2001)

Ward et al., (1993)

Patrick et al., (2013)

Montgomery et al., (2008)

https://www.frontiersin.

org/journals/neurology/articles/10.3389/fneur.2022.703729/full#SM1
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- Non-validated

Note: Six of the included studies used questionnaires to investigate the presence or the history of NDDs. For each of these studies, the NDD targeted, a description of the
questionnaire and its reference are provided. Unless otherwise stated, questionnaires are auto-questionnaires. NDD: neurodevelopmental disorder.

3.5. Authors’ interpretation

When considering the articles’ discussions, we found that the idea
that NDDs could be considered as a risk factor (Cooper, 1997; Dobro-
savljevic et al., 2021; Fluegge and Fluegge, 2017; Golimstok et al., 2010;
Hand et al., 2020; Klein et al., 2023; Lebowitz et al., 2016; Leffa et al.,
2023; Metzler-Baddeley et al., 2008; Miller et al., 2019; Popovitch et al.,
1990; Rogalski et al., 2008, 2014; Tzeng et al., 2017; Vivanti et al., 2021;
Zhang et al., 2021) for CBNDs was expressed in 50 % of them (n=16
articles). Some examples include designating NDDs as «an apparent
predisposition» (Popovitch et al., 1990) or a «susceptibility marker»
(Rogalski et al., 2014) for CBNDs, and describing individuals with a
history of NDDs as «more likely to be diagnosed with» (Hand et al.,
2020) or as having «an increased risk of developing» (Zhang et al., 2021)
CBNDs. Numerous authors hypothesized that the association between
NDDs and CBNDs could be explained by lower cognitive reserve
(Cooper, 1997; Croen et al., 2015; Dobrosavljevic et al., 2021; Popovitch
et al., 1990; Rhodus et al., 2020; Tzeng et al., 2017; Vivanti et al., 2021;
Zhang et al., 2021) (25 % of articles, n=8). Indeed, NDDs might
constitute an «earlier behavioral burden» that «may lower the threshold
for onset» of CBNDs (Zhang et al., 2021), potentially via «co-morbid
features that are frequently observed» in NDDs (Vivanti et al., 2021) or
via «lifestyle» and «barriers» to satisfying «service need» (Vivanti et al.,
2021). Another hypothesis (25 % of articles, n=8) suggests a
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pathophysiological overlap (Fluegge and Fluegge, 2017; Golimstok
et al.,, 2010; Miller et al., 2019, 2018, 2013; Rhodus et al., 2020;
Rogalski et al., 2008; Seifan et al., 2015) between NDDs and CBNDs that
would constitute a «susceptibility of the same neural network» (Miller
etal., 2013) or a «selective vulnerability» (Seifan et al., 2015) of specific
cerebral structures. This overlap may also present as «a common
neurotransmitter pathway dysfunction» (Golimstok et al., 2010).
Sixteen percent of articles (n=5) also mentioned genetics (Cooper, 1997;
Croen et al., 2015; Leffa et al., 2023; Rogalski et al., 2008; Zhang et al.,
2021) as a potential factor influencing the associations of pairs,
considering «genetic liability» for a NDD «as a relevant factor influ-
encing [a CBND] progression» (Leffa et al., 2023) or even that NDDs and
CBNDs «may share similar genetic factors» (Croen et al., 2015). Finally,
19 % of discussions (n=6) underlined that the association between
NDDs and CBNDs has consequences on healthcare (Cooper, 1997; Leb-
owitz et al., 2016; Metzler-Baddeley et al., 2008; Rhodus et al., 2020;
Tait, 1983; Vivanti et al., 2021), not only because patients with a NDD
«are likely to require additional support» (Cooper, 1997), but also
because «learning disorder history may increase the likelihood of
misdiagnosis» (Lebowitz et al., 2016) by producing «similar behavioral
features» (Rhodus et al., 2020) as CBNDs, notably.
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Fig. 2. : Studied pairs and types of association of neurodevelopmental disorders and cognitive-behavioral neurodegenerative diseases. Note: Each rectangular icon
represents an article studying a pair of NDDs and CBNDs. The numbers inside icons are references to the articles in Table 1. The colored filling indicates when a
positive association was shown. Stripes indicate when the positive association referred to an atypical variant of CBNDs.

4. Discussion

This scoping review aimed to compile the evidence on the associa-
tion between NDDs and CBNDs. The interest in this question dates back
decades, with the oldest included article published in 1974. However, to
the best of our knowledge, comprehensive contributions addressing this
issue while considering the wide range of NDDs are scarce.

4.1. Methods of investigation of the history of NDD

Seven types of methods of investigation of the history of NDDs were
distinguished, and none appears flawless. Indeed, NDDs constitute a
rather recent diagnostic category: “Developmental disorders” first
appeared in the DSM-III in 1980 (American Psychiatric Association,
1980; Morris-Rosendahl and Crocq, 2020). They were thus rarely
detected in the generations nowadays affected with CBNDs and medical
records might consequently contain incomplete information. They may
also be biased by modifications of diagnostic labels and criteria over
time (Barcikowska et al., 1989; Leffa et al., 2023). Structured ques-
tionnaires, as opposed to medical records, permit a standardized
collection of data (dos Reis et al., 2022). However, few retrospective
questionnaires exist and only part of them are validated in adult pop-
ulations (Rhodus et al., 2022). Similarly, some questionnaires lack
specificity (e.g., items such as “Do you often confuse left and right?” to
screen for dyslexia) or the cut-off above which to consider the existence
of a history of NDDs is sometimes chosen arbitrarily (Metzler-Baddeley
et al., 2008). Thus, some authors chose to interrogate patients by asking
open questions during the anamnesis. Of course, even if long term
memory is usually spared in CBNDs, patients may not be able to
remember their childhood properly, or may wrongly attribute to their
childhood, symptoms resulting from a CBND (Ivanchak et al., 2011).
Patients can also be confused by NDDs labels and not identify to any of
them, or report no formal diagnosis of NDDs whereas they actually
experienced associated symptoms. For these reasons and to avoid
misclassification, the screening of NDDs should rely on symptomatology
rather than on self-reported diagnosis (Colvin and Sherman, 2020).
Besides, this dimensional approach of NDDs would also be more robust
to changes in diagnostic criteria over time. While informants can be
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consulted in order to increase confidence in the retrospective search, this
might be challenging because patients’ caregivers are typically their
spouses or children, who generally do not know the patients since
childhood. A few other studies used raw scores of cognitive performance
tests in patients with a CBND as a reflection of developmental diffi-
culties. If, unlike the WRAT-III (Wide Range Achievement Test: Word
Reading subtest, 3rd Edition) (Snelbaker et al., 2001) or the National
adult reading test (NART) (Nelson and Willison, 1991), these tests are
not validated (Lebowitz et al., 2016), this method can be particularly
unreliable. All in all, the retrospective investigation of NDDs remains
uncertain. In that context, using genetic mutations as proxies of NDDs
may appear as a suitable solution. Nonetheless, genetics can only ac-
count for a small number of cases of NDDs and mutations associated
with NDDs alone are not entirely causative of their phenotype. Indeed,
pleiotropic pathways could be at stake (Davies et al., 2018; Pagoni et al.,
2022) and the genetic risk for NDDs might carry part of the genetic risk
for CBNDs (Leffa et al., 2023). Thus, the results highlight the lack of tools
to screen NDDs in the elderly population with cognitive impairments. If
such a screening should be done, however, literature shows that the
following combination should be preferred: a screening of symptoms
evoking NDDs with a questionnaire investigating childhood and adult-
hood, filled by the patient with the help of a caregiver (siblings,
long-standing friend or spouse); a description of personal, social, aca-
demic and professional trajectories; an exploration of familial history of
NDDs; a proper diagnosis in light of all previous elements, according to
validated criteria (American Psychiatric Association, 2013).

4.2. Pairs of NDDs & CBNDs

Over time, classification and diagnostic criteria have evolved and
NDDs labels might have been very heterogeneous, especially in older
studies. In order to reduce potential biases in pairs of NDDs and CBNDs,
a systematic classification according to the DSM-5 (American Psychi-
atric Association, 2013) was applied. This led to five categories of NDDs,
the most studied of which were specific learning disorders, first
mentioned in 2008. This might reflect the growing interest following a
study suggesting a positive association between NDDs and atypical
presentations of CBNDs (Rogalski et al., 2008). On the contrary, the
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communication disorders category was only reported twice and repre-
sented by speech disorder only. Likewise, the Motor Disorders category
of the DSM-5 (American Psychiatric Association, 2013) was not re-
ported, perhaps because the consensus on these disorders is more recent
than that on learning disorders, or because they are less relevant in the
context of CBNDs than they would be in the context of primary motor
neurodegenerative disorders. Regarding CBNDs, most articles fell in the
Major and Mild Neurocognitive Disorders category. In other words, no
diagnosis more precise than “dementia” was provided. When it was,
however, the most frequent was AD, probably because it is the most
prevalent and the best characterized.

Unsurprisingly because they were the most frequently studied of
NDDs and CBNDs, the most investigated pair was specific learning dis-
orders/AD. Another frequently studied pair was Intellectual Disability/
Major or Mild Neurocognitive Disorder. It has been the main focus in
articles published before 2008, probably because Down’s syndrome
—causing similar symptoms to IDD— and its link with AD had been long
proven (Karlinsky, 1986). It is worth noting that whereas we excluded
articles on Down’s syndrome (DS), one article focusing on IDD included
a few individuals with DS in its sample (4/124 subjects) (Sansom et al.,
1994). This low proportion is nonetheless unlikely to bias results.

4.3. Criterion of association

The association between NDDs and CBNDs was based on seven
diverse types of criteria. The most frequent was the prevalence, but it
was often employed in the absence of a control group and thus compared
to rates found in previous publications (Barcikowska et al., 1989; Reid
and Aungle, 1974; Tait, 1983). This resulted in the comparison of un-
matched groups and methods that could be an important source of bias.
Besides, the prevalence used in some studies was that of CBNDs in in-
dividuals with a history of NDDs. The accuracy of this prevalence de-
pends on the diagnosis of CBNDs, which can also be uncertain. For
example, to reveal Alzheimer-type physiopathology, a team used a
staining method described as “very sensitive compared to other
methods” (Barcikowska et al., 1989). Thus, the number of individuals
with Alzheimer-type physiopathology could have been overestimated.

A more precise criterion, relying on control groups and providing
confidence intervals, is the use of hazard, odds, and incidence rate ra-
tios. However, their interpretation depends on the control of con-
founders. For instance, taking diabetes into account removed a
significant association found between antecedent ADHD and risk of AD
(Fluegge and Fluegge, 2017). This would equally apply to other criteria,
such as the study of cognitive impairment. For instance, studies showed
that the presence of indicators of NDDs was associated with a greater (i.
e. broader and more severe) cognitive impairment (Leffa et al., 2023;
Rhodus et al., 2020) and that individuals scoring positive on a dementia
screener had more features of autism (Klein et al., 2023). This shows that
NDDs seem to aggravate symptoms of CBNDs, but one should keep in
mind that a greater cognitive impairment would also increase the like-
liness of expressing features resembling that of NDDs. Overcoming
confounding is the main strength of mendelian randomization (MR)
(Davies et al., 2018). This implies the correct choice of instruments, as
weak ones might lower the causal effect of mutations associated with
NDDs. Plus, MR precludes the study of the impact of rare genetic vari-
ants, argued to have a higher penetrance and thus to contribute more to
genetic susceptibility to NDDs than common ones (Pagoni et al., 2022).
Finally, one article relies on the concurrence of cerebral modifications
associated with Alzheimer-type pathology and dyslexia. While this cri-
terion would give neurobiological evidence to a potential link between
NDDs and CBNDs, it supposes that these cerebral modifications are
reliable indicators of these syndromes. However, the authors themselves
qualified the indicator of dyslexia as “controversial” and underlined that
the late stage of the CBND “may have caused histological distortions”
that resembled the features of the NDD (Miller et al., 2019).

Literature offers a wide range of criteria to determine if a link
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between NDDs and CBNDs exists, but shows a great heterogeneity and
underlines the paucity of reliable methods to answer this question.

4.4. Type of association

The majority of the studies showed a significant and positive asso-
ciation between NDDs and CBNDs. According to them, a history of the
former might favor the development, or modify the clinical expression of
the latter. Since this distinction was not systematically investigated, the
term “positive” was indeed chosen to encompass for both cases. Yet, this
difference appears critical in the understanding of the link between the
two groups of syndromes, and should thus be addressed in future works.
Moreover, this majority of positive associations could be the conse-
quence of a bias in publication, positive results being more reported than
negative ones. Likewise, a bias of recruitment could lead to the inflation
of the proportion of CBNDs in people with NDDs, since they are more
prone to be in contact with medical services, and thus to be diagnosed
(Cooper, 1997; Vivanti et al., 2021). This greater medical attention
could also lead to dementia being recognized sooner, thus partially
explaining why an earlier onset of dementia was sometimes observed in
the NDD groups (Vivanti et al., 2021). However, the contrary could be
advocated: persisting gaps in access to healthcare in patients with NDDs
might lead to an underestimation of the true occurrence of CBNDs in this
population (Malik-Soni et al., 2022). Some have argued that “excess
mortality associated with ADHD and ASD” could be another factor that
“might bias any associations between the two conditions and Alz-
heimer’s” (Pagoni et al., 2022) even if according to others, there is no
evidence supporting this assumption (Oberman and Pascual-Leone,
2014).

It is worth noting that despite the hypothesis that hyperplasticity in
ASD would confer protection from AD (Oberman and Pascual-Leone,
2014), no included study reported negative associations. This shows
that the idea that a NDD could protect against a CBND is still speculative
or explored on non-human models (Santos et al., 2015). On the contrary,
some positive associations were found between NDDs and atypical
variants of CBND: out of the eleven times atypical CBNDs were studied,
they were positively associated with a NDD ten times. In particular, ASD
and IDD were linked to early-onset AD and other dementias once, and
learning disabilities were linked to PPA or atypical AD four times. More
specifically, four other studies showed a link between language learning
disorder and language based CBNDs, and between mathematical and
visuospatial learning disorders and CBNDs characterized by
visuo-spatial symptoms. In other words, alterations associated with
NDDs and atypical CBNDs could share a common phenotype (Miller
et al., 2018). It is plausible that an inflation of LDs is observed in in-
dividuals with atypical diagnoses such as PPA for “they may be more
inclined to explore their family history for similar disorders” (Rogalski
et al., 2008) than others. In addition, the association between language
learning disorders and PPA may not be that straightforward, and could
depend on the underlying physiopathology (Miller et al., 2013; Rogalski
et al., 2014). Despite these elements, it seems that NDDs could influence
the course of CBNDs and favor the development of atypical pre-
sentations of the latter. However, based on the small amount of evidence
and the lack of subcategorization of CBNDs —that can include a wide
range of symptoms and physiopathologies— in numerous studies, no
formal conclusion can be drawn regarding this question yet. The idea
that NDDs would increase the likeliness of developing CBNDs is not
definite either: in spite of the small number of studies, contradictory
findings exist. For example, the pair IDD/Major or Mild Neurocognitive
Disorder was investigated six times, and an association was found in
50 % of the cases. Similarly, it is still unclear whether there are causal
effects between genetic liability to ADHD and AD’s (Zhang et al., 2021),
or not (Pagoni et al., 2022).
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4.5. Authors’ interpretation

From this review and based on the interpretation found in the
studies, emerged the idea that NDDs could predispose to the develop-
ment of CBNDs. However, evidence supporting this hypothesis remains
scarce and several authors underline the risk of interpreting NDDs as
associated with CBNDs, when they could in fact be mistaken because of
symptoms overlap (Callahan, 2017; Ivanchak et al., 2012). This em-
phasizes the necessity to consider histories of NDDs to define a proper
cognitive “baseline” in patients with cognitive complaints, and thus to
avoid falsely interpreting a pathological cognitive decline (Colvin and
Sherman, 2020). Besides, in addition to core symptoms, the higher
prevalence of comorbid psychiatric disorders in patients with NDDs
could contribute to cognitive impairment likely to meet diagnostic
criteria for CBNDs (Ivanchak et al., 2012).

Nevertheless, this argument is not incompatible with the hypothesis
of a higher cognitive burden, that would remain compensated during
much of adulthood, but that would weaken the abilities of coping with
the onset of CBNDs. In particular, it has been proposed that this early
vulnerability would target specific neural networks, explaining why a
shared phenotype between NDDs and CBNDs can sometimes be
observed (Miller et al., 2013; Rogalski et al., 2008). A similar phe-
nomenon was described in two patients with PPA and a background of
mild left hemicranial hypoplasia (Alberca et al., 2004) illustrating this
possibility of a “locus of least resistance”. It should be noted that these
are individual cases that must be interpreted with caution. However, as
demonstrated by studies showing a positive association between NDDs
and atypical CBNDs, personal factors could indeed help explaining why,
in certain cases, CBNDs present with unusual features. A decade ago, the
concept of nexopathies even offered a neuropathological framework for
this hypothesis. According to this concept, network disintegration could
interfere with the propagation of pathogenic proteins, hence possibly
explaining focal alterations found in atypical CBNDs, such as in PPA
(Miller et al., 2013; Warren et al., 2013).

More generally, the potential link between NDDs and CBNDs could
partially be unraveled with genetics. For example, several genes of brain
growth would be involved in ASD and dementia (Opris and Casanova,
2014) and activity-dependent neuroprotective protein (ADNP) muta-
tions associated with autism and intellectual disability were found in
brains of patients with AD (Ivashko-Pachima et al., 2021). Howbeit,
perhaps links between NDDs and CBNDs rely on less specific biological
pathways, since older adults with a history of NDD —more precisely
ASD— seem more at risk than the general older adult population to be
diagnosed with a wide variety of physical and mental health conditions
(Hand et al., 2020). Besides, in this study, results were controlled for sex,
which appears as a factor of influence regarding the association between
NDDs and CBNDs. Indeed, a stronger association of ADHD and dementia
was found in men compared to women (Dobrosavljevic et al., 2021), and
a greater proportion of women than men developed dementia among a
group with IDD (Cooper, 1997). Other factors, such as language spoken
or educational attainment for example, could also be of importance (dos
Reis et al., 2022). Based on the available evidence, it might be too soon
to consider a history of NDDs as a real risk factor for typical or atypical
CBNDs, but it seems relevant that such confounding factors should be
controlled in future studies of this issue.

4.6. Limitations

Several limitations were identified in this scoping review. First, grey
literature was not searched and only a small number of articles were
analyzed. It cannot be excluded that some relevant articles, listed in
other databases for example, were omitted.

Other limitations come from included studies themselves. Indeed,
many can be considered exploratory: analyses were often performed on
small samples and some studies even focused on the same individuals
(Popovitch et al., 1990; Silverman et al., 1993). This can lead to a lack of
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power and reproducibility. Some studies also showed a poor control of
confounders that are likely to bias the results, such as duration and age
of onset of the CBNDs, metabolic dysregulations and mental health
conditions. In other studies, the presence of mental health conditions
was a non-inclusion criterion. As psychiatric comorbidity in individuals
with NDDs are “the rule rather than the exception” (Leffa et al., 2023),
this choice limits the external validity of the results. Similarly, few
studies investigated the frequent comorbidity of NDDs in their samples,
let alone the effect of this comorbidity on CBNDs (Kats et al., 2013;
Croen et al., 2015; Vivanti et al., 2021). Analogously, comorbidity of
several CBNDs was not reported nor discussed in the included studies,
possibly biasing outcomes (Spina et al., 2021). These questions should
be addressed in future research. The generalizability and external val-
idity of the results can be criticized, too. For example, the great majority
of studies were conducted exclusively on Caucasian individuals. This is
problematic considering the influence culture has on diagnoses of NDDs,
CBNDs, and by extension on the interpretation of their link. As a matter
of fact, since no biological markers of NDDs are available, their diagnosis
is based on behavioral criteria that are largely influenced by cultural
values. This could partly explain the great disparity of incidence of ASD
or specific language impairments worldly, for instance (for a review, see
Norbury and Sparks, 2013). Similarly, Cipriani and Borin (2015) high-
lighted how symptoms evocative of dementia are differentially inter-
preted in ethnically diverse groups, and how this alters its diagnosis and
its management. Educational level also affects diagnosis and expression
of both kinds of syndromes. On the one hand, it can reflect individuals’
history and thus inform on potential difficulties linked with NDDs, but it
can be confounding and lead to an erroneous conclusion too, because it
is influenced by external factors (psychosocial context, physical health,
etc.) (American Psychiatry Association, 2013). On the other hand, NDDs
are associated with a lower academic achievement (references on ADHD
and LDs include Faraone et al., 2021; Stevens et al., 2022). However, the
number of years of education is a common proxy of cognitive reserve
and a higher level of education is associated with a lower risk of MCI and
dementia (for a review, see Pettigrew and Soldan, 2019). Culture and
education are thus two sociodemographic factors highly relevant in the
question of the association between NDDs and CBNDs, and should thus
be considered in future works. Consequently, despite being exhaustive,
this review is limited in the conclusions it can draw.

4.7. Perspectives & Recommendations

This scoping review underlined the relative paucity of reliable evi-
dence regarding the influence of NDDs and CBNDs, and consequently,
the need for further exploration (Table 5).

On the one hand, future studies could tackle the lack of power that
previous research suffered from, by collaborating and pooling data be-
tween investigation centers. In a nearer future, it also seems reasonable
to improve the screening of NDDs in older individuals with the valida-
tion of new tools: diagnostic criteria for NDDs tailored to adult pop-
ulations and retrospective methods to specifically assess NDDs. Such
tools would be highly beneficial to clinical practice and personalized
medicine. As a matter of fact, NDDs can contribute to the impairments
objectivized in tests scores and falsely lead to the identification of a
cognitive decline (Lebowitz et al., 2016). Plus, certain features of NDDs
can mimic symptoms of atypical variants of CBNDs, leading to a
misidentification of these diseases (Callahan, 2017; Ivanchak et al.,
2012). By avoiding this, systematically taking a history of NDDs into
account would lead to more precise diagnosis of CBNDs. It could also
help identifying cognitive domains potentially rendered vulnerable to
CBNDs by NDDs, thus enabling to target them with accurate therapeutic
interventions improving prognosis (Colvin and Sherman, 2020;
Metzler-Baddeley et al., 2008). To go further, if individuals with NDDs
are one day identified as truly having a greater risk of developing
CBNDs, it seems of utter importance to be able to identify them early and
to provide preventive interventions to them (Seifan et al., 2015).
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Table 5
Summary of preliminary findings and recommendations.
Questions Summary Recommendations
(1) What methods are Medical records Conducting

used to detect a history of
neurodevelopmental
disorder?

(2) What pairs of
neurodevelopmental
disorders and
neurodegenerative
diseases have been
studied in the literature?

(3) What are the criteria
used by the authors to
determine whether
associations between
NDDs and CBNDs exist?

(4) What type of
associations are these?

(5) How are they
interpreted by the
authors?

screening, anamnesis,
questionnaires,
cognitive assessments,
genetic proxies,
diagnosis criteria, and
the assistance of
informants are used.
Retrospective and
genetic methods of
detection of NDDs are,
nevertheless, imperfect.

The most investigated
pair was specific
learning disorders/
major or mild
neurocognitive disorder
due to Alzheimer’s
disease. However,
diagnoses categories
were heterogeneous.
Prevalence comparison,
hazard and odds ratios,
cognitive evaluation,
mendelian
randomization, cerebral
modifications, incidence
rate ratios.

11 studies did not find
any association between
NDDs and CBNDs. 21
reported a positive one,
some with atypical
variants of CBNDs.

Authors argued NDDs
could be a risk factor for
CBNDs, potentially
through a lessened
cognitive reserve,
genetic factors or
physiopathological
overlaps. They also
discussed healthcare’s
impact on and
implications in NDDs
and CBNDs links.

longitudinal life-span
studies and developing
new screening tools. If
needed, detecting NDDs
with the following
combination: a
screening of symptoms
evoking NDDs with a
questionnaire
investigating childhood
and adulthood, filled by
the patient with the
help of a caregiver
(siblings, long-standing
friend or spouse); a
description of personal,
social, academic and
professional
trajectories; an
exploration of familial
history of NDDs; a
proper diagnosis based
on validated criteria in
light of all previous
elements (American
Psychiatric Association,
2013).

Addressing
comorbidities of both
NDDs and CBNDs and
characterizing CBNDs
physiopathologies to
increase reliability of
diagnoses.

Comparing matched
samples, controlling
confounders
(education,
comorbidities...),
reporting size effects
and confidence
intervals in order to
tackle methodological
limitations.
Formulating and testing
hypotheses on the
processes underlying
these associations based
on biomarkers,
neuroimaging and
genetics. Distinguishing
between the influence
of NDDs on the
emergence of CBNDs
and on modifications in
the clinical expression
of CBNDs.

Interpreting findings
based solely on robust
methods, and clearly
stating limitations of
studies’ designs.
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Deciphering the link between NDDs and CBNDs would also impact
clinical research. Indeed, targeting a dysfunction evolving since child-
hood or for a couple of decades probably has different implications
(Geschwind et al., 2001). Nonetheless, if this dysfunction is located on a
particular neural network or neurotransmitter pathway that is shared
between specific NDDs and CBNDs, common therapeutic solutions could
exist. This has already been investigated in a small sample of adults with
memory complaints, in which methylphenidate improved certain
cognitive and physical symptoms (Ben-Itzhak et al., 2008). Likewise, a
recent study showed that adults with ADHD who received psychosti-
mulant medication, in contrary to those who did not, had no clear in-
crease in the risk of dementia (Levine et al., 2023). However, it has also
been found that risk for dementia was not decreased with ADHD med-
ications (Tzeng et al., 2017). Hypothetically, these shared therapeutic
solutions could target mechanisms such as mitochondrial dysfunction,
as it has been linked with ASD and premature ageing diseases, notably
(Fei Fang et al., 2016; Wang et al., 2021). More generally, non-medical
interventions —such as language and speech therapy— could target
cognitive impairments shared by NDDs and CBNDs. To sum up,
considering NDDs could influence the treatment of CBNDs in two ways.
First, in helping to identify the accurate CBND and thus the appropriate
therapeutic; second, in helping to identify new therapeutic pathways,
that may be common to certain NDDs and CBNDs.

On the other hand, in order to investigate the link between NDDs and
dementias, neuroimaging and autopsies could be informative (Callahan,
2017). Indeed, they could help outlining neuropathological changes
associated with NDDs and studying their spatial and temporal re-
lationships with CBNDs’ neuropathological features. However, to this
day, no markers of NDDs are available and such studies would require a
clear a priori of the changes and structures to scrutinize. It thus appears
that longitudinal studies, following cohorts from childhood to older age,
remain the most powerful tool to decipher this link. The significance of
such studies in comprehending risk factors is exemplified by the Fra-
mingham cohort, which was fundamental in the understanding of heart
diseases. Admittedly, there are methodological limitations to con-
ducting such long-term experiments, which may explain their current
unavailability.

To finish, another way of better understanding the link between
NNDs and CBNDs would be to study the neurodevelopment of in-
dividuals with CBNDs causal mutations. This has two advantages:
younger individuals have less comorbidities than older ones, and non-
carrier siblings would enable to control for other genetic environ-
mental effects (Geschwind et al., 2001). Previous studies already
showed a developmental influence of mutations associated with fron-
totemporal dementia and amyotrophic lateral sclerosis, for example. A
higher probability of ASD in family members of C9orf72 carriers was
found (Devenney et al., 2018) and specific frontotemporal
dementia-causing genetic mutations were associated with potential ad-
vantageous neurodevelopmental consequences (Finger et al., 2022).
Other conditions, including fragile X-associated tremor/ataxia syn-
drome (FXTAS), illustrate the genetic relationship between some NDDs
and neurocognitive disorders, and could thus be relevant in this field
(Bourgeois et al., 2006). Indeed, FXTAS is seen in individuals with a
premutation of the FRM1 gene, which is responsible for the fragile X
syndrome, a major cause of inherited IDD.

Hence, after accumulating evidence of NDDs being declinations of
the same spectrum, we might be on the way to consider NDDs and
CBNDs as two chapters of the same story.
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Appendix A

Scoping Review Search Strategies

Search developed by Perrine SIGUIER and Jérémie PARIENTE

PubMed (PubMed.gov) - 1563 references retrieved on June 26,
2023

Single-line search run in the “New PubMed” interface. «English
language» and «human» filters were applied with the interface.

(((((((«Neurodevelopmental Disorders/analysis»[Majr] OR «Neuro-
developmental Disorders/classification»[Majr] OR «Neuro-
developmental Disorders/diagnosis»[Majr] OR «Neurodevelopmental
Disorders/diagnostic imaging»[Majr] OR «Neurodevelopmental Disor-
ders/genetics»[Majr] OR «Neurodevelopmental Disorders/physi-
ology»[Majr] OR «Neurodevelopmental Disorders/
physiopathology»[Majr]) NOT «Anxiety, Separation»[Mesh]) NOT
«Conduct Disorder»[Mesh]) NOT «Sluggish Cognitive Tempo»[Mesh])
NOT «Mutism»[Mesh]) NOT «Reactive Attachment Disorder»[Mesh])
NOT «Schizophrenia, Childhood»[Mesh]) AND (((((((((((((«Neuro-
cognitive Disorders»[Majr]) OR posterior cortical atrophy[Majr]) OR
apraxia of speech[Majr]) NOT «AIDS Dementia Complex»[Mesh]) NOT
«Dementia, Vascular»[Mesh]) NOT «Diffuse Neurofibrillary Tangles
with Calcification»[Mesh]) NOT «Huntington Disease»[Mesh]) NOT
«Kluver-Bucy Syndrome»[Mesh]) NOT («Anxiety, Separation»[TIAB])
NOT «Conduct Disorder»[TIAB]) NOT «Sluggish Cognitive Tempo»[-
TIAB]) NOT «Mutism»[TIAB]) NOT «Reactive Attachment Disorder»|[-
TIAB]) NOT «Schizophrenia, Childhood»[TIAB])

Embase (Embase.com) - 317 references retrieved on June 26, 2023

Single-line search run in Results tab of Embase.com interface:

(«primary progressive aphasia»/mj OR «posterior cortex atrophy»
OR «apraxia of speech»/mj OR «lewy body disease»/mj OR «alzheimer
disease»/mj OR «frontotemporal dementia»/mj OR «creutzfeldt jakob
disease»/mj) AND («autism»/mj OR «learning disorder»/mj OR «mental
deficiency»/mj OR «attention deficit hyperactivity disorder»/mj OR
«developmental coordination disorder»/mj OR «tic»/mj OR «commu-
nication disorder»/mj OR «developmental delay»/mj) AND [humans]/
lim AND [english]/lim

Web of Science (clarivate.com/products/web-of-science) — 883
references retrieved on June 26, 2023

Single-line search run in Results tab of Embase.com interface. An
«English language» filter was applied with the interface.

(ALL=(neurodevelopment* dis*)) AND (ALL=(neurodegenerative
dis*))

18

Ageing Research Reviews 99 (2024) 102354

References

Alberca, R., Montes, E., Russell, E., Gil-Néciga, E., Mesulam, M., 2004. Left Hemicranial
Hypoplasia in 2 Patients With Primary Progressive Aphasia. Arch. Neurol. 61, 265.
https://doi.org/10.1001/archneur.61.2.265.

American Psychiatric Association, 1980. Diagnostic and statistical manual of mental
disorders: 3rd ed.

American Psychiatric Association, 2013. Diagn. Stat. Man. Ment. Disord.: DSM-5.

Barcikowska, M., Silverman, W., Zigman, W., Kozlowski, P.B., Kujawa, M., Rudelli, R.,
Wisniewski, H.M., 1989. Alzheimer-type neuropathology and clinical symptoms of
dementia in mentally retarded people without Down syndrome. Am. J. Ment. Retard.
93, 551-557.

Becker, S., Chowdhury, M., Tavilsup, P., Seitz, D., Callahan, B.L., 2023. Risk of
neurodegenerative disease or dementia in adults with attention-deficit/hyperactivity
disorder: a systematic review. Front. Psychiatry 14, 1158546. https://doi.org/
10.3389/fpsyt.2023.1158546.

Ben-Itzhak, R., Giladi, N., Gruendlinger, L., Hausdorff, J.M., 2008. Can Methylphenidate
Reduce Fall Risk in Community-Living Older Adults? A Double-Blind, Single-Dose
Cross-Over Study. J. Am. Geriatr. Soc. 56, 695-700. https://doi.org/10.1111/
j.1532-5415.2007.01623.x.

Bourgeois, J.A., Farzin, F., Brunberg, J.A., Tassone, F., Hagerman, P., Zhang, L.,

Hessl, D., Hagerman, R., 2006. Dementia With Mood Symptoms in a Fragile X
Premutation Carrier With the Fragile X-Associated Tremor/Ataxia Syndrome:
Clinical Intervention With Donepezil and Venlafaxine. J. Neuropsychiatry Clin.
Neurosci. 18, 171-177. https://doi.org/10.1176/jnp.2006.18.2.171.

Callahan, B.L., 2017. Adult ADHD: risk factor for dementia or phenotypic mimic? Front.
Aging Neurosci. 9.

Cipriani, G., Borin, G., 2015. Understanding dementia in the sociocultural context: A
review. Int. J. Soc. Psychiatry 61, 198-204. https://doi.org/10.1177/
0020764014560357.

Colvin, M.K., Sherman, J.C., 2020. Considering learning disabilities and attention-deficit
hyperactivity disorder when assessing for neurodegenerative disease. Neurol. Clin.
Pr. 10, 520-526. https://doi.org/10.1212/CPJ.0000000000000799.

Cooper, S.-A., 1997. High prevalence of dementia among people with learning
disabilities not attributable to Down’s syndrome. Psychol. Med. 27, 609-616.
https://doi.org/10.1017/50033291796004655.

Croen, L.A., Zerbo, O., Qian, Y., Massolo, M.L., Rich, S., Sidney, S., Kripke, C., 2015. The
health status of adults on the autism spectrum. Autism 19, 814-823. https://doi.org/
10.1177/1362361315577517.

Davies, N.M., Holmes, M.V., Davey Smith, G., 2018. Reading Mendelian randomisation
studies: a guide, glossary, and checklist for clinicians. k601 BMJ. https://doi.org/
10.1136/bmj.k601.

Devenney, E.M., Ahmed, R.M., Halliday, G., Piguet, O., Kiernan, M.C., Hodges, J.R.,
2018. Psychiatric disorders in C9orf72 kindreds: Study of 1,414 family members.
Neurology 91, €1498-e1507. https://doi.org/10.1212/WNL.0000000000006344.

Dobrosavljevic, M., Zhang, L., Garcia-Argibay, M., Du Rietz, E., Andershed, H., Chang, Z.,
Faraone, S., Larsson, H., 2021. Attention-deficit/hyperactivity disorder as a risk
factor for dementia and mild cognitive impairment: A population-based register
study. Eur. Psychiatr. 65, e3 https://doi.org/10.1192/j.eurpsy.2021.2261.

Fang, E.F., Scheibye-Knudsen, M., Chua, K.F., Mattson, M.P., Croteau, D.L., Bohr, V.A.,
2016. Nuclear DNA damage signalling to mitochondria in ageing. Nat. Rev. Mol. Cell
Biol. 17, 308-321. https://doi.org/10.1038/nrm.2016.14.

Faraone, S.V., Asherson, P., Banaschewski, T., Biederman, J., Buitelaar, J.K., Ramos-
Quiroga, J.A., Rohde, L.A., Sonuga-Barke, E.J.S., Tannock, R., Franke, B., 2015.
Attention-deficit/hyperactivity disorder. Nat. Rev. Dis. Prim. 1, 15020. https://doi.
org/10.1038/nrdp.2015.20.

Faraone, S.V., Banaschewski, T., Coghill, D., Zheng, Y., Biederman, J., Bellgrove, M.A.,
Newcorn, J.H., Gignac, M., Al Saud, N.M., Manor, I., Rohde, L.A., Yang, L.,
Cortese, S., Almagor, D., Stein, M.A., Albatti, T.H., Aljoudi, H.F., Algahtani, M.M.J.,
Asherson, P., Atwoli, L., Bolte, S., Buitelaar, J.K., Crunelle, C.L., Daley, D.,
Dalsgaard, S., Dopfner, M., Espinet (On Behalf Of Caddra), S., Fitzgerald, M.,
Franke, B., Gerlach, M., Haavik, J., Hartman, C.A., Hartung, C.M., Hinshaw, S.P.,
Hoekstra, P.J., Hollis, C., Kollins, S.H., Sandra Kooij, J.J., Kuntsi, J., Larsson, H.,
Li, T., Liu, J., Merzon, E., Mattingly, G., Mattos, P., McCarthy, S., Mikami, A.Y.,
Molina, B.S.G., Nigg, J.T., Purper-Ouakil, D., Omigbodun, O.0., Polanczyk, G.V.,
Pollak, Y., Poulton, A.S., Rajkumar, R.P., Reding, A., Reif, A., Rubia, K.,
Rucklidge, J., Romanos, M., Ramos-Quiroga, J.A., Schellekens, A., Scheres, A.,
Schoeman, R., Schweitzer, J.B., Shah, H., Solanto, M.V., Sonuga-Barke, E.,
Soutullo, C., Steinhausen, H.-C., Swanson, J.M., Thapar, A., Tripp, G., Van De
Glind, G., Van Den Brink, W., Van Der Oord, S., Venter, A., Vitiello, B., Walitza, S.,
Wang, Y., 2021. The World Federation of ADHD International Consensus Statement:
208 Evidence-based conclusions about the disorder. Neurosci. Biobehav. Rev. 128,
789-818. https://doi.org/10.1016/j.neubiorev.2021.01.022.

Finger, E., Malik, R., Bocchetta, M., Coleman, K., Graff, C., Borroni, B., Masellis, M.,
Laforce, R., Greaves, C.V., Russell, L.L., Convery, R.S., Bouzigues, A., Cash, D.M.,
Otto, M., Synofzik, M., Rowe, J.B., Galimberti, D., Tiraboschi, P., Bartha, R.,
Shoesmith, C., Tartaglia, M.C., van Swieten, J.C., Seelaar, H., Jiskoot, L.C., Sorbi, S.,
Butler, C.R., Gerhard, A., Sanchez-Valle, R., de Mendongca, A., Moreno, F.,
Vandenberghe, R., Le Ber, 1., Levin, J., Pasquier, F., Santana, I., Rohrer, J.D.,
Ducharme, S., the Genetic FTD Initiative, G.E.N.F.1., Esteve, A.S., Heller, C.,
Thomas, D.L., Todd, E.G., Nicholas, J., Benotmane, H., Zetterberg, H., Swift, L.J.,
Samra, K., Shafei, R., Timberlake, C., Cope, T., Rittman, T., Benussi, A., Premi, E.,
Gasparotti, R., Archetti, S., Gazzina, S., Cantoni, V., Arighi, A., Fenoglio, C.,
Scarpini, E., Fumagalli, G., Borracci, V., Rossi, G., Giaccone, G., Di Fede, G.,
Caroppo, P., Tiraboschi, P., Prioni, S., Redaelli, V., Tang-Wai, D., Rogaeva, E.,
Castelo-Branco, M., Freedman, M., Keren, R., Black, S., Mitchell, S., Rademakers, R.,


https://doi.org/10.1001/archneur.61.2.265
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref2
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref3
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref3
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref3
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref3
https://doi.org/10.3389/fpsyt.2023.1158546
https://doi.org/10.3389/fpsyt.2023.1158546
https://doi.org/10.1111/j.1532-5415.2007.01623.x
https://doi.org/10.1111/j.1532-5415.2007.01623.x
https://doi.org/10.1176/jnp.2006.18.2.171
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref7
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref7
https://doi.org/10.1177/0020764014560357
https://doi.org/10.1177/0020764014560357
https://doi.org/10.1212/CPJ.0000000000000799
https://doi.org/10.1017/S0033291796004655
https://doi.org/10.1177/1362361315577517
https://doi.org/10.1177/1362361315577517
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1212/WNL.0000000000006344
https://doi.org/10.1192/j.eurpsy.2021.2261
https://doi.org/10.1038/nrm.2016.14
https://doi.org/10.1038/nrdp.2015.20
https://doi.org/10.1038/nrdp.2015.20
https://doi.org/10.1016/j.neubiorev.2021.01.022

P.L.M. Siguier et al.

Poos, J., Papma, J.M., Giannini, L., van Minkelen, R., Pijnenburg, Y., Nacmias, B.,
Ferrari, C., Polito, C., Lombardi, G., Bessi, V., Veldsman, M., Andersson, C.,
Thonberg, H., Oijerstedt, L., Jelic, V., Thompson, P., Langheinrich, T., Lladé, A.,
Antonell, A., Olives, J., Balasa, M., Bargall, N., Borrego-Ecija, S., Verdelho, A.,
Maruta, C., Ferreira, C.B., Miltenberger, G., do Couto, F.S., Gabilondo, A.,
Gorostidi, A., Villanua, J., Canada, M., Tainta, M., Zulaica, M., Barandiaran, M.,
Alves, P., Bender, B., Wilke, C., Graf, L., Vogels, A., Vandenbulcke, M., Van
Damme, P., Bruffaerts, R., Poesen, K., Rosa-Neto, P., Gauthier, S., Camuzat, A.,
Brice, A., Bertrand, A., Funkiewiez, A., Rinaldi, D., Saracino, D., Colliot, O.,
Sayah, S., Prix, C., Wlasich, E., Wagemann, O., Loosli, S., Schonecker, S., Hoegen, T.,
Lombardi, J., Anderl-Straub, S., Rollin, A., Kuchcinski, G., Bertoux, M.,

Lebouvier, T., Deramecourt, V., Santiago, B., Duro, D., Leitao, M.J., Almeida, M.R.,
Tabuas-Pereira, M., Afonso, S., 2022. Neurodevelopmental effects of genetic
frontotemporal dementia in young adult mutation carriers. Brain awac446. https://
doi.org/10.1093/brain/awac446.

Fluegge, Keith, Fluegge, Kyle, 2017. Antecedent ADHD, dementia, and metabolic
dysregulation: A U.S. based cohort analysis. Neurochem. Int. 112, 255-258. https://
doi.org/10.1016/j.neuint.2017.08.005.

Gale, S.A., Acar, D., Daffner, K.R., 2018. Dementia. Am. J. Med. 131, 1161-1169.
https://doi.org/10.1016/j.amjmed.2018.01.022.

Geschwind, D.H., Robidoux, J., Alarcén, M., Miller, B.L., Wilhelmsen, K.C., Cummings, J.
L., Nasreddine, Z.S., 2001. Dementia and neurodevelopmental predisposition:
Cognitive dysfunction in presymptomatic subjects precedes dementia by decades in
frontotemporal dementia. Presymptomatic Detect. Patients Ftd. Ann. Neurol. 50,
741-746. https://doi.org/10.1002/ana.10024.

Geurts, H.M., Jansen, M.D., 2012. A retrospective chart study: The pathway to a
diagnosis for adults referred for ASD assessment. Autism 16, 299-305. https://doi.
org/10.1177/1362361311421775.

Golimstok, A., Rojas, J.I., Romano, M., Zurru, M.C., Doctorovich, D., Cristiano, E., 2010.
Previous adult attention-deficit and hyperactivity disorder symptoms and risk of
dementia with Lewy bodies: a case—control study. Eur. J. Neurol. 18, 78-84. https://
doi.org/10.1111/j.1468-1331.2010.03064.x.

Hand, B.N., Angell, A.M., Harris, L., Carpenter, L.A., 2020. Prevalence of physical and
mental health conditions in Medicare-enrolled, autistic older adults. Autism 24,
755-764. https://doi.org/10.1177/1362361319890793.

Ivanchak, N., Abner, E.L., Carr, S.A., Freeman, S.J., Seybert, A., Ranseen, J., Jicha, G.A.,
2011. Attention-deficit/hyperactivity disorder in childhood is associated with
cognitive test profiles in the geriatric population but not with mild cognitive
impairment or Alzheimer’s disease. J. Aging Res. 2011 https://doi.org/10.4061/
2011/729801.

Ivanchak, N., Fletcher, K., Jicha, G.A., 2012. Attention-Deficit/Hyperactivity Disorder in
Older Adults: Prevalence and Possible Connections to Mild Cognitive Impairment.
Curr. Psychiatry Rep. 14, 552-560. https://doi.org/10.1007/511920-012-0305-8.

Ivashko-Pachima, Y., Hadar, A., Grigg, 1., Korenkova, V., Kapitansky, O., Karmon, G.,
Gershovits, M., Sayas, C.L., Kooy, R.F., Attems, J., Gurwitz, D., Gozes, L., 2021.
Discovery of autism/intellectual disability somatic mutations in Alzheimer’s brains:
mutated ADNP cytoskeletal impairments and repair as a case study. Mol. Psychiatry
26, 1619-1633. https://doi.org/10.1038/541380-019-0563-5.

Karlinsky, H., 1986. Alzheimer’s Disease in Down’s Syndrome: A Review. J. Am. Geriatr.
Soc. 34, 728-734. https://doi.org/10.1111/j.1532-5415.1986.tb04304.x.

Kats, D., Payne, L., Parlier, M., Piven, J., 2013. Prevalence of selected clinical problems
in older adults with autism and intellectual disability. J. Neurodev. Disord. 5, 27.
https://doi.org/10.1186,/1866-1955-5-27.

Klein, C.B., McQuaid, G.A., Charlton, R.A., Klinger, L.G., Wallace, G.L., 2023. Self-
reported cognitive decline among middle and older age autistic adults. Autism Res.
16, 605-616. https://doi.org/10.1002/aur.2877.

Lebowitz, B.K., Weinstein, C., Beiser, A., Seshadri, S., Wolf, P.A., Auerbach, S., Au, R.,
2016. Lifelong Reading Disorder and Mild Cognitive Impairment: Implications for
Diagnosis. JAD 50, 41-45. https://doi.org/10.3233/JAD-150543.

Leffa, D.T., Ferrari-Souza, J.P., Bellaver, B., Tissot, C., Ferreira, P.C.L., Brum, W.S.,
Caye, A., Lord, J., Proitsi, P., Martins-Silva, T., Tovo-Rodrigues, L., Tudorascu, D.L.,
Villemagne, V.L., Cohen, A.D., Lopez, O.L., Klunk, W.E., Karikari, T.K., Rosa-
Neto, P., Zimmer, E.R., Molina, B.S.G., Rohde, L.A., Pascoal, T.A., for the
Alzheimer’s Disease Neuroimaging Initiative, 2023. Genetic risk for attention-
deficit/hyperactivity disorder predicts cognitive decline and development of
Alzheimer’s disease pathophysiology in cognitively unimpaired older adults. Mol.
Psychiatry 28, 1248-1255. https://doi.org/10.1038/s41380-022-01867-2.

Levine, S.Z., Rotstein, A., Kodesh, A., Sandin, S., Lee, B.K., Weinstein, G., Schnaider
Beeri, M., Reichenberg, A., 2023. Adult Attention-Deficit/Hyperactivity Disorder
and the Risk of Dementia. JAMA Netw. Open 6, €2338088. https://doi.org/10.1001/
jamanetworkopen.2023.38088.

Magnin, E., 2021. Neurodevelopmental and Neurodegenerative Similarities and
Interactions: A Point of View About Lifelong Neurocognitive Trajectories. JAD 79,
1397-1407. https://doi.org/10.3233/JAD-201207.

Malik-Soni, N., Shaker, A., Luck, H., Mullin, A.E., Wiley, R.E., Lewis, M.E.S., Fuentes, J.,
Frazier, T.W., 2022. Tackling healthcare access barriers for individuals with autism
from diagnosis to adulthood. Pedia Res 91, 1028-1035. https://doi.org/10.1038/
s41390-021-01465-y.

McLoughlin, D., Fitzgibbon, G., Young, V., MacLoughlin, D., 1994. Adult dyslexia:
assessment, counselling and training, repr. ed. Whurr, London.

Metzler-Baddeley, C., Salter, A., Jones, R.W., 2008. The significance of dyslexia
screening for the assessment of dementia in older people. Int. J. Geriat. Psychiatry
23, 766-768. https://doi.org/10.1002/gps.1957.

Miller, Z.A., Mandelli, M.L., Rankin, K.P., Henry, M.L., Babiak, M.C., Frazier, D.T.,
Lobach, 1.V., Bettcher, B.M., Wu, T.Q., Rabinovici, G.D., Graff-Radford, N.R.,
Miller, B.L., Gorno-Tempini, M.L., 2013. Handedness and language learning

19

Ageing Research Reviews 99 (2024) 102354

disability differentially distribute in progressive aphasia variants. Brain 136,
3461-3473. https://doi.org/10.1093/brain/awt242.

Miller, Z.A., Rosenberg, L., Santos-Santos, M.A., Stephens, M., Allen, L.E., Hubbard, H.L,,
Cantwell, A., Mandelli, M.L., Grinberg, L.T., Seeley, W.W., Miller, B.L.,

Rabinovici, G.D., Gorno-Tempini, M.L., 2018. Prevalence of Mathematical and
Visuospatial Learning Disabilities in Patients With Posterior Cortical Atrophy. JAMA
Neurol. 75, 728. https://doi.org/10.1001/jamaneurol.2018.0395.

Miller, Z.A., Spina, S., Pakvasa, M., Rosenberg, L., Watson, C., Mandelli, M.L.,

Paredes, M.F., Joie, R.L., Rabinovici, G.D., Rosen, H.J., Grinberg, L.T., Huang, E.J.,
Miller, B.L., Seeley, W.W., Gorno-Tempini, M.L., 2019. Cortical developmental
abnormalities in logopenic variant primary progressive aphasia with dyslexia. Brain
Commun. 1, fcz027 https://doi.org/10.1093/braincomms/fcz027.

Montgomery, J.M., Newton, B., Smith, C., 2008. Test Review: Gilliam, J. (2006). GARS-2:
Gilliam Autism Rating Scale—Second Edition. Austin, TX: PRO-ED. J. Psychoeduc.
Assess. 26, 395-401. https://doi.org/10.1177/0734282908317116.

Morris-Rosendahl, D.J., Crocq, M.-A., 2020. Neurodevelopmental disorders—the history
and future of a diagnostic concept. Dialog-. Clin. Neurosci. 22, 65-72. https://doi.
org/10.31887/DCNS.2020.22.1/macrocq.

Nassan, M., Piras, L.S., Rogalski, E., Geula, C., Mesulam, M.M., Huentelman, M., 2023.
Evaluating the association between genetically proxied neurodevelopmental
language phenotypes and the risk of primary progressive aphasia. Neurology 100,
€1922-e1929. https://doi.org/10.1212/WNL.0000000000207136.

Nelson, H.E., Willison, J.R., 1991. The revised national adult reading test-test manual,
991. NFER-Nelson, Windsor, UK, pp. 1-6.

Nergard-Nilssen, T., Hulme, C., 2014. Developmental Dyslexia in Adults: Behavioural
Manifestations and Cognitive Correlates. Dyslexia 20, 191-207. https://doi.org/
10.1002/dys.1477.

Norbury, C.F., Sparks, A., 2013. Difference or disorder? Cultural issues in understanding
neurodevelopmental disorders. Dev. Psychol. 49, 45-58. https://doi.org/10.1037/
a0027446.

Oberman, L.M., Pascual-Leone, A., 2014. Hyperplasticity in autism spectrum disorder
confers protection from Alzheimer’s disease. Med. Hypotheses 83, 337-342. https://
doi.org/10.1016/j.mehy.2014.06.008.

Opris, 1., Casanova, M.F., 2014. Prefrontal cortical minicolumn: from executive control to
disrupted cognitive processing. Brain 137, 1863-1875. https://doi.org/10.1093/
brain/awt359.

Ouellette, J., Lacoste, B., 2021. From neurodevelopmental to neurodegenerative
disorders: the vascular continuum. Front. Aging Neurosci. 13, 749026 https://doi.
org/10.3389/fnagi.2021.749026.

Pagoni, P., Dardani, C., Leppert, B., Korologou-Linden, R., Smith, G.D., Howe, L.D.,
Anderson, E.L., Stergiakouli, E., 2022. Exploring the causal effects of genetic liability
to ADHD and Autism on Alzheimer’s disease. Transl. Psychiatry 12. https://doi.org/
10.1038/541398-022-02150-2.

Paternicd, D., Premi, E., Alberici, A., Archetti, S., Bonomi, E., Gualeni, V., Gasparotti, R.,
Padovani, A., Borroni, B., 2015. Dyslexia susceptibility genes influence brain atrophy
in frontotemporal dementia. Neurol. Genet 1, e24. https://doi.org/10.1212/
NXG.0000000000000024.

Patrick, K.E., McCurdy, M.D., Chute, D.L., Mahone, E.M., Zabel, T.A., Jacobson, L.A.,
2013. Clinical utility of the colorado learning difficulties questionnaire. Pediatrics
132, e1257-e1264. https://doi.org/10.1542/peds.2013-1530.

Pettigrew, C., Soldan, A., 2019. Defining cognitive reserve and implications for cognitive
aging. Curr. Neurol. Neurosci. Rep. 19, 1. https://doi.org/10.1007/s11910-019-
0917-z.

Popovitch, E.R., Wisniewski, H.M., Barcikowska, M., Silverman, W., Bancher, C.,
Sersen, E., Wen, G.Y., 1990. Alzheimer neuropathology in non-Down’s syndrome
mentally retarded adults. ACTA NEUROPATHOL 80, 362-367. https://doi.org/
10.1007/BF00307688.

Reid, A.H., Aungle, P.G., 1974. Dementia in ageing mental defectives: a clinical
psychiatric study. J. Intellect. Disabil. Res. 18, 15-23. https://doi.org/10.1111/
j-1365-2788.1974.tb01214.x.

dos Reis, T.G., Machado, T.H., Caramelli, P., Scornavacca, F., Fernandez, L.L., Beber, B.
C., 2022. Investigation of the association between history of learning disabilities and
primary progressive aphasia in Brazilian Portuguese speakers. Front. Neurol. 13,
703729 https://doi.org/10.3389/fneur.2022.703729.

Rhodus, E.K., Barber, J., Abner, E.L., Duff, D.M.C., Bardach, S.H., Caban-Holt, A.,
Lightner, D., Rowles, G.D., Schmitt, F.A., Jicha, G.A., 2020. Behaviors characteristic
of autism spectrum disorder in a geriatric cohort with mild cognitive impairment or
early Dementia. Alzheimer Dis. Assoc. Disord. 34, 66-71. https://doi.org/10.1097/
WAD.0000000000000345.

Rhodus, E.K., Barber, J., Abner, E.L., Bardach, S.H., Gibson, A., Jicha, G.A., 2022.
Comparison of behaviors characteristic of autism spectrum disorder behaviors and
behavioral and psychiatric symptoms of dementia. Aging Ment. Health 26, 586-594.
https://doi.org/10.1080/13607863.2020.1849025.

Rodriguez-Jiménez, R., Ponce, G., Monasor, R., Jiménez-Giménez, M., Pérez-Rojo, J.A.,
Rubio, G., Jiménez, Arriero, null, Palomo, T., 2001. [Validation in the adult Spanish
population of the Wender Utah Rating Scale for the retrospective evaluation in
adults of attention deficit/hyperactivity disorder in childhood]. Rev. Neurol. 33,
138-144.

Rogalski, E., Johnson, N., Weintraub, S., Mesulam, M., 2008. Increased frequency of
learning disability in patients with primary progressive aphasia and their first-degree
relatives. Arch. Neurol. 65 https://doi.org/10.1001/archneurol.2007.34.

Rogalski, E.J., Rademaker, A., Wieneke, C., Bigio, E.H., Weintraub, S., Mesulam, M.-M.,
2014. Association Between the Prevalence of Learning Disabilities and Primary
Progressive Aphasia. JAMA Neurol. 71, 1576. https://doi.org/10.1001/
jamaneurol.2014.2805.


https://doi.org/10.1093/brain/awac446
https://doi.org/10.1093/brain/awac446
https://doi.org/10.1016/j.neuint.2017.08.005
https://doi.org/10.1016/j.neuint.2017.08.005
https://doi.org/10.1016/j.amjmed.2018.01.022
https://doi.org/10.1002/ana.10024
https://doi.org/10.1177/1362361311421775
https://doi.org/10.1177/1362361311421775
https://doi.org/10.1111/j.1468-1331.2010.03064.x
https://doi.org/10.1111/j.1468-1331.2010.03064.x
https://doi.org/10.1177/1362361319890793
https://doi.org/10.4061/2011/729801
https://doi.org/10.4061/2011/729801
https://doi.org/10.1007/s11920-012-0305-8
https://doi.org/10.1038/s41380-019-0563-5
https://doi.org/10.1111/j.1532-5415.1986.tb04304.x
https://doi.org/10.1186/1866-1955-5-27
https://doi.org/10.1002/aur.2877
https://doi.org/10.3233/JAD-150543
https://doi.org/10.1038/s41380-022-01867-2
https://doi.org/10.1001/jamanetworkopen.2023.38088
https://doi.org/10.1001/jamanetworkopen.2023.38088
https://doi.org/10.3233/JAD-201207
https://doi.org/10.1038/s41390-021-01465-y
https://doi.org/10.1038/s41390-021-01465-y
https://doi.org/10.1002/gps.1957
https://doi.org/10.1093/brain/awt242
https://doi.org/10.1001/jamaneurol.2018.0395
https://doi.org/10.1093/braincomms/fcz027
https://doi.org/10.1177/0734282908317116
https://doi.org/10.31887/DCNS.2020.22.1/macrocq
https://doi.org/10.31887/DCNS.2020.22.1/macrocq
https://doi.org/10.1212/WNL.0000000000207136
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref43
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref43
https://doi.org/10.1002/dys.1477
https://doi.org/10.1002/dys.1477
https://doi.org/10.1037/a0027446
https://doi.org/10.1037/a0027446
https://doi.org/10.1016/j.mehy.2014.06.008
https://doi.org/10.1016/j.mehy.2014.06.008
https://doi.org/10.1093/brain/awt359
https://doi.org/10.1093/brain/awt359
https://doi.org/10.3389/fnagi.2021.749026
https://doi.org/10.3389/fnagi.2021.749026
https://doi.org/10.1038/s41398-022-02150-2
https://doi.org/10.1038/s41398-022-02150-2
https://doi.org/10.1212/NXG.0000000000000024
https://doi.org/10.1212/NXG.0000000000000024
https://doi.org/10.1542/peds.2013-1530
https://doi.org/10.1007/s11910-019-0917-z
https://doi.org/10.1007/s11910-019-0917-z
https://doi.org/10.1007/BF00307688
https://doi.org/10.1007/BF00307688
https://doi.org/10.1111/j.1365-2788.1974.tb01214.x
https://doi.org/10.1111/j.1365-2788.1974.tb01214.x
https://doi.org/10.3389/fneur.2022.703729
https://doi.org/10.1097/WAD.0000000000000345
https://doi.org/10.1097/WAD.0000000000000345
https://doi.org/10.1080/13607863.2020.1849025
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref58
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref58
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref58
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref58
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref58
https://doi.org/10.1001/archneurol.2007.34
https://doi.org/10.1001/jamaneurol.2014.2805
https://doi.org/10.1001/jamaneurol.2014.2805

P.L.M. Siguier et al.

Sansom, D.T., Singh, 1., Jawed, S.H., Mukherjee, T., 1994. Elderly people with learning
disabilities in hospital: a psychiatric study. J. Intellect. Disabil. Res. 38, 45-52.
https://doi.org/10.1111/j.1365-2788.1994.tb00346.x.

Santos, G., Sena, A., Pereira, B., Barreto, G., Avila, M., dos Santos, J.L., Capani, F.,
Giraldezi, L.D., Milagres, M.P., Andrade, B.S., 2015. Autistic spectrum disorder and
Alzheimer’s disease - Opposite sides of the same route? An in silico approach.
ARQUIVOS DE NEURO-PSIQUIATRIA 73, 25-29.

Seifan, A., Assuras, S., Huey, E.D., Mez, J., Tsapanou, A., Caccappolo, E., 2015.
Childhood Learning Disabilities and Atypical Dementia: A Retrospective Chart
Review. PLoS ONE 10, e0129919. https://doi.org/10.1371/journal.pone.0129919.

Silverman, W., Popovitch, E., Schupf, N., Zigman, W.B., Rabe, A., Sersen, E.,
Wisniewshi, H.M., 1993. Alzheimer neuropathology in mentally retarded adults:
Statistical independence of regional amyloid plaque and neurofibrillary tangle
densities. ACTA NEUROPATHOL 85, 260-266.

Snelbaker, A.J., Wilkinson, G.S., Robertson, G.J., Glutting, J.J., 2001. Wide Range
Achievement Test 3 (wrat3). In: Dorfman, W.I., Hersen, M. (Eds.), Understanding
Psychological Assessment. Springer US, Boston, MA, pp. 259-274. https://doi.org/
10.1007/978-1-4615-1185-4_13.

Spina, S., La Joie, R., Petersen, C., Nolan, A.L., Cuevas, D., Cosme, C., Hepker, M.,
Hwang, J.-H., Miller, Z.A., Huang, E.J., Karydas, A.M., Grant, H., Boxer, A.L., Gorno-
Tempini, M.L., Rosen, H.J., Kramer, J.H., Miller, B.L., Seeley, W.W., Rabinovici, G.
D., Grinberg, L.T., 2021. Comorbid neuropathological diagnoses in early versus late-
onset Alzheimer’s disease. Brain 144, 2186-2198. https://doi.org/10.1093/brain/
awab099.

Stevens, A.E., Abu-Ramadan, T.M., Hartung, C.M., 2022. Promoting academic success in
college students with ADHD and LD: A systematic literature review to identify
intervention targets. J. Am. Coll. Health 70, 2342-2355. https://doi.org/10.1080/
07448481.2020.1862127.

Tait, D., 1983. Mortality and dementia among ageing defectives. J. Ment. Defic. Res. 27,
133-142.

Tricco, A.C., Lillie, E., Zarin, W., O’Brien, K.K., Colquhoun, H., Levac, D., Moher, D.,
Peters, M.D.J., Horsley, T., Weeks, L., Hempel, S., Akl, E.A., Chang, C., McGowan, J.,
Stewart, L., Hartling, L., Aldcroft, A., Wilson, M.G., Garritty, C., Lewin, S.,
Godfrey, C.M., Macdonald, M.T., Langlois, E.V., Soares-Weiser, K., Moriarty, J.,
Clifford, T., Tuncalp, O., Straus, S.E., 2018. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): Checklist and Explanation. Ann. Intern Med 169, 467-473. https://
doi.org/10.7326,/M18-0850.

20

Ageing Research Reviews 99 (2024) 102354

Tzeng, N.-S., Chung, C.-H., Lin, F.-H., Yeh, C.-B., Huang, S.-Y., Lu, R.-B., Chang, H.-A.,
Kao, Y.-C., Yeh, H.-W., Chiang, W.-S., Chou, Y.-C., Tsao, C.-H., Wu, Y.-F., Chien, W.-
C., 2017. Risk of Dementia in Adults With ADHD: A Nationwide, Population-Based
Cohort Study in Taiwan. J. Atten. Disord. 23, 995-1006. https://doi.org/10.1177/
1087054717714057.

Vaismoradi, M., Jones, J., Turunen, H., Snelgrove, S., 2016. Theme development in
qualitative content analysis and thematic analysis. JNEP 6, p100. https://doi.org/
10.5430/jnep.v6n5p100.

Vivanti, G., Tao, S., Lyall, K., Robins, D.L., Shea, L.L., 2021. The prevalence and
incidence of early-onset dementia among adults with autism spectrum disorder.
Autism Res. 14, 2189-2199. https://doi.org/10.1002/aur.2590.

Wang, Y.-M., Qiu, M.-Y,, Liu, Q., Tang, H., Gu, H.-F., 2021. Critical role of dysfunctional
mitochondria and defective mitophagy in autism spectrum disorders. Brain Res. Bull.
168, 138-145. https://doi.org/10.1016/j.brainresbull.2020.12.022.

Ward, M.F., Wender, P.H., Reimherr, F.W., 1993. The Wender Utah Rating Scale: an aid
in the retrospective diagnosis of childhood attention deficit hyperactivity disorder.
Am. J. Psychiatry 150, 885-890. https://doi.org/10.1176/ajp.150.6.885.

Warren, J.D., Rohrer, J.D., Schott, J.M., Fox, N.C., Hardy, J., Rossor, M.N., 2013.
Molecular nexopathies: a new paradigm of neurodegenerative disease. Trends
Neurosci. 36, 561-569. https://doi.org/10.1016/].tins.2013.06.007.

Weltgesundheitsorganisation (Ed.), 2009. The ICD-10 classification of mental and
behavioural disorders: clinical descriptions and diagnostic guidelines. World Health
Organization, Geneva.

Whitehouse, A.J.O., Line, E.A., Watt, H.J., Bishop, D.V.M., 2009. Qualitative aspects of
developmental language impairment relate to language and literacy outcome in
adulthood. Int. J. Lang. Comm. Disor 44, 489-510. https://doi.org/10.1080/
13682820802708080.

Zhang, L., Du Rietz, E., Kuja-Halkola, R., Dobrosavljevic, M., Johnell, K., Pedersen, N.L.,
Larsson, H., Chang, Z., 2021. Attention-deficit/hyperactivity disorder and
Alzheimer’s disease and any dementia: A multi-generation cohort study in Sweden.
Alzheimer’S. Dement. 18, 1155-1163. https://doi.org/10.1002/alz.12462.

Zigman, W.B., Schupf, N., Devenny, D.A., Miezejeski, C., Ryan, R., Urv, T.K,,

Schubert, R., Silverman, W., 2004. Incidence and prevalence of dementia in elderly
adults with mental retardation without down syndrome. +194-195 Am. J. Ment.
Retard. 109, 126-141. https://doi.org/10.1352/0895-8017(2004)109<126:
TAPODI>2.0.CO;2.


https://doi.org/10.1111/j.1365-2788.1994.tb00346.x
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref62
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref62
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref62
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref62
https://doi.org/10.1371/journal.pone.0129919
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref64
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref64
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref64
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref64
https://doi.org/10.1007/978-1-4615-1185-4_13
https://doi.org/10.1007/978-1-4615-1185-4_13
https://doi.org/10.1093/brain/awab099
https://doi.org/10.1093/brain/awab099
https://doi.org/10.1080/07448481.2020.1862127
https://doi.org/10.1080/07448481.2020.1862127
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref68
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref68
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
https://doi.org/10.1177/1087054717714057
https://doi.org/10.1177/1087054717714057
https://doi.org/10.5430/jnep.v6n5p100
https://doi.org/10.5430/jnep.v6n5p100
https://doi.org/10.1002/aur.2590
https://doi.org/10.1016/j.brainresbull.2020.12.022
https://doi.org/10.1176/ajp.150.6.885
https://doi.org/10.1016/j.tins.2013.06.007
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref76
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref76
http://refhub.elsevier.com/S1568-1637(24)00172-7/sbref76
https://doi.org/10.1080/13682820802708080
https://doi.org/10.1080/13682820802708080
https://doi.org/10.1002/alz.12462
https://doi.org/10.1352/0895-8017(2004)109<126:IAPODI>2.0.CO;2
https://doi.org/10.1352/0895-8017(2004)109<126:IAPODI>2.0.CO;2

	Can neurodevelopmental disorders influence the course of neurodegenerative diseases? A scoping review
	1 Introduction
	2 Methods
	2.1 Data sources
	2.2 Study selection
	2.3 Data extraction
	2.4 Data analysis
	2.4.1 Methods of investigation of the history of NDDs
	2.4.2 Pairs of NDDs & CBNDs
	2.4.3 Criterion of association
	2.4.4 Type of association
	2.4.5 Authors’ interpretation


	3 Results
	3.1 Methods of investigation of the history of neurodevelopmental disorders
	3.2 Pairs of NDD & CBND
	3.3 Criterion of association
	3.4 Type of association
	3.5 Authors’ interpretation

	4 Discussion
	4.1 Methods of investigation of the history of NDD
	4.2 Pairs of NDDs & CBNDs
	4.3 Criterion of association
	4.4 Type of association
	4.5 Authors’ interpretation
	4.6 Limitations
	4.7 Perspectives & Recommendations

	Funding sources
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability statement
	Acknowledgments
	Appendix A Acknowledgments
	References


