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PURPOSE: Attention-deficit/hyperactivity disorder (ADHD) is one of the most common neurodevelopmental disorders in childhood, with higher prevalence in 

males. Previous studies have reported grey matter volume, cortical thickness and subcortical volumes deficits in children with ADHD concerning various regions. 

However, few studies had a specific focus on medicated-naïve male patients and the relationship between structural abnormalities and executive functions has been 

rarely studied. The present study aimed to explore the cerebral structural changes in unmedicated ADHD boys and furthermore to analyze the correlations between 

structural alterations and neuropsychological measurements. 

METHODS: According to the criteria of DSM-IV-TR, 51 medicated-naïve boys with ADHD 

and 50 age-matched healthy controls were recruited. All participants underwent the revised 

Conners’ Parent Rating Scales (CPRS-R) to measure their behaviors as well as a set of 

neuropsychological battery to measure their executive functions, including Stroop-color word 

(Stroop-CW) test, visual memory test, verbal fluency test (VFT), and Wisconsin card sorting test 

(WCST). The T1-weighted images were obtained via 3T MRI with SPGR sequence, and then 

processed in Freesurfersoftware1. The whole-brain analysis between two groups was performed 

via the Qdec surface-based group analysis tool in Freesurfer for cortical thickness with age as 

covariate. The striatal and amygdala subcortical volumes were extracted. Between group 

differences were analyzed withGeneral Linear Model with age and intracranial volume as 

covariates (p<0.05) and correlation analysis of those significant regions with behavioral and 

executive measurement scores were performed by Pearson’s correlationusing SPSS. 

RESULTS: No significant group difference of cortical thickness survived the 

Monte Carlo null-z simulation (threshold at p< 0.05) correction. ADHD boys 

showed significant reduction in subcortical volumes of bilateral putamen and 

amygdala compared to controls (Table.1). The volume of bilateral putamen 

and right amygdale were negative correlated with hyperactivity index of 

CPRS-R, and the volume of left amygdala was negative correlated with 

impulsivity-hyperactivity of CPRS-R. Moreover, the volume of right 

putamen was negatively correlated with total numbers of VFT, as well as the 

errors of Stroop-CW test, meanwhile positively correlated with the right 

numbers of Stroop-CW test. Similarly, the volume of right amygdala was 

negatively correlated with total errors of WCST (Figure.1). 

DISCUSSION: The present study found subcortical volume reduction in 

bilateral putamen and amygdala in a relatively large sample size, without 

confounding effects of gender, medication and comorbidity. More 

importantly, the deficit in bilateral putamen and amygdala were significantly 

correlated with clinical measurements for behavioral problems and some 

specific executive domains, including verbal fluency and executive 

function.Interestingly, we didn’t found any significant group differences in 

cortical thickness that had reportedby previous studies. Such discrepancy maybe due to that the ADHD subjects in current study wereall unmedicated and without 

comorbidities. Converging evidence has suggested that ADHD patients have structural abnormalities in fronto-striatal system and limbic system that mediate the 

control of cognition and motivation2. In current study, we specified that putamen and amygdala are the primary structures involved in ADHD3. Comparing to 

subcortical nucleus, the cortex in both hemispheres appeal mostlyintact an earlier stage as no difference of cortical thickness were detected in current study 

CONCLUSION: Our results demonstratedmore obvious change in subcortical structures than cortex in drug naïve male ADHD boys. This suggested that the 

striatal region, particular the putamen, and amygdala mightbe affectedand play a more important roles at the early stage of ADHD, while the cortical changes 

discovered by previous studies maybe due to drug effect, comorbidity or other factors in the long term illness duration. 

References:  

1. Fischl B, et al. Proceedings of the National Academy of Sciences, 2000, 97(20): 11050-11055 

2. Cubillo A, et al. Cortex, 2012, 48(2): 194-215.  

3. Teicher M H, et al. Nature medicine, 2000, 6(4): 470-473. 

Figure.1 A shows the autosegmentedof subcortical volumes including 

bilateral putamen, caudate, globus pallidus, thalamus and amygdala.B-I 

shows the correlations of volume with CPRS-R and neuropsychological tests 

(p<0.05). 

Table.1 Group differences in subcortical volumes of 

striatum and limbic system. 

ADHD HC

mean （SD） mean （SD）

Hipppcampus L 4478.4±399.1 4547.2±329.4 0.266 0.607

R 4532.5±548.5 4677.4±385.0 1.08 0.301

Amygdala L 1701.5±190.0 1801.4±201.2 5.041 0.027

R 1762.3±232.3 1886.8±215.8 6.605 0.012
Striatum

Caudate L 3726.0±515.9 3777.2±597.7 0.136 0.713

R 3743.8±551.7 3794.3±473.9 0.166 0.685

Putamen L 6586.7±566.8 6868.0±634.4 5.852 0.017

R 6320.4±514.1 6598.8±606.2 7.364 0.008

Pallidum L 1879.7±198.1 1937.1±214.1 2.028 0.158

R 1684.2±186.2 1745.8±192.7 3.461 0.066
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Limbic system
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