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Resting-state functional connectivity analysis of adult attention deficit hyperactivity disorder
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Abstract: Objective Attention deficit hyperactivity disorder (ADHD) is a kind of common disease in young children, so the
researches mainly focus on the ADHD in childhood. However, a large number of adults with ADHD is often ignored. Most
adult patients has developed ADHD since childhood, so further research on adult ADHD is of remarkable significance for its
pathogenic mechanism and changes along with ages. From the point of functional connectivity, resting- state functional
magnetic resonance imaging (RS-fMRI) was applied to study on the abnormal conditions of brain regions of adult patients in
emotion and cognition, and to contrast the differences between ADHD in adult and childhood. Methods There were adult
ADHD group and normal group, each group of 20 cases, aged 20- 50 years old. And there were no other demographic
differences in these two group. The RS-fMRI data of these two groups were obtained. Based on the hypothesis that the head

and tail of the anterior cingulate cortex (ACC) of adult with ADHD showed emotional and cognitive functional separation, the
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two seed regions of interest (ROIs) at the head and tail of ACC in both groups, ROI1 (5, 2, 46) and ROI2 (5, 34, 14) in MNI
coordinate, were selected to calculate the functional connectivity between ROIs and the whole brain and to statistically analyze
the results of one-sample T test and two-sample T test of functional connectivity. According to the statistical analysis, the brain
regions significantly correlated to the selected ROIs could be found. The brain regions with different functional connectivity
between adult ADHD group and normal group were obtained. And the coordinate of T peak value was also obtained. Results
and conclusion The one-sample T test showed that emotional and cognitive functional separation existed in the functional
connectivity between ROIs at the head and tail of ACC and whole brain in these two groups. Dorsal region of ACC tail and
supplementary motor area were associated with the brain region related to cognition and process, while ventral region of ACC
head was involved in emotional process of anterior cingulate and so on. The two-sample T test showed that the functional
connectivity between the ROIs and some brain regions related to emotion in adult ADHD group was stronger than that in
normal group, while the functional connectivity in other emotional areas in adult ADHD group was weaker than that in normal
group. No obvious differences were found in the functional connectivity in the brain areas involved motor. For adult patients,
the head and tail of ACC had a stronger connection to some areas of dorsal attention network and weaker connection to the
areas of default network. ACC is of great importance on human emotion and cognition. The functional connectivity between
the head and tail of ACC and the whole brain shows significant differences between the adult patients and young patients.

Key words: adult; attention deficit hyperactivity disorder; anterior cingulate cortex; resting-state; rs-fMRI; functional connectivity;
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b: ADHD functional connection on gray cortex
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d: Normal functional connection on gray cortex
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Fig.2 The function connections in the ACC tail region of the patient and the healthy

Note: ADHD: Attention deficit hyperactivity disorder. The red was positive functional connection area, while the blue was

negative functional connection area
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d: Normal functional connection on gray cortex
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Fig.3 The function connections in the ACC head region of the patient and the healthy

Note: The red was positive functional connection area, while the blue was negative functional connection area
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a: Two-sample t test of ACC tail (ROI-1)

b: Two-sample t test of ACC head (ROI-2)

4 ACC LEHEWHATHRI
Fig.4 Two—sample ¢ test for the tail and head of ACC

In the two—sample T tests, P<0.05 (correction), Voxel volume>85; BA: Brodmann brain regions; Red means T>0: FC in ADHD group was

higher than that in the normal group; Blue means T<0, FC in ADHD group was lower than that in the normal group
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Tab.1 Two—sample ¢ test results in ADHD group and normal group (ROI-1)

MNI coordinate (mm)

Brain anatomical regions BA Peak cluster (mm®) t value
X Y Z
Left cerebellum posterior lobe -21 -69 -60 - 1728 -4.5383
Right cerebellum posterior lobe 6 -69 -33 - 2430 -4.659 7
Frontal Sup Orb L -15 39 -15 11 702 -3.5250
Olfactory R 3 12 -3 34 243 -3.629 6
Insula_RTemporal Sup R 39 -6 -3 6 3159 5.1521
Insula, Superior temporal gyrus (L) -45 -6 -3 6 3807 4.012 6
Frontal Med_Orb_R 6 42 -9 6 2268 -4.066 6
Frontal_Sup_Medial R 3 66 12 10 729 -3.5499
Frontal Mid L -30 42 36 9 1890 -3.8103
Cingulum_Post L 0 -39 27 31 1080 -4.5525
Right parietal lobe 24 -30 45 3 2538 3.6051
Parietal Sup R 42 -45 60 7 2592 4.104 5
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Tab.2 Two—sample ¢ test results in ADHD group and normal group (ROI-2)

MNI coordinate (mm)

Brain anatomical regions BA Peak cluster (mm’) t value
X Y Z
ParaHippocampal L -12 -24 -21 36 513 -4.4394
ParaHippocampal R 15 -27 -27 - 1269 -4.591
Temporal Mid L -45 -12 -21 22 6750 -5.0087
Temporal_Sup_ R 66 3 3 22 6561 -5.0625
Occipital Inf R 30 -93 -12 18 1242 3.7698
Cingulum_Ant R
6 33 18 9 1512 -6.195
Middle Frontal Gyrus
Precuneus_L 221 -42 33 5 1269 -4.3534
Cingulum_Mid R 6 -15 45 24 1404 -3.5233
Parietal Sup R
- 27 -36 54 7 189 3.7032
Postcentral R
Precentral R 36 -15 54 6 3294 3.7742

Note: BA: Brodmann brain regions; MNI coordinate: Standard brain space provided by Montreal neurological institute
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