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Abstract
Attention deficit hyperactivity disorder (ADHD) is reportedly the most frequent neurodevelopmental disorder diagnosed 
during childhood, and it is recognized as a common condition in adulthood. We review the evidence to help identify cognitive 
domains associated to deficits in adult ADHD. A systematic review with narrative synthesis was performed, assessing studies 
on adult ADHD, neuropsychology and research on involved cognitive domains in adults 18+ years old with an established 
diagnosis of ADHD, in seven electronic databases (PubMed, PsychInfo, WebOfScience, Embase, Scopus, OvidSPMedline, 
and Teseo), and Worldcat and OpenGrey grey literature databases. 93 studies were included for this review, encompass-
ing findings from a total 5574 adults diagnosed only with ADHD, medication-naïve or non-medicated at the moment of 
the assessment and 4880 healthy controls. Adults diagnosed with ADHD may show, when compared to healthy controls, 
a cognitive profile characterized by deficits across all attention modalities, processing speed, executive function (mainly 
working memory and inhibition with emphasis on reward delay and interference control), verbal memory, reading skills, 
social cognition and arithmetic abilities. A cognitive characterization of adult ADHD by domains is established beyond the 
sole consideration of attention and executive function problems. Along with these, verbal memory, language (mainly read-
ing), social cognition and arithmetic abilities may also contribute to a more comprehensive characterization of the cognitive 
profile in adult ADHD.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is report-
edly the most frequent neurodevelopmental disorder diag-
nosed during childhood, and is increasingly being recog-
nized as a common condition in adulthood (Aboitiz et al. 
2014). According to Ginsberg et al. (2014), reports show an 
estimated prevalence of 2.5%–5% in adults of the general 
population, a prevalence that significantly increases when 
pointing to specific populations such as imprisoned men 
and adults who attend psychiatric outpatient facilities for 

conditions different than ADHD (17–22%). For incarcer-
ated populations, Young et al. (2015) suggested a fivefold 
increase in prevalence of ADHD in youth prison populations 
(30.1%) and a ten-fold increase in adult prison populations 
(26.2%).

According to Waite (2007), individuals with ADHD may 
be encountered in clinical settings in one of the following 
ways: (a) a patient with established ADHD (diagnosed as a 
child), (b) those who were diagnosed and treated in child-
hood but stopped care as adults, and (c) those who have 
never been diagnosed or treated for ADHD. The latter may 
imply, for general adult population, up to 90% of the cases 
(i.e., 90% of adult ADHD individuals with no treatment), 
according to Culpepper and Mattingly (2010), which may 
have a serious impact on the life of these individuals. Gins-
berg et al. (2014) found that, although adults with ADHD 
often experience chaotic lifestyles, with impaired educa-
tional and vocational achievement and higher risks of sub-
stance abuse and imprisonment, many remain undiagnosed 
and/or untreated.
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As it can be inferred, properly defining the limits of 
what is and what is not adult ADHD is both complex and 
controversial. For Dowson and Blackwell (2011), the level 
of dysfunction required for a diagnosis is arbitrary and, in 
part, usually reflects a clinician’s judgment. Fischer et al. 
(2012) states that, even in the context of late-life cognitive 
disorders, memory clinics may not adequately identify and 
address ADHD. According to Faraone et al. (2006), differ-
entiating ADHD from other clinical disorders is often the 
most difficult part of making an ADHD diagnosis in adults, 
given the high comorbidity between ADHD and other psy-
chiatric disorders such as major depressive and anxiety dis-
orders (Paek et al. 2016), internet addiction (Bielefeld et al. 
2017; Wang et al. 2017), bipolar disorder (Klassen et al. 
2010; Mucci et al. 2019), borderline personality disorder 
(Xenaki and Pehlivanidis 2015), substance abuse (Fatseas 
et al. 2012), gambling disorders (Marmet et al. 2018), or 
alcohol abuse (Grazioli et al. 2019). Ginsberg et al. (2014) 
remark that adults with ADHD are more likely to seek psy-
chiatric services to obtain treatment for their other comor-
bid disorders than for ADHD, which adds more confusion 
and challenge for the clinicians that may fail to properly 
identify and distinguish ADHD symptoms from symptoms 
of the other comorbidities that appear as the primary rea-
son for consultation. However, leaving ADHD untreated, 
even if comorbidities are treated, leads to poor clinical and 
functional outcomes. Asherson et al. (2012), in a review of 
cultural influences on the diagnosis of ADHD, found that 
ADHD could be detrimental to many areas of life includ-
ing work, daily activities, social and family relationships 
and psychological and physical well-being. Patient-reported 
impairments in productivity due to poor time management, 
procrastination, and distractibility can translate into signifi-
cant indirect costs and decreased quality of life, and into 
increased accidents, medical resource utilization, antisocial 
behaviour and drug or alcohol abuse. For all these reasons, 
as Paris, Bhat and Thombs (2015) state in their review, 
diagnosis of adult ADHD should be made cautiously, mak-
ing use of multiple sources of information, including self-
report, clinical interviews, collateral information, childhood 
documentation, and neuropsychological testing, including an 
exhaustive cognitive study.

In terms of how neuropsychology may contribute to 
differential diagnosis of adult ADHD, there is scarce but 
increasing literature in the characterization of cognitive 
domains that specifically distinguish adult ADHD from 
other comorbid or concurrent disorders.

Driving from a more general overview to more specific 
findings, we need to refer first to the meta-analysis devel-
oped by Bridgett and Walker (2006), who found that adults 
with ADHD scored lower than adults without ADHD on 
WAIS intelligence tests, but that this difference could be 
attributable to those adults who have a diagnosis of ADHD 

with comorbid disorders or past head trauma (in other words, 
ADHD alone could not be referred as the reason for a lower 
IQ). Faraone and Ansthel (2008) remark how Barkley devel-
oped his executive functioning theory of ADHD, stating that 
the main symptoms that differentiated ADHD from adults 
with other types of psychopathology were mainly related 
to decision-making, more specifically, to making decisions 
impulsively and having difficulty stopping activities or 
behaviour when one should; while hyperactivity, so common 
as a core feature in childhood ADHD, may not distinguish 
adults with ADHD from normal adults or adults with other 
clinical disorders.

These findings match with the review performed by Dow-
son and Blackwell (2011), who observed that most com-
mon cognitive deficits in adult ADHD tend to show on tests 
with known sensitivity to a dysfunction in frontal lobes, 
and reported different findings that have linked a range of 
neurocognitive domains involving attention, behavioural 
inhibition, memory (both verbal and visual), set shifting, 
speed of visuomotor search, working memory and interfer-
ence control, although further research is needed to properly 
identify primary or core deficits, and differentiate them from 
those arising from other comorbid conditions or from factors 
related to age, gender and estimated premorbid IQ.

In subsequent years, different studies have tried to sum-
marize main research findings in terms of cognitive domains 
affected in adult ADHD, with confusing or mixed results. 
Aboitiz et al. (2014) identified the inability to suppress 
irrelevant or distractive stimuli as a main salient feature in 
ADHD. Xenaki et al. (2015), in an attempt to differentiate 
ADHD from Borderline Personality Disorder, stated that 
ADHD shows a more outwardly expressed symptomatology, 
with the main focus on difficulties in inhibition control, but 
without a clear cut-point between the two disorders, which 
share features of impulsivity, emotional dysregulation, atten-
tion and decision making.

One of the most comprehensive reviews of cognitive 
domains performed so far was developed by Leroy et al. 
(2019), but their focus was on the distinction of already 
established ADHD subtypes and, as their main outcome, 
they found that, while four domains were informative in dif-
ferentiating ADHD subtypes from controls, only memory 
was helpful to distinguish between inattentive and com-
bined subtypes. However, Skodzik et al. (2017) previously 
reported in their meta-analysis that these differences are 
restricted to verbal memory (but not to visual long-term 
memory) with problems related to memory acquisition but 
not to retrieval, suggesting a learning deficit induced at the 
stage of encoding. Separately, on another meta-analysis on 
decision-making and attention in ADHD, Mowinckel et al. 
(2015) supported the existence of similar magnitude deficits 
of attention and decision-making in adult ADHD, without 
prevailing one type of deficit over the other, but with a need 
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of further research to understand the underlying neurocog-
nitive mechanisms. Fuermaier et al. (2018) added another 
piece to this puzzle by performing a systematic review on 
perceptual functions in ADHD, finding that individuals with 
ADHD have increased perceptual functions with regards to 
olfactory detection thresholds, cold pain and bitter taste, 
while they show reduced perceptual functions for visual 
and speech perception, showing greater discomfort to sen-
sory stimuli at lower levels of intensity. These perceptual 
problems, which seem to be moderated by pharmacological 
treatments, cognitive functions and symptom severity, may 
aggravate symptoms of inattention, so the mixture between 
perception and cognition appears as an additional challenge. 
In other words, it is crucial to disentangle perception and 
cognitive functions in ADHD as much as possible to bet-
ter understand mechanisms underlying clinical symptoms 
in ADHD.

Subsequently, with all these previous consideration in 
mind, the goal of the current study is to perform a systematic 
review on the identification of cognitive domains associated 
to deficits in adult ADHD, regardless of pre-established dis-
tinctions of clinical presentations or subtypes in clinically 
established guidelines like the DSM-5, with an aim to pro-
vide further clarity in the delimitation of which and how are 
those cognitive domains mainly affected in adult ADHD.

Methods

Searching strategy

The method of this systematic review was developed in 
accordance to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) criteria (Liberati 
et al. 2009). Given the wide variety of measurements used in 
extant studies reviewed, and the broad nature of the review, 
we decided that meta-analysis would not be useful given the 
high level of methodological heterogeneity.

Scientific studies were identified by searching electronic 
databases (PubMed, PsychInfo, WebOfScience, Embase, 
Scopus, OvidSPMedline, and Teseo) using the following 
syntaxis adapted to the searching requirements in each data-
base: (“adult ADHD” or “adult attention hyperactivity dis-
order”) AND (“neuropsychology” or “cognition” or “execu-
tive functions” or “attention” or “memory” or “language” or 
“visuospatial” or “visuoconstructive” or “social cognition” 
or “dysexecutive syndrome” or “impulsivity” or “inhibition” 
or “motor” or “reasoning”). Additionally, the search was per-
formed in Worldcat and OpenGrey grey literature databases. 
The timeframe was established to capture the research per-
formed in the last 15 years, ranging from 1st January 2006 to 
31st March 2020. No specific exclusion terms were added to 
extend the scope of the review as much as possible.

Selection strategy, screening and extraction

Combination of electronic databases with the examination 
of grey literature raised a total of 11,571 references, which 
were subsequently filtered to remove 7306 duplicates. That 
led to a total of 4265 studies to be screened as potential to 
be included in the results. At this point, only studies in Eng-
lish and Spanish were included and an exhaustive exclusion 
strategy was followed to narrow the scope into the study 
goals, thus leading to the exclusion of the following studies:

• All studies in a language other than English or Spanish.
• Genetic studies on ADHD.
• Studies with a primary focus on fMRI, EEG and ERP.
• Studies with mixed samples of children, adolescents and 

adults with ADHD that did not provide separate data for 
adults with ADHD.

• Studies focused on ADHD with comorbidities, when 
the main focus of the study and reported outcomes were 
mainly focused on those comorbidities, or when out-
comes attributable to ADHD were not distinguishable 
from those attributed to the comorbidities. This may 
include alcohol or other drug consumption, other psy-
chiatric disorders (e.g., schizophrenia, bipolar disorder, 
eating disorders, gambling, internet addiction…) and 
personality disorders (mainly, antisocial or borderline 
personality disorders).

• Studies focused on the effects of specific interventions, 
both pharmacological and non-pharmacological.

• Editorials, letters to editors, abstracts in conferences, 
erratums, corrigendums, and book reviews.

Each of the authors reviewed a total of two-thirds of the 
selected articles (2844) so each study was screened inde-
pendently by at least 2 out 3 researchers to avoid selection 
biases, and the conflicts were solved by all the 3 research 
team members. This selection and exclusion strategy led 
to the exclusion of another 4089 studies, leading to a final 
selection of 176 articles to be assessed for quality purposes.

Quality review strategy

The quality review led to the exclusion of 83 studies that, 
despite focusing on adult ADHD, did not achieve enough 
quality in the following terms:

• Studies that focused on samples with ADHD symptoms, 
without a confirmed diagnosis.

• Studies that claimed focusing on cognitive domains but 
which did not report cognitive measures (i.e., saccades, 
gait, motor aspects, driving abilities…).

• Studies with no control group to which compare results 
on different cognitive domains.
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• Studies with psychiatric populations and thus showing 
complex profiles with comorbidities.

• Studies with ADHD mixed samples of individuals with 
and without comorbidities, or individuals with and with-
out medication at the time of the study, that report results 
as a unique, joint, non-differentiated ADHD group.

• Studies with ADHD samples with a primary focus on 
other target conditions (e.g., PTSD).

• Studies with ADHD samples that included special fea-
tures such as bilingualism or individuals with high IQ 
only, as well as individuals on special institutions for 
learning disabilities, who would not be representative of 
an average ADHD profile.

This quality review strategy led to a final number of 93 
studies finally included in the systematic review.

Results

Figure 1 shows the PRISMA Diagram with the search and 
filtering process followed from the initial identification of 
potential eligible studies to the final selection of 93 stud-
ies included in this systematic review, encompassing find-
ings from a total 5574 adults diagnosed only with ADHD, 
medication-naïve or non-medicated at the moment of the 
assessment, 4880 healthy controls, and 1323 adults with 
other conditions, from other clinical/psychiatric conditions 
to individuals with ADHD under medication at the time of 

Fig. 1  PRISMA flow diagram
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the study and/or comorbidities that made it difficult to estab-
lish an ADHD-only cognitive profile. The selected pool of 
articles consisted of 92 case–control studies and 1 longi-
tudinal study, as the approach undertaken in this system-
atic review excluded those cross-sectional studies lacking a 
healthy control group.

For a structured review of these studies, we categorized 
them into different cognitive domains, based on outcomes 
related to individual cognitive domains. Initially, we cre-
ated a section called miscellaneous to include studies on 
adult ADHD reporting on more than one cognitive domain, 
and then we divided each reported set of results into one of 
the following categories, so some of those miscellaneous 
studies may repeat throughout the different sections. We 
decided this to provide further clarity on the specific results 
obtained for each cognitive domain, developing one specific 
section for each as follows: (1) attention, (2) executive func-
tions (including working memory or similar theoretical con-
structs), (3) learning and memory, (4) language, (5) social 
cognition, and (6) arithmetic.

Attention and processing speed

Table 1 summarizes the 47 studies that have been found 
in relation to a characterization of attention and processing 
speed features in individuals with adult ADHD.

General results reflecting a worse attentional performance 
in ADHD versus healthy controls were reported by Bieder-
man et al. (2010) and Mostert et al. (2018). Fuermaier et al. 
(2015) reported results based on both self-reported and neu-
ropsychological testing, indicating significant worse self-
reported performance in attention in terms of experiences of 
deficits (d = 2.23) and complaints (d = 2.65) and worse neu-
ropsychological performance in selective attention (d = 0.57) 
and vigilance (d = 0.52). The most comprehensive results 
were obtained by Fuermaier et al. (2016) and Tucha et al. 
(2017), where ADHD patients showed significant, medium 
sized effect, deficits across all attentional modalities, such 
as alertness, selective and sustained attention (vigilance). A 
similar pattern of comprehensive attentional differences was 
found even when more ecologically, close to real situations, 
were used to evaluate all attentional modalities. Thus, Groen 
et al. (2019), showed reduced attention scores with large 
effect sized on all nine situations of everyday life (reading 
a book, watching a movie or documentary, or attending a 
lecture, among others) when compared to matched healthy 
controls, and showed specific attention difficulties when 
compared also to individuals with other psychiatric disor-
ders in reading a book, doing an assignment, performing an 
indoor activity or having a conversation.

Inattention problems, usually measured as omission 
errors across different tests, have been reported as more 
significant for ADHD individuals by Studerus et al. (2018) 

(p < 0.0001). Kalanthroff et al. (2013) showed that irrelevant 
stimuli, both at a local and global level, produced similar 
interference in ADHD participants, but an alerting cue could 
make global processing in ADHD participants comparable 
to that of healthy controls. Pretus et al. (2020) reported a 
significantly higher susceptibility to distractors in ADHD 
versus controls. Similarly, Pelletier et al. (2013) reported a 
greater susceptibility to distraction and worse performance 
under irrelevant sound conditions for individuals with 
ADHD, indicative of impaired selective attention, while 
Salomone et al. (2020) did not report significant differences. 
Kallweit et al. (2019) also showed adult ADHD individuals 
exhibiting a slower performance in a selective attention task 
while displaying higher hyperactivity and feeling less calm 
than controls, while Lin and Gua (2020) reported worse 
selective attention in both early and late onset adult ADHD 
groups when compared to controls. Previously, Pazvanto-
glu et al. (2012) had reported that ADHD persisters showed 
worse inattention problems than both remitters and controls, 
while for omission errors of the CPT, these were high both 
in persisters and remitters.

With regards to impulsivity, Torres et al. (2017) reported 
impulsivity measures as significantly higher for individuals 
with ADHD versus healthy controls, as shown by higher 
number of commission errors and a worse response style 
score in the CPT-II, although Marx et al. (2013) reported 
ADHD patients were able to exhibiting longer reaction times 
as a strategy to prevent impulsivity errors. Millioni et al. 
(2014) described impulsivity (in the form of commission 
errors) in ADHD patients as worse than controls as the only 
measure of an extensive neuropsychological battery that 
could not be masked by individuals with a high IQ.

As a reflection of both this inattention and impulsivity, 
Sethi et al. (2018) showed that ADHD patients were signifi-
cantly more persistent in selecting novel stimuli after their 
initial introduction and showed a trend towards a lower 
selection of familiar options. These outcome was also in 
line with Tatar and Cansiz (2019), who reported worse 
performance both in terms of inattention (lower correct 
answers and higher omission scores, d = 0.93) and impulsiv-
ity (d = 0.74); and with Grane et al. (2014), who had shown 
both significant more omission and commission errors in 
individuals with ADHD as compared to healthy controls.

For divided attention, Muller et al. (2007) showed that 
patients reflected worse slower performance than controls, 
especially for auditory stimuli, as well as Salomone et al. 
(2020), who reported ADHD group showing impaired per-
formance in the form of significantly higher dual task dec-
rement scores compared to healthy controls. Similar results 
had previously been reported by Roberts et al. (2012) who 
showed that ADHD patients performed slower than controls 
in a dual task and this slowing was more pronounced when 
inter-task intervals were shortened.
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In terms of sustained attention, Marchetta et al. (2008) 
reported a specific deficit in sustained attention control for 
ADHD patients, regardless of whether it was their only 
diagnosis or showed comorbidities, suggesting specific 
regulatory problems to maintain a consistent level of per-
formance. Deliste and Braun (2011) reported differences 
for commission errors with the addition of a worse perfor-
mance in sustained attention, as measured by the CPT-II 
detectability index. Moreover, Adams et al. (2011) showed 
that ADHD group showed a greater variability in reaction 
time associated with an increased distraction when perform-
ing a delayed oculomotor response task. Fried et al. (2012) 
showed, by means of different workplace simulation tasks, 
that ADHD participants exhibited worse performance than 
controls in those tasks requiring most vigilance and sus-
tained attention, suggesting working under timed conditions 
and high demands of attention to detail as key weaknesses 
in ADHD individuals. Mostert et al. (2015) presented larg-
est effect sizes in the comparison between ADHD and con-
trols in measures of performance variability, both in terms 
of fluctuations and reaction times, showing problems in 
reaction time variability, representative of sustained atten-
tion, as one of the most robust features of ADHD; results 
which are similar to those reported by Segal et al. (2015). 
Bisch et al. (2016) confirmed significantly more errors and 
misses in sustained attention and a higher variation of reac-
tion times in ADHD compared to controls. Luna-Rodriguez 
et al. (2018) partially reported more variable reaction times 
in ADHD participants, but performance improved when 
the attention set was kept constant. Mehren et al. (2019) 
showed that reaction time variability, significantly more pro-
nounced in ADHD patients, could decrease with exercise. 
Sustained attention deficits as compared to controls were 
also reported by Weyandt et al. (2013), as represented by the 
CPT II Standard Error of reaction time (Cohen’s d = 0.798), 
as well as by Grane et al. (2014) on the TOVA test; by Holst 
and Thorell (2017) on a Navon like task (ANCOVA = 0.53); 
by Maruta et al. (2017) when measuring visual tracking per-
formance with the Attention Network Test and Spatial Span 
of the WMS-III, and by Paucke et al. (2019), with reduced 
alertness and higher variations in reaction times measured by 
the TAP test. More recently, Lin and Gua (2020), who went 
further by detailing specific differences for early-onset and 
late-onset ADHD participants when compared to healthy 
controls, showed that only early-onset individuals showed 
significant impairment in the CANTAB probability of hit 
(sustained attention) in a second model of multiple analysis, 
while initially both early and late onset groups had showed 
impairment. For Nikolas et al. (2019), there is a need to go 
beyond single test measures and suggest that a combined 
approach using self and informant symptom ratings, together 
with family history and reaction time variability for sus-
tained attention could help correctly classify 87% of cases.

In relation to processing speed, significantly slower 
response or reaction times in adults with ADHD have been 
repeatedly reported across examined studies. Muller et al. 
(2007) reported ADHD individuals needing significantly 
more time than controls for TMT-A and slower reaction 
times in the covered orienting of attention task of the TAP. 
Aycigegi-Dinn et al. (2011) reported worse performance 
deficits in ADHD participants for the auditory part of the 
CPT, for the non-conflict block of a go/no-go task, for non/
conflict blocks of the Stroop Colour-Word Test and also 
slower response times during Trail Making Test part A. 
Studerus et al. (2018) reported a significant slower reaction 
times for individual with ADHD versus controls (p < 0.001), 
similar to Grane et al. (2014). Maruta et al. (2017) reported 
that patients with ADHD performed more poorly than con-
trols on visual tracking and simple reaction time tasks, even 
when on medication. Low et al. (2019) also reported sig-
nificant slower processing speed levels for individuals with 
ADHD, but those differences were reduced to trend level 
after excluding a subgroup of ADHD patients positive for 
dyslexia. Separately, for the trail Making Test part A, Tatar 
and Cansiz (2019) reported no group differences on Trail A 
time (p > 0.05).

With regards to negative or non-conclusive results, four 
studies (Dobson-Patterson et al. 2016; Finke et al. 2011; 
Fried et al. 2016; Vekaria and Peverly 2018) did not report 
any significant difference between adult ADHD patients and 
healthy controls across a different range of measures, both 
paper-based (Digit Span Forward, TMT-A, or Test of Every-
day Attention, among others) or computer based (Conners’ 
CPT/II or TVA model based computerized task). Carr et al. 
(2006) documented the lack of convincing evidence of an 
abnormal worse attentional filtering in adult ADHD versus 
healthy controls. Hopwood and Morey 2008) only reported 
correlations between CPT-II and ADHD self-reported symp-
toms when emotional symptoms were not considered, sug-
gesting the need of both cognitive and affective evaluations 
in ADHD. Lundervold et al. (2011) found only moderate 
results with a great influence of age and intellectual function. 
Pettersson et al. (2018) reported significant sensitivity prob-
lems in neuropsychological tests, with great influence form 
age and IQ, showing that only continuous performance tests 
(e.g., QBTest Plus and CPT-II) showed relative insensitivity 
to these variables. Fried et al. (2019) only showed discrete 
results showing higher impulsivity in adult ADHD versus 
controls in impulsivity measures (i.e., total commissions in 
the CANTAB affective go/no-go task).

In general, the use of the attentional domain as a way to 
clearly differentiate between adults with ADHD and healthy 
controls has shown more positive than negative results. 
Although only 7 of the reported studies seem to have large 
sample sizes of more than 100 per group (Biederman et al. 
2010; Fried et al. 2019; Lin and Gua 2020; Mostert et al. 



906 I. Onandia-Hinchado et al.

1 3

2018; Nikolas et al. 2019; Studerus et al. 2018), outcomes 
point to a considerable clear attention profile in terms of 
inattention deficits, higher distractibility to irrelevant stimuli 
resulting in problems of selective attention, high impulsivity 
regardless of age and IQ, difficulties to manage with mul-
tiple simultaneous sources of information (divided atten-
tion), significant variability of the reaction time as a robust 
manifestation of sustained attention problems and a general 
profile of slower processing speed (in some studies, even 
when medication was on).

Overall, this profile, which some studies were able to 
establish combining both self-reports and neuropsychologi-
cal tests, should be kept in mind as a way to start defining a 
more characteristic distinct attentional profile for individuals 
with ADHD as compared with other learning difficulties or 
conditions.

Executive Functions (including working memory 
or similar theoretical constructs)

There are several studies analysing Executive Functions (EF), 
a total of 62 out of 93 in the current review (see Table 2). 
First, we are presenting those obtaining general results 
from EFs, or through constructs with an indirect relation-
ship. Aycicegi-Dinn et al. (2011) and Stern et al. (2017) 
observed that although a higher degree of frontal symptoms 
was self-reported by the ADHD group, no clear differential 
deficits were noticed with respect to the healthy control (HC) 
group. However, Barkley and Murphy (2011) found just the 
opposite: the ADHD group had a more severe EF rating on 
all scales, using both self- and other-reports questionnaires. 
Moreover, they referred to a higher level of severity in these 
reported measures than what was found using just objective 
measures. Furthermore, patients reported a higher number 
of dysfunctions than what objective measures showed by 
themselves. In the same line, Grane et al. (2014) reported 
a greater degree of executive difficulties in ADHD patients 
(being clinically preeminent in the BRIEF-A the initiation, 
working memory (WM), plan/organize and task monitor, 
and Metacognition and Behavioural Regulation indexes) 
and Weyandt et al. (2013) reported greater overall execu-
tive dysfunction on all 12 BRIEF scales, similar to Stern 
et al. (2017), who found a greater deficit in the metacogni-
tive components of EF.

The abstraction ability appeared to be impaired in one 
study (Millioni et al. 2014) and executive dysfunctions in 
Theory of Mind (ToM) in ADHD have been shown (Tatar 
and Cansiz, 2020). Regarding the measures of IQ, Bieder-
man et al. (2010) had seen ADHD associated with differ-
ent scores on these measures: 6.9 full-scale IQ points, 5.1 
performance IQ points and 7.2 verbal IQ points. Faraone 
et al. (2006) were more specific comparing “full ADHD” 
(f-ADHD) and late-onset ADHD (lo-ADHD) subjects, and 

they noticed f-ADHD had a higher verbal, performance and 
full-scale score, while lo-ADHD had a lower performance 
IQ among late-onset subjects compared with ADHD-sub-
threshold (ADHD-s) subjects. Likewise, the onset age had 
a negative effect on full-scale IQ among ADHD groups, in 
the same way that all ADHD groups differed in EF deficits 
(EFD): ADHD-s and f-ADHD had the highest frequency, 
and lo-ADHD had the lowest, only above the HC group. Not-
withstanding, there were no significant differences between 
the ADHD groups. Similarly, ADHD-s and f-ADHD showed 
the highest average number of impaired tests, followed by 
lo-ADHD and HC the last. Again, no differences between 
ADHD groups were found. In conclusion, late-onset ADHD 
may be the most cognitively impaired form of adult ADHD.

On the other hand, tests performed by ADHD patients 
tend to be biased by global–local processing style, differ-
ent from what happened with the HC group (Cohen and 
Kalanthroff 2019). Similarly, they preferred novel options 
on the presentation of stimuli, heightening salience in their 
decision-making processes, and this salience explained 41% 
of the variance (Sethi et al. 2018).

Either way, FE ratings contribute significantly to the 
variance in ADHD symptoms and severity (Kamradt et al. 
2014), especially, ratings of inattentive symptoms provided 
by late-onset ADHD patients (Lin and Gua 2020).

According to functional measures, EF deficits underlie 
the adaptive impairment associated with ADHD, but EF do 
not predict impairment independently of ADHD (Stavro 
et al. 2007). When EF are assessed by ratings of daily life 
activities, they make some contribution to occupational 
impairments (Barkley and Murphy 2010) and deficits in 
daily life activities are shown (Barkley and Murphy 2011).

Finally, some studies have found evidence of lowered 
performance in the general EF scope (Muller et al. 2007; 
Salomone et al. 2020), whilst other have found no differ-
ences in the typically deteriorated EF (In de Braek and 
Dijkstra 2011; Petersson et al. 2018; Saboya et al. 2009; 
Semrud-Clickemand and Harder 2010; Studerus et al. 2018), 
although in some cases and in other cognitive domains they 
do find deficits (Torres et al. 2017). No robust evidence of 
academic impairment is shown in ADHD group (Gropper 
and Tannock 2009).

Regarding neuropsychological domains, between 73 
and 82% adults with ADHD refer a large dysfunction in all 
domains of EF from a small to large size effect, with the 
exception of fluency tests (Fuermaier et al. 2015).

Separately, bilingualism has not been an advantage to 
compensate deficiencies in EF measures, contrary to IQ, 
which improves performance in EF tasks (Milioni et al. 
2017). Equally, the greater or lesser cognitive demand of 
the experimental task seems to be a relevant variable, so 
that the greater the cognitive demand, the worse the ADHD 
performance (Muller et al. 2007; Pazvantoglu et al. 2012; 
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Roberts, Milich and Fillmore 2012). This performance is 
worse when demands specifically relate to Working Memory 
(Hudec et al. 2014), resulting in ADHD individuals behav-
ing more actively and showing ubiquitous hyperactivity, 
despite the fact that overall cognitive performance in ADHD 
typically suffers an unusual variability (Mostert et al. 2015; 
Nikolas et al. 2019). Moreover, these difficulties to manage 
demands may relate to results showing that ADHD indi-
viduals attempt a lower number of tasks than HC (Salomone 
et al. 2020).

Regarding the results obtained in different specific func-
tions, we are going to start with Working Memory (WM). 
Some studies showed deficits in the WM global measure 
(Abdel-Hamid et al. 2019; Boonstra et al. 2010; Clark et al. 
2007; Cohen and Kalanthroff 2018; Kamradt et al. 2014; 
Lineweaver et al. 2012; Mette et al. 2015; Mostert et al. 
2015, 2018; Nikolas et al. 2019; Thorell et al. 2017; Tor-
ralva et al. 2011, 2013; Torres et al. 2017; Weyandt et al. 
2013), and also in both verbal and visuospatial types (Alder-
son et al. 2013), so that Finke et al. (2011) establish that 
it is depleted by 20% of its capacity in a medium-to-large 
effect sizes (Rohlf et al. 2012). Nevertheless, Fuermaier 
et al. (2017a, b) observed only a small number of ADHD 
subjects exhibiting impairments in verbal WM, as well as a 
significantly lower performance in visuospatial WM; con-
trary to Gropper and Tannock (2009), who found just the 
opposite: an stronger deficit in auditory-verbal WM than in 
visuospatial WM. Kim et al. (2014) and Lin and Gua (2020) 
showed lower scores on spatial WM and Lineweaver et al. 
(2012) in auditory WM. Holst and Thorell (2017) showed a 
poorer performance in both WM subtypes, but when control-
ling for short-term memory and/or IQ, results did not show 
significance. Similarly, practice did not produce a facilitation 
effect (Lineweaver et al. 2012). Deficits in WM seem to be 
the same in young and old ADHD population. Although 
most do, some studies have not been able to verify deficits 
in WM (Roberts, Milich and Fillmore 2012; Vekaria and 
Peverly 2018), suggesting that deficits in this type of task 
are due to problems in other functions.

In terms of inhibition capacity and impulsivity, some 
studies have shown higher deficits in ADHD population 
compared to HC (Abdel-Hamid et al. 2019; Fried et al. 
2016; Grane et al. 2014; Halleland et al. 2012; Holst and 
Thorell 2017; Kamradt et al. 2014; Lampe et al. 2007; Mil-
ioni et al. 2017; Mostert et al. 2018; Muller et al. 2007; 
Neely et al. 2017; Roberts et al. 2011, 2016; Sebastian et al. 
2012; Stavro et al. 2007; Thorell et al. 2017; Torralva et al. 
2013; Weyandt et al. 2013) with a medium effect size (Holst 
and Thorell 2017). ADHD patients exhibit a slowdown when 
trying to inhibit prepotent responses (Boonstra et al. 2010; 
Lampe et al. 2007), especially in medication-naive adults 
with persistent ADHD. ADHD groups, overall, make more 
commission errors than controls (Deliste and Braun 2011; 

Dobson-Patterson et al. 2016; Grane et al. 2014), especially 
in an affective inhibition test (Fried et al. 2016), regardless 
of their IQ. However, other studies have not found an inhi-
bition deficit (Bueno et al. 2017; Pazvantoglu et al. 2012).

In relation to delay aversion, ADHD reported to be signif-
icantly more sensitive to delay aversion (with a medium size 
effect) when compared to HC and more prone to increase 
their response variability (Holst and Thorell 2017; Mostert 
et al. 2015, 2018; Thorell et al. 2017), and this performance 
showed to be independent from inhibition scores (Lampe 
et al. 2007; Mostert et al. 2015). Thus, ADHD have higher 
urgency, lower premeditation and lower perseverance (and 
higher self-reported impulsivity behaviours), with combined 
subtype of ADHD showing higher scores than inattentive 
subtype on urgency and sensation seeking dimensions of 
impulsivity (Lopez et al. 2015; Sebastian et al. 2012), and 
also in susceptibility to boredom (Sebastian et al. 2012). 
When rewarded, accuracy of performance and CPT tasks 
improve, which suggests that the use of strategies to prevent 
impulsivity errors (“stopping and thinking strategies”) trig-
gers this improvement (Marx et al. 2013) and that interaction 
between motivation and cognition has to be considered.

Regarding to interference and its control, deficits in these 
areas are frequently reported (Abdel-Hamid et al. 2019; 
Boonstra et al. 2010; Faraone et al. 2006; King et al. 2007; 
Lampe et al. 2007; Mor et al. 2015; Pazvantoglu et al. 2012), 
although not in all tasks that seek to measure this construct 
(Lampe et al. 2007). Although both persisters and remitters 
underperformed relative to HC, no significant differences 
were found between two ADHD subgroups (Pazvantoglu 
et al. 2012).

The ability of alternating and switching different tasks 
has been extensively analysed. Thereby, some studies evi-
denced a variety of deficits in this area (generally a higher 
average of errors and a pronounced slowing) in different 
tasks (Boonstra et al. 2010; Bueno et al. 2017; Dobson-Pat-
terson et al. 2016; Halleland et al. 2012; Holst and Thorell 
2017; King et al. 2007; Lin and Gua 2020; Luna-Rodríguez 
et al. 2018; Pazvantoglu et al. 2012; Rohlf et al. 2016; Stavro 
et al. 2007; Thorell et al. 2017; Torralva et al. 2012; Torres 
et al. 2017; Weyandt et al. 2013), with a medium size effects 
in comparison with HC for most studies (and medium-large 
size effect in Rohlf et al. 2016), but losing statistical sig-
nificance for those differences when controlling for inhibi-
tion (Holst and Thorell, 2017), and especially when there is 
variety in stimulus sources (Luna-Rodríguez et al. 2018). 
On the contrary, Kamradt et al. (2014) found differences 
between ADHD and HC groups in a combined inhibition/
switching task. However, other studies did not find any defi-
cit in this area (Mostert et al. 2015). Roberts, Milich and 
Fillmore (2012) reported inconsistencies in a variety of dif-
ferent tasks, showing a dissociation between WM deficits 
and those related to response selection capacity in ADHD.
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Fluency is another large area of analysis within EF, with 
deficits reported in some studies either in a general manner 
or in a variety of specific tasks (Boonstra et al. 2010; Mostert 
et al. 2018; Petersson et al. 2018), such as phonemic fluency 
(Bueno et al. 2014; Torres et al. 2017). Holst and Thorell 
(2017) showed a poorer performance in ADHD than HC on 
letter fluency, but not in category fluency. Older adults with 
ADHD perform better in fluency tasks than younger ADHD 
patients (Thorell et al. 2017). However, some studies have 
not been able to verify any differences between the ADHD 
group and the control group (Fuermaier et al. 2015; Mostert 
et al. 2015).

In other less studied EFs, ADHD participants make plan-
ning ability errors (Boonstra et al. 2010; Holst and Thorell 
2017; Salomone et al. 2020; Weyandt et al. 2013) with an 
effect size in the small range (Holst and Thorell 2017). 
Sometimes, those differences in planning have only been 
seen in adults with early-onset ADHD (Lin and Gua 2020). 
Regarding cognitive flexibility, ADHD population have defi-
cits (Dobson-Patterson et al. 2016; King et al. 2007; Milioni 
et al. 2017; Rohlf et al. 2012; Torres et al. 2017) and per-
form differently to HC group in a medium-to-large effect 
size (Rohlf et al. 2012). Finally, deficits in dual tasks have 
also been verified in adults with ADHD (Roberts, Milich and 
Fillmore 2012; Salomone et al. 2020).

Next section will focus on progresses to establish learning 
and memory as an additional cognitive domain to character-
ize Adult ADHD.

Learning and Memory

In the review of memory domain in ADHD, Table 3 details 
the outcomes found for this domain. In terms of learning 
as a general process, overall deficits in adults with ADHD 
were found in the work by Biederman et al. (2010), Dige 
et al. (2010), Muller et al. (2007), Pettersson et al. (2018), 
Sethi et al. (2018), Studerus et al. 2018 and Torres et al. 
(2017), although Faraone et al. (2016) found these signifi-
cant memory deficits only for the late-onset ADHD group 
of patients. In this same trend, research developed by Fried 
et al. 2019, In de Braek and Dijkstra (2011), and Weyandt 
et al. (2013) did not find statistically significant differences 
between ADHD and controls with regards to learning abili-
ties, and, more specifically, in verbal learning.

Verbal memory has shown to be in deficit in the major-
ity of studies reviewed (Aycicegi-Dinn et al. 2011; Bieder-
man et al. 2010; Dige et al. 2010; Dobson-Patterson et al. 
2016; Faraone et al. 2016; Fuermaier et al. 2015, 2017a, b; 
In de Braek and Dijkstra 2011; Muller et al. 2007; Nikolas 
et al. 2019; Pettersson et al. 2018; Storm and White 2010; 
Studerus et al. 2018; Torralva et al. 2011, 2013; Torres 
et al. 2017). From the deficient components mentioned in 
this learning modality, a lower performance has been found 

for short-term memory elements (Aycicegi-Dinn et  al. 
2011; Dobson-Patterson et al. 2016; Fuermaier et al. 2017a, 
b; Nikolas et al. 2019; Torralva et al. 2011; Torralva et al. 
2013) as well as long-term memory (Aycicegi-Dinn et al. 
2010; Dige et al. 2010; Dobson-Patterson et al. 2016; Fuer-
maier et al. 2017a, b; Nikolas et al. 2019; Pettersson et al. 
2018; Torralva et al. 2013).

Other studies have shown difficulties arising in ret-
rospective and prospective memory, as Fuermaier et al. 
(2015, 2017a, b). In de Braek and Dijkstra (2011) remark 
a larger number of errors in ADHD patients during learn-
ing tasks compared to healthy controls. In the work devel-
oped by Storm and White (2010) studying retrieval-induced 
forgetting, they found that ADHD participants performed 
worse and demonstrated a non-significant effect of retrieval-
induced facilitation and significant levels of retrieval-
induced forgetting on the category-plus-stem-cued recall 
test. Moreover, memory deficits were more pronounced 
when medication is not taken (Fuermaier et al. 2017a, b). 
Separately, Deliste and Braun (2011) remark the good per-
formance shown by ADHD patients in relation to incidental 
memory.

For visual memory, findings remain controversial. While 
some studies show some issues in this memory modality for 
adult ADHD patients (Aycicegi-Dinn et al. 2011; Bieder-
man et al. 2010; Muller et al. 2007; Sethi et al. 2018) others 
do not find any type of alteration in performance (Dobson-
Patterson et al. 2016; Torralva et al. 2011, 2013; Torres et al. 
2017). The work developed by Aycicegi-Dinn et al. (2011) 
demonstrates specifically that patients with ADHD displayed 
performance deficits both in immediate and delayed mem-
ory, while in Faraone et al. (2006) these significant deficits 
were only shown in late-onset ADHD patients in terms of 
Rey-Osterrieth Complex Figure Test accuracy scores.

In summary, we can state that adult patients with ADHD 
present some type of memory deficits, mainly of verbal 
nature, as shown by the majority of analysed studies, while 
only one study reported on incidental memory and findings 
in visual memory remain mixed and controversial.

Language

Studies reporting outcomes in the language domain have 
primarily focused on reading performance (Bierderman 
et al. 2011; Enghelhardt et al. 2011; Fried et al. 2012, 2016; 
Laasonen et al. 2010), production (Enghelhardt et al. 2011, 
2012; Fried et al. 2012; Laasonen et al. 2010; Segal et al. 
2015; Torralva et al. 2013) and writing (Miranda et al. 2013; 
Vekaria and Peverly, 2018), as well as quality aspects of 
these processes (Enghelhardt et al. 2011, 2012; Fried et al. 
2012; Laasonen et al. 2010; Miranda et al. 2013; Segal et al. 
2015; Vekaria and Peverly, 2018).
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As can be seen in Table 4, results show significant worse 
performance in ADHD patients when compared to healthy 
controls in reading tasks, as reported by Biederman et al. 
(2010), Enghelhardt et al. (2011), Fried et al. (2012) and 
Laasonen et al. (2010). In relation to language production, 
Engelhardt et al. (2011) reported a larger number of rep-
etitions and unfilled pauses together with a larger produc-
tion of words in adult ADHD participants (p < 0.05) when 
compared to controls. Moreover, difficulties to deal with 
metaphors, especially in the literal condition, were reported 
by Segal et al. (2015), as well as a worse performance in 
language edition tasks throughout the day in the areas of 
spelling, punctuation and grammar, as shown by Fried et al. 
(2012).

When trying to establish differences within the ADHD 
subgroups, the inattentive subgroup showed to be less fluent 
than the other ADHD subgroups (Engelhardt et al. 2011). 
ADHD remitters exhibited a similar profile to combined 
ADHD subgroup, who altogether showed worse perfor-
mance than the remaining ADHD subgroups and healthy 
controls (Engelhardt et al. 2012), by showing more gram-
matical expression and repair dysfluencies, although remit-
ters were faster starting speech than combined subgroup 
participants.

Areas not showing significant differences were rate of 
filled pauses or repairs, organization strategies to plan and 
execute descriptions, and decisions taken while they worked 
their way through the networks as shown by Engelhardt et al. 
(2011); phonological processing or gain in Laasonen et al. 
(2010); ability to sound out words quickly and the ability 
to recognise familiar words as sight words in Fried et al. 
(2016), and naming and comprehension tasks in Torralva 
et al. (2013).

With regards to writing performance, young adults with 
ADHD exhibited significant worse results than healthy con-
trols in the microstructure, productivity and morphosyntax 
of a story (p = 0.044), where they wrote shorter texts, with a 
lower number of words and lower diversity of words. They 
also committed more morphosyntactic errors and, in the 
information related to the macrostructure, they included 
significantly less information in their writings about the 
informative proposal of the story related to the characters 
and other general descriptive issues such as the scenario 
or time (Miranda et al. 2013). In the study by Vekaria and 
Peverly (2018), students with ADHD performed worse in 
written memory (p < 0.002) and writing speed (p < 0.001), 
not showing reliable differences between ADHD and con-
trols neither in the number of notes taken nor in their quality.

In summary, for the language domain, adult patients with 
ADHD show lower performance in reading tasks (Bieder-
man et al. 2010; Enghelhardt et al. 2011; Fried et al. 2012; 
Laasonen et al. 2010). In other areas of language, it is dif-
ficult to derive general conclusions, as studies measuring 

similar issues or using similar tasks are scarce, since they 
focus in very specific tasks or use ad hoc experimental tasks 
(Enghelhardt et al. 2011, 2012; Fried et al. 2012; Laasonen 
et al. 2010; Miranda et al. 2013; Segal et al. 2015; Vekaria 
and Peverly 2018).

Social Cognition

Under the scope of social cognition we have included stud-
ies that assess components such as emotion recognition and 
inferences (Theory of Mind – ToM), although we have also 
included those measuring emotional dysregulation. Those 
focused on mood or personality disorders, or targeting other 
mental health conditions, have been excluded.

Table 5 shows the summary of these studies. In terms 
of emotion recognition or coding of emotional signs, Bisch 
et al. (2016) and Conzelmann et al. (2009) report about the 
independence of the emotion type, valence or modality, as 
well as about the confusion due to attentional dysfunction 
during the task (Bisch et al. 2016); and differences between 
adult ADHD patients versus healthy controls in the reduc-
tion of emotional response in terms of the startle attenuation 
during pleasant pictures (Conzelmann et al. 2009). In the 
latter, the hyperactive ADHD subgroup did not show any 
kind of affective modulation, neither in front of pleasant nor 
unpleasant stimuli, while inattentive subgroup performed 
similar to healthy controls.

With regards to studies exploring ToM components 
(Abdel‐Hamid et  al. 2019; Aycicegi-Dinn et  al. 2011; 
Tatar and Cansiz 2020), contradictory outcomes have been 
reported. On one hand, some studies use the same meas-
ures (i.e., Reading the mind in the eyes test) but do not find 
differences between ADHD patients and healthy controls 
(p = 0.250) (Aycicegi-Dinn et al. 2011), while others do 
show differences between ADHD and controls performing 
this same task (p = 0.003) (Tatar and Cansiz, 2020), although 
they justify their results stating that linear regression analy-
sis showed a significant effect of executive function deficits 
in ToM in ADHD group. The study by Abdel‐Hamid et al. 
(2019) also assesses these issues but using a completely dif-
ferent task based on a video where different characters inter-
act with each other. This study does not show differences 
between ADHD and controls for ToM, but shows some 
deficits in empathy in ADHD when compared to controls 
(p = 0.04).

An additional area of interest in this domain is emotional 
dysregulation, where two studies by Corbisiero et al. (2017) 
and Mitchell et al. (2012) report difficulties for individu-
als with ADHD and state that emotional dysregulation is a 
predictor for ADHD diagnosis and its severity. Other studies 
explore the relevance of emotional reflectiveness or impul-
sivity, and they show high scores in emotional impulsivity in 
ADHD when compared to controls (p = 0.019), as reported 
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by Mitchell et al. (2012) or Perroud et al. (2017), in which 
patients with ADHD get low-medium scores in reflective-
ness that correlate inversely with the severity of the disorder 
and ability for anger management.

In summary, it can be concluded that there are not enough 
studies to establish a specific profile in terms of social cog-
nition in ADHD. Both ADHD and controls would show 
similar results in emotion recognition (Bisch et al. 2016; 
Conzelmann et al. 2009), ToM does not seem to be deterio-
rated in ADHD (Abdel‐Hamid et al. 2019; Aycicegi-Dinn 
et al. 2011; Tatar and Cansiz 2020) and there are signs of 
difficulties in emotional dysregulation and emotional impul-
sivity (Corbisiero et al. 2017; Mitchell et al. 2012; Perroud 
et al. 2017).

Arithmetic

Among all the articles included in this systematic review, 
only five either report specifically on arithmetic or include 
measures of this domain within their neuropsychological 
protocols (and not just as an IQ control measure). Overall, 
a lower performance was found in arithmetic tasks for indi-
viduals with ADHD, as shown by Biederman et al. (2010), 
Faraone et al. (2006), Fried et al. (2012) and Laasonen et al. 
(2010), all of them of significant nature (p < 0.05). Only 
one study (Fried et al. 2016) did not find significant dif-
ferences between ADHD participants and healthy controls. 
Most common used measures have been WRAT arithmetics 
and WAIS-III Oral Arithmetic subtest. More specifically, 
reports of worse performance were provided for late-onset 
ADHD individuals in the study by Faraone et al. (2006), 
where even subthreshold individuals showed worse perfor-
mance than healthy controls in the WRAT test. In Fried et al. 
(2012), data provided in the Workplace simulation task show 
that arithmetic task is the one showing the most significant 
deficits in ADHD individuals when compared to healthy 
controls in the three different registered daytime periods, as 
well as the one that worsens the most throughout the day. 
Subsequently, despite the limited number of studies iden-
tified, arithmetic domain seems to show significant worse 
performance in adult ADHD participants when compared 
to controls (as can be seen in Table 6).

Discussion

The current review highlights the main features that may 
distinguish adult ADHD from healthy controls using an 
approach based on individual cognitive domains. This 
approach, not without difficulties and certain overlap 
between domains (especially between attention, memory 
and executive functions), has attempted to specify the main 
cognitive characteristics of individuals with adult ADHD, by Ta
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e 
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defining the main findings up to date in six different cogni-
tive domains: (1) attention and processing speed, (2) execu-
tive functions, 3) learning and memory, (4) language, (5) 
social cognition, and (6) arithmetic abilities.

For the Attention domain, some studies found significant 
deficits across all attentional modalities (alertness, selective 
and sustained attention) (Mostert et al. 2018) both in regu-
lar neuropsychological testing (Fuermaier et al. 2017a, b; 
Tucha et al. 2017), and using an approach focusing on daily 
life activities (Groen et al. 2019). A more detailed atten-
tional profile of adults with ADHD would report inatten-
tion problems understood as omission errors (Studerus et al. 
2018); interference by irrelevant stimuli in selective atten-
tion (Pretus et al. 2020); higher impulsivity in the form of 
commission errors (regardless of IQ) (Millioni et al. 2014); 
worse and slower performance for divided attention in terms 
of managing multiple simultaneous sources of information 
(Salomone et al. 2020); a specific deficit in sustained atten-
tion suggesting specific problems to maintain a consistent 
level of performance (Bisch et al. 2016), as well as high vari-
ability of performance in terms of reaction times (Mostert 
et al. 2015); and, finally, overall slower processing speed 
(Maruta et al. 2017). Some contradicting studies state the 
need to focus on the effects of age, intellectual function, as 
well as emotional symptomatology (Hopwood and Morey 
2007; Pettersson et al. 2018), and the need to go beyond 

single test measures and instead use a combined approach 
of self and informant symptom ratings, family history and 
neuropsychological tests.

Findings in the current review in relation to Executive 
Functions are a reflection of the difficulties existing with 
the construct of ADHD in adults: an excessive amplitude of 
definitions, factors and models that lead to a great variability 
of measures and outcomes with multiple open interpreta-
tions. This also mixes with the fact that individuals with 
ADHD are extremely variable in their responses, and that 
the role of comorbidities (which have been deliberately left 
out in this review for clarity purposes, but are common in 
ADHD) needs further attention and experimental research 
(Neely et al. 2017; Nikolas et al. 2019). Additionally, due 
to they being adults and having lived with their disorder for 
a long time, some patients have developed compensating 
strategies to solve some deficits, especially those related to 
consequences of impulsivity (Marx et al. 2013), and this 
exponentially increases variability not only in one individ-
ual’s responses, but also between individuals. Thus, most 
researched factors are those traditionally found in child and 
adolescent ADHD population, and are also the ones show-
ing more clear and significant deficits in adults with ADHD 
when compared to HC: working memory and inhibition 
(and, within the latter, reward delay and interference con-
trol). In addition, the frequent use of certain measures in 

Table 6  Studies showing results in Arithmetic domain

Authors and publication
year

Participants Age: Mean (SD) Measures used Summary of main results

Biederman et al. (2010) ADHD (n = 116)
HC (n = 146) 

ADHD = 37.8 (9.8)
HC = 30.3 (8.7)

WRAT arithmetic After full IQ was controlled, 
ADHD was still sig-
nificantly associated with 
poorer WRAT arithmetic 
(p = .002)

Faraone et al. (2006) Subthreshold ADHD 
(n = 41)

Late-Onset ADHD (n = 79)
Full ADHD (n = 127)
HC (n = 30)

S-ADHD = 35.5 (9.1)
L-O ADHD = 36.5 (10.8)
Full ADHD = 36.1 (10.8)
HC = 29.9 (9)

WAIS-III Oral Arithmetic Subthreshold (p < .01) 
and Late-Onset (p < .05) 
ADHD showed deficits in 
comparison with HC in 
oral arithmetic

Fried et al. (2012) ADHD (n = 56)
HC (n = 63)

ADHD = 28.3 (8.5)
HC = 30.8 (10.2)

Wide Range Achievement 
Test; WAIS-III Oral 
Arithmetic; Workplace 
simulation tasks

ADHD demonstrated poor 
performance throughout 
the day on the math flu-
ency and the task that was 
most significantly impaired 
in participants with ADHD 
than in controls through 
all three periods of the day 
was the Math Fluency task

Fried et al. (2016) ADHD (n = 26)
HC (n = 52)
Other: ASD (n = 26)

ADHD = 28.2 (5.6)
HC = 27.5 (4.1)
ASD = 27.5 (6.2)

The Wide Range Achieve-
ment Test-III

No significant differences in 
arithmetic between ADHD 
and HC

Laasonen et al. (2010) ADHD (n = 30)
HC (n = 40)
Dyslexia (n = 40)

ADHD = 31.60 (8.17)
HC = 35.45 (10.27)
Dyslexia = 37.15 (11.70)

RMAT
WAIS-III arithmetic

Both clinical groups were 
poorer than the control 
group (p = 0.001)
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ADHD research, such as Stroop test and Continuous Per-
formance Tests, may have led to this bias towards this spe-
cific type of measures, giving the impression that the only 
deficits are those shown by these measures (Abdel-Hamid 
et al. 2019; Holst & Thorell, 2017). On the contrary, con-
structs that show to be fundamental in a differential ADHD 
diagnosis, such as cognitive flexibility or alternation, have 
not generated such a high volume of research. Chances are 
that these functions are usually assessed earlier in more 
severe cases in childhood, and are difficult to be established 
using psychometric tests. Thus, tasks such as verbal fluency, 
a potential indicator of severity in terms of dysexecutive 
symptoms, has not yielded consistent differentiating results 
for adult ADHD (Fuermaier et al. 2015). Nevertheless, exec-
utive functions have been shown to be relevant to clarify 
daily life deficits in reasoning, abstract thinking and logic, 
which are usually contained in IQ measures.

In relation to Memory, there seems to be a consistent 
proof that deficits in verbal memory are a defining feature 
in adults individuals with ADHD (Biederman et al. 2010), 
while visual memory shows mixed and contradictory results 
(Torres et al. 2017), and the need of further research in the 
role of incidental memory in adult ADHD (Delite and Braun 
2011).

With regards to Language, adult patients with ADHD 
show lower performance in reading tasks (Biederman et al. 
2010), but it is difficult to establish conclusions for the rest 
of language features, due to the high variability in used tasks 
and measures, and a dominance of ad hoc experimental tasks 
that make comparability between studies more difficult.

Additionally, in terms of Social Cognition, it is difficult 
to establish a specific profile for adult ADHD, due to the 
lack of specific studies in the area and the potential mixture 
with executive function deficits (Tatar and Cansiz 2020). 
Finally, in Arithmetic abilities, although the numbers of 
studies found are limited, there seems to be a significantly 
worse performance in adult ADHD (Biederman et al. 2010).

There are obvious limitations to this systematic review. 
First, the interest in defining a differential profile for adult 
ADHD patients in comparison to healthy controls has led 
to a primary (and almost exclusive) focus in case–control 
studies. Additionally, to check the possibilities to focus in 
an ADHD-only, domains based, cognitive profile, the role of 
comorbidities has been left out of the scope of this review. 
At the same time, the lack of longitudinal studies in the lit-
erature make it difficult to produce a clear profile beyond a 
static picture obtained by means of several cross-sectional 
measures. In terms of findings, the main limitation is the 
shortage of research going beyond attention and executive 
functions. Some domains would require a more in-depth 
research, such as social cognition, which is usually frag-
mented in isolated studies focusing on emotional recogni-
tion or attribution. In terms of sample size, many studies 

have limited sample sizes and focus on very specific tasks 
that make it difficult to establish inter-study comparisons in 
the form of a meta-analysis, which, as a consequence, was 
discarded for the purposes of this research.

Based on the current systematic review, our understand-
ing is that future research in adult ADHD needs to overcome 
certain limitations to provide further clarity to differential 
diagnosis and develop an accurate characterization of the 
cognitive and functional profile of the disorder. Reviewed 
research has shown a large heterogeneity and disparities in 
terms of sample sizes (with many studies having limited 
sample sizes) but mainly in how a diagnosis is established 
in the inclusion criteria. In many instances, it requires a sig-
nificant effort to distinguish clearly how the diagnosis of 
adult ADHD was made, what criteria and procedures were 
followed, or whether individuals had a confirmed diagnosis, 
or the label was assigned due to an ad hoc assessment of 
symptoms. In addition, the active role of medication intake 
and comorbidities require further consideration and need to 
be examined and controlled to increase the accuracy of the 
diagnosis and subsequent treatment. Comorbidities were left 
out of this review as they were, we believe, a confounding 
factor when trying to establish a cognitive profile for adult 
ADHD, but the high prevalence of comorbidities in ADHD 
may limit the generalizability of the results described here 
and it is necessary to consider them further and control their 
impact on ADHD in future research and clinical work.

Moreover, methodological heterogeneity is a consequence 
of a primary focus on self-reported measures (in many cases, 
these were the only reported measures for cognition), but 
also due to the diversity of neuropsychological measures 
used, which made it difficult to establish clear inter-study 
comparisons. It would be desirable, we believe, to establish 
to some extent common comprehensive neuropsychological 
assessment protocols that capture domains described in this 
review beyond the usual biased focus on attention and execu-
tive functions. Also, emerging variables such as time estima-
tion (only found in Marusich and Gilden 2014) may become 
potential core symptoms that demand further attention in 
ADHD in the near future. Furthermore, emotional dysregu-
lation, as shown in a very recent meta-analysis by Beheshti 
et al. (2020), may constitute a core feature of adult ADHD 
psychopathology, with emotional lability and negative emo-
tional responses as main characteristics, but with the role of 
moderator variables still unclear. Separately, there are no 
clear screening criteria or systems between ADHD and some 
comorbidities, and the excessive reliance on self-reported 
measures, we believe, needs to be overcome and addressed 
if we aim to get a more detailed, accurate differential diag-
nosis between adult ADHD and other comorbid conditions. 
Likewise, medication management and specific differences 
between those who are medication naive versus those who 
quit medication at the time of the assessment needs further 
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clarification in ongoing studies and further exploration in 
future research. Additionally, an important step in future 
research would be to consider multivariate models and deter-
mine individual cognitive profiles of patients with ADHD, 
i.e., which and how many deficits are present in particular 
patients. Such an analysis can only be performed if patients 
perform comprehensive batteries of neuropsychological 
tests, and not just self-reported questionnaires or single tests.

Conclusion

To our understanding, this is the first systematic review that 
aims to establish a cognitive characterization of adult ADHD 
based on domains, and it has shown how it is possible to 
establish a comprehensive cognitive profile that defines adult 
ADHD as a disorder that includes deficits across all attention 
modalities (with a prominence on inattention, impulsivity, 
interference by irrelevant stimuli, divided attention, sus-
tained attention, and processing speed), executive functions 
(working memory and inhibition, with a special emphasis 
on reward delay and interference control), memory (mainly 
verbal), language (reading), social cognition (with mixed 
results), and arithmetic abilities.
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