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Association between Microstructural Integrity of Frontostriatal Tracts and School Functioning: ADHD Symptoms and Executive Function as Mediators
Supplemental Information on the Clinical and Neuropsychological Assessments
The Swanson, Nolan, and Pelham, version IV scale (SNAP-IV)
The Chinese SNAP-IV is a 26-item rating instrument with a 4-point Likert scale from 0 (not at all true) to 3 (very much true) (Gau et al. 2008; Swanson et al. 2001).  The SNAP-IV consists of three subscales: Inattention (9 items), Hyperactivity/Impulsivity (9 items), and Oppositional subscales (8 items) that map onto the DSM-IV diagnostic criteria for ADHD and oppositional defiant disorder (Gau et al. 2008; Swanson et al. 2001).  Only the subscales of Inattention and Hyperactivity/Impulsivity were used in the study.  The norms and psychometric properties of parent reports of the Chinese SNAP-IV have been established in Taiwan (Gau et al. 2008).  For the present sample, Cronbach’s alphas (αs) were 0.94 for Inattention and 0.93 for Hyperactivity/Impulsivity, demonstrating excellent internal consistency of this measure. 

EF measures
The Cambridge Neuropsychological Test Automated Battery (CANTAB) is a computerized test battery targeting multiple neuropsychological functions with standardized procedures and solid psychometric properties (Luciana & Nelson, 1998).  The validity of the CANTAB has been confirmed by the demonstrations of comparable effects following manipulations of homologous neural regions and of common effects of pharmacological agents often used in the treatment of ADHD (Chamberlain et al. 2011).  Given that individuals with ADHD tend to show deficits in sustained attention, response inhibition, vigilance, and working memory, as evidenced by medium to large effect sizes between ADHD and controls in the past meta-analytic studies (Chamberlain et al. 2011; Willcutt et al. 2005), we selected two EF neuropsychological tasks from the CANTAB to tap deficits in these domains.  

Rapid Visual Information Processing (RVP). The RVP, a 4-minute visual continuous performance test modified from Wesnes and Warburton’s task (Wesnes & Warburton, 1984), was designed to assess sustained attention, vigilance, and inhibition control (Sahakian et al. 1989).  Digits (ranging from 2 to 9) appeared one at a time (100 digits/minute) in the center of the screen in a random order.  Participants were asked to detect three 3-digit target sequences (3–5–7, 2–4–6, 4–6–8) and respond (within 1800 ms after the onset of the last number) when they saw the last number (7, 6, and 8, respectively).  Participants were instructed to detect as many target sequences (27 in total) as possible.  Target sequences remained on the screen during the trial to reduce the working memory load of the task.  Five indices were used in this study: (1) probability of hits (i.e., responding correctly): total hits divided by the sum of total hits and total misses; (2) probability of false alarms (i.e., responding inappropriately): total false alarms divided by the sum of total false alarms and total correct rejections; (3) A’: a signal detection measure of target sensitivity (score range, 0 to 1; a higher score indicated better ability in discriminating target from noise); (4) B”: a signal detection measure of response bias (score range, -1 to 1; a score closer to 1 indicated fewer false alarms, i.e., higher tendency to withhold or inhibit responses); and (5) mean latency: mean time taken to respond in correct responses.

Spatial Working Memory (SWM). The SWM is a self-ordered search test (Petrides & Milner, 1982), which assesses participants’ ability to plan, retain spatial information, and manipulate the information in working memory.  Participants were asked to search through a number of boxes presented on the screen to find the blue tokens hidden inside.  Only a single token was hidden inside one of the boxes at each trial.  Once a blue token was found within a particular box, that box would not be used again to hide a token for that particular trial.  In order to perform the task most efficiently without searching repeatedly in previously targeted locations, the participant had to remember where he/she had searched and found a token.  Search complexity varied at multiple levels of difficulty (i.e., 2-, 3-, 4-, 6-, and 8-box problems).  Two major indices were used in this study: (1) strategy utilization: the number of search sequences starting with a novel box in the difficult problems (both 6- and 8-box problems; a higher score indicated poorer use of strategy); (2) total errors: the sum of between errors (return to a box in which a blue token has been found) and within errors (return to a box already opened in the same search) minus double errors (an error counted under both between and within error categories) in searches.
Supplemental Analyses and Results
Group Differences in Frontostriatal Tracts, EF, and School Functioning 

We conducted a matched case-control multilevel analyses to compare EF, school functioning, and the GFA values of the four pairs of frontostriatal tracts between the ADHD and TD groups.  The alpha value was pre-selected at the level of p < .05.  The effect sizes were further computed using Cohen’s d, with small, medium, and large effect sizes corresponding to Cohen’s d equals to 0.3 to 0.5, 0.5 to 0.8, and > 0.8, respectively.  Results showed that the ADHD group had significantly lower GFA values than the TD group in all four pairs of bilateral frontostriatal tracts (ps ≤ .001; Cohen’s d = 0.76 – 1.30; Supplement Table 1).  Compared with the TD group, the ADHD group showed slightly poorer usage of strategy in the SWM task, had lower probability of hits, higher probability of false alarm, poorer ability to discriminate target from noise (A’ target sensitivity), lower tendency to inhibit response (B” response bias), and longer mean latency time in the RVIP task (Cohen’s d = 0.45 – 0.75; Supplement Table 2).  The ADHD group was also more impaired in all the domains of school functioning assessed herein than the TD group (Cohen’s d = 1.08 –2.28; Supplement Table 2).

Correlations between Frontostriatal Tract Integrity and School Functioning

We also examined the correlations between integrity of the four bilateral pairs of frontostriatal tracts and all the domains of school functions.  Results are presented in Supplement Table 3.  In general, the frontostriatal tract integrity, particularly bilateral caudate-orbitofrontal, right caudate-dorsolateral prefrontal and right caudate-ventrolateral prefrontal tracts, was significantly correlated with all the domains of school functions (Supplement Table 3).  

Supplement Table S1. Comparisons of frontostriatal tracts between youths with ADHD and typically developing youths
	
	Mean ± SD
	
	
	

	Fronto-striatal Tracts
	ADHD

(n = 32)
	TD 
(n = 32)
	F (1, 62)
	p values
	Cohen’s d

	
	
	
	
	
	

	  Orbitofrontal
	L’t
	0.235±0.031
	0.279±0.038
	46.60
	<.001
	1.29 

	
	R’t
	0.236±0.028
	0.275±0.033
	31.78
	<.001
	1.30 

	  Ventrolateral
	L’t
	0.205±0.030
	0.228±0.032
	13.40
	<.001
	0.76 

	
	R’t
	0.219±0.026
	0.244±0.029
	18.75
	<.001
	0.92 

	  Medial prefrontal
	L’t
	0.231±0.030
	0.264±0.033
	20.92
	<.001
	1.05 

	
	R’t
	0.227±0.020
	0.247±0.026
	14.56
	<.001
	0.91 

	  Dorsalateral 
	L’t
	0.231±0.027
	0.262±0.031
	23.11
	<.001
	1.06 

	          
	R’t
	0.224±0.022
	0.246±0.026
	12.44
	 .001
	0.87 


Note. ADHD, attention-deficit/hyperactivity disorder; TD, typically developing youths; L’t , Left; R’t, Right. 

Supplement Table S2. Comparisons of executive functions between youths with ADHD and typically developing youths
	
	Mean ± SD
	F (1, 62)
	p values
	Cohen’s d

	
	ADHD
(n = 32)
	TD
(n = 32)
	
	
	

	Spatial Working Memory
	
	
	
	
	

	Strategy utilization
	34.25±5.47
	31.91±5.04
	3.17
	.085
	-0.45 

	Total errors
	32.66±18.07
	25.75±19.81
	2.12
	.155
	-0.36 

	Rapid Visual Information Processing
	
	
	
	
	

	Probability of hits
	0.40±0.18
	0.51±0.19
	8.65
	.006
	0.62 

	Probability of false alarm
	0.03±0.03
	0.01±0.02
	6.50
	.016
	-0.63 

	A’ (target sensitivity)
	0.82±0.07
	0.87±0.06
	13.89
	<.001
	0.74 

	B” (response bias)
	0.78±0.20
	0.90±0.12
	12.34
	.001
	0.75 

	Mean latency (ms)
	605.06±188.11
	505.65±167.43
	5.12
	.031
	-0.56 

	School Function
	
	
	
	
	

	Overall school function
	1.99±0.46
	1.24±0.25
	67.08
	<.001
	-2.03 

	Grades
	2.15±0.81
	1.41±0.53
	21.34
	<.001
	-1.08 

	Attitude toward school work
	2.48±0.89
	1.47±0.62
	32.50
	<.001
	-1.32 

	School interaction
	2.11±0.73
	1.33±0.50
	24.35
	<.001
	-1.25 

	 School behavioral problems
	1.83±0.41
	1.12±0.16
	95.48
	<.001
	-2.28 


Note. ADHD, attention-deficit/hyperactivity disorder; TD, typically developing youths; A’, a signal detection measure of sensitivity to the target, regardless of response tendency; B'', a signal detection measure of the strength of trace required to elicit a response.
Supplement Table S3. Correlations between the generalized fractional anisotropy of the frontostriatal tracts and school functions

	
	Frontostriatal Tracts (Left)
	Frontostriatal Tracts (Right)

	
	Dorsolateral
	Medial prefrontal
	Orbitofrontal
	Ventrolateral
	Dorsolateral
	Medial prefrontal
	Orbitofrontal
	Ventrolateral

	
	  r
	  p
	  r
	  p
	  r
	  p
	  r
	  p
	  r
	  p
	  r
	  p
	  r
	  p
	  r
	  p

	Overall School Functiona
	-0.23
	.072
	-0.22
	.087
	-0.50
	<.001
	-0.22
	.086
	-0.35
	.005
	-0.27
	.031
	-0.50
	<.001
	-0.30
	.016

	Grades
	-0.09
	.503
	-0.12
	.349
	-0.34
	.006
	-0.09
	.466
	-0.25
	.052
	-0.12
	.343
	-0.40
	.001
	-0.11
	.399

	Attitude toward school work
	-0.14
	.289
	-0.15
	.256
	-0.34
	.006
	-0.18
	.168
	-0.33
	.008
	-0.28
	.028
	-0.42
	<.001
	-0.27
	.032

	School interaction
	-0.13
	.307
	-0.14
	.286
	-0.38
	.002
	-0.19
	.132
	-0.28
	.028
	-0.23
	.069
	-0.31
	.012
	-0.30
	.015

	School behavioral problems
	-0.32
	.011
	-0.27
	.031
	-0.53
	<.001
	-0.26
	.038
	-0.34
	.006
	-0.31
	.013
	-0.50
	<.001
	-0.36
	.004


aSchool function assessed by the Chinese version of the Social Adjustment Inventory for Children and Adolescents
r, Pearson correlation coefficients
Supplement Fig. S1. The regions of interest (ROIs) and reconstructed targeted tracts in the left hemisphere. (a) Five ROIs are shown: dorsolateral prefrontal cortex (yellow), medial prefrontal cortex (blue), orbitofrontal cortex (green), ventrolateral prefrontal cortex (red) and caudate nucleus (purple). (b) Four frontostriatal tracts are shown: the caudate–dorsolateral prefrontal tract (yellow), the caudate–medial prefrontal (blue), the caudate–orbitofrontal tract (green), and the caudate–ventrolateral prefrontal tract (red).
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