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Abstract

Family history and poor preliteracy skills (referred to here as familial and behavioral risk,
respectively) are critical predictors of developmental dyslexia. This study systematically
investigated the independent contribution of familial and behavioral risks on brain structures,
which had not been explored in past studies. We also examined the differential effects of maternal
versus paternal history on brain morphometry, and familial risk dimensionally versus
categorically, which were also novel aspects of the study. We assessed 51 children (5 to 6 years of
age) with varying degrees of familial and behavioral risks for developmental dyslexia and
examined associations with brain morphometry. We found that greater maternal history of reading
disability was associated with smaller bilateral prefrontal and parieto-temporal grey, but not white
matter volumes. Regressing out behavioral risk, socioeconomic status, and maternal education and
other confounds did not change the results. No such relationship was observed for paternal reading
history and behavioral risk. Results of cortical surface area and thickness further showed that there
was a significant negative relationship between cortical surface area (but not thickness) and
greater severity of maternal history, in particular within the left inferior parietal lobule, suggesting
prenatal influence of maternal history on children’s brain morphometry. The results suggested
greater maternal, possibly prenatal, influence on language-related brain structures. These results
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help to guide future neuroimaging research focusing on environmental and genetic influences and

provide new information that may help predict which child will develop dyslexia in the future.
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1 INTRODUCTION

Developmental dyslexia is a condition characterized by marked yet unexpected difficulty
learning to read (Shaywitz and Shaywitz, 2005) affecting approximately 5-10% (up to
17.5%) of children and accounting for 80% of all learning disabilities (Shaywitz, 1998).

A deficit in phonological representations is thought to be the proximal cognitive deficit of
the reading problems seen in dyslexia (Shaywitz and Shaywitz, 2005; Swan and Goswami,
1997; Wagner and Torgensen, 1987). While the cause of the disorder is still unknown, two
risk factors for dyslexia, familial (having a family history of reading disabilities) and
behavioral (having poor reading-related skills prior to formal reading instruction), have been
examined extensively albeit independently. Perhaps the lack of independence is because pre-
readers with a family history of reading impairment often have poor reading-related ability
(Specht et al., 2009), making it difficult to disentangle whether these abnormalities in the
brain stem from having a familial or behavioral risk.

There is increasing evidence to suggest that the reading difficulties seen in dyslexia have
neurobiological substrates. Functional MRI (fMRI) studies regularly report hypoactivation
of left parieto-temporal and occipito-temporal regions (subserving phonological and
orthographic processes) during reading in individuals with dyslexia (reviewed in(Gabrieli,
2009; Maisog et al., 2008; Richlan et al., 2009; Shaywitz and Shaywitz, 2008). In dyslexia,
hyperactivation during reading, most typically in bilateral inferior frontal gyrus (IFG)
(Brunswick et al., 1999; Georgiewa et al., 2002; Milne et al., 2002; Richards et al., 2002;
Rumsey, 1992; Salmelin et al., 1996; Shaywitz et al., 2004; Shaywitz et al., 2002; Shaywitz
et al., 1998) or right posterior regions homologous to the hypoactive left hemisphere regions
(Shaywitz et al., 2002) may reflect compensatory processes.

To date, only a handful of neuroimaging studies have investigated how familial risk factors
for developmental dyslexia influence the brain. Several studies have reported event-related
potential (ERP) (Benasich et al., 2006; Guttorm et al., 2009; Leppénen et al., 1999; Lyytinen
et al., 2003; Maurer et al., 2003; Torppa et al., 2006) fMRI (Specht et al., 2009) and
structural (using voxel-based morphometry, VBM) (Raschle et al., 2010) abnormalities in
children with a family history of dyslexia before they receive formal reading instruction
compared to those without. These studies indicate that abnormalities are unlikely to be
shaped by children’s reading experience. The mechanism in which family history affects
children’s pre-reading brains however, remain unknown. We expand on previous studies in
four important ways by (1) taking an individual difference approach by examining family
history dimensionally as previous studies have taken a categorical approach and compared
those with and without family history even though reading skill is along a continuum, (2)
dissociating the effects of behavioral and familial risks on brain structure, which correlate
highly, (3) dissociating maternal versus paternal influence within family risk, and (4)
dissociating prenatal (Kapellou et al., 2006) versus postnatal influence (Landing et al., 2002;
Shaw et al., 2008) of maternal history on the brain by examination of cortical surface area
and thickness.
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2 MATERIAL AND METHODS

2.1 Subjects

A total of 51 healthy, native English-speaking 5- and 6-year old children participated in our
study. The majority of children were beginning kindergarteners (N=47) and four were
beginning first-graders. Standard behavioral assessment of the participants (children) and
parents, socio-economic status (SES) and home environment were assessed (Table 1 and
Table 2). Children (with and without family history of reading difficulty based on parental
self-report) were recruited from local newspapers, school mailings (including both schools
for children with learning disabilities and conventional schools), flyers, and mother’s clubs.
Family history was initially defined as parental report of reading disability in a first-degree
relative (either biological parent or sibling). Once recruited, as in previous literature, family
risk was assessed using the Adult Reading History Questionnaire (ARHQ [referred to as
“familial risk index [FamRI]” in this study]) (Lefly and Pennington, 2000). The children
(males, 29; females, 22) did not have any neurological or psychiatric disorders, were not on
medication, and had no contraindications to MRI. The Stanford University Panel on Human
Subjects in Medical Research approved the study and informed consent was obtained.

2.2 Self (parental)-report of Family History

Among the group where the parents reported of having a reading disability (self [parental]-
report of family history group, selfFH+ group, N=24, age: mean, 5.66; SD, 0.52), 12
children had paternal history (four with previous formal diagnosis and one with a sibling,
with formal diagnosis), 10 had maternal history (four with previous formal diagnosis), and
two had both maternal and paternal history (both not formally diagnosed). In the self-
reported group without family history (selfFH- group, N=27, age: mean, 5.52; SD, 0.31)
there was no report of maternal, paternal or sibling reading impairment history for any
family, though three families did report having a member of their extended family with such
impairment.

The demographics of the two self-reported family history groups (with [selfFH+] vs. without
[selfFH-]) (e.g., child age, parent age, socio-economic status [SES], maternal and paternal
education level, percentage of time spent with mother and father overall and related to
education) were not significantly different (Table 2).

2.3 Familial Risk Index (FamRl)

We operationally defined familial risk or “Maternal and Paternal Familial Risk Indices
(mFamRlI, pFamRlI),” as the maternal and paternal scores from the Adult Reading History
Questionnaire (ARHQ), a commonly used, valid and reliable self-rating assessment of past
reading disability in adults (Lefly and Pennington, 2000). Greater scores on the ARHQ
indicate more reading impairment during childhood. Paternal (mean: 0.35; SD: 0.15) and
maternal (mean: 0.31; SD: 0.14) ARHQ scores were not significantly different from each
other (t(49)=1.42, p=0.16). While using neuropsychological tests of reading is more ideal to
assess current and past reading (dis)ability in the parents, we opted to choose ARHQ scores
because reading scores (Test of Word Reading Efficiency Phonemic Decoding Efficiency
[TOWRE PDE], a timed measure of decoding) were not available on all parents. In the
available data (N=36), however, intraclass correlation (ICC) (used to measure the correlation
of units within groups rather than traditional observations that are based on pairs) and
receiver operating characteristic (ROC) (a graphical plot of the sensitivity versus the
specificity for a binary classifier where the threshold is variable) analyses were performed to
investigate the reliability of ARHQ scores. ICC calculation using a 2-way random effects
ANOVA model and absolute agreement (ICC(2,1) showed a Cronbach’s alpha estimate of
0.67 and ICC of 0.67 (F(35,35)=3.004, p=0.001)).
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We further performed ROC analysis to examine ideal cut-off ARHQ score for past reading
disability. While the original research suggested a cut-off score of 0.3 (Lefly and
Pennington, 2000), more recent neuroimaging research using ARHQ has used a cut-off
score of 0.4 (e.g., (Maurer et al., 2007; Maurer et al., 2009; Maurer et al., 2003). When
criteria of current decoding dysfunction and suspected past reading disability was defined as
a TOWRE PDE score of 90 (25! percentile), and an ARHQ score of 0.385, sensitivity was
100% and specificity 77.1%. When self-report of past reading disability was used as criteria
of past reading disability, at an ARHQ score of 0.375, sensitivity was 90% and specificity
88.5%. These ARHQ scores of 0.385 and 0.375 are similar to what past neuroimaging
studies have used in their study as a cut-off score (= 0.40) (Maurer et al., 2007; Maurer et
al., 2009; Maurer et al., 2003). They, too, validated using neuropsychological testing
(Maurer et al., 2003). Together with the ICC analyses, the results show that ARHQ score is
a good indicator of past and current reading ability in adults.

Using an ARHQ cut-off score >0.4, 24 (out of 51) families met the criteria for family
history; 9 had only mothers, 17 had only fathers, and 2 had both mothers and fathers who
met the criteria for reading difficulty. There were no significant correlations identified
between ARHQ scores (maternal and paternal) and demographic information such as SES
(or any of the individual factors such as education and occupation) or percentage of time
spent with child generally and related to educational activities specifically (all p’s>0.05).

2.4 Behavioral Risk Index (BxRI)

Behavioral risk (or BxRI) was defined as a composite measure of phonological awareness
(PA; combined score [cs] of the Elision and Blending Words subtests in Comprehensive
Test of Phonological Processing [CTOPP]) (Wagner et al., 1999) rapid naming (RN; mean
ss of Color and Object subtests in Rapid Automatized Naming Test [RAN]) (Wolf and
Denckla, 2005) and letter identification (LID; Letter Identification [LID] subtest in
Woodcock-Johnson 111 Tests of Achievement [WJ-I11-Ach]) (Woodcock, 1998). These three
measures have been identified as predictors of reading achievement in previous studies (e.g.
(Lyytinen et al., 2008; Lyytinen et al., 2006; Puolakanaho et al., 2007). BxRI was defined as
the first eigenvariate of PA, RN and LID scores, and explained 63.2% of the total variance.
Higher BxRI scores indicate more impairment in these measures.

2.5 Intelligence and Literacy Skills

The Woodcock-Johnson 111 Tests of Cognitive Abilities Brief Intellectual Ability (WJIlI-
BIA), which was used as a measure of intelligence, is comprised of three subtests: Verbal
Comprehension, Concept Formation, and Visual Matching. The three subtests in part
respectively measure Comprehension-Knowledge (Gc), Fluid Reasoning (G#, and
Processing Speed (Gs), which represent the best sample of an individual’s verbal ability,
thinking ability, and efficiency in performing cognitive tasks (Mather and Woodcock, 2001).
Full-scale 1Q showed significant negative correlation with mFamRI (i.e., the greater the
maternal history of reading impairment, the lower the child’s 1Q, p<0.05 uncorrected for
multiple comparison, not significant when Bonferroni corrected), although all children had
average to superior 1Q (Figure 1). Further, selfFH- was significantly greater than selfFH+
for full-scale 1Q (p=0.003) and verbal 1Q (VIQ, p<0.001), though performance 1Q (PIQ) was
not significantly different from each other (p=0.27) (Table 2).

For results from the tests of literacy skills, the Behavioral Risk Index (BxRI), phonological
awareness (PA), rapid naming (RN) and letter identification (LID) were highly correlated
amongst each other. Recall BXRI was defined as the first eigenvariate of PA, RN and LID
scores. In general, these measures considered as markers for precursors of reading, weakly
but significantly negatively correlated with mFamRI (p<0.05 uncorrected, n.s. after
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Bonferroni correction) but not with pFamRI (Figure 1). On all measures (PA, LID, and only
marginally for RN) self-reported FH+ underperformed FH- (Table 2), suggesting greater
impairment of literacy-related skills in the selfFH+ group (Table 2).

2.6 Parental Intelligence and Literacy skills

To measure 1Q in parents, all mothers and fathers (except four fathers) completed the
Shipley Institute of Living Scale (SILS) (Zachary, 2006), which is a self-administered
intelligence measure used in place of the Wechsler Adult Intelligence Scale-Revised
(WAIS-R) (that would have required the parent to complete the test with a researcher). We
then converted the scores on the SILS to the WAIS-R. Specifically, from the SILS the total
raw score along with raw scores on the vocabulary (corresponding to VI1Q) and the abstract
thinking (corresponding to PIQ) subscales were totaled and converted to a Wechsler Adult
Intelligence Scale-Revised (WAIS-R) standard score (WAIS-ss) using standard conversion
tables. The SILS and WAIS are correlated ranging from 0.73 to 0.90 depending on the study
(Zachary, 2006). The scores on the WAIS-R converted from SILS indicated that all 1Q fell
within the average to superior range (Table 1). Both maternal and paternal ARHQ scores
were significantly greater (i.e. showing more impaired reading) for selfFH+ than selfFH-
(Table 2).

2.7 Home environment

To determine whether the selfFH+ and selfFH- groups were similar in terms of elements
within the home that are related to children’s reading achievement, we examined
socioeconomic status (SES). SES was measured based on the procedure and questionnaire of
Noble et al (2006). Parents completed a brief questionnaire with items related to parental
education, occupation and income (income data for five families were not available and thus
an SES score could not be calculated for them). Parental education was defined as the
average education of any parents (and stepparents/guardians) in the home (education level
for one father was not available). We used the 9-point Hollingshead Index Occupational
Status Scale (Bornstein and Bradley, 2003) to score parental occupation, and used only the
highest score of any parent, stepparent or guardian in the home. The income score was
defined as the total family income divided by the official federal poverty threshold for a
family of that size. Thus, for each family, an income-to-needs ratio was computed whereby
the total family income was divided by official poverty threshold. Finally, a composite SES
score was calculated for each child by factor analyzing the three scores (parental education,
occupation, and income) using principal component analysis. A single principal component
emerged, accounting for 57.1% of the variance. SES in our study refers to the factor loading
score (mean 0; SD 1) that was computed for each child and entered into our subsequent
analyses. SES was not significantly correlated with ARHQ (mFamRI: r=0.14, p=0.36;
pFamRI: r=-0.19, p=0.22; Figure 1) or maternal 1Q (r=0.16, p=0.29), though the correlation
with paternal 1Q was tending toward significance (r=0.28, p=0.07). It appears significance
was due to paternal VIQ (r=.35, p=0.02) rather than paternal PIQ (r=0.15, p=0.35) (Table 2).

2.8 MRI Data Acquisition

Imaging data were acquired in the summer and fall of 2008 and 2009 at the Richard M.
Lucas Center for Imaging at Stanford University. Imaging data was acquired using GE
Healthcare 3.0 Tesla 750 scanner 20.x software revision and an 8-channel phased array head
coil (GE Healthcare, Waukesha, WI). Images acquired included an axial-oblique 3D T1-
weighted sequence (fast spoiled gradient recalled echo [FSPGR] pulse sequence, inversion
recovery preparation pulse T1=400 ms; repetition time [TR]=8.5 ms; echo-time [TE]=3.4
ms; flip angle=15°; Receiver ban dwidth +32 kHz; slice thickness=1.2 mm; 128 slice
locations; number of excitations [number of signals averaged]=1; field-of-view [FOV]=22
cm; Phase FOV 0.75; acquisition matrix=256 x 192). The total time of scan was 4:34.

Neuroimage. Author manuscript; available in PMC 2013 April 17.
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To prepare for the scan, families received a packet of materials, including a CD of scanner
noises and a DVD of a child going into a scanner, designed to desensitize him/her to the
scanner sounds and environment. Children also participated in simulated MRI sessions at the
center.

2.9 Preprocessing of MR images

Preprocessing was carried out using the Statistical Parametric Mapping 8 (SPMB8) statistical
package (http://www.fil.ion.ucl.ac.uk/spm) including the Diffeomorphic Anatomical
Registration Through Exponentiated Lie Algebra (DARTEL) toolbox (Ashburner, 2007).
Images were bias-field corrected and segmented to grey matter (GM), white matter (WM)
and cerebro-spinal fluid (CSF) using the New Segment feature of SPM8. The images were
spatially normalized (to MNI space), modulated and smoothed (8-mm isotropic Gaussian
kernel) using the DARTEL toolbox and default settings. For each participant, segmentation
and normalization accuracy were manually inspected.

2.10 Analyses of Regional GM Volume (GMV) and WM Volume (WMV)

Voxel-based morphometry (VBM) analyses of regional GMV and WMV were examined
using SPM8 and was corrected for non-isotropic smoothness. Statistical threshold for whole-
brain analyses was set at p=0.01 for voxel height and p=0.05 family-wise error corrected for
extent while also correcting for non-stationary smoothness (p=0.05 corrected). Whole-brain
correlation analyses were performed between regional GMV and WMV with the following
dependent measures; mFamRI, pFamRI and BxRI. Total GMV (TGMV) and total WMV
(TWMV) were included as nuisance variables in all analyses. To investigate the effect of
FamRI without the effect of BXRI and vice versa, these analyses were repeated by including
BxRI as a nuisance variable when examining the brain correlates of FamRI, and mFamRI as
a nuisance variable when examining BxRI.

Possible confounding factors (age, beginning first-graders [N=4], left-handedness [N=5] or
manual dexterity index, year of study entry [Phase I: 2008, N=27, Phase 11: 2009, N=24], I1Q
[WJ BIA], father spent more time with child [N=1 spent more total time with father, N=3
spent more education-related time with father]) were controlled by regressing these
measures out as nuisance variables or by excluding children who were already in first grade,
left-handed, or whose father spent more time with the child. These were performed both at
the whole-brain voxel-by-voxel level and also by extracting the mean values of each region
that showed a significant effect (i.e., bilateral prefrontal, left parieto-temporal and right
parieto-temporal regions in which GMV was significantly negatively correlated with
mFamRI). Mean values of each cluster were extracted using REX (http://web.mit.edu/swg/
software.htm). The results were similar (children that are left-handed and 1%t graders are
marked in Figure 4).

To examine the effect of scan year, we also performed whole-brain voxel-by-voxel
independent t-tests between Phase | (2008, N=27) and Phase Il (2009; N=24) scans. Clusters
were located using XJview (http://www.alivelearn.net/xjview8/) and by visual inspection of
clusters overlaid on the templates.

2.11 Free Surfer Analysis

Cortical reconstruction and volumetric segmentation were performed with the FreeSurfer
image analysis suite version 5.0.0, which is documented and freely available for download
online (http://surfer.nmr.mgh.harvard.edu/). The technical details of these procedures are
described in prior publications (Dale et al., 1999; Dale and Sereno, 1993; Fischl and Dale,
2000; Fischl et al., 2001; Fischl et al., 2002; Fischl et al., 2004a; Fischl et al., 1999a; Fischl
etal., 1999b; Fischl et al., 2004b; Han et al., 2006; Jovicich et al., 2006; Segonne et al.,

Neuroimage. Author manuscript; available in PMC 2013 April 17.


http://www.fil.ion.ucl.ac.uk/spm
http://web.mit.edu/swg/software.htm
http://web.mit.edu/swg/software.htm
http://www.alivelearn.net/xjview8/
http://surfer.nmr.mgh.harvard.edu/

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Black et al.

Page 7

2004). Briefly, this processing includes motion correction and averaging of multiple
volumetric T1 weighted images (when more than one is available), removal of non-brain
tissue using a hybrid watershed/surface deformation procedure (Segonne et al., 2004),
automated Talairach transformation, segmentation of the subcortical white matter and deep
gray matter volumetric structures (including hippocampus, amygdala, caudate, putamen,
ventricles) (Fischl et al., 2002; Fischl et al., 2004a) intensity normalization (Sled et al.,
1998), tessellation of the gray matter white matter boundary, automated topology correction
(Fischl et al., 2001; Segonne et al., 2007), and surface deformation following intensity
gradients to optimally place the gray/white (main) and gray/cerebrospinal fluid (pial)
borders at the location where the greatest shift in intensity defines the transition to the other
tissue class (Dale et al., 1999; Dale and Sereno, 1993; Fischl and Dale, 2000). The main and
pial surfaces were visually inspected, and where needed, the appropriate manual corrections
were preformed as per the FreeSurfer Tutorial (http://surfer.nmr.mgh.harvard.edu/fswiki/
FsTutorial). All raters were trained to achieve inter-rater reliability of >0.95 (intraclass
correlation coefficient) with gold-standard datasets for volumetric regions of interest.

Once the cortical models are complete, a number of deformable procedures can be
performed for in further data processing and analysis including surface inflation (Fischl et
al., 1999a) registration to a spherical atlas which utilized individual cortical folding patterns
to match cortical geometry across subjects (Fischl et al., 1999b), parcellation of the cerebral
cortex into units based on gyral and sulcal structure (Desikan et al., 2006; Fischl et al.,
2004b), and creation of a variety of surface based data including maps of curvature and
sulcal depth. This method uses both intensity and continuity information from the entire
three dimensional MR volume in segmentation and deformation procedures to produce
representations of cortical thickness, calculated as the closest distance from the gray/white
boundary to the gray/CSF boundary at each vertex on the tessellated surface (Fischl and
Dale, 2000). The maps are created using spatial intensity gradients across tissue classes and
are therefore not simply reliant on absolute signal intensity. The maps produced are not
restricted to the voxel resolution of the original data thus are capable of detecting
submillimeter differences between groups. Procedures for the measurement of cortical
thickness have been validated against histological analysis (Rosas et al., 2002) and manual
measurements (Kuperberg et al., 2003; Salat et al., 2004). Freesurfer morphometric
procedures show good test-retest reliability across scanner manufacturers and across field
strengths (Han et al., 2006).

We focused on brain regions and measures that were supported both by our main VBM
analyses and by the past literature on dyslexia (Frye et al.). These included cortical surface
area and thickness of bilateral inferior parietal lobule (IPL) and pars opercularis of the
inferior frontal gyrus (IFG).

3 RESULTS

3.1 Neuropsychological Results

First we examined relationships between mFamRI, pFamRI, BxRI and other demographic
and behavioral measures such as PA, RN, LID (see Figure 1). In general, there was a
negative relationship between mFamRI and cognitive and behavioral measures such as PA,
LID and 1Q (verbal [V1Q] and performance [PIQ]), i.e., the worse the mother’s self-reported
past reading difficulties, the lower the child’s reading-related cognitive and behavioral
scores. There were no significant correlations with pFamRI and these measures. BXRI was
significantly negatively correlated with phonological memory, 1Q (VIQ, PIQ), processing
speed, maternal 1Q and maternal education level. There was a trend for significant positive
correlation between BxRI and mFamRI (r=0.24, p=0.088). Correlations that survived
correction for multiple comparisons are indicated in red in Figure 1 (lower right panel).

Neuroimage. Author manuscript; available in PMC 2013 April 17.


http://surfer.nmr.mgh.harvard.edu/fswiki/FsTutorial
http://surfer.nmr.mgh.harvard.edu/fswiki/FsTutorial

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 8

3.2 Regional GM and WM Volumes

There was a significant negative association between mFamRI and voxel-by-voxel GMV,
i.e., the more severe the mother’s past reading disability, the lower the child’s GMV, in
bilateral prefrontal and parieto-temporal regions (p<0.05 corrected; Figure 2). There was
also a trend for significant negative correlation between mFamRI and WMV in the left
parieto-temporal region spatially adjacent to the GM finding (p<0.1 corrected; Figure 3a).

Examination of the relationship between whole-brain structural MRIs and pFamRI or BxRI
showed no significant positive or negative association with regional GMV or WMV. These
results indicate that pFamRI and BxRI do not play a large role in morphometric variation at
this young age. Since there was a non-significant but non-negligible relationship between
mFamRI and BxRI (Figure 1, r=0.24, p=0.088) and because of our interest in dissociating
these two measures, we repeated the analyses controlling for BxRI. The results were very
similar for GMV (Figure 2) while the effect no longer showed a trend for significant
correlation in WMV.

3.2.1 Controlling Possible Confounds—We also examined differences in brain
morphometry based on measures of family history such as formal clinical diagnosis and
ARHQ scores or parents compared to self (parental)-report. Among the children with
self(parental)-reported reading disability, those with (N=17) and without (N=7) a formal
diagnosis of any first degree family member showed no significant difference in regional
GMV. Since independent sample t-tests are not comparable with regression analyses
performed to examine relationships with brain and mFamRI, we categorized children into
those with and without family history based on maternal ARHQ scores. The aforementioned
results in the frontal and right parieto-temporal regions remained significant but the left
parieto-temporal region was no longer significant (Figure 3b). However, the left parieto-
temporal region showed significantly greater GMV in children with a self (parental)-report
of maternal family history compared to those without a reported family history or a
self(parental)-report of paternal family history. This region spatially overlapped with the
region that showed a negative association between mFamRI and GMV (Figure 3c).

When possible confounding factors (age, beginning first-graders [N=4], left-handedness
[N=5] or manual dexterity index, year of study entry [Phase I: 2008, N=27, Phase 11: 2009,
N=24], 1Q [WJ BIA], father spent more time with child [N=1 spent more total time with
father, N=3 spent more education-related time with father]) were controlled, the results were
similar (children that are left-handed and 15t graders are marked in Figure 4). Specifically,
for handedness, beginning first-graders and father spending more time with child, we
eliminated the left-handed participants or first-graders or those that spent more time with the
dad from our analysis and the effect was the same. For age and year of study entry, we
entered this as a nuisance variable. To examine the effect of scan year, we also performed
whole-brain voxel-by-voxel independent t-tests between Phase 1 (2008, N=27) and Phase 11
(2009; N=24) scans and found no significant differences. The most significant cluster was at
the base of the cerebellum (p=0.225 corrected, cluster size [k]=1594) and was followed by
much less significant clusters (p’s>0.70 corrected, k<731).

3.2.2 Effect of Environment—These results indicate the specific influence of maternal
but not paternal reading history on brain morphometry, in particular GMV. To examine
whether the influence of mFamRI was more likely due to general environmental effects, we
performed a series of analyses. First, we regressed out SES and maternal education level
(which is one measure that goes into SES calculation) but the results were still significant.
Next, we examined the time the child spent with each parent. Because we were interested in
further understanding the evidence of mFamRI influence but not pFamRI, we analyzed
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effects for mother and father separately rather than assessing the effect of total time spent
with parents (as total time with parents added to 100% [% with mother + % with father] in
each case). Our survey (N=46 out of 51 were available) indicated that all but one mother
spent more time with their child than the father (N=5 spent equal amount of time as father),
and the difference in proportion of total time children spent with mother compared to father
was significant (t(45=9.98, p<0.001; Table 1). All but three mothers spent more time on
reading-related activities than the father (N=8 spent equal amount of time), and the
proportion of time on reading-related education spent by mother vs. father was also
significantly different (t(45=6.93, p<0.001; Table 1). Importantly, the children who spent
more time with their fathers were qualitatively not outliers in terms of the relationship
between GM morphometry and mFamRI (Figure 4a). The results were also similar when we
repeated analyses excluding children where fathers spent more time with them relative to
mothers (N=1 for total time, N=3 for education-related time).

Further, there was a small but significant positive correlation (uncorrected for multiple
comparisons) between brain morphometry and child’s time spent with mother on reading
related activities relative to father (frontal region: r=0.334, p=0.023; right parieto-temporal
region: r=0.25, p=0.095; left parieto-temporal regions: r=0.405, p=0.005). Nevertheless,
partial correlation analyses between brain morphometry and maternal ARHQ scores
regressing out proportion of time spent with mother remained significant (frontal region: r=
-0.467, p=0.001; right parieto-temporal region: r=—0.551, p<0.001; left parieto-temporal
regions: r=0.602, p<0.001). Collectively, these control analyses suggest that the effect of
maternal reading history on brain morphometry was above and beyond the influence of the
longer time spent with mother relative to father.

3.2.3 Cortical Surface Area and Thickness—Finally, results of cortical surface area
and thickness indicated that the left IFG and left IPL showed significant negative correlation
with maternal ARHQ and surface area (left IPL: r=-0.44, p=0.008 Bonferroni corrected, left
IFG: r=—0.35, p=0.05 Bonferroni corrected), but not thickness (left IPL: r=0.088, p=1.0
Bonferroni corrected, left IFG: r=-0.25, p=0.21 Bonferroni corrected) (Figure 5). After
correcting for the total surface area or weighted mean cortical thickness, the left IPL surface
area remained significant (r=—0.37, p=0.032). Similar analyses of the right hemisphere were
not significant (SURFACE AREA: right IPL: r=—0.22, p=0.34, right IFG: r=—-0.28, p=0.16;
THICKNESS: right IPL: r=0.038, p=1.0, right IFG: r=-0.17, p=0.56, all Bonferroni
corrected) even after correcting for total surface area or weighted mean cortical thickness.
These results suggest greater prenatal (reflected by surface area) than postnatal (reflected by
cortical thickness) influence on the association between maternal reading history and brain
morphometry, especially in the left IPL.

4 DISCUSSION

We have presented evidence for the influence of risk factors for developing dyslexia on
brain morphometry in beginning readers 5-6 years of age. We show the first evidence of
interindividual variability of familial reading history on brain structure. Specifically, we
examine familial and behavioral risks as dimensional rather than categorical factors, and
show dissociations between maternal and paternal familial risks as well as the child’s
behavioral risk. We found that the more severe the maternal history of reading disability, the
more reduced the child’s bilateral prefrontal and parieto-temporal GM regions, regions that
are associated with executive function, semantic and phonological processing, as well as
reading. Associations with brain morphometry were not found for paternal history of reading
disability or reading-related ability. The most intriguing finding was that more severe
maternal reading history was associated with reduced left parieto-temporal region only for
cortical surface area (thought to reflect more prenatal influences) (Kapellou et al., 2006))
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and not thickness (thought to reflect more postnatal influences) (Landing et al., 2002; Shaw
et al., 2008). Together with analyses controlling for SES and maternal education, results
indicate that the maternal influence on brain morphometry is at least in part prenatal and not
due to postnatal environmental influences.

The significant negative association between GMV and mFamRI (but not pFamRlI) in
bilateral prefrontal and parieto-temporal regions suggests that GM morphometry is
presumably more strongly influenced by maternal rather than paternal reading history (even
after controlling for child’s behavioral risk which was assessed using tests of PA, RN of
colors and objects and LID). The trend for a significant negative correlation with WMV and
mFamRlI in the left parieto-temporal region (spatially adjacent to and statistically in the
same direction as the GM finding) was no longer significant after controlling for behavioral
risk, suggesting that it is the GM that is most influenced by maternal reading history.

The left parieto-temporal region is recruited during successful reading and supports the
mapping of orthography onto phonology and phonological working memory (Vigneau et al.,
2006), and this region has been repeatedly shown to be abnormal in dyslexia (Caylak, 2009;
Habib, 2000; Maisog et al., 2008; Richlan et al., 2009).The contralateral right posterior brain
system is thought to be important during development and parietal GM region is also often
reduced in volume and activation level in dyslexia (Hoeft et al., 2007) with ‘normalization’
after successful intervention (Aylward et al., 2003; Eden et al., 2004; Meyler et al., 2008).
We consider our findings in reference to key studies that have identified important regions
for improved accuracy (compensation) in impaired readers, as we feel one potential benefit
of studies with young readers is to consider possible intervention paths.

Shaywitz and colleagues (2003) found that among three groups of adolescent readers (non-
impaired, persistently poor, and compensated), the compensated readers group recruited the
right superior frontal and right middle temporal regions, suggesting that this group
developed greater reliance on compensatory neural systems (Shaywitz et al., 2003). These
regions, however, were activated more in both the persistently poor and the compensated
groups relative to the non-impaired group, suggesting that these right hemisphere regions
reflect trait rather than state markers. Clearly the potential to recruit from right regions
homologues to left language regions seems important to overcome early neural deficits
associated with language function. Using Magnetoencephalography (MEG) recently Rezaie
and colleagues (2011) identified key regions of the brain predictive of response to increases
in word level skills and reading comprehension one year later. Compared to Inadequate
Responders, middle school students classified as Adequate Responders showed increased
activation in the left parietotemporal regions (supramarginal and angular gyri, along with
bilaterally in the superior and middle temporal gyri), with the amount of activation
predictive of later gains in reading scores (Rezaie et al., 2011). These studies highlight key
regions identified in our study as being important for compensation for impaired readers,
and we feel our study is an important next step in considering some of the potential
environmental factors that may mediate potential protective factors or risks for the
development of reading deficits. Hence our findings suggest possible mediation by abnormal
parieto-temporal neurodevelopment leading to increased risks for children of developing
dyslexia with greater maternal history of reading impairments.

Another area that showed negative correlation with maternal reading history and regional
GMV was the prefrontal region, associated with both naming on the left (Fiez and Petersen,
1998), and bilaterally with executive processing and working memory (Alloway et al., 2004;
Bunge et al., 2000; Smith and Jonides, 1999), and impairment in executive function in
readers with dyslexia has been suggested (Shaywitz and Shaywitz, 2008). Differences in
activation in the inferior frontal regions by reading group (typical versus impaired),
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however, offer contradictory findings, with studies reporting over-activation, under-
activation, or no differences between the two groups (Maisog et al., 2008; Richlan et al.,
2009). In an MEG study of adult readers with and without dyslexia, Frye and colleagues
(2010b) attempted to elucidate the extant inconsistent findings by examining not only the
amount of activation, but also effective connectivity (inward versus outward connectivity)
from the inferior frontal areas. The timing of activation may be important as one
intervention study using MEG found that in typical readers activation in the inferior frontal
areas was preceded by activation in the parieto-temporal areas, whereas in the group with
dyslexia the timing of activation was not significantly different (Simos et al., 2007).
Findings from Frye et al. (2010b) suggest that among readers with dyslexia, greater
connectivity from the left IFA to other regions (such as the left and right parieto-temporal
areas and the right inferior frontal areas) during the pre-stimulus period was associated with
better performance on rhyme trials. Thus, it appears that for successful compensation among
readers with dyslexia, the top-down inferior frontal areas connect to other important brain
regions, and these cortical regions are not restricted to only the left hemisphere but also the
right homologous regions (Frye et al., 2010b). While the present study did not examine pre-
stimulus effective connectivity, inferior frontal areas were implicated in our findings, and
future work could consider examination of effective connectivity. In sum, in our study it
appears that more severe history of reading impairment in mothers is associated with
atypical brain morphometry in children in regions necessary for phonological processing and
phonological/verbal working memory, fluid reading and higher order cognitive processes.

We next consider the results of greater maternal influence by one of two possible avenues
(though the two are likely to be associated with each other), greater maternal time spent with
child and a sex-based genetic transmission of dyslexia. First, mothers did report spending
significantly more time (in general and related to educational activities like reading) with
their children than did fathers. A wide body of literature suggests the importance of home
environmental factors on reading achievement and general cognitive skills (Bradley, 1993;
Bradley and Corwyn, 2002; Espy et al., 2001; Molfese et al., 2003; Molfese and Molfese,
2002). Recall that the findings support at positive correlation between the amount of time
the mother spent reading to the child and grey matter variance, suggesting that environment
may be a key contributor to morphometric differences seen in our sample of pre-readers.
However, the influence of maternal reading history (i.e., the ARHQ score) on grey matter
variance remained significant even after controlling for this factor.

Therefore, in line with more recent work examining the biological contributors of good and
poor reading, we now consider whether our results may reflect evidence of a sex-specific
threshold model, suggested by (Pennington, 1990) for dyslexia (but also is true for other
cognitive deficits such as Turner syndrome, (Kesler et al., 2003). The sex-specific model
posits that females require more risk genes (i.e., having a greater genetic load) than males to
exhibit similar reading impairments. Therefore, if the deficits derive from a female ancestor,
then offspring may have increased risk of being affected. If females require more risk genes
than males to express language and reading disorders, then when mothers evidence
impairment their offspring may have increased risk for the disorder.

We cannot conclude from this study whether the specific association between brain
morphometry and maternal reading history is due to the influence of environmental
factor(s), genes, or some combination of both. The association between mFamRI and GM
morphometry remaining significant even after regressing out the effect of SES or maternal
education however, suggests that our results are at least not solely due to general
environmental influences and raise the interesting possibility of more neurobiological and
genetic influences. Further, the results from cortical surface area and thickness suggested
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that brain regions, in particular the left IPL, may reflect more prenatal maternal rather than
postnatal environmental influence (but see, (Im et al., 2008).

Even though family history and behavioral risk for dyslexia are known to be comorbid, we
did not find any significant associations between BxRI and GMV or WMV. Thus, in this
young age group, current level of behavioral measures that are known to be predictors of the
later diagnosis of dyslexia (such as PA, RN or LID) were not associated with brain
measures. It may be that these core functions critical for reading are associated with brain
measures later in life, as numerous studies have shown associations between reading-related
measures and fMRI activation or brain volumes in older samples (see for example,(Eckert et
al., 2003; Hoeft et al., 2006; Kronbichler et al., 2008; Rumsey et al., 1999; Silani et al.,
2005). Because these reading measures predict later development of dyslexia above and
beyond variance accounted for by familial risk (Puolakanaho et al., 2007), and because we
have evidence that English-speaking pre-readers with versus without risk for dyslexia
display differences in brain morphometry (Raschle et al., 2010), perhaps future reading
achievement will be predicted with higher accuracy in our sample when neuroimaging and
behavioral measures are combined with environmental and genetic measures.

While the study presented is the first of its kind to suggest a dissociation between brain
morphometry and familial and behavioral risks for dyslexia in young children, there are
important limitations that should be addressed in future studies. Suggestions for future
studies include the following. First, while we did assess reading and cognitive skills directly
in many of the parents (N=36), it is important for future studies to evaluate the full sample
with perhaps a wider array of measures. Nevertheless, we do feel confident that the ARHQ
scores do reflect reading skill as our results showed an association between parents” ARHQ
scores and the TOWRE PDE (a timed test of phonemic decoding) whereby more history of
reading impairment was associated with lower TOWRE scores. Second, whether the
influence of maternal reading history on brain anatomy is due to environment (e.g., mothers’
current reading behaviors and activities with children) and/or genes should be examined in
future large-scale longitudinal studies gathering genetic information. Further, in addition to
samples where mothers spend greater time with their children than fathers, it will be of
interest to recruit families where both parents spend equal time with their child, and where
fathers spend more time than mothers. It is also possible that mothers’ reading background
was more strongly associated because of a higher accuracy in the reporting of their reading
history, which may have increased the correlations enough to make them significant.
Compared to fathers, mothers are spending more time with their children on educational
activities that may catalyze mothers’ thinking about their own experiences with reading.
Finally, given that our results could suggest maternal neurobiological influences on
children’s brain development, future studies should gather neuroimaging data on mothers
(and if possible fathers).

Nevertheless, our findings suggest that previously described functional and structural
abnormalities in older individuals with dyslexia may not be due to experience through years
of formal reading instructions, but rather are present in early childhood before school entry.
Given that developmental dyslexia can so negatively affect children’s educational
attainments and self-appraisals, and that deficits seen in children with dyslexia can be
remediated, it is essential that we continue efforts to explore the relationship among brain,
behavior, genes and environment that may lead to early identification and intervention.
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Figure 1. Associations among familial risk index (FamRl), behavioral risk index (BxRI) (marked
in black boxes) and various demographic, behavioral and brain measures

Upper left figure represents correlation coefficients (R) and lower right represents
significance level (P). Black boxes are shown to easily identify factors that are associated
the FamRI and BxRI. In the lower right, comparisons in red (p<0.001) are those that are
significant even after Bonferroni correction. Age: child’s age in years, SES: socioeconomic
status, 1Q: Woodcock Johnson I11 brief intellectual ability standard score (-ss), VIQ:
Woodcock Johnson 111 verbal comprehension-ss, PIQ: Woodcock Johnson 111 concept
formation-ss, LID: WRMT Letter ID subtest -ss, RN: rapid automatized naming color and
object subtests average —ss, PA: phonological awareness composite score of CTOPP, BxRI:
composite measure of PA, RN and LID, PM: phonological memory composite score of
CTOPP, TGMV: total grey matter volume, TWMV: total white matter volume, Age-M:
maternal age, mFamRI: maternal ARHQ score, OT-M: percent overall maternal time with
child, ET-M: percent of maternal educational time with child, Ed-M: maternal educational
level, 1Q-M: maternal estimated full-scale 1Q from WAIS-R, VIQ-M: maternal estimated
verbal 1Q from WAIS-R, PIQ-M: maternal estimated performance 1Q from WAIS-R, -P
refers to parental scores. For example, one can see that BxRI is negatively correlated LID,
RN, and PA (all p’s<0.001). mFamRlI is significantly correlated with many other measures
in the figure, but pFamRl is not significantly correlated with these measures except for 1Q-P,
VIQ-P, PIQ-P and child’s VIQ.
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Figure 2. Association between regional brain volume and maternal Family Risk Index
[mFamRI; FamRlI is equivalent to Adult Reading History Questionnaire (ARHQ) scores]

a. Brain regions where there were significant negative association between grey matter
volume (GMV) and mFamRI (p<0.05 corrected). Main region and statistical values (t-
values, cluster size in voxels [k] and p values) are listed.

b. Brain regions where there were significant negative association between GMV and
mFamRI. Total GMV and Behavioral Risk Index (BxRI; defined as a composite of letter
identification, rapid naming and phonological awareness scores) were entered as nuisance
variables (p<0.05 corrected). Main region, peak Talairach coordinates, anatomical structures
the clusters extend to, and statistical values (t-values, cluster size in voxels [k] and p values)
are listed.

c. Visual representation of correlations between FamRI and mean regional GMV of all
significant clusters in Fig 1b combined and adjusted for total GMV and BxRI. Results were
similar for each cluster hence are combined here.

d. Visual representation of correlations between BxRI and mean regional GMV of all
significant clusters in Fig 1b combined and adjusted for total GMV and mFamRI. Results
were similar for each cluster hence are combined here.
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Figure 3. Association between regional brain volume and maternal Family Risk Index
(mFamRI; FamRl is equivalent to Adult Reading History Questionnaire [ARHQ)] scores)

a. Brain region where there was a trend for significant negative association between white
matter volume (WMV) and mFamRI (0.05<p<0.1 corrected). This region was not significant
when the Behavioral Risk Index (BxRI; defined as a composite of letter identification [LID],
rapid naming [RN] and phonological awareness [PA] scores) was entered as a nuisance
variable (p>0.1 corrected). Main region and statistical values (t-values, cluster size in voxels
[k] and p values) are listed.

b. Brain regions where there were significantly reduced grey matter volume (GMV) in
children with mFamRI compared to those without based on ARHQ scores (p<0.05
corrected). Note similarities with Figures 2a and 2b in bilateral prefrontal cortices and right
parieto-temporal regions. Note also the lack of left parieto-temporal region (t=3.69, k=2425,
p=0.13 corrected), and addition of the right temporal regions.

c. Brain regions where there were significantly reduced GMV in children with a maternal
family history of reading disability compared to those with paternal family history based on
ARHQ scores (p<0.05 corrected). Note spatial overlap with the left parieto-temporal region
in Figure 2a.
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Figure 4. Visual representation of correlations between Family Risk Index (FamRI) and mean
regional grey matter volume (GMV) of all significant clusters in Figure 2b combined and
adjusted for total GMV and behavioral risk index (Bx RI)

Results were similar for each cluster hence are combined here. Red filled circles and blue
squares represent those children who either a. spent more education-related time with father
(of these, only one spent total time more with their father), which showed similar effects as
plotting those who spent more total time with father, b. are left-handed, c. first-graders at the
time of testing, or d. were in Phase | (entered study in 2008 Summer) as opposed to Phase |1
(entered study in 2009 Summer). While the plots only show qualitatively how these factors
were not driving our results, the results are consistent with the primary analyses where we
regressed out these effects (a, b, ¢ and d) or excluded these particular children from the
analyses (a, b and c).
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Figure 5. Association between cortical surface area and thickness of the left inferior parietal

lobule and maternal reading history

Lt IPL: left inferior parietal lobule, ARHQ: Adult Reading History Questionnaire.
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Table 1
Demographics
Measure Mean (SD) Range (Min, Max)
CHIL
D
Age 5.59 (0.42) 1.96 (5.03, 6.99)
22 female/29
Gender male
Socioeconomic status (SES) 0.00 (1.00) 5.25 (-2.87, 2.38)
. - 118.59
Woodcock Johnson 111 brief intellectual ability (1Q) (10.66) 47 (92, 139)
: 121.04
Woodcock Johnson 111 verbal comprehension (VIQ) (12.85) 59 (86, 145)
W . 117.04
‘oodcock Johnson 111 concept formation (P1Q) (11.43) 43 (94, 137)
Woodcock Johnson 111 visual matching (Processing ~ 105.57
Speed-PS) (11.82) 55 (72,127)
L 81.98 (-45.97,
Bx risk index (BxRI) 0(19.37) 36.01)
i 110.55
Woodcock reading mastery test letter ID-ss (LID) (11.54) 66 (80, 146)
Rapid automized naming color and object-ss (RAN 99.35 (15.9 73 (56, 129
p 9 ]
. 11251
CTOPP phonological awareness-cs (PA) (14.27) 69 (76, 145)
CTOPP phonological memory-cs (PM) %1026;% 57 (79, 136)
Total grey matter volume (TGMV) 8114?67) ggi,gg)(%g],
- 45451 175.98 (379.9,
Total while matter volume (TWMV) (42.49) 555.88)
MATERNAL
Age (Age-M) 39.07 (4.22)  18.4(29.05, 47.45)
ARHQ (mFamRl) 0.31(0.14) 0.61 (0.07, 0.67)
Percent overall time with child (OT-M) 70.7 (14.08) 65 (35, 100)
Percent educational time with child (ET-M) 68.8 (18.39) 73 (27, 100)
Education level (Ed-M) 17.06 (2.08) 10 (12, 22)
WAIS-R-ss (1Q-M) 112.75(5.39) 26 (94, 120)
Verbal 1Q-ss (VIQ-M) 110.88 (8.28)  31.5(92.5, 124)
Performance 1Q-ss (P1Q-M) 121.06 (6.01) 31.5(97,128.5)
PATERNAL
Age (Age-P) 42.36 (5.04)  21.96 (30.81,52.77)
ARHQ-paternal (pFamRlI) 0.35 (0.15) 0.66 (0.09, 0.75)
Percent overall time with child (OT-P) 29.3(14.07) 65 (0, 65)
Percent educational time with child (ET-P) 31.2 (18.39) 73 (0, 73)
Education level (Ed-P) 16.78 (2.08) 01 (12,22)
WAIS-R-ss (IQ-P) 112.62 (5.50) 33 (88, 121)
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Measure Mean (SD) Range (Min, Max)
Verbal 1Q-ss (VIQ-P) 109.32 (8.77) 42 (79, 121)
Performance 1Q-ss (P1Q-P) 123.11(6.81) 42 (88, 130)
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Demographics of the two groups based on self-report of family history (FH- vs FH+)

Table 2

FH+
FH- [mean T-Tests
Measure [mean (SD)]  (SD)] [t(1,49);p]
5.66
CHILD  Age 5.52 (0.31) (0.52) 1.11;0.27
10
12 female/15  female/l  x? (1, N=51)=
Gender male 4 male 0.19, p=0.66
-0.10
Socioeconomic status (SES) 0.09 (1.13) (0.84) 0.65; 0.522
Woodcock Johnson 111 brief intellectual 122.67 114.0
ability-ss (1Q) (10.07) (9.55) 3.14; 0.003
Woodcock Johnson 111 verbal 128.26 112.92
comprehension-ss (VIQ) (9.11) (11.62) 5.28; 0.000
Woodcock Johnson 111 concept formation- ~ 118.70 115.17
ss (PIQ) (10.9) (11.96) 1.11; 0.270
Woodcock Johnson Il visual matching-ss ~ 106.89 104.08
(Processing Speed-PS) (13.40) (9.79) 0.84; 0.400
8.05
Bx risk index (BxRI) -7.16 (18.99) (16.74) 3.02; 0.004
Woodcock reading mastery test letter ID- 114.19 106.46
ss (LID) (12.7) (8.62) 2.51;0.015
Rapid automized naming color and 103.07 95.17
object-ss (RAN) (14.36) (16.81)  1.81;0.076
117.63 106.75
CTOPP phonological awareness-cs (PA) (13.36) (13.25) 2.91; 0.005
110.78 101.67
CTOPP phonological memory-cs (PM) (12.32) (10.72) 2.80; 0.007
723.92 698.32
Total grey matter volume (TGMV) (63.69) (57.13) 1.50; 0.139
460.98 447.23
Total while matter volume (TWMV) (40.74) (44.09) 1.16; 0.253
MATER 39.45
NAL Age (Age-M) 38.74 (4.53) (3.92) 0.59; 0.556
0.38
ARHQ (MFamRI) 0.24 (0.09) (0.15) 3.84; 0.000
68.81
Percent overall time with child (OT-M) 72.15 (12.8) (15.73) 0.79; 0.430
Percent educational time with child (ET- 65.71 72.72
M) (18.22) (18.30) 1.30; 0.201
16.88
Education level (Ed-M) 17.22 (2.33) (1.80) 0.59; 0.557
114.33 110.96
WAIS-R-ss (1Q-M) (4.40) (5.90) 2.33;0.024
113.61 107.81
Verbal 1Q-ss (VIQ-M) (7.00) (8.66) 2.64;0.011
122.23 119.69
Performance 1Q-ss (P1Q-M) (5.27) (6.60) 1.56; 0.126
PATER 43.35
NAL Age (Age-P) 4156 (4.67)  (5.39) 1.25;0.218
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FH+
FH- [mean T-Tests
Measure [mean (SD)]  (SD)] [t(1,49);p]
0.41
ARHQ (PFamRl) 0.29 (0.10) 0.17) 2.96; 0.005
27.79 3117
Percent overall time with child (OT-P) (12.77) (15.74) 0.80; 0.430
34.26 27.23
Percent educational time with child (ET-P)  (18.22) (18.30) 1.29; 0.202
16.26
Education level (Ed-P) 17.22 (2.26) (1.76) 1.66; 0.104
113.96 110.80
WAIS-R-ss (1Q-P) (3.90) (6.82) 2.01; 0.050
110.72 107.43
Verbal 1Q-ss (VIQ-P) (7.96) (9.65) 1.28; 0.206
124.67 121.00
Performance 1Q-ss (P1Q-P) (3.51) (9.33) 1.88; 0.067
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