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Abstract

Aims—Familial drug abuse history has been shown to have an impact on cognitive development 

during adolescence. The present study examined the relationship between white matter volume 

and cognitive processing speed in adolescents with and without a familial substance abuse history.

Participants—The sample consisted of thirty-three female and male adolescents stratified by 

risk (family history positive, FH+) and low-risk (FH−) groups.

Measurements—Gray and white matter volumes were measured by segmenting magnetic 

resonance imaging (MRI) data. The neurocognitive test battery included tests that assessed 

processing speed, verbal ability and mental flexibility.

Findings—Information proceeding speed was examined as a function of WM volume and only 

weak support was found for a relationship between these variables (FH− females only). Age 

related differences in neuropsychological functioning were seen but did not differ by risk group 

status, although there was some evidence for an age by gender effect. Information processing 

speed (Digit Symbol and Stroop Word Color Naming) was significantly correlated with white 

matter volume, however this pattern was only observed in FH− females. Cognitive performance 

and tissue volumes did not differ significantly between risk groups.

Conclusions—Age related differences in neuropsychological functioning were seen that might, 

in larger samples, prove to be related to risk for substance abuse in adolescents who have not yet 

initiated drug use.
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INTRODUCTION

Adolescence is a time notable for brain re-organization, with white and gray matter tissue 

volume each undergoing distinctly different patterns of maturation [1–4]. In general, white 

matter volume has been reported to increase during adolescence [3–7], although decreased 

white matter volume also has been reported during late adolescence [8]. Gray matter volume 

changes during childhood and adolescence have been shown to occur in a non-monotonic 

fashion, with rapid increases in gray matter volume occurring earlier in development, 

followed by a dramatic decrease in volume during late childhood and adolescence [2, 3]. 

Age-related alterations in white matter are thought to chiefly reflect myelination, whereas 

gray matter volume reductions are thought to reflect synaptic and dendritic pruning, but also 

cell death. Significant and rapid improvements in cognitive abilities during this age period 

are observed concurrently with structural reorganization of the adolescent brain [9–11], due 

in part to increased speed and efficiency of information processing [11]. Not surprisingly, 

there is substantial evidence for a relationship between structural brain development and 

improvements in cognitive function in adolescent cohorts [4, 12–14].

The onset of alcohol and illicit substance use also typically occurs during this period of 

critical brain development [15, 16]. The majority of brain imaging studies to date have 

documented structural and functional brain impairments in youth who have already begun 

using drugs or alcohol or who have an ongoing substance use disorder [17–19]. It is difficult 

to discern, however, whether such impairments are antecedent to the initiation of substance 

use or are the consequence of substance use during adolescent brain development. Although 

the available data are limited, two brain imaging studies have documented significant 

influences of a positive family history for substance abuse in adolescents selected for 

minimal alcohol exposure. Adolescents from multiplex alcohol dependence families (high-

risk; more than one first and second degree alcoholic relatives) have been reported to exhibit 

smaller amygdalar volumes [20] and larger cerebellar volumes [21] relative to low-risk 

adolescent counterparts. Furthermore, youth family history positive (FH+) for alcoholism 

were found to exhibit less inhibitory frontal activation during the performance of a GO-NO 

GO functional MRI task, as compared to family history negative (FH−) comparison subjects 

[22].

Studies of adolescents reporting active drug/alcohol use have demonstrated poorer 

neuropsychological function relative to non-using counterparts [23–26], however a number 

of recent studies have examined adolescents who have not yet begun using illicit substances, 

but who are at risk for substance abuse. These studies found that although intellectual 

functioning generally falls within the average range [27–29], poorer performance across a 

number of cognitive domains is evident in non-using FH+ youth compared to their FH− 

counterparts [22, 30, 31]. Nevertheless, some studies have failed to find such deficits [32, 

33]. For instance, children of alcoholics (aged 7.5 yrs. old) demonstrated deficits in abstract 

reasoning and planning, as well as IQ, spelling and math performance, relative to children of 

non-alcoholics (aged 7.4 yrs old). These findings were predominantly found in children of 

antisocial alcoholics [30]. Poorer academic performance also has been reported in 

adolescents at risk for substance abuse versus counterparts at low risk [34, 35], with a more 

rapid trajectory of cognitive improvement being observed in the later group measured at 
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baseline and again one year later [36]. Taken together, these studies suggest that during 

childhood and adolescence decrements in cognitive abilities and academic performance, 

associated with familial history of substance abuse, may be present prior to cognitive 

impairments that result from early initiation and continued use of alcohol and drugs.

Importantly, a positive family history of substance abuse (FH+) has been shown to predict 

future abuse and is associated with an earlier age of onset of use [37, 38], a greater 

magnitude of use [39–42] and increased incidence of an alcohol use disorder [41, 43–45] in 

adolescents and young adults ranging from 10 to 21 years of age. Therefore, developmental 

studies examining the role of FH status may help determine whether alterations in cerebral 

structure and/or function reflect vulnerabilities that may contribute to the initiation of drug 

use. The objective of the present was to study examine the relationship between cerebral 

tissue volume (gray and white matter) and cognitive performance in female and male 

adolescents stratified into high-risk (FH+) or low-risk (FH−) groups. Given the significant 

influence of age and sex on cognitive performance and brain tissue volume, age was 

included in the statistical model as a continuous variable (covariate) and females and males 

were examined independently [14, 46, 47]. Based on previous evidence [4, 13, 14], it was 

hypothesized that a positive relationship would be observed between white matter volume 

and performance on tasks that measure information processing speed/efficiency, whereas a 

negative relationship was expected between gray matter volume and performance on these 

tasks. It was further hypothesized that FH status would have a significant influence on these 

relationships.

METHODS

Participants

The study sample consisting of 33 healthy adolescent volunteers (17 girls and 16 boys; see 

Table 1) were recruited from the local surrounding communities via advertisement and word 

of mouth. The overall sample was 52% female, 82% Caucasian (9% African American, 3% 

Hispanic, 3% Asian) and typically from middle-upper class socioeconomic status [48], and 

had a mean age of 12.5 ± 2.5 yrs. (mean ± SD; age ranging from 8 to 18 yrs. old) and a 

mean education of 7.1 ± 2.5 yrs. (education ranging from 3 to 12 years). The accompanying 

parent, almost exclusively the mother, underwent a Family History – Epidemiologic (FHE) 

structured interview to obtain information about the parents and children, as well as an 

unstructured family interview to obtain information about second-degree relatives. A 

licensed clinical psychologist, at the PhD level, conducted all clinical interviews. 

Information from parental interviews was used to stratify subjects by family history status 

(low risk (FH−) or high risk (FH+)). Subjects met the criteria for FH+ status if there was a 

positive parental report of either parental or grandparent substance abuse (41%, 59% of the 

sample, respectively) or both parental and grandparent substance abuse (12% of the sample). 

Thus, no teens were excluded from the study based on family history status. Demographic 

data from the study subjects, which did not differ significantly between groups, are stratified 

by sex and FH status in Table 1.
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Procedure

All aspects of the clinical research protocol were reviewed and approved by the Institutional 

Review Board of McLean Hospital (Belmont, MA, USA). After a complete description of 

the study, all subjects and their parent(s) or guardian(s) provided written informed assent or 

consent, respectively, prior to participation. Subjects received monetary compensation for 

participating in the study.

Clinical and Cognitive Assessments

Trained research personnel administered all clinical assessments (licensed clinical 

psychologist, at the PhD level), and neuropsychological testing (trained clinician, at the MA 

level). Adolescent subjects underwent a structured clinical psychiatric interview, using the 

Kiddie-Schedule for Affective Disorders and Schizophrenia (K-SADS-E, [49], to rule out 

Axis I pathologies according to the Diagnostic and Statistical Manual IV (DSM) (e.g., 

depression, bipolar illness, schizophrenia, conduct disorder, attention deficit disorder). All 

participating subjects were free of psychiatric diagnoses, neurological illness, severe 

medical problems, and current or >3 lifetime episodes of alcohol or drug use.

The battery of academic and intellectual screening administered included the Wide Range 

Achievement Test (WRAT-R; Reading, Spelling and Arithmetic subtests) [50], Stroop 

Color-Word Interference test [51], and Wechsler Adult Intelligence Scale-Revised (WAIS-

R; Digit Span and Symbol subtests) [52]. An abbreviated battery of neuropsychological tests 

was chosen to characterize academic and cognitive functioning between groups (FH status, 

sex and age-related differences). Based on previous work, Digit Symbol subtest and Stroop 

Color Naming/Word Reading were chosen to represent processing speed/efficiency, which 

was examined relative to brain volume [14].

Magnetic Resonance Imaging Protocol

All imaging data were acquired on a 1.5 Tesla GE scanner. High-resolution three-

dimensional sets were acquired. Three set of images were generated: a T1-weighted sagittal 

localizer (spin echo, 256 × 192 256 × 192, 1 NEX, 24 slices, SLT=4mm with a 1-mm gap, 

TE=19msec, TR=600msec), a dual echo T2-weighted axial series (VEMP, 256 × 192, 0.5 

NEX, 54 slices interleaved, SLT=3mm, TE=30/80msec, TR=3000msec) and 3) 3-D Fourier 

transformed spoiled gradient-recalled acquisition images (SPGR, 256 × 192, 124 slices, 1 

NEX, SLT=1.5mm, TR=35msec, TE=5msec, flip angle=45°). A trained neuroradiologist 

reviewed the clinical images of each subject.

Morphometric Analysis of Images

Reconstruction of images was conducted off-line on a SUN Microsystems (Mountainview, 

California) Sparc2 workstation using a semiautomated segmentation software package [53]. 

The presently reported reconstruction and segmentation procedures have been used 

previously in our laboratory and are described further in earlier publications [54, 55]. 

Coronal volumetric images were segmented into gray and white matter using a 

semiautomated algorithm in MrX (GE Medical Systems, Schenectady, New York; Brigham 

and Women’s Hospital, Boston, Massachusetts). The full series of coronal images were 

restored by an experienced image analyst (G.T.) with established interrater reliability of 
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r>0.87 [56]. Images were initially filtered to reduce noise and ensure consistent range of 

pixel intensities between slices. Computerized semi-automated segmentation was then used 

to separate skull and meninges from the brain tissue. To differentiate tissues of interest, seed 

points of similar intensity were selected to define gray matter, white matter and 

cerebrospinal fluid (Figure 1). This automated process placed a visible segmentation 

boundary separating the tissues with the greatest contrast values in each coronal slice, 

generally corresponding to gray matter, white matter and cerebrospinal fluid [14].

Following computerized segmentation, the same image analyst edited each slice with 

reference to a standard anatomical atlas to ensure that tissue boundaries were placed 

correctly. Anatomical segmentation was conducted by this analyst, blind to the experimental 

hypotheses and without knowledge of the ages, family history status or neurocognitive 

performances of the subjects. Regional tissue volumes were calculated by summing all 

voxels within the segmentation boundaries of each region across slices and multiplying 

these summed values by the thickness of each slice and the voxel aspect ratio.

Data Analysis

The measured volumes of gray matter, white matter and cerebrospinal fluid (CSF) were 

corrected for individual variations in cerebral volume by dividing each subject’s total tissue 

by intracranial volume (ICV; summation of gray and white tissue and CSF). Separate 2(FH+ 

vs. FH−) × 2(Sex) analyses of covariance (ANCOVAs), using age as a covariate, and 

Fishers post hoc tests were used to examine differences in academic and cognitive measures, 

and brain volume data. If Age was determined to have no influence on the dependent 

measures (nonsignificant effect of Age as a covariate), it was removed from the statistical 

model, and subsequent 2(FH) × 2(Sex) ANOVAs were calculated. Academic and cognitive 

dependent variables included WRAT Reading, Spelling and Math performance; WAIS-R 

Digit Symbol, Digit Span Forward, Backward, and Total number correct; Stroop Test Color 

Naming, Word Reading and Derived Interference time (sec) to complete the task. Derived 

interference was calculated to control for differences related to psychomotor speed: 

Interference (sec) - Color Naming (sec). Brain volume dependent measures included total 

brain volume (ICV), white matter volume (WM) relative to ICV, gray matter (GM) volume 

relative to ICV and cerebral spinal fluid volume (CSF) relative to ICV. Based on a priori 

hypotheses regarding adolescent changes in white and gray matter volumes and age-related 

improvements in processing speed/efficiency, one-tailed Pearson’s correlation coefficients 

with Z-tests were used to examine the relationship between WM/ICV and GM/ICV and 

Digit Symbol Number Correct, Stroop Color Naming time and Stroop Word Reading time. 

Correlations were stratified by FH status and sex. Statistical ANCOVAs, Fishers post hoc 

analyses and correlations were conducted using Statview 5.1 (SAS Institute, Cary, NC), with 

α= 0.05.

RESULTS

Cognitive Performance

Significant age-related improvements were observed for each of the academic and cognitive 

measures examined, p<.001, when Age was included in the statistical model as a covariate, 
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2(FH status) × 2(Sex), Covariate(Age) ANCOVA (Table 2). However, no significant effects 

or interactions involving FH or Sex were observed for cognitive measures when Age was 

not included in the statistical model, 2(FH status) × 2(Sex) ANOVA (data not shown).

The ANCOVA for Stroop Color Naming revealed a significant main effect of sex 

(F(1,25)=8.36, p<.01), which was tempered by an interaction with Age (F(1,25)=7.90, p<.

01). Although overall mean time (sec) to complete the Color Naming task did not differ 

significantly between females and males (Age not included as a covariate), the magnitude of 

the trajectory of improvement with age did differ between sexes. Females appeared to 

exhibit longer times to complete the Color Naming task at the younger ages relative to 

similarly-aged males, however the slope of the improvement in females was steeper than in 

males: females – regression, F(1,16)=40.18, p<.001, regression coefficient=−6.78, standard 

error=1.07, and males: regression, F(1,16)=6.89, p=.02, regression coefficient=−2.65, 

standard error=1.01 (Figure 2).

The ANCOVA for Stroop Word Reading also revealed a significant main effect of Sex 

(F(1,25)=13.30, p<.005), but also significant FH x Sex (F(1,25)=4.86, p<.05) and Sex x Age 

(F(1,25)=12.39, p<.005) interactions; these effects were moderated by a three-way 

interaction with Age (F(1,25)=4.55, p<.05). Although overall mean time (sec) to complete 

the Word Reading task did not differ significantly between FH groups, females and FH+ 

males, not FH− males, demonstrated a significant trajectory of improvement with Age: FH− 

females – regression, F(1,7)=25.89, p<.005, regression coefficient=−5.66, standard 

error=1.11; and FH+ females – regression: F(1,8)=28.96, p<.005, regression coefficient=

−3.50, standard error=0.65. FH+ males displayed an age trajectory of improvement similar 

to females: FH+ males – regression: F(1,7)=8.89, p<.05, regression coefficient=−2.12, 

standard error=0.71. FH− males, however, tended to perform better at the younger ages than 

females or FH+ males, with little subsequent improvement with age being observed: FH− 

males – nonsignificant regression, F(1,7)=0.04, p>.05, regression coefficient=−0.30, 

standard error=1.42 (Figure 3).

Brain Volume

No significant effects involving FH or Sex were observed for total ICV, gray matter/ICV, 

white matter/ICV or CSF/ICV when Age was included in the statistical model as a covariate, 

2(FH status) x 2(Sex) x Covariate(Age) ANCOVA (Table 3). A significant effect of Sex was 

observed for total ICV when Age was not included in the statistical model, 2(FH status) x 

2(Sex) ANOVA. Total intracranial volume was significantly greater in males (1480.69 ± 

20.68) than in females (1331.99 ± 22.45), regardless of FH group, F(1,29)=23.69, p<.0001. 

There also was a significant effect of Sex for gray matter, with males (913.72 ± 21.77) 

demonstrating a greater values than females (799.15 ± 30.25), F(1,29)=9.12, p<.01; this 

effect was absent when gray matter volume was corrected for ICV (Table 3).

Correlations: White and Gray Matter Volume vs. Cognitive Processing Speed

Significant correlations were observed between white matter volume/ICV and performance 

on the Digit Symbol subtest (greater number correct) and the Color Naming component of 

the Stroop task (less time to complete the task) (Figures 4,5). These significant associations 
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were observed only in FH− female adolescents (Digit Symbol: r =.67, z=1.81, p = .03; Color 

Naming: r = −.62, z=−1.60, p = .05) (Table 4). Furthermore, FH− females also displayed 

trends for relationships between white matter volume/ICV and performance on the Word 

Reading component of the Stroop task (r =−.60, z=−1.53, p=.06) and gray matter 

volume/ICV and performance on the Digit Symbol subtest (r = −.60, z=−1.55, p = .06) and 

Color Naming task (r = .53, z=1.31, p = .09) (Figure 6, Table 4). No significant correlations 

were observed between cerebral tissue volume (white or gray matter, or CSF) and the other 

cognitive domains measured for any of the groups examined.

DISCUSSION

To our knowledge, this is one of the first studies to examine the relationship between 

cerebral tissue volume and cognitive performance in adolescents who have not yet begun to 

use licit or illicit substances, but who are FH+ or FH− for substance abuse. Not surprisingly, 

dramatic age-related improvements were observed across all cognitive domains examined. 

In addition, we observed sex-specific influences of FH status on the relationships between 

white matter volume and information processing speed. Interestingly, overall cognitive 

performance and brain tissue volumes did not statistically differ between FH+ and FH− 

youth.

Modest sex differences were observed for age-related improvement in performance on 

Stroop Color Naming, with female subjects generally showing more rapid improvement 

with age compared to males. Sex differences also were observed for the trajectory of 

improvement for Stroop Word Reading, with females demonstrating a similarly steep 

trajectory of improvement relative to males. This sex effect for Word Reading was 

moderated by FH status, however, with FH− males appearing to perform better at the 

youngest ages tested relative to similar aged subjects in all other groups. Given that there 

was little room for subsequent improvement at the older ages in FH− males, the regression 

of age versus performance on Word Reading was nonsignificant in this group. Significant 

age regressions were observed on this cognitive measure for females, regardless of FH 

status, and FH+ males.

Family history status did not significantly influence whole brain total, gray or white matter 

volumes in the present study, although prior reports have demonstrated volume differences 

in focal regions of interest such as the amygdala and cerebellum in FH+ adolescents [20, 

21]. Consistent with previous studies, significant sex differences were observed, with males 

exhibiting ~10% greater total brain volume than females [6, 14, 46], regardless of FH status. 

Although males also exhibited greater gray matter volume than females, this difference was 

no longer present when gray matter volume was corrected for intracranial volume. Brain 

volumes were not significantly influenced by age in the present study, however there were 

nonsignificant age-related increases in white matter volume (r= 0.10, p=.57) and decreases 

in gray matter volume (r= −0.12, p=.50), regardless of FH status. Power estimates were 

calculated and revealed the following effect sizes for the ANOVAs of brain volume data as a 

function of FH group (16 FH− and 17 FH+): total brain volume effect size f=.39, gray matter 

volume/ICV effect size f=.23 and white matter volume/ICV effect size f=.38. For the given 

sample size (n=33), an effect size of at least .50 would be necessary to detect significant 
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group differences. Furthermore, the achieved power for each of these analyses was .58 (total 

brain volume), .25 (GM/ICV), and .57 (WM/ICV). In order to achieve power =.80, a priori 

power calculations determined that total sample sizes of 54 (total brain volume), 150 (GM/

ICV) and 56 (WM/ICV) per group would be necessary to detect significant group 

differences. These analyses suggest that the study may have been somewhat underpowered, 

minimizing the likelihood of detecting significant differences in the current sample.

Family history status appeared to moderate the relationship between information processing 

speed, as measured using the Digit Symbol and Stroop Color Naming subtests, and whole 

brain white matter volume in the present study. Information proceeding speed was tested for 

its relationship to WM volume and only weak support was found (FH− females only). It is 

plausible that the time course of structural brain development and associated improvements 

in cognitive functioning may be influenced by an interaction between sex and FH status, 

given that FH+ girls and boys demonstrate different patterns and rates of development than 

FH− counterparts. Regardless, FH+ youth did not display deficits in cognitive processing or 

brain tissue volume in the present study. These results are consistent with previous reports 

that a negative influence of FH status on cognitive performance is not always observed [27–

29]. It is important to note, however, that given the limited sample size, only modest power 

was achieved for the significant relationships between WM/ICV and processing speed in FH

− females. For instance, the following power was achieved for the relationships observed in 

FH− females for WM/ICV and digit symbol number correct = .73, WM/ICV and color 

naming = .63, and WM/ICV and word reading = .58. The sample size of FH− females (n=8 

in the current study) would need only be increased to 13 subjects to achieve power = .80, 

suggesting that the significant relationships observed between these variables in FH− 

females do not reflect variability alone. For the other groups, however, a minimum of 35 FH

+ males, greater than 100 FH+ females and greater than 100 FH− males would be required 

to obtain significant relationships between WM/ICV and cognitive processing speed 

variables, with power = .80.

Overall, total brain volume, and gray and white matter volumes did not change significantly 

with age, perhaps due in part to the limited sample sizes included in this investigation. It is 

plausible, given the relationship between white matter volume and cognitive performance, 

that developmental increases in myelination may subserve age-related improvements in 

some cognitive abilities, at least in FH− girls [8, 57–59]. Whole brain white and gray matter 

volumes were not significantly associated with verbal ability or mental flexibility/working 

memory. The absence of a relationship between brain volumes and these other domains 

suggests that processing speed may be reflected structurally on a global level as measured in 

this study, whereas more specific cognitive abilities may be associated with tissue volumes 

in anatomically distinct regions of interest, such as mesiotemporal or prefrontal regions.

There are a number of factors that must be considered when interpreting these study 

findings. First, since the current investigation includes a moderate sample size for 

neuroimaging studies, the sample may be limited in the ability to parse out sex and FH status 

effects on cognition and brain volume. Significant relationships were observed in FH− girls 

when subjects were stratified by sex and FH status, however these findings will need to be 

confirmed in future studies that include larger sample sizes. Second, the discrepancy 
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between the lack of significant FH effects and previous reports documenting negative FH 

effects on neuropsychological function and tissue volumes may be due to differences in 

demographic factors across studies. All adolescents examined in the present study had less 

than three episodes of lifetime alcohol use and no lifetime use of other psychoactive 

substances. Subjects also had middle to upper class SES status, regardless of FH status, and 

did not meet criteria for psychiatric conditions such as attention deficit disorder or conduct 

disorder. Risk associated with FH status could have also been minimized due to the 

determination of family history of substance abuse, as a structured interview with a single 

parent has been shown to be less sensitive for detecting accurate family history status than 

interviewing multiple family members [60]. Furthermore, the majority of adolescents in the 

FH+ group were from simplex families with alcohol dependence, where only a single 

relative, parent or grandparent, determined meeting the criteria for a positive family history 

of substance abuse (88%). To this end, Hill and colleagues [61] have suggested that a greater 

family loading of alcoholism (multiplex family history of alcoholism) is associated with a 

greater genetic susceptibility for developing a substance use disorder than a lesser degree of 

family loading (simplex family history of alcoholism).

In conclusion, age related differences in neuropsychological functioning were seen that 

might, in expanded samples, prove to be related to risk for substance abuse in adolescents 

who have not yet initiated drug use. Given the critical period of brain development occurring 

during the adolescent period, as evidenced by significant improvements in neurocognitive 

functioning, it is imperative that youth become educated about the risks associated with 

early alcohol or drug use, as altered structural and functional brain development could lead 

to poor cognitive performance, which in turn could compromise educational attainment and 

mitigate healthy psychosocial development.
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Figure 1. 
A representative coronal slice of an adolescent brain identifying the tissue segmentation 

boundaries used for calculating the volume of gray matter, white matter and cerebral spinal 

fluid.
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Figure 2. 
Scatterplots represent individual subject data for the relationship between Age and Stroop 

Color Naming Time (sec) in female (left panel, solid diamonds) and male adolescents (right 

panel, open diamonds). Solid lines represent the linear regression. Less time (sec) time to 

complete the Color Naming component of the Stroop Test reflects better performance. 

Linear regression analyses of age versus performance revealed: for females, F(1,16)=40.18, 

p<.001, regression coefficient=−6.78, standard error=1.07; for males, regression, 

F(1,16)=6.89, p=.02, regression coefficient=−2.65, standard error=1.01.
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Figure 3. 
Scatterplots represent individual subject data for the relationship between Age and Stroop 

Word Reading Time (sec) in female (top panels) and male adolescents (bottom panels), 

stratified by FH status. Less time (sec) time to complete the Word Reading component of 

the Stroop Test reflects better performance. Open circles represent individual FH− subjects 

and filled circles represent FH+ subjects). Dashed lines and solid lines represent linear 

regressions for FH− and FH+ subjects, respectively. Linear regression analyses of age 

versus performance revealed: for FH− females, F(1,7)=25.89, p<.005, regression 

coefficient=−5.66, standard error=1.11; for FH+ females, F(1,8)=28.96, p<.005, regression 

coefficient=−3.50, standard error=0.65; for FH− males (nonsignificant), F(1,7)=0.04, p>.05; 

for FH+ males F(1,7)=8.89, p<.05, regression coefficient=−2.12, standard error=0.71.
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Figure 4. 
Scatterplots represent individual subject data for the relationship between White Matter 

Volume, relative to ICV, versus Digit Symbol # Correct, in female (left panel) and male 

adolescents (right panel). A greater number correct for the Digit Symbol test reflects better 

performance. Open circles represent individual FH− subjects and filled circles represent FH

+ subjects. Dashed lines and solid lines represent linear regressions for FH− and FH+ 

subjects, respectively. A significant correlation was observed between White Matter 

Volume/ICV and Digit Symbol # Correct in FH− females (r= .669, p=.03).
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Figure 5. 
Scatterplots represent individual subject data for the relationship between White Matter 

Volume, relative to ICV, versus Stroop Color Naming Time (sec), in female (left panel) and 

male adolescents (right panel). Less time (sec) time to complete the Color Naming 

component of the Stroop Test reflects better performance. Open circles represent individual 

FH− subjects and filled circles represent FH+ subjects. Dashed lines and solid lines 

represent linear regressions for FH− and FH+ subjects, respectively. A significant 

correlation was observed between White Matter Volume/ICV and Stroop Color Naming 

Time in FH− females (r= −.621, p=.05).
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Figure 6. 
Scatterplots represent individual subject data for the relationship between White Matter 

Volume, relative to ICV, versus Stroop Word Reading Time (sec), in female (left panel) and 

male adolescents (right panel). Less time (sec) time to complete the Word Reading 

component of the Stroop Test reflects better performance. Open circles represent individual 

FH− subjects and filled circles represent FH+ subjects. Dashed lines and solid lines 

represent linear regressions for FH− and FH+ subjects, respectively. A trend for a significant 

correlation was observed between White Matter Volume/ICV and Stroop Word Reading in 

FH− females (r= −.595, p=.06).
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Table 4

Correlations between Brain Volume and Processing Speed/Efficiency

FH− (n=16) FH+ (n=17)

Correlation Female (n=8) Female (n=9) Male (n=8) Male (n=8)

White Matter

WM/ICV vs. Digit Symbol r= .67* r= .05 r= −.55 r= .49

z=1.81, p=.03 z=0.12, p=.45 z=−1.39, p=.92 z=1.19, p=.17

WM/ICV vs. Color Naming r= −.62* r= .25 r= .13 r= −.43

z= −1.60, p=.05 z= 0.64, p=.74 z= 0.30, p=.62 z= −1.02, p=.16

WM/ICV vs. Word Reading r= −.60 r= .08 r= .04 r= −.40

z= −1.53, p=.06 z= 0.20, p=.58 z= 0.87, p=.53 z= −0.94, p=.18

Gray Matter

GM/ICV vs. Digit Symbol r= −.60 r= −.05 r= −.28 r= −.05

z= −1.55, p=.06 z= −0.13, p=.45 z= 0.63, p=.74 z= −1.24, p=.11

GM/ICV vs. Color Naming r= .53 r= −.24 r= .11 r= .44

z= 1.31, p=.09 z= −0.59, p=.72 z= 0.26, p=.40 z= 1.07, p=.14

GM/ICV vs. Word Reading r= .51 r= −.07 r= .12 r= .41

z= 1.26, p=.10 z= −0.18, p=.57 z= 0.26, p=.40 z= 0.97, p=.17

Data represent one-tailed Pearson’s Moment correlations, with z scores, α=.05.

*
Indicates a significant correlation, p ≤ .05.
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