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A B S T R A C T

Recent studies have prompted a shift in the understanding of attention deficit hyperactivity disorder (ADHD) 
from models positing dysfunction of individual brain areas to those that assume alterations in large-scale brain 
networks. Despite this shift, the underlying neural mechanism of ADHD in the adult population remains un
certain. With functional magnetic resonance imaging (fMRI), this study examined brain connectivity of dorsal 
and ventral attention networks. Adults with and without ADHD completed a Go/No-Go task inside the scanner 
and the functional connectivity of attention networks was analysed. The generalized psychophysiological 
interaction analysis indicated differences involving the dorsal attention network. For the ADHD group, an 
interaction effect revealed altered dorsal attention-default mode network connectivity modulation, particularly 
between the right frontal eye field and posterior cingulate gyrus. We conclude that dorsal attention network 
dysfunction may be involved in sustained attention deficits in adult-ADHD. This study sheds light into network- 
level alterations contributing to the understanding of adult-ADHD, which may be a potential avenue for future 
research and clinical interventions.

Significance statement

In this study, using functional magnetic resonance connectivity 
analysis, we found altered connectivity patterns especially involving the 
dorsal attention network in adults diagnosed with ADHD as compared to 
healthy individuals.

1. Introduction

Attention deficit hyperactivity disorder (ADHD), characterized by 
traits like hyperactivity, impulsiveness, and/or inattentiveness, 
commonly manifests in young children. The estimated global prevalence 
in school-aged children is twice higher than its prevalence in adulthood 
[1], suggesting the perception of ADHD as primarily a childhood dis
order. However, research has revealed that approximately 65 % of 
children with ADHD carry these defining traits into adulthood [2]. This 
transition into adulthood challenges the notion of ADHD as exclusively a 
pediatric disorder. Surprisingly, adult-ADHD is frequently overlooked 

although the disorder lasts into adulthood in over half of cases and its 
clinical presentation frequently coincides with other psychiatric disor
ders [3]. Studies indicate that nearly 80 % of adults diagnosed with 
ADHD also present at least one concurrent mental disorder, including 
but not limited to personality disorders, substance use disorders, and 
mood or anxiety disorders [4,5].

Rapid advances in brain magnetic resonance imaging (MRI) tech
niques, especially in the emerging field of psychoradiology, allow for 
noninvasive measurement of structural and functional brain features, 
enhancing our understanding of psychiatric disorders and supporting 
clinical practice. A recent review highlights that patients with various 
psychiatric disorders, including ADHD, exhibit both shared and unique 
changes in brain functional dynamics, which can help elucidate neuro
physiological mechanisms and assist in differentiating major psychiatric 
disorders [6].

Despite these advances, the comprehension of the neural substrates 
of ADHD remains partial. Initially, research implicated the frontal cortex 
and basal ganglia in pathophysiological models [7]. Additionally, other 
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regions such as the amygdala may be involved in emotional aspects of 
the disorder such as aversion to delays [8]. However, recently other 
accounts emerged suggesting dysfunctions in ADHD in large-sage net
works rather than individual brain regions [9]. According to these ac
counts, the pathophysiology of ADHD may not be understood properly 
unless interactions of brain areas are taken into account. In that sense, 
functional connectivity (FC) is an important tool to assess such in
teractions. FC was originally described as the statistical dependencies 
among neurophysiological events of anatomically distinct brain regions 
in positron emission imaging [10], and was later applied to functional 
magnetic resonance imaging (fMRI) [11]. By evaluating the time- 
domain interdependence among blood-oxygen-level-dependent 
(BOLD) signals in the brain, fMRI-based FC determines the functional 
connections between two anatomically separate brain areas [12].

According to a meta-analysis of resting state functional connectivity 
(rs-FC), disrupted connectivity within the default mode network (DMN) 
is associated with ADHD [13]. Furthermore, a comprehensive meta- 
analysis concentrating on task-based FC showed that a significant 
number of hyperactivated areas linked to ADHD were found in the 
ventral attention and frontoparietal networks. The majority of the hy
peractive regions associated with ADHD, however, were found in the 
default mode network, while some hyperactive regions were found in 
the visual network. However, it’s worth mentioning that out of the 55 
studies encompassed by this meta-analysis, only 16 were conducted with 
adult-ADHD participants [14]. The predominance of childhood-focused 
research underscores the ongoing challenge of understanding the 
pathophysiology including the functional network properties of the 
adult-ADHD brain.

In the context of the recent transition from an activation-centric into 
a connectivity-focused perspective in neuroimaging, the exploration of 
network FC in the adult-ADHD brain becomes increasingly valuable. 
Considering the diversity and the number of brain networks and the 
complexity of the data when the whole-brain approach is used, in this 
study, we narrowed down our analysis to two main attention networks: 
the dorsal attention network and the ventral attention network. While 
the ventral attention network (VAN) is engaged in the detection of un
expected changes in the environment, the dorsal attentional network 
(DAN) is involved in sustained attention and voluntary guidance of 
attentional focus [15,16].

Prior research has demonstrated structural deficits in these networks. 
For example, a study found reduced cortical thickness in the DAN sub
area of the right temporoparietal junction, suggesting a structural deficit 
in ADHD [17], while a comprehensive meta-analysis revealed a signifi
cant ADHD-related hypoactivation in the VAN and DAN compared to 
healthy subjects [14].

Investigating functional connectivity during the Go/No-Go task in 
adults with ADHD is particularly important as it provides insight into 
how network-level interactions underpin cognitive control and atten
tional processes in real-time. This task-specific approach can reveal 
unique patterns of connectivity disruptions that may contribute to the 
persistent attentional deficits observed in adult ADHD, offering a more 
nuanced understanding of the disorder’s neural mechanisms.

In the current study, we studied the FC of the DAN and VAN networks 
in the brains of ADHD individuals while completing a Go/No-Go task. 
Moreover, by examining group-by-condition interaction, our objective is 
to study the modulation of FC in the two attention networks in adults 
with ADHD compared to healthy control, during the Go/No-Go task. 
This analysis can provide insights into how the neural circuits under
lying cognitive control and attention may be altered in individuals with 
ADHD, and how this may differ from healthy individuals. We hypothe
sized that ADHD individuals will exhibit altered FC for ventral and 
dorsal attention networks. In addition, we anticipated observing a sig
nificant group-by-condition interaction, where the modulation of con
nectivity will be altered in the ADHD group between Go and No-Go 
trials. The reason for the latter prediction is that in a Go/No-Go task, the 
Go and No-Go stimuli represent different task demands. Detection of Go 

requires sustained attention resources associated with the DAN, while 
No-Go stimuli detection involves unexpected stimuli and inhibition 
associated with the VAN [15,16,18].

2. Method

2.1. Participants

The study enrolled 43 participants, with the experimental group 
comprising individuals diagnosed with ADHD and the control group 
consisting of healthy subjects. All participants in the ADHD group had 
previously received an ADHD diagnosis from a psychiatrist. They were 
also interviewed before enrolment by a clinical psychologist to confirm 
the diagnosis according to DSM-5 criteria. Before completing the Go/No- 
Go fMRI paradigm, each participant underwent assessments using the 
ADHD DSM Scale, BECK Depression Scale, and BECK Anxiety Scales 
[19–21]. The participants in the control did not have clinical scores in 
these questionnaires. Among the initial participants, seven were 
excluded due to excessive head motion detected during fMRI data 
quality checks. Specifically, five belonged to the ADHD group, which 
initially comprised 21 individuals, and two participants were excluded 
from the control group, originally consisting of 22 individuals. This 
resulted in a final analysis group of 36 subjects: 16 individuals with 
ADHD (6 females and 10 males, aged 21–30 years) and 20 healthy 
controls (11 females and 9 males, aged 18–30 years). Notably, all par
ticipants were either attending various universities or had graduated 
from a university.

There were no significant differences between the groups in terms of 
sex (χ2 = 1.092, p = 0.296) and age (t = -0.415, p = 0.681). Addition
ally, there were no significant differences in depression (t = -1.292, p =
0.205) and anxiety scores (t = -0.5, p = 0.62) between groups. However, 
the groups differed significantly in ADHD scores (t = -7.781, p < 0.001), 
with significant differences observed in both the attention (t = -3.89, p 
< 0.001) and hyperactivity (t = 3.53, p = 0.001) subscales (Table 1).

Furthermore, all participants were right-handed and confirmed they 
were not taking psychiatric medications, except for three subjects from 
the ADHD group who were using stimulants. Before taking part in the 
research, each participant provided voluntary and informed consent. 
None of the subjects had previously experienced psychiatric or neuro
logical conditions apart from ADHD, and none indicated a background 
of learning disabilities. Those taking stimulant medications were 
instructed to discontinue usage at least 48 h before the scan.

2.2. Data acquisition

A 1.5 T Philips Achieva MRI scanner (Philips Medical Systems, Best, 
the Netherlands) equipped with a SENSE 8-channel head coil was used 
for whole-brain imaging at XXXX Hospital. The 3D magnetization- 
prepared rapid acquisition gradient echo (MPRAGE) technique was 

Table 1 
Demographics of ADHD (attention deficit hyperactivity disorder) patients and 
healthy controls.

ADHD (n = 16) control (n = 20) p value

Means (SD), range
Age (at MRI, in years) 25.25 (±3.317, 21–30) 24.8 (±3.172, 18–30) 0.681
Scales
Beck Depression Score 14.46 (±8.6) 10.95 (±7.5) 0.205
Beck Anxiety Score 11.86 (±10.23) 10.20 (±9.38) 0.62
ADHD DSM Score 11.66 (±3.26) 4.3 (±2.34) 0.00
Attention Subtest 4.81 (±3.33) 1.45 (±1.76) <0.001
Hyperactivity Subtest 5.94 (±3.1) 2.85 (±2.13) 0.001
n (%)
Sex
Male (%) 10 (62,5) 9 (45) 0.296
Female (%) 6 (37,5) 11 (65) ​

*MRI, magnetic resonance imaging; n, number.
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used to acquire high-resolution T1-weighted images, with a collection 
time of roughly 7 min. The T1-weighted images were acquired with the 
following settings: a flip angle of 90◦, a repetition time (TR) of 8.6 s, an 
echo time (TE) of 4 ms, a field of view (FoV) measuring 240 × 240 mm, 
voxel dimensions of 1.25 × 1.25 mm3, a slice thickness of 1.2 mm, and 
140 slices.

Following the structural scan, 198 volumes of Echo Planar Imaging 
(EPI) data were acquired, taking around 9 min. The EPI imaging pa
rameters were: TR of 2.64 s, TE of 40 ms, FoV of 224 × 224 mm, voxel 
size of 3.5 × 3.5 mm3, slice thickness of 4 mm, slice spacing of 4 mm, and 
32 slices total.

2.3. Experimental paradigm and procedure

2.3.1. Go/No-Go paradigm
The Go/No-Go paradigm is a goal-oriented test designed to assess 

sustained attention, selective attention, and response control (response 
inhibition) in ADHD [22]. During the task, participants were required to 
respond to all incoming stimuli by pressing a button as quickly as 
possible, except for when the letter ’X’ appeared, which served as the 
distracting stimulus. The letter ’X’ constituted only 18 % of the total 
stimuli to maintain task complexity and enhance attentional demands.

The Go/No-Go paradigm design employed in this study was imple
mented using OpenSesame (version 3.3.5), a Python-based software 
(version 3.7.6). A total of 200 stimuli were presented, consisting of 
randomly chosen letters from the alphabet (e.g., ’S’, ’A’, ’D’, ’F’, etc.) for 
Go trials, and the letter ’X’ for No-Go trials, as shown in Fig. 1. Each 
letter was displayed on the screen for 300 ms, and the interstimulus 
interval (ISI) varied between 100 ms and 400 ms. Notably, participants 
remained unaware of the sequence and repetition of letters, contributing 
to the task’s objectivity. Additionally, the visual cue ’+’ following each 
letter effectively prepared participants for the subsequent visual stim
ulus, thereby reducing the impact of the previous visual presentation.

2.4. fMRI analysis

2.4.1. Pre-processing
Visualization and conversion of raw data from dicom to nifti format 

were performed using the MRIcron-based DCM2NII program. Results 
included in this manuscript come from analyses conducted with the 
CONN toolbox (version 22.a.) [23]. The functional and anatomical data 
underwent preprocessing, including realignment with susceptibility 

distortion correction, detection of outliers, segmentation, normalization 
into MNI space, and smoothing [24]. For the functional data, realign
ment was conducted using the SPM realign & unwarp procedure [25]. 
This process aligned all scans to the first scan of the initial session as a 
reference image, employing a least squares method and a 6-parameter 
rigid body transformation [26]. Additionally, b-spline interpolation 
was used to resample the data, effectively correcting for motion and 
magnetic susceptibility interactions.

Outlier scans were identified using the ART method, which flagged 
scans with framewise displacement higher than 0.9 mm or global BOLD 
signal changes exceeding 5 standard deviations as potential outliers 
[27–29]. Subsequently, a baseline BOLD image was computed for each 
participant by averaging all scans, with the exception of the outliers.

The functional and structural data underwent normalization, fol
lowed by segmentation into categories of gray matter, white matter, and 
cerebrospinal fluid (CSF) tissues. The data were then resampled to 
achieve 2 mm isotropic voxels, employing a direct normalization tech
nique [30,31]. These procedures were implemented through the unified 
segmentation and normalization algorithm in SPM [32,33]. Finally, the 
functional data underwent smoothing through spatial convolution with 
FWHM Gaussian kernel size 8 mm.

To denoise the functional data, a standard denoising was employed, 
involving regression of potential confounding effects [34]. These im
pacts were defined using white matter timeseries, CSF timeseries, mo
tion parameters along with their derivatives, flagged scans, and linear 
trends within every functional run. Following this, a high-pass filter was 
employed on the BOLD time-series to retain frequencies above 0.008 Hz 
[28,35,36]. To derive the CompCor noise components from white matter 
and CSF, the mean BOLD signal was calculated along with the most 
significant principal components orthogonal to the average BOLD signal, 
motion parameters, and flagged scans. These calculations were per
formed within each subject’s eroded segmentation masks [37,38].

2.4.2. gPPI connectivity
Seed-to-voxel Analysis
The examination of FC was carried out through the application of the 

generalized psychophysiological interaction (gPPI) technique, utilizing 
the CONN toolbox. Unlike the conventional PPI analysis, which com
bines contrast information while constructing a psychological regressor, 
the gPPI methodology involves convolving the BOLD signal with the 
canonical hemodynamic response function for each specific condition 
prior to forming the contrast. This approach yields distinct psychological 
regressors for each condition, a technique demonstrated to enhance the 
fitting of the regression model for event-related fMRI data. This partic
ular approach proves suitable for analysing the Go/No-Go task 
employed in our study [39].

Regions of Interest (ROIs): The regions of interest (ROIs) pertinent to 
our study were selected based on functional relevance to attention 
networks, and all served as seed regions. These included the right 
frontal eye field (FEF [+30––6 + 64]), left frontal eye field (FEF [-27––9 
+ 64]), right intraparietal sulcus (IPS [+39––42 + 54]), left intraparietal 
sulcus (IPS [-39––43 + 52]) for the DAN, as well as the right inferior 
frontal gyrus (IFG [+54 + 28 + 1]), right supramarginal gyrus (SMG 
[+62––35 + 32]), and right posterior superior temporal gyrus (pSTG 
[+59––42 + 13]) within the VAN. These coordinates were determined 
using the CONN toolbox.

The IPS and FEF are considered core regions of the DAN, and thus 
were selected as ROIs within the DAN network in our study [40,41]. The 
DAN is generally considered to have no hemispheric lateralization, 
which is why we included bilateral ROIs for this network [42]. In 
contrast, the VAN has been demonstrated to be right-lateralized based 
on existing evidence, which is why we included only the right-sided 
ROIs for VAN in our analysis [16,43,44].

Initially, we computed the average BOLD time course across specific 
voxels for each Region of Interest (ROI) and utilized it as a physiological 
regressor. For every combination of seed and target regions, we Fig. 1. Schematic illustration of the Go/No-Go task used in the study.
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established a gPPI model [39,45]. This model employed the seed BOLD 
signals as physiological factors, the boxcar signals characterizing indi
vidual task conditions convolved with an SPM canonical HRF as psy
chological factors, and the product of the two as psychophysiological 
interaction terms. The assessment of FC changes across conditions was 
accomplished by examining the multivariate regression coefficient of 
the psychophysiological interaction terms in each model. Following this, 
the results underwent a conversion into z-scores through Fisher’s z- 
transformation before calculating a group-level averaged FC. This 
methodology allowed us to explore task-related FC between the selected 
seed regions and whole brain voxels.

Group-level analyses were conducted utilizing a General Linear 
Model (GLM) [46]. For each voxel, a unique GLM was estimated, with 
first-level connectivity measures being treated as dependent variables. 
In this approach, each participant contributed an individual sample for 
each task or experimental condition if applicable, while independent 
variables were represented by groups or other subject-level identifiers.

To evaluate voxel-level hypotheses, multivariate parametric statis
tics were employed, considering both random-effects across subjects and 
the estimation of sample covariance across multiple measurements. 
Statistical significance was assessed at the level of individual clusters. 
Cluster-level inferences relied on parametric statistics derived from 
Gaussian Random Field theory [30,47]. The achieved outcomes were 
subjected to thresholding, employing both a voxel-level threshold of p <
0.001 to form clusters, and a cluster-size threshold of familywise cor
rected p-FDR < 0.05/7 (FDR < 0.05/ number of ROIs) [48].

The main effects of the groups during Go and No-Go tasks, as well as 
group-by-task interactions were analysed. These analyses were con
ducted across all ROIs, including brain regions within the DAN and the 
VAN. For all analyses, we used only correct responses (e.g. GoCorrect, 
No-GoCorrect). However we inserted Go correct, No-Go correct and 
errors into the model, even though we were not interested in errors as 
including all of the regressors was demonstrated to be more accurate 
[39].

2.5. Statistical analysis

The calculation of between-group differences in the demographic 
and clinical variables was conducted using the JASP toolbox (Version 
0.16.2.0). Age and Neuropsychiatric Scales, and Go/No-Go task results 
were analysed using independent samples t-tests. Furthermore, the sex 
distribution was compared using Pearson’s chi-square test (see Table 1). 
The p values of connectivity analysis were corrected using the false 
discovery rate as implemented within the CONN toolbox. Afterward, 
Bonferroni correction was applied to control further for the number of 
ROIs used in the analysis.

3. Results

3.1. Behavioural results

The independent samples T-test revealed non-significant group 

differences in Go (t = -0.59; p = 0.559) and No-Go (t = 0.72; p = 0.474) 
accuracy scores. There was also no significant difference in the RT of Go 
trials between the two groups (t = 0.72; p = 0.474).

3.2. Functional connectivity results

Table 2 presents the FC results. We found a significant main effect of 
the group during Go and No-Go conditions and an interaction effect only 
within the right FEF. Whereas no significant effect was found for the left 
FEF, right IPS, left IPS, right IFG, right SMG, and right pSTG.

3.2.1. The main effect of group-Go condition
Frontal Eye Field (FEF) right seed: regions showing a significant main 

effect of the group included right central opercularis and cingulate 
gyrus, see Table 2. Participants with ADHD showed significantly 
decreased FC between the right eye field and right central opercularis [t 
= 5.10, p = 0.001], and the right eye field and cingulate gyrus in Go 
condition as compared to healthy controls [t = 5.02, p = 0.003], see 
Fig. 2.

3.2.2. The main effect of group- No-Go condition
Frontal Eye Field (FEF) right seed: region showing significant group 

main effect during No-Go condition was right superior lateral occipital 
cortex (sLOC). We observed a significantly increased FC between FEF 
right and sLOC right during No-Go conditions in the ADHD group as 
compared to healthy subjects [t = 5.63, p = 0.006], see Fig. 3.

3.2.3. Diagnosis-by-condition interaction
Finally, we observed a significant interaction between the FEF right 

seed and posterior cingulate gyrus connectivity, see Table 2 [t = -4.85, p 
= 0.005], see Fig. 4. During Go trials, the FEF and posterior cingulate of 
controls were anti-correlated. However, in the ADHD group, they were 
positively correlated.

4. Discussion

In the present study, we investigated the FC in the dorsal and ventral 
attention networks during the Go/No-Go task in ADHD adults and 
healthy controls. We observed abnormality in DAN both as a main effect 
of the group during the Go and No-Go conditions, as well as in inter
action between task and condition.

4.1. Main effects

4.1.1. DAN/Go Condition
We found a significant main effect of the group in Go condition in the 

Go/No-Go task in DAN, where the ADHD individuals had reduced FC 
between right FEF and right central operculum, and right FEF and 
cingulate gyrus as compared to healthy subjects during the Go condi
tion, where the participant has to respond fast and accurately to a 
particular stimulus. Notably, these results are consistent with the liter
ature, where reduced FC involving DAN in the ADHD population was 

Table 2 
Seed and target brain regions with significant FC differences.

Network Seed Condition (Contrast) target(s) Peak MNI coordinates 
(x,y,z)

Size FDR corr p 
value

T 
value

Dorsal attention 
Network

Right FEF (+30––6 
+ 64)

Go (ADHD < Control) Right central opercularis +54––14 + 06 336 0.001 − 5.17
Cingulate gyrus +04 + 02 + 48 258 0.003 − 5.17

No-Go (ADHD > Control) right superior lateral occipital 
cortex (sLOC)

+28––62 + 36 203 0.006 4.65

Interaction (ADHD <
Control&No-Go > Go)

Posterior cingulate gyrus +06––44 + 24 218 0.005 − 4.65

*Note. All regions are FDR-corrected and further correction for the number of ROIs was applied (p-FDR = 0.05/7). Nonsignificant region within the dorsal and ventral 
attention networks are not included in the table. Size is represented by number of voxels. FEF = frontal eye field; MNI = Montreal Neurological Institute; FDR = false 
discovery rate.
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reported [14,49,50]. In addition to task-based studies, resting-state fMRI 
investigations conducted with children and adults with ADHD have 
revealed diminished DAN FC [51,52]. In that sense, diminished con
nectivity between the dorsal attention network and other key areas 
involved in attention (operculum and cingulate gyrus) may be respon
sible for sustained attention deficits in ADHD.

The cingulate gyrus plays a role in various cognitive functions 
including emotion regulation, attention, and decision-making. Both 
structural and functional alterations in the entire cingulate were 
observed in ADHD [53]. The FC between FEF and the PCG has been 
previously documented in human and macaque monkeys during rest 
[54]. The right central operculum, which is part of DAN, is involved in 
processing sensory and motor information, contributing to attention and 

decision-making. Its functional impairment has been previously re
ported in ADHD [55], which can be related to disrupted integration of 
sensory and motor signals, potentially contributing to attentional defi
cits and impulsive behavioural characteristic of the disorder. To the best 
of our knowledge, alteration in task-based FC between the right FEF and 
right central opercularis in ADHD has not been reported. Therefore, our 
finding of reduced task-based FC during the Go condition between the 
right FEF- and right central operculum is intriguing and requires further 
attention.

4.1.2. No-Go condition
We also looked for the main effect of the group in the No-Go con

dition in DAN, and found a significantly increased FC between FEF right 
and sLOC right in adults with ADHD during the No-Go condition as 
compared to healthy subjects. Increased connectivity in the DAN 
network in ADHD is not consistent with the existing literature, where the 
decreased connectivity of DAN is routinely reported in ADHD. Only a 
few studies similar to our findings reported an increased DAN connec
tivity in children and adult subjects with ADHD [49,56]. The increased 
DAN connectivity observed in our findings can be interpreted as “inef
ficient” since it may require more energy to achieve similar performance 
for ADHD subjects as compared to healthy individuals. This inefficient 
top-down attentional deployment by the DAN could be responsible for 
the symptoms of inattention.

Particularly, the increased FEF right sLOC connectivity in ADHD 
adults aligns with a previous study that also reported increased resting- 
state FC between the bilateral FEF and occipital regions in ADHD adults 
[49]. Moreover, increased resting state FC in occipital regions in ADHD 
has been previously associated with difficulties in inhibiting sensory 
perception [57]. It has been proposed that individuals with ADHD may 
exert more effort in inhibitory control tasks compared to controls due to 
the lack of connectivity within the VAN, which they may attempt to 
compensate for [49,58]. However, in task-based paradigms examining 
FC, bilateral occipital lobes have shown both increased and decreased 
connectivity in ADHD [51], indicating an abnormality in occipital lobe 
connectivity that warrants further investigation.

4.1.3. Interaction effect
Finally, we found a diagnosis-by-condition interaction involving the 

right FEF that further underscores the complex interplay of connectivity 
dynamics in response to different task conditions in ADHD adults. We 
observed that while the controls showed anti-correlated connectivity 
between FEF and Posterior Cingulate Gyrus (PCG) during the Go 

Fig. 2. Main effect of group (ADHD < Control) during Go condition. Purple-blue colors represent decreased connectivity in the ADHD group. A. Decreased functional 
connectivity between right FEF and right central opercularis in ADHD subjects; B. Decreased functional connectivity between right FEF and cingulate gyrus in ADHD 
subjects. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Main effect of group (ADHD > Control) during No-Go condition. 
Yellow-red colors represent increased connectivity in the ADHD group 
(Increased functional connectivity between right FEF and right sLOC in ADHD 
subjects). (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.)
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condition, the ADHD group showed a positive correlation. An alteration 
of FEF-PCG connectivity has been previously reported in children with 
ADHD [50]. The posterior cingulate gyrus has been associated with non- 
goal-directed processes. Furthermore, the PCG serves as a hub within the 
DMN. Consequently, our discovery implies a potential modification in 
FC between the DAN and DMN in individuals with ADHD. This aligns 
with previous research indicating that ADHD is characterized by 
abnormal connectivity between networks rather than isolated brain re
gion abnormalities [59]. Lin et al. proposed that the disrupted FC be
tween local regions associated with the DAN and DMN could be a 
pathophysiological mechanism of ADHD. While Lin observed this in 
children, our study investigated this in adults, which suggests that this 
may be a shared neural mechanism of ADHD [56]. It is possible that 
while healthy individuals’ DMN do not engage with FEF during sus
tained attention, the ADHD brain is not able to suppress this 
engagement.

4.1.4. VAN
In addition, we also examined VAN and found no significant effect of 

the Go/No-Go task on the FC differences within the network. Regarding 
VAN connectivity in ADHD, previous studies showed inconsistent re
sults. Though certain studies have documented a reduction in rs-FC 
within the VAN among children diagnosed with ADHD [49], contrast
ing findings have emerged indicating no such decrease [56]. A Meta- 
analysis of 55 fMRI studies failed to detect any alteration of VAN con
nectivity in ADHD adults, whereas there were abnormalities in ADHD 
children [14]. The discrepancy in findings of VAN connectivity between 
ADHD adults and ADHD children, suggests that VAN characteristics may 
differ across different ages. It is possible that the adults may not have 
problems with attending to unexpected stimuli, while they have still 
problems with sustained attention.

5. Limitation and conclusion

Our study is subject to limitations, particularly it’s relatively small 
sample size for more reliable inferences and increased generalizability of 
the results, a larger sample-size study needs to be further conducted.

Another limitation pertains to the lack of differentiation among 
ADHD presentations in our study. While this approach allowed for an 
exploration of broader network connectivity patterns, future in
vestigations could delve into these distinctions to uncover potentially 
unique connectivity profiles within specific ADHD subgroups.

Additionally, although the sex ratio and age of the two groups did not 
significantly differ, we recognize that these factors can influence 

functional connectivity results. Future studies should consider matching 
or statistically controlling for these variables to ensure more accurate 
results.

Finally, we used a 1.5 T device due to its availability in our hospital. 
While we acknowledge the limitations of a 1.5 T device, particularly the 
lower signal-to-noise ratio, which can be a disadvantage in fMRI studies, 
it also has advantages, such as reduced sensitivity to artifacts compared 
to 3 T and higher intensity devices [60]. We recommend that future 
studies use higher intensity devices, such as 3 T scanners, to further 
confirm our findings and potentially overcome the limitations associ
ated with lower field strength.

Despite these limitations, our study contributes to the understanding 
of functional network dynamics in adults with ADHD. In particular, 
these findings highlight the role of the dorsal attention network in sus
tained attention in ADHD, which in turn pave the way for more targeted 
interventions in clinical settings.
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