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ABSTRACT

Introduction: Abnormal brain structure and function have been reported in individuals with
attention deficit hyperactivity disorder (ADHD). This study investigated the parietal lobe
structure and function alteration in individuals with ADHD.

Methods: In this systematic review, we searched English papers in accordance with the
PRISMA (the preferred reporting items for systematic reviews and meta-analyses) approach.
Studies were published between January 2010 and May 2021. Our search was conducted in
two parts. Our first search was in July 2020, and our final search was in June 2021. A literature
search identified 20 empirical experiments.

Results: Functional magnetic resonance imaging (MRI) studies generally reported low
activity and poor connectivity; structural MRI studies reported less gray matter in this lobe,
and an echo study reported atrophy. In addition, electroencephalographic studies reported
less connectivity of the parietal lobes in ADHD. Furthermore, the transcranial direct current
stimulation intervention has shown that activation of this lobe improves attention and executive
functions in children with ADHD. Finally, a deep transcranial magnetic stimulation study has
demonstrated that activation of this lobe improves working memory.

Conclusion: Functional and structural alteration of the parietal cortex has been reported in
ADHD, which has a causal relationship with cognitive impairments. In sum, all included studies
reported abnormal structure, function, or connectivity of the parietal lobe or improvement of
cognitive functions with parietal lobe stimulation.
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* Studies reported: Low activity and poor connectivity, less gray matter, atrophy in this lobe in ADHD.

* After interventions, activation of this lobe improves attention, executive functions and working memory in ADHD.

Plain Language Summary

We reviewed various studies to investigate the relationship between parietal lobe function and symptoms of attention
deficit hyperactivity disorder. Identifying the function of different brain areas in the occurrence of psychopathology

will help us in diagnosis and treatment.

1. Introduction

ttention deficit hyperactivity disorder
(ADHD) as a neurodevelopmental disorder
is characterized by two main symptoms:
Hyperactivity-impulsivity and attention
deficit (American Psychiatric Association
(APA), 2013) One well-documented theory
to explain the behavioral symptoms in chil-
dren with ADHD is the dysexecutive function theory
(Barkley, 2020). Individuals with ADHD experience a
variety of dysexecutive functions, such as the inability to
start, focus, persist, and shift attention, keep constant ef-
fort and alertness, cope and regulate emotions, remember
to-be-learned material, and finally regulate their actions
(Brown, 2009; Rodriguez et al., 2021; Staff et al., 2021).

Executive functions (EFs), as an umbrella term, cover
several domains such as working memory, cognitive
flexibility, and inhibitory control (Burgess & Simons,
2005; Espy, 2004; Lehto et al., 2003; Miller & Cohen,
2001). Impaired EFs is a non-specific syndrome which
has been identified in numerous psychiatric disorders,
including autism spectrum disorder (Shiri et al., 2015),
addiction (Baler & WVolkow, 2006), conduct disorder
(Fairchild et al., 2009), depression (Ajilchi & Nejati,
2017; Tavares et al., 2007), obsessive-compulsive dis-
order (Penades et al., 2007), and schizophrenia (Barch,
2005). Furthermore, some non-executive functions are
impaired in individuals with ADHD, such as emotional
processing (Borhani & Nejati, 2018), reward processing
(Nejati et al., 2020), and spatial processing (Jung et al.
2014; Soluki et al., 2020). Furthermore, in the study of
the neural correlates of ADHD, the majority of neuroim-
aging studies stressed the prefrontal cortex as the area
of interest (Hesslinger et al., 2002; Pironti et al., 2014;
Samea et al., 2019; Schulz et al., 2017; Seidman et al.,
2006; Wolf et al., 2009; Wu et al., 2020)

Besides the prefrontal cortex and EFs, the parietal cor-
tex and the respective perceptual functions play a crucial
role in the psychopathology of ADHD (Dunn & Kro-
nenberger, 2013; Schulz et al., 2017; Silk et al., 2008;
Vance et al., 2007). Individuals with ADHD experience
some impairments in spatial perception, spatial working
memory, visual recognition, and spatial reaction time
(Banaschewski et al., 2006; Rhodes et al., 2004; Coghill
& Matthews, 2005). Given Posner’s attentional network,
individuals with ADHD are impaired in all attentional
networks, including alerting (Oberlin et al., 2005), ex-
ecutive (Oberlin et al., 2005), and orienting (Collings &
Kwasman, 2006). Sensory processing and integration
problems, as another function of the parietal cortex, are
impaired in individuals with ADHD (Ghanizadeh, 2011;
Mulligan, 1996). Abnormal perceptual function leads to
hypersensitivity or hyposensitivity of some modalities
in individuals with ADHD with respect to the deficient
perceptual functions in individuals with ADHD, which
fundamentally involves the parietal lobes (Kamath et al.,
2020). Thus, we aimed to review abnormal structure and
function of the parietal lobe in individuals with ADHD.

2. Materials and Methods

The present study was performed according to the
guidelines of systematic review studies of PRISMA (the
preferred reporting items for systematic reviews and
meta-analyses) (Moher et al., 2009).

Search strategy

The required information was provided by reviewing
scientific databases, including Web of Science, Science
Direct, Springer, PubMed, and Google Scholar. Studies
published in English between January 2010 and May
2021 were reviewed. We searched for resources once in
July 2020 and again in June 2021.
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Keywords

We searched using the following keywords: Attention
deficit disorder (ADD), hyperactivity, attention deficit-
hyperactivity disorder (ADHD), parietal (lobe), poste-
rior parietal cortex (PPC), inferior parietal lobe (IPL),
superior parietal lobe (SPL), angular gyrus (AG), and
supramarginal gyrus (SMG).

Inclusion and exclusion criteria

Articles available in full text in English at the desired
period were entered in the present review.

Data extraction

To check the relevance of the articles searched for in
the present study, first the titles, then the abstracts, and
finally, the authors checked the whole text. The authors
agreed on which article would remain or be removed. A
total of 79 articles were initially selected, and finally, 20
remained (Figure 1). After extracting the required infor-
mation, the results were summarized in Tables 1 and 2
and then analyzed.

3. Results

Twenty studies were included in the review, which
examined 1207 participants, including 746 participants
with ADHD and 461 healthy controls. The mean partici-
pant age range was 4.92 to 40.26 years old. Notably, the
broad age range of participants could be explained by
the diagnosis of ADHD from childhood to adulthood.
Sample sizes ranged from 17 to 188. In what follows,
we summarized the results of the included studies based
on methods.

Functional magnetic resonance imaging (fMRI)
studies

In individuals with ADHD, desynchronization of the
PPC, the precuneus, and the SPL has been reported dur-
ing irrelevant speech or music in the background of a film
(Salmi et al., 2020). Resting-state fMRI indicates a lower
degree of centrality in the default mode network (DMN)
in children with ADHD (Jiang et al., 2019). This study
suggests a decentralized organization (line-like topol-
ogy) in the frontoparietal attention network in children
with ADHD in contrast to the more centralized organi-
zation (star-like topology) in typically developing (TD)
children. Another fMRI study found that drug-naive in-
dividuals with ADHD show more activation of the bi-
lateral inferior parietal lobe during inhibition, measured
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by stop-signal task, and less activation in the left parietal
cortex during shifting attention, measured by switch task
(Berberat et al., 2021). Kolodney et al. (2020) found that
during an inhibitory control task (go/no-go), in individu-
als with ADHD with lower symptoms, the cooperation
of the intraparietal sulcus (IPS) and the right inferior
frontal gyrus (IFG) is increased. Whereas in individuals
with ADHD with severe symptoms, no alteration in the
activity of the parietal cortex is observed.

Also, when adults with previous ADHD express facial
emotion (including happy and fearful expressions), the
activity of the left IPL increases during fearful facial
expressions. Besides, during visual exposure to happy
faces, higher functional connectivity is detectable among
the posterior cingulate cortex, right ventral frontal cor-
tex, right dorsal parietal cortex (DPC), and left temporo-
parietal junction (TPJ) in individuals with former ADHD
(Lindholm et al., 2019).

Bachman et al. (2018) found increased brain activation
on the bilateral IPL, the right posterior insula, and the
right precuneus in individuals with ADHD during per-
forming N-back tasks, which was associated with lower
scores reported in inattention and memory problems.
Schulz et al. (2017) reported lower activation of the right
orbitofrontal cortex, the inferior frontal cortex, and the
parietal lobe in individuals with ADHD during stimulus
and response conflict task. Another resting-state fMRI
study found children with ADHD, compared with TD
peers, showed weaker connectivity between the right an-
terior prefrontal cortex (PFC) and the right ventrolateral
PFC and between the left anterior PFC and the right IPL
during continuous performance and spatial span tests.
This finding was associated with symptoms of impul-
sivity, opposition defiance, impaired response inhibition,
and attentional control (Lin et al., 2015). Treatment with
atomoxetine (ATMX) was associated with increased
fMRI activation of the parietal cortex, the dorsolateral
prefrontal cortex (DLPFC), and the cerebellum when
completing a multi-source interference task (MSIT) in
individuals with ADHD (Bush et al., 2013). Also, fMRI
with a rapid event-related design in adult ADHD showed
less activation in the frontal, supplementary, and parietal
eye fields during the antisaccade task when preparing to
execute it (Schwerdtfeger et al., 2013). Furthermore, us-
ing fMRI during phonological and visual-spatial n-back
tasks has shown activation of the frontoparietal network
for working memory tasks in adults with and without
ADHD. It also exhibits that the intensity of the activa-
tion is more remarkable in individuals with ADHD. The
control group has exhibited increased brain activation
over the frontoparietal network in response to increased
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Figure 1. Flow diagram of literature search and study selection

phonological working memory load. However, individu-
als with ADHD have shown a greater decrease in brain
activation over the left frontoparietal network (Ko et al.,
2013). Also, drug-naive ADHD children show decreased
activation of the IPL and bilateral occipital, caudate nu-
cleus, cerebellum, and functionally connected brainstem
nuclei (Massat et al., 2012). During CPT, reduced activ-
ity has also been observed in the caudate nuclei, the an-
terior cingulate cortex, the parietal cortical structures, the
right IPL, and the left SPL in individuals with ADHD.
Less activation of the left SPL is associated with impul-
sivity and hyperactivity, and both right IPL and left SPL
have a relationship with inattention symptoms in indi-
viduals with ADHD (Schneider et al., 2010). In general,
fMRI studies described an alteration in the structure and
function of the parietal lobe in individuals with ADHD,
which indicates lower performance of the parietal lobe
in this group.

Structural magnetic resonance imaging (sMRI)
study

An sMRI study reported lower global and local grey
matter volumes within clusters in the bilateral frontal,
right parietal, and right temporal regions in individuals
with ADHD compared to TD (Vilgis et al., 2016).

Magnetization prepared rapid gradient recalled
echo (MPRAGE) image study

An MPRAGE study described a reduction of cortical
volume in the frontal, parietal, and temporal cortices
visible in young children with ADHD (Jacobson et al.,
2018).

Electroencephalogram (EEG) study

Individuals with ADHD have manifested significantly
less parietal theta rhythm and event-related (de) syn-
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Table 1. Main characteristics of fMRI studies investigating the role of the parietal lobe in ADHD

Authors (Year)

Group: No. (MeanSD Age, Range in Year);

Gender (M/F)

Results

Salmi et al., (2020)

Jiang et al. (2019)

Wang et al. (2019)

Berberat et al. (2021)

Kolodny et al. (2020)

Lindholm et al. (2019)

Bachmann et al.
(2018)

Schulz et al. (2017)

Lin et al. (2015)

Bush et al. (2013)

Schwerdtfeger et al.
(2013)

Ko et al. (2013)

Massat et al. (2012)

Schneider et al. (2010)

ADHD: 51 (3149, 19-56); 24/27
TD: 29(33+8, 19-50); 12/17

ADHD: 30 (9.2+1.7, 7-13); 14/16
TD: 51 (9.741.8, 7-13); 15/18

ADHD: 119 (10.2+1.8,7-14); 80/30
TD: 69 (10.2+1.9, 7-14); 33/36

MED-ADHD: 15(38+8, 21-58); 3/12
None-MED-ADHD: 15(43+8, 29-56); 8/7
TD: 15(38£12, 22-55); 3/12

ADHD: 37(26.6+4.0, 19-34); 15/22

ADHD: 23 (22.7+0.6, 16-18); 17/6
TD: 29 (22.940.9, 16-18), 23/6

ADHD-MAP: 21 (40+10.58, 18-65); 8/13
ADHD-PE: 19 (40.26+13.81, 18-65); 10/9

ADHD:27(24.2+1.9); 24/3
TD: 28 (24.6£2); 24/4

ADHD: 39 (9.94+1.77, 7-14); 34/5
TD: 31 (10.04+2.13, 7-14); 25/6

ADHD-ATMX:11
ADHD-MFD:11
ADHD-P: 10

ADHD: 14 (29.519.4)
TD: 14 (29.619.6)

ADHD: 20 (25.35+2.06); 20/0
TD: 20 (26.30+1.84); 20/0

ADHD: 19 (10.75+1.31, 8-12); 9/10
TD: 14 (10.05+1.28, 8-12), 8/6

ADHD-combined:
11(32.619.4, 19-48); 6/5
ADHD-remitted: 8(32.448.3, 18-45); 7/1
TD:17 (29.4+8.6, 18-45); 10/7

Intersubject correlations in the parietal cortex were
weaker during irrelevant speech or music in a cocktail-
party condition.

Decreased degree of centrality values in the RIPL gyrus

More decentralized organization in the FPA

More activation on BIPL during the Stroop task and less
activation in the LPL during the switch task

Increases FP connectivity during go/no-go task

Increased activity in LIPL while viewing a fearful face

Higher activation of the BIPL and right precuneus during
working memory task

Lower activation of PL during cognitive control tasks

Weaker connectivity between the LAPFC and the RIPL
lobe during a continuous performance task

Treatment by ATMX was associated with increased
activation of PL

Less activation in the PEF during the antisaccade task

Decreased brain activation over the left precuneus and
greater decrease in brain activation over the LFPN

Decreased activity in BIPL during the N-back test

Reduced activity in the PL during the continuous perfor-
mance test

Abbreviations: ADHD: Attention deficit hyperactivity disorder; fMRI: Functional magnetic resonance imaging; TD: Typically
developing; MED: Medication; MAP: Mindfulness awareness practice; PE: Versus psychoeducation; BSPL: Bilateral superior
parietal lobule; LIPS: Left intraparietal sulcus; RIPL: Right inferior parietal lobe; FPA: Frontal-parietal attention network; BIPL:
Bilateral inferior parietal lobe; LPL: Left parietal lobe; FP: Frontoparietal, LIPL: Left inferior parietal lobe; PL: Parietal lobe;
LAPEFC: Left anterior prefrontal cortex; ATMX: Atomoxetine; PEF: Parietal eye fields; LFPN: Left frontoparietal network.

chronization (ERS) during inhibition and response tri-
als during visual continuous performance test. As well
as they had an increase in parietal a rthythm and ERS
during inhibition and action. Furthermore, lower fron-
toparietal connectivity has been described in individuals
with ADHD (Cowley et al., 2020). Another ERP study
described less connectivity among temporal, frontal, and
parietal cortices during an oddball task in individuals
with ADHD (Chen et al., 2021).

Transcranial direct current stimulation (tDCS) study

Anodal tDCS over the right PPC improves attentional
functioning in attention networks test (ANT), specifically
in an orienting domain. Furthermore, activation of the right
PPC has a destructive effect on the top-down attentional
control required for selective attention measured by the
Stroop test. Also, activation of the right PPC does not affect
shifting attention, measured by the shifting attention test,
and response inhibition, measured by the go/no-go test,
which means that activation of the right PPC can improve
bottom-up attentional control (Salehinejad et al., 2020).
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Table 2. Main characteristics of sMRI, MPRAGE, EEG, tDCS, and TMS studies investigating the role of the parietal lobe in

ADHD
Group: No. (MeanSD Age, Range in
Authors (Year) Method Year); Gender (M/F) Results
Vilgis et al. SMRI ADHD: 48(12.58+2.21, 8-17.5); 48/0 Lower global and local grey matter volumes of RPL in
(2016) TD: 31(12.75+1.96, 8-17.5); 31/0 ADHD
Jacobson et al. ADHD: 52(5.01+0.58); 4-5 . . L
(2018) MPRAGE TD: 38(4.9240.58); 4-5 Widespread cortical volume reductions in the PL
Cowley et al. EEG ADHD: 53(36.26+10.2, 18-60); 25/28 Less PL theta rhythm and more a rhythm ERS during
(2020) TD: 18(32.78+10.82, 18-60), 25/28 inhibition and response and less FP connectivity
Chen et al. ADHD: 40 (7.65+2.11); 35/5 L .
(2021) EEG TD: 31(7.68+2.36); 20/11 Less TFP connectivity during an oddball task
Salehineiad et Activation of the RPPC had a destructive effect on the
) tDCS ADHD: 17 (9.53+1.5); 12/5 TDAC & does not affect shifting attention and response
al. (2020) > hot '
inhibition and improves BUAC.
. ADHD-rPFC: 24 (35.6+8.7, 18-60); 17/7
B'e';lhigggi;‘ et dmal& ADHD-IPFC: 22 (35.1+10.1, 18-60); 15/7 Activation of the RPL and other areas improve WM.

Sham: 16(34.749.2, 18-60), 8/8

Abbreviations: ADHD: Attention deficit hyperactivity disorder; TD: Typically developing; PL: Parietal lobe; FP: Frontopari-
etal; TFP: Temporal and frontal and parietal; RPPC: Right posterior parietal cortex; RPL: Right parietal lobe; TDAC: Top-down
attentional control; BUAC: Bottom-up attentional control; WM: Working memory; sMRI: Structural magnetic resonance imag-
ing; MPRAGE: Magnetization prepared rapid gradient recalled echo; EEG: Electroencephalograms; tDCS: Transcranial direct

current stimulation; TMS: Transcranial magnetic stimulation; rPFC: Right prefrontal cortex; IPFC: Left prefrontal cortex.

Deep transcranial magnetic stimulation (dTMS)
study

Individuals with ADHD under treatment by dTMS
have improved the n-back task by increasing activation
on the right parietal cortex and other areas, measured by
fMRI (Bleich-Cohen et al., 2021).

4. Discussion

The present study aimed to review the role of the pa-
rietal cortex in the psychopathology of ADHD. The
results of the reviewed studies with different methods,
14 fMRI studies, 1 sMRI study, 1| MPRAGE study, 2
EEG studies, 1 tDCS study, and 1 dTMS study, identi-
fied abnormal structure and function in the parietal lobe
in individuals with ADHD. In the following section, the
abnormal structure and function of the parietal lobes are
discussed in detail.

The right parietal lobe

In the included studies, a resting-state fMRI study re-
ported decreased centrality in the right IPL (Jiang et al.,
2019). The reduced activity of the right IPL has been
found during continuous performance tests (Lin et al.,
2015). The right IPL, as a part of the default mode net-

work (DMN), is impaired in individuals with ADHD
(Jiang et al., 2019; Lin et al., 2015). The deficient DMN
is associated with a wandering mind, which drowns indi-
viduals with ADHD in daily dreams. Furthermore, mind
wandering could be considered a cognitive underpinning
for ADHD symptoms (Lanier et al., 2019). Furthermore,
the right IPL is a part of posterior attention networks
which subserves impaired alerting and orienting at-
tention in individuals with ADHD (Bush, 2010, 2011;
Corbetta et al., 2008; Schneider et al., 2010). Moreover,
memory and inattention problems are associated with
hypo-activation in the right precuneus and parietal lobe
(Bachmann et al., 2018; Bleich-Cohen et al., 2021). Al-
though correlational evidence from imaging studies has
found an association between hyperactivation of the
right parietal cortex and executive control (Schulz et al.,
2017), the causal evidence from stimulation studies does
not confirm this association (Salehinejad et al., 2020).

The left parietal lobe

The activity of left IPL decreases during cocktail-party
conditions (Salmi et al., 2020) and switching tasks (Ber-
berat et al., 2021) but increases during fearful face mim-
icry (Lindholm et al., 2019). The left parietal region is
not only involved in the obvious symptoms of ADHD,
such as inattention, impulsivity, and hyperactivity but
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also working memory and emotional perception, such as
fear and joy. Less activation of the left SPL has a rela-
tionship with impulsivity, hyperactivity, and inattention
in individuals with ADHD, and previous studies have re-
ported the role of this part in shifting attention (Berberat
et al., 2021; Schneider et al., 2010). Given the impaired
social cognition in individuals with ADHD (Bora & Pan-
telis, 2016), increasing the activity of the left IPL associ-
ated with the left TPJ improves impaired social cognition
(Lindholm et al., 2019). Also, impaired working memory
in children with ADHD can be attributed to the hypoac-
tivity of the left parietal lobe (Ko et al., 2013). Thus, this
lobe seems to play a crucial role in emotional processing,
while the right parietal lobe has a more prominent role
in processing basic emotional states. The function of this
lobe seems to be more general than that of the right pari-
etal lobe, indicating the higher specialization of the right
parietal lobe versus the left parietal lobe.

Bilateral and central parietal lobe

In the included studies, fMRI results reported a reduc-
tion in the bilateral parietal lobe during the cocktail-par-
ty condition (Salmi et al., 2020), cognitive control task
(Schulz et al., 2017), and continuous performance test
(Schneider et al., 2010). This finding was confirmed by
MPRAGE, which supported a reduction in the volume
of the parietal lobes (Jacobson et al., 2018). Furthermore,
EEG showed decreased parietal lobes activity (Cowley
etal., 2020). Finally, interventional studies confirm these
findings. In children with ADHD, atomoxetine increases
the activity of the parietal lobe (Bush et al., 2013), anod-
al tDCS improves working memory performance (Sale-
hinejad et al., 2020), and dTMS increases the activity
of the right parietal lobe and improves working memory
performance (Bleich-Cohen et al., 2021). Lower connec-
tivity of the IPL and the PPC is associated with ADHD
symptoms, which are associated with weakness in the
control of irrelevant auditory and visual stimuli and in-
attention symptoms (Chen et al., 2021; Kolodny et al.,
2020; Salmi et al., 2020; Schneider et al., 2010; Schw-
erdtfeger et al., 2013).

Based on EEG results, less theta rhythm and more a
rhythm are shown during the control of irrelevant visual
stimuli (Bush et al., 2013; Cowley et al., 2020). How-
ever, boosting the right PPC through tDCS did not alter
cognitive control (Salehinejad et al., 2020), so it is likely
that increased right parietal cortex activity depends on
increased left parietal cortex activity during irrelevant
stimulus inhibition, indicating the role of bilateral pa-
rietal lobes in cognitive control (Berberat et al., 2021).

March & April 2024, Vol 15, No. 2

Also, memory problems are associated with less activa-
tion of the bilateral IPL (Bachmann et al., 2018).

Along with reduced interaction and activity, a decline
in the cortical volume of the parietal lobe is obvious in
individuals with ADHD (Jacobson et al., 2018; Massat
et al., 2012; Wang et al., 2019). With respect to these
results, increasing the activity of the parietal lobes and
training of respective functions should be taken into ac-
count in the rehabilitation of ADHD.

5. Conclusion

According to the reviewed studies, there is an associa-
tion between abnormal parietal structure and function
and cognitive dysfunction in individuals with ADHD.
The impaired structure and function of the parietal lobe
could be followed in this cortex’s activity, size, connec-
tions, and processes. A variety of cognitive domains, in-
cluding attention, working memory, inhibitory control,
social cognition, and inner thinking, are controlled by
the parietal cortex, which is impaired in individuals with
ADHD. Functional and structural alteration of the pari-
etal cortex has been described in ADHD, which has a
causal relationship with cognitive impairments. All in-
cluded studies reported abnormal parietal lobe structural,
functional, or connectivity or improvement of cognitive
functions with parietal lobe stimulation. Some limita-
tions should be taken into account in the present study.
The heterogeneity of the tasks used in the included stud-
ies and the variety of methods did not allow us to per-
form a meta-analysis.

Ethical Considerations
Compliance with ethical guidelines

There were no ethical considerations to be considered
in this research.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sec-
tors.

Authors' contributions

Conceptualization: Vahid Nejati, Investigation, Writ-
ing the original draft: Elnaz Ghayerin, Review and ed-
iting: All authors.

Nejati & Ghayerin. (2024). Dysfunction of Parietal Lobe in Individuals With ADHD. BCN, 15(2), 147-156.



http://bcn.iums.ac.ir/

March & April 2024, Vol 15, No. 2

Conflict of interest

The authors declared no conflict of interest.

References

Ajilchi, B., & Nejati, V. (2017). Executive Functions in Students
With Depression, Anxiety, and Stress Symptoms. Basic and
Clinical Neuroscience, 8(3), 223-232. [DOI:10.18869/nirp.
ben.8.3.223] [PMID] [PMCID]

American Psychiatric Association. (2013). Diagnostic and statisti-
cal manual of mental disorders (DSM-5™). Washington: Ameri-
can Psychiatric Association. [Link]

Bachmann, K., Lam, A. P, Séros, P., Kanat, M., Hoxhaj, E.,, &
Matthies, S., et al. (2018). Effects of mindfulness and psych-
oeducation on working memory in adult ADHD: A ran-
domised, controlled fMRI study. Behaviour Research and Thera-
py, 106, 47-56. [DOI:10.1016/j.brat.2018.05.002] [PMID]

Baler, R. D., & Volkow, N. D. (2006). Drug addiction: The neuro-
biology of disrupted self-control. Trends in Molecular Medicine,
12(12), 559-566. [DOI:10.1016/j.molmed.2006.10.005] [PMID]

Banaschewski, T., Ruppert, S., Tannock, R., Albrecht, B., Becker,
A., & Uebel, H,, et al. (2006). Colour perception in ADHD.
Journal of Child Psychology and Psychiatry, and Allied Disci-
plines, 47(6), 568-572. [DOI:10.1111/j.1469-7610.2005.01540.x]
[PMID]

Barch, D. M. (2005). The cognitive neuroscience of schizophrenia.
Annual Review of Clinical Psychology, 1, 321-353. [DOI:10.1146/
annurev.clinpsy.1.102803.143959] [PMID]

Barkley, R. A. (2020). Taking charge of ADHD: The complete, au-
thoritative guide for parents. New York: Guilford Publications.
[Link]

Berberat, J., Huggenberger, R., Montali, M., Gruber, P., Pircher,
A, & Lovblad, K. O,, et al. (2021). Brain activation patterns
in medicated versus medication-naive adults with attention-
deficit hyperactivity disorder during fMRI tasks of motor in-
hibition and cognitive switching. BMC Medical Imaging, 21(1),
53. [DOI:10.1186/s12880-021-00579-3] [PMID] [PMCID]

Bleich-Cohen, M., Gurevitch, G., Carmi, N., Medvedovsky, M.,
Bregman, N., & Nevler, N,, et al. (2021). A functional mag-
netic resonance imaging investigation of prefrontal cortex
deep transcranial magnetic stimulation efficacy in adults
with attention deficit/hyperactive disorder: A double blind,
randomized clinical trial. Neurolmage. Clinical, 30, 102670.
[DOI:10.1016/j.nicl.2021.102670] [PMID] [PMCID]

Bora, E., & Pantelis, C. (2016). Meta-analysis of social cognition
in attention-deficit/ hyperactivity disorder (ADHD): Com-
parison with healthy controls and autistic spectrum disor-
der. Psychological Medicine, 46(4), 699-716. [DOI:10.1017/
50033291715002573] [PMID]

Borhani, K., & Nejati, V. (2018). Emotional face recognition in
individuals withattention-deficit/hyperactivity disorder: A
review article. Developmental Neuropsychology, 43(3), 256-277.
[DOI:10.1080/87565641.2018.1440295] [PMID]

Basic and Clinical

Brown, T. E. (2009). ADD/ADHD and impaired executive func-
tion in clinical practice. Current Attention Disorders Reports, 1,
37-41. [DOI:10.1007/512618-009-0006-3]

Burgess, P. W., & Simons, ]. S. (2005). Theories of frontal lobe
executive function: Clinical applications. In PW. Halligan, &
DT. Wade (eds.) The effectiveness of rehabilitation for cognitive def-
icits (pp.211-232). Oxford: Oxford University. [DOI:10.1093/
acprof:0s0,/9780198526544.003.0018]

Bush, G. (2010). Attention-deficit/hyperactivity disorder and
attention networks. Neuropsychopharmacology, 35(1), 278-300.
[DOI:10.1038 /npp.2009.120] [PMID] [PMCID]

Bush G. (2011). Cingulate, frontal, and parietal cortical dys-
function in attention-deficit/hyperactivity disorder. Bio-
logical ~ Psychiatry, 69(12), 1160-1167. [DOI:10.1016/j.bi-
opsych.2011.01.022] [PMID] [PMCID]

Bush, G., Holmes, J., Shin, L. M., Surman, C., Makris, N., &
Mick, E., et al. (2013). Atomoxetine increases fronto-parietal
functional MRI activation in attention-deficit/hyperactiv-
ity disorder: A pilot study. Psychiatry Research, 211(1), 88-91.
[DOI:10.1016/j.pscychresns.2012.09.004] [PMID] [PMCID]

Chen, C, Yang, H., Du, Y., Zhai, G., Xiong, H., & Yao, D., et
al. (2021). Altered functional connectivity in children with
ADHD revealed by scalp EEG: An ERP study. Neural Plas-
ticity, 2021, 6615384. [DOI:10.1155/2021/6615384] [PMID]
[PMCID]

Collings, R. D., & Kwasman, A. (2006). Visual orienting deficits
among boys with ADHD-inattentive type. Individual Differ-
ences Research, 4(2), 111-122. [Link]

Corbetta, M., Patel, G., & Shulman, G. L. (2008). The reori-
enting system of the human brain: From environment to
theory of mind. Neuron, 58(3), 306-324. [DOI:10.1016/j.neu-
ron.2008.04.017] [PMID] [PMCID]

Cowley, B. U., Juurmaa, K., & Palomaki, J. (2020). Strength of
attention-sampling parietal EEG theta rhythm is linked
to impaired inhibition in adult ADHD. Eneuro, 9(1), 1-20.
[DOI:10.1523/ENEURO.0028-21.2021]

Dunn, D. W., & Kronenberger, W. G. (2013). Attention deficit.
Handbook of Clinical Neurology, 111, 257-261. [DOI:10.1016/
B978-0-444-52891-9.00028-2] [PMID]

Espy K. A. (2004). Using developmental, cognitive, and neuro-
science approaches to understand executive control in young
children. Developmental Neuropsychology, 26(1), 379-384.
[DOI:10.1207 /515326942dn2601_1] [PMID]

Fairchild, G., van Goozen, S. H., Stollery, S. J., Aitken, M. R,,
Savage, ], & Moore, S. C., et al. (2009). Decision making
and executive function in male adolescents with early-onset
or adolescence-onset conduct disorder and control sub-
jects. Biological Psychiatry, 66(2), 162-168. [DOI:10.1016/].bi-
opsych.2009.02.024] [PMID] [PMCID]

Ghanizadeh A. (2011). Sensory processing problems in children
with ADHD, A systematic review. Psychiatry Investigation,
8(2), 89-94. [DOI:10.4306/ pi.2011.8.2.89] [PMID] [PMCID]

Hesslinger, B., Tebartz van Elst, L., Thiel, T., Haegele, K., Hen-
nig, J., & Ebert, D. (2002). Frontoorbital volume reductions in
adult patients with attention deficit hyperactivity disorder.
Neuroscience Letters, 328(3), 319-321. [DOI:10.1016/S0304-
3940(02)00554-2] [PMID]

Nejati & Ghayerin. (2024). Dysfunction of Parietal Lobe in Individuals With ADHD. BCN, 15(2), 147-156.



http://bcn.iums.ac.ir/
https://doi.org/10.18869/nirp.bcn.8.3.223
https://doi.org/10.18869/nirp.bcn.8.3.223
https://www.ncbi.nlm.nih.gov/pubmed/28781730
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5535328/
https://repository.poltekkes-kaltim.ac.id/657/1/Diagnostic%20and%20statistical%20manual%20of%20mental%20disorders%20_%20DSM-5%20(%20PDFDrive.com%20).pdf
https://doi.org/10.1016/j.brat.2018.05.002
https://www.ncbi.nlm.nih.gov/pubmed/29758392
https://doi.org/10.1016/j.molmed.2006.10.005
https://www.ncbi.nlm.nih.gov/pubmed/17070107
https://doi.org/10.1111/j.1469-7610.2005.01540.x
https://www.ncbi.nlm.nih.gov/pubmed/16712633
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://www.ncbi.nlm.nih.gov/pubmed/17716091
https://www.google.com/books/edition/Taking_Charge_of_ADHD/yZTeDwAAQBAJ?hl=en&gbpv=0
https://doi.org/10.1186/s12880-021-00579-3
https://www.ncbi.nlm.nih.gov/pubmed/33740903
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7977301/
https://doi.org/10.1016/j.nicl.2021.102670
https://www.ncbi.nlm.nih.gov/pubmed/34215144
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8102620/
https://doi.org/10.1017/S0033291715002573
https://doi.org/10.1017/S0033291715002573
https://www.ncbi.nlm.nih.gov/pubmed/26707895
https://doi.org/10.1080/87565641.2018.1440295
https://www.ncbi.nlm.nih.gov/pubmed/29461118
https://doi.org/10.1007/s12618-009-0006-3
https://doi.org/10.1093/acprof:oso/9780198526544.003.0018
https://doi.org/10.1093/acprof:oso/9780198526544.003.0018
https://doi.org/10.1038/npp.2009.120
https://www.ncbi.nlm.nih.gov/pubmed/19759528
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3055423/
https://doi.org/10.1016/j.biopsych.2011.01.022
https://doi.org/10.1016/j.biopsych.2011.01.022
https://www.ncbi.nlm.nih.gov/pubmed/21489409
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3109164/
https://doi.org/10.1016/j.pscychresns.2012.09.004
https://www.ncbi.nlm.nih.gov/pubmed/23146254
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3557757/
https://doi.org/10.1155/2021/6615384
https://www.ncbi.nlm.nih.gov/pubmed/34054943
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8133851/
https://openurl.ebsco.com/EPDB%3Agcd%3A8%3A11725464/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A21409757&crl=f
https://doi.org/10.1016/j.neuron.2008.04.017
https://doi.org/10.1016/j.neuron.2008.04.017
https://www.ncbi.nlm.nih.gov/pubmed/18466742
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2441869/
https://www.eneuro.org/content/9/1/ENEURO.0028-21.2021
https://doi.org/10.1016/B978-0-444-52891-9.00028-2
https://doi.org/10.1016/B978-0-444-52891-9.00028-2
https://www.ncbi.nlm.nih.gov/pubmed/23622173
https://doi.org/10.1207/s15326942dn2601_1
https://www.ncbi.nlm.nih.gov/pubmed/15276900
https://doi.org/10.1016/j.biopsych.2009.02.024
https://doi.org/10.1016/j.biopsych.2009.02.024
https://www.ncbi.nlm.nih.gov/pubmed/19362293
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2733860/
https://doi.org/10.4306/pi.2011.8.2.89
https://www.ncbi.nlm.nih.gov/pubmed/21852983
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3149116/
https://doi.org/10.1016/S0304-3940(02)00554-2
https://doi.org/10.1016/S0304-3940(02)00554-2
https://www.ncbi.nlm.nih.gov/pubmed/12147334

Basic and Clinical

Jacobson, L. A., Crocetti, D., Dirlikov, B., Slifer, K., Denckla, M.
B., & Mostofsky, S. H., et al. (2018). Anomalous brain develop-
ment is evident in preschoolers with attention-deficit/hyper-
activity disorder. Journal of the International Neuropsychological
Society, 24(6), 531-539. [DOI:10.1017/S1355617718000103]
[PMID] [PMCID]

Jiang, K., Yi, Y., Li, L, Li, H,, Shen, H., & Zhao, F., et al. (2019).
Functional network connectivity changes in children with
attention-deficit hyperactivity disorder: A resting-state fMRI
study. International Journal of Developmental Neuroscience, 78,
1-6. [DOI:10.1016/j.ijdevneu.2019.07.003] [PMID]

Jung, H., Woo, Y. ], Kang, J. W., Choi, Y. W., & Kim, K. M.
(2014). Visual perception of ADHD children with sensory
processing disorder. Psychiatry Investigation, 11(2), 119-123.
[DOI:10.4306/pi.2014.11.2.119] [PMID] [PMCID]

Kamath, M. S., Dahm, C. R., Tucker, J. R., Huang-Pollock, C. L.,
Etter, N. M., & Neely, K. A. (2020). Sensory profiles in adults
with and without ADHD. Research in Developmental Disabili-
ties, 104, 103696. [DOI:10.1016/j.ridd.2020.103696] [PMID]
[PMCID]

Ko,C.H, Yen,]. Y, Yen, C. F,, Chen, C. S, Lin, W. C,, & Wang,
P. W,, et al. (2013). Brain activation deficit in increased-load
working memory tasks among adults with ADHD using
fMRI. European Archives of Psychiatry and Clinical Neuroscience,
263(7), 561-573. [DOI:10.1007 / s00406-013-0407-2] [PMID]

Kolodny, T., Mevorach, C., Stern, P., Biderman, N., Ankaoua,
M., & Tsafrir, S,, et al. (2020). Fronto-parietal engagement in
response inhibition is inversely scaled with attention-deficit/
hyperactivity disorder symptom severity. Neurolmage. Clini-
cal, 25,102119. [DOI:10.1016/j.nic1.2019.102119] [PMID] [PM-
CID]

Lanier, J., Noyes, E, & Biederman, J. (2021). Mind wan-
dering (internal distractibility) in ADHD: A literature
review. Journal of Attention Disorders, 25(6), 885-890.
[DOI:10.1177/1087054719865781] [PMID]

Lehto, J. E., Juujdrvi, P., Kooistra, L., & Pulkkinen, L. (2003). Di-
mensions of executive functioning: Evidence from children.
British Journal of Developmental Psychology, 21, 59-80. [DOI:10.1
348/026151003321164627]

Lin, H. Y, Tseng, W. Y., Lai, M. C,, Matsuo, K,, & Gau, S. S.
(2015). Altered resting-state frontoparietal control network
in children with attention-deficit/hyperactivity disorder.
Journal of the International Neuropsychological Society, 21(4),
271-284. [DOI:10.1017 /S135561771500020X] [PMID]

Lindholm, P., Lieslehto, J., Nikkinen, J., Moilanen, I., Hurtig, T.,
& Veijola, J., et al. (2019). Brain response to facial expressions
in adults with adolescent ADHD. Psychiatry Research. Neuro-
imaging, 292, 54-61. [DOI:10.1016/j.pscychresns.2019.09.003]
[PMID]

Massat, 1., Slama, H., Kavec, M., Linotte, S., Mary, A., & Bale-
riaux, D., et al. (2012). Working memory-related functional
brain patterns in never medicated children with ADHD.
Plos One, 7(11), e49392. [DOI:10.1371/journal.pone.0049392]
[PMID] [PMCID]

Miller, E. K., & Cohen, ]J. D. (2001). An integrative theory of
prefrontal cortex function. Annual Review of Neuroscience, 24,
167-202. [DOI:10.1146/ annurev.neuro.24.1.167] [PMID]

March & April 2024, Vol 15, No. 2

Moher, D., Liberati, A., Tetzlaff, ]., Altman, D. G., & PRISMA
Group (2009). Reprint--preferred reporting items for sys-
tematic reviews and meta-analyses: The PRISMA statement.
Physical Therapy, 89(9), 873-880. [DOI:10.1093/ptj/89.9.873]
[PMID]

Mulligan S. (1996). An analysis of score patterns of children
with attention disorders on the sensory integration and praxis
tests. The American Journal of Occupational Therapy, 50(8), 647-
654. [DOI:10.5014/ ajot.50.8.647] [PMID]

Nejati, V., Sarraj Khorrami, A., & Nitsche, M. A. (2021). Tran-
scranial direct current stimulation improves reward process-
ing in children with ADHD. Journal of Attention Disorders,
25(11), 1623-1631. [DOI:10.1177/1087054720923094] [PMID]

Oberlin, B. G., Alford, J. L., & Marrocco, R. T. (2005). Normal
attention orienting but abnormal stimulus alerting and con-
flict effect in combined subtype of ADHD. Behavioural Brain
Research, 165(1), 1-11. [DOI:10.1016/j.bbr.2005.06.041] [PMID]

Penadés, R., Catalan, R., Rubia, K., Andrés, S., Salamero, M., &
Gastd, C. (2007). Impaired response inhibition in obsessive
compulsive disorder. European Psychiatry, 22(6), 404-410.
[DOI:10.1016/j.eurpsy.2006.05.001] [PMID]

Pironti, V. A,, Lai, M. C,, Miiller, U., Dodds, C. M., Suckling, J.,
& Bullmore, E. T, et al. (2014). Neuroanatomical abnormali-
ties and cognitive impairments are shared by adults with
attention-deficit/hyperactivity disorder and their unaffected
first-degree relatives. Biological Psychiatry, 76(8), 639-647.
[DOI:10.1016/j.biopsych.2013.09.025] [PMID] [PMCID]

Rhodes, S. M., Coghill, D. R., & Matthews, K. (2004). Methyl-
phenidate restores visual memory, but not working memory
function in attention deficit-hyperkinetic disorder. Psychop-
harmacology, 175(3), 319-330. [DOI:10.1007/500213-004-1833-
7] [PMID]

Rhodes, S. M., Coghill, D. R., & Matthews, K. (2005). Neuropsy-
chological functioning in stimulant-naive boys with hyper-
kinetic disorder. Psychological Medicine, 35(8), 1109-1120.
[DOI:10.1017/S0033291705004599] [PMID]

Rodriguez, C.,, Garcia, T., Areces, D., Rodriguez, ., Arteaga-
Henriquez, G., & Ramos-Quiroga, A. (2021). Retrospective
symptoms and learning difficulties predicting ADHD in
adults: Differences between prison inmates and the clinical
population. Scandinavian Journal of Psychology, 62(3), 301-311.
[DOI:10.1111/sjop.12716] [PMID]

Salehinejad, M. A., Ghayerin, E., Nejati, V., Yavari, F., & Nitsche,
M. A. (2020). Domain-specific involvement of the right poste-
rior parietal cortex in attention network and attentional con-
trol of ADHD: A randomized, cross-over, sham-controlled
tDCS study. Neuroscience, 444, 149-159. [DOI:10.1016/j.neuro-
science.2020.07.037] [PMID]

Salmi, J., Metwaly, M., Tohka, ]., Alho, K., Leppamaki, S., & Tani,
P., et al. (2020). ADHD desynchronizes brain activity during
watching a distracted multi-talker conversation. Neurolmage,
216, 116352. [DOI:10.1016/j.neuroimage.2019.116352] [PMID]

Samea, F., Soluki, S., Nejati, V., Zarei, M., Cortese, S., & Eickhoff,
S. B, et al. (2019). Brain alterations in children/adolescents
with ADHD revisited: A neuroimaging meta-analysis of 96
structural and functional studies. Neuroscience and Biobehav-
ioral Reviews, 100, 1-8. [DOI:10.1016/j.neubiorev.2019.02.011]
[PMID] [PMCID]

Nejati & Ghayerin. (2024). Dysfunction of Parietal Lobe in Individuals With ADHD. BCN, 15(2), 147-156.



http://bcn.iums.ac.ir/
https://doi.org/10.1017/S1355617718000103
https://www.ncbi.nlm.nih.gov/pubmed/29576028
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6035105/
https://doi.org/10.1016/j.ijdevneu.2019.07.003
https://www.ncbi.nlm.nih.gov/pubmed/31306738
https://doi.org/10.4306/pi.2014.11.2.119
https://www.ncbi.nlm.nih.gov/pubmed/24843365
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4023084/
https://doi.org/10.1016/j.ridd.2020.103696
https://www.ncbi.nlm.nih.gov/pubmed/32526674
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7786815/
https://doi.org/10.1007/s00406-013-0407-2
https://www.ncbi.nlm.nih.gov/pubmed/23645101
https://doi.org/10.1016/j.nicl.2019.102119
https://www.ncbi.nlm.nih.gov/pubmed/31865022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6928458/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6928458/
https://doi.org/10.1177/1087054719865781
https://www.ncbi.nlm.nih.gov/pubmed/31364436
https://doi.org/10.1348/026151003321164627
https://doi.org/10.1348/026151003321164627
https://doi.org/10.1017/S135561771500020X
https://www.ncbi.nlm.nih.gov/pubmed/25928822
https://doi.org/10.1016/j.pscychresns.2019.09.003
https://www.ncbi.nlm.nih.gov/pubmed/31536947
https://doi.org/10.1371/journal.pone.0049392
https://www.ncbi.nlm.nih.gov/pubmed/23166657
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3498108/
https://doi.org/10.1146/annurev.neuro.24.1.167
https://www.ncbi.nlm.nih.gov/pubmed/11283309
https://doi.org/10.1093/ptj/89.9.873
https://www.ncbi.nlm.nih.gov/pubmed/19723669
https://doi.org/10.5014/ajot.50.8.647
https://www.ncbi.nlm.nih.gov/pubmed/8863937
https://doi.org/10.1177/1087054720923094
https://www.ncbi.nlm.nih.gov/pubmed/32468889
https://doi.org/10.1016/j.bbr.2005.06.041
https://www.ncbi.nlm.nih.gov/pubmed/16213034
https://doi.org/10.1016/j.eurpsy.2006.05.001
https://www.ncbi.nlm.nih.gov/pubmed/17127038
https://doi.org/10.1016/j.biopsych.2013.09.025
https://www.ncbi.nlm.nih.gov/pubmed/24199662
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4183379/
https://doi.org/10.1007/s00213-004-1833-7
https://doi.org/10.1007/s00213-004-1833-7
https://www.ncbi.nlm.nih.gov/pubmed/15138760
https://doi.org/10.1017/S0033291705004599
https://www.ncbi.nlm.nih.gov/pubmed/16116937
https://doi.org/10.1111/sjop.12716
https://www.ncbi.nlm.nih.gov/pubmed/33709422
https://doi.org/10.1016/j.neuroscience.2020.07.037
https://doi.org/10.1016/j.neuroscience.2020.07.037
https://www.ncbi.nlm.nih.gov/pubmed/32730946
https://doi.org/10.1016/j.neuroimage.2019.116352
https://www.ncbi.nlm.nih.gov/pubmed/31730921
https://doi.org/10.1016/j.neubiorev.2019.02.011
https://www.ncbi.nlm.nih.gov/pubmed/30790635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7966818/

March & April 2024, Vol 15, No. 2

Schneider, M. F., Krick, C. M., Retz, W., Hengesch, G., Retz-
Junginger, P., & Reith, W., et al. (2010). Impairment of fronto-
striatal and parietal cerebral networks correlates with atten-
tion deficit hyperactivity disorder (ADHD) psychopathology
in adults-A functional magnetic resonance imaging (fMRI)
study. Psychiatry Research, 183(1), 75-84.[DOI:10.1016/j.pscy-
chresns.2010.04.005] [PMID]

Schulz, K. P., Li, X., Clerkin, S. M., Fan, J., Berwid, O. G., & New-
corn, J. H,, et al. (2017). Prefrontal and parietal correlates of
cognitive control related to the adult outcome of attention-def-
icit/hyperactivity disorder diagnosed in childhood. Cortex,
90, 1-11. [DOI:10.1016/j.cortex.2017.01.019] [PMID] [PMCID]

Hakvoort Schwerdtfeger, R. M., Alahyane, N., Brien, D. C., Coe,
B.C, Stroman, P. W., & Munoz, D. P. (2012). Preparatory neu-
ral networks are impaired in adults with attention-deficit/
hyperactivity disorder during the antisaccade task. Neurolm-
age. Clinical, 2, 63-78. [DOI:10.1016/j.nic].2012.10.006] [PMID]
[PMCID]

Seidman, L. ]., Valera, E. M., Makris, N., Monuteaux, M. C., Bori-
el, D. L., & Kelkar, K,, et al. (2006). Dorsolateral prefrontal and
anterior cingulate cortex volumetric abnormalities in adults
with attention-deficit/hyperactivity disorder identified by
magnetic resonance imaging. Biological Psychiatry, 60(10),
1071-1080. [DOI:10.1016/j.biopsych.2006.04.031] [PMID]

Shiri, V., Hosseini, S. A., Pishyareh, E., Nejati, V., & Biglarian, A.
(2015). [Studying the relationship of executive functions with
behavioral symptoms in children with high-functioning Au-
tism (Persian)]. Journal of Rehabilitaion, 16(3), 208-217. [Link]

Silk, T. J., Vance, A., Rinehart, N., Bradshaw, J. L., & Cunning-
ton, R. (2008). Dysfunction in the fronto-parietal network in
attention deficit hyperactivity disorder (ADHD): An fMRI
study. Brain Imaging and Behavior, 2, 123-131. [DOI:10.1007/
s11682-008-9021-8]

Soluki, M., Mahmoudi, F., Abdolmaleki, A., Asadi, A., & Sa-
bahi Namini, A. (2024). Cerium oxide nanoparticles as a new
neuroprotective agent to promote functional recovery in a rat
model of sciatic nerve crush injury. British Journal of Neurosur-
gery, 38(2), 301-306. [DOI:10.21203 /rs.3.1rs-41923 /v1] [PMID]

Staff, A. I, Luman, M., van der Oord, S., Bergwerff, C. E., van
den Hoofdakker, B. J., & Oosterlaan, J. (2022). Facial emotion
recognition impairment predicts social and emotional prob-
lems in children with (subthreshold) ADHD. European Child
& Adolescent Psychiatry, 31(5), 715-727. [DOI:10.1007 /s00787-
020-01709-y] [PMID] [PMCID]

Taylor Tavares, J. V., Clark, L., Cannon, D. M., Erickson, K,
Drevets, W. C., & Sahakian, B. J. (2007). Distinct profiles of
neurocognitive function in unmedicated unipolar depression
and bipolar II depression. Biological Psychiatry, 62(8), 917-924.
[DOI:10.1016/j.biopsych.2007.05.034] [PMID]

Vance, A, Silk, T. J., Casey, M., Rinehart, N. J., Bradshaw, ]J.
L., & Bellgrove, M. A,, et al. (2007). Right parietal dysfunc-
tion in children with attention deficit hyperactivity disorder,
combined type: a functional MRI study. Molecular Psychiatry,
12(9), 826-793. [DOI:10.1038/ sj.mp.4001999] [PMID]

Vilgis, V., Sun, L., Chen, ], Silk, T. J., & Vance, A. (2016). Glob-
al and local grey matter reductions in boys with ADHD
combined type and ADHD inattentive type. Psychiatry Re-
search. Neuroimaging, 254, 119-126. [DOI:10.1016/j.pscy-
chresns.2016.06.008] [PMID]

Basic and Clinical

Wang, Y., Tao, F., Zuo, C., Kanji, M., Hu, M., & Wang, D. (2019).
Disrupted resting frontal-parietal attention network topology
is associated with a clinical measure in children with atten-
tion-deficit/hyperactivity disorder. Frontiers in Psychiatry, 10,
300. [DOI:10.3389/ fpsyt.2019.00300] [PMID] [PMCID]

Wolf, R. C, Plichta, M. M., Sambataro, F., Fallgatter, A. J., Ja-
cob, C., & Lesch, K. P., et al. (2009). Regional brain activation
changes and abnormal functional connectivity of the ven-
trolateral prefrontal cortex during working memory pro-
cessing in adults with attention-deficit/hyperactivity disor-
der. Human Brain Mapping, 30(7), 2252-2266. [DOI:10.1002/
hbm.20665] [PMID] [PMCID]

Wu, Z., Luo, Y., Gao, Y., Han, Y., Wu, K., & Li, X. (2020). The role
of frontal and occipital cortices in processing sustained visual
attention in young adults with attention-deficit/ hyperactiv-
ity disorder: A functional near-infrared spectroscopy study.
Neuroscience Bulletin, 36(6), 659-663. [DOI:10.1007/s12264-
020-00492-9] [PMID] [PMCID]

Nejati & Ghayerin. (2024). Dysfunction of Parietal Lobe in Individuals With ADHD. BCN, 15(2), 147-156.



http://bcn.iums.ac.ir/
https://doi.org/10.1016/j.pscychresns.2010.04.005
https://doi.org/10.1016/j.pscychresns.2010.04.005
https://www.ncbi.nlm.nih.gov/pubmed/20558047
https://doi.org/10.1016/j.cortex.2017.01.019
https://www.ncbi.nlm.nih.gov/pubmed/28292705
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5438775/
https://doi.org/10.1016/j.nicl.2012.10.006
https://www.ncbi.nlm.nih.gov/pubmed/24179760
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3777763/
https://doi.org/10.1016/j.biopsych.2006.04.031
https://www.ncbi.nlm.nih.gov/pubmed/16876137
https://rehabilitationj.uswr.ac.ir/browse.php?a_id=1481&sid=1&slc_lang=en
https://doi.org/10.1007/s11682-008-9021-8
https://doi.org/10.1007/s11682-008-9021-8
https://doi.org/10.21203/rs.3.rs-41923/v1
https://www.ncbi.nlm.nih.gov/pubmed/33356586
https://doi.org/10.1007/s00787-020-01709-y
https://doi.org/10.1007/s00787-020-01709-y
https://www.ncbi.nlm.nih.gov/pubmed/33415471
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9142461/
https://doi.org/10.1016/j.biopsych.2007.05.034
https://www.ncbi.nlm.nih.gov/pubmed/17825802
https://doi.org/10.1038/sj.mp.4001999
https://www.ncbi.nlm.nih.gov/pubmed/17471290
https://doi.org/10.1016/j.pscychresns.2016.06.008
https://doi.org/10.1016/j.pscychresns.2016.06.008
https://www.ncbi.nlm.nih.gov/pubmed/27399309
https://doi.org/10.3389/fpsyt.2019.00300
https://www.ncbi.nlm.nih.gov/pubmed/31156474
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6530394/
https://doi.org/10.1002/hbm.20665
https://doi.org/10.1002/hbm.20665
https://www.ncbi.nlm.nih.gov/pubmed/19107748
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6870879/
https://doi.org/10.1007/s12264-020-00492-9
https://doi.org/10.1007/s12264-020-00492-9
https://www.ncbi.nlm.nih.gov/pubmed/32279194
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7271304/

