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NF1 Neurofibromatosis type 1
RAN Rapid automatic naming

SES Sociceconomic status

AIM This ¢rosssectionaktudy aimed to examine the preliteracy abilities of young children
with neurofibromatosis type 1 (NF1) andittentify which of these abilitieest predicted
conventional literacy (spelling).

METHOD Forty-two children with NF1 (23 males9Xemales; meaage[SD] 5y 6mo

[6ma]) werecompared witlthirty-two unaffectecchildren(15 males, 17 femalesjeanage

[SD] 5y 4mo pmd]). All children completed a comprehensive cognitagsessment
includingmeasures gbhonological processinglionological awareness, phonological
memory, rapid automatic namingnd lettersound knowledge.

RESULTS Children with NF1 performed significantly poorer than the comparison group
acrossall cognitive and preliteracy domaingith specific weaknesses evitan
phonologicalawareness{ss=14.13,p<0.001,partial 7°=0.17), phonolgical memory
(F166=13.8%,p<0.001 partial#*=0.17), and letter-sound knowledde ¢:=5.65,p=0.020,

partial 7220:07)"Within the NF1 group, over a third of children demonstrated impairment in
at least one phonological processing domain and the rigkasfological impairment was

5.60 times that afinaffectedchildren.Childreris lettersound knowledge was the strongest
predictor of conventionditeracy (spelling).

INTERPRETATION This studyestablishes that preliteradgficitsare present and
detectable in young children with NFAs a result othe high incidence of preliteracy
impairmenf we recommend screening phonological awareness and letter-sound knowledge to

identify risk of future learning disorders.
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[Boxed text to appear on page 2]

What this paper adds

e Young children with neurofiboromatosis typeafe at elevated risk of preliteracy deficits.
e The nost affectedlomains are phonological awareness and phonological memory.

e Lettersound knowledges the strongespredictor of conventional literadqgpelling)

[Main text]

Neurofibromatesis type 1 (NFIiy a common neurogenetic disordbat affects multiple
systems throughout the body. Itgemarily characteried by skin featuremcluding café au
lait spots,axillary freckling, cutaneouseurofibromasand iris hamartomas.isch nodules§
In addition to physicamanifestationschildren with NF1frequentlyexperience deficitin a
range of cognitive domains includingsugoerception, executive functiomg, attention and
languagé€. Academic underachievement asso commonin NF12 with reading dsabilities
highly preyalenf’ Up to 67% of schoehdgel children with NF1 demonstrate singherd
reading impaitmentsand there are high rates of reading comprehension difficéiiBespite
the highincidenceof reading impairment in schealgedchildren with NF1, little is known
about the _development ofiteracy precursor skills, such as phonological processing in
younger childrenSo far, the only study that objectively measugaditeracy skillsin young
childrenwith NF1 reported significantly poordetterword identificationskills in 40-month-
old children with NF1 compared wittypically developingindividuals! While theseinitial
findings suggest early signs of later literacy difficulté@e present anddentifiablein young
children with.NE1 theprecise nature of these difficulties is unclear.

In_the _general populatiomeading difficultiesoften arise froma languagdased
impairmentinvelving weaknessem processingounds ospokenanguagei(e. phonological
processingf.Résearch haislentified threedistinct yetrelatedprocesseseach of whictplay
important rols"in the acquisition of literacy skills: (Jphonologicalawarenesshe ability to
recognizesand manipulate sounds of oral langu@ephonological memory, the ability to
store and manipulate verbal information in sertn memoryand(3) phonological naming
the ability to efficiently retrieve information held in lotgrm memory (also known as rapid
automatic namingRAN]).? Combined with éttersound knowledge, phonological skills are
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important for achiewng mastery of the alphabetic principkend, ultimately, successful
readng and spelhg development’

Owing to the high incidence of reading problenrs schootaged children with NF1
andthe lifelong negative implications diferacy difficulties,** it is crucial thatchildren with
prditeracy difficulties be identified early so that they can receiweely intervention. To
develop a/better understang of prditeracy abilities inchildren with NF1 theprimaryaims
of this studywere to (1) examinethe prditeracy abilitiesof children with NFland (2)
determinewhich preliteracyabilities arethe strongest predictors obnventionaliteracy (in
this study spelling)in childrenwith NFL Research suggests spelling ability provides a good
indication ‘of mastery of the alphabetic principlandreading ability** and therefore was
chosen asf@a measure of conventional literacy.

There are also risk and protective facttirat affect the development of children
literacy skills™* Therefore, an exploratoim of the study was texaminethe relationshipf
preliteracy abilities witrcognitive and demographic variahl@&riables of interesncluded
oral language abilitie¥, attention-® sex'* sociceconomic status (SE$))Q,'" and visuat
spatial skills;as/a result ofie high incidence athis impairment observed ichildren with
NF12

METHOD

Participants

Children agedetween5 and6 years who met the Nationhlstitutes of Health diagnostic
criteria for NFI(National Institutes of Health Consensus Development Conferémweere
recruited through the NeurogenetiCinic, The Childrens Hospital at Westmead, Sydney,
Australia. An_unaffected peer comparison grougs recruitedby four methods: a larger
longitudinal study investigating cognitive development in children with NF1 cadpaith
unaffectedichildren’ local primary schools in the Sydney metropolitan asgvertisements
placed in=lecal" community newspaper@nd on noticeboards locatethroughout The
Children’s=Hespital at Westmead developmental and medical history was taken from
parents ofsparticipantsith NF1 and relevant medical files were review@articipants were
excluded on'ithe basis dfl) diagnosedintracranial pathology(i.e. symptomatic optic
gliomas),(2) significantvision/hearing lossor (3) inadequate EnglisiParents of amparison
participants completed a detailed structured interview. Napewisonparticipants had a
history of neurological or psychological disorders, intellectual impairment, learning

difficulties, or developmental delajarents were askeadbouttheir childrens language status
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(i.e. monolingual English, bilingual). Dataewe missing for somehildren,but their English
was adequate to complete the assessmgptoval for this study was granted by the Sydney
Childreris Hospital Network (11/CHW/28) anthe University of Sydney (1537 1j{uman
Research thics Committeesand written informed consent was obtained from the parents of

all participants:

Procedure

All assessments occurredgt The Children’s Hospital at Westmeéadclinical research
facilities. Afterinformed signed consent was obtainelul|/drenwere individually assessed by
a psychologist.in a quiet roorAssessmestlasted approximatel® hours and breaks were

provided as needed. Parents completed questionnairestiadiowhilds development.

M easures
Preliteracy measures
Children completed the Comprehensive Test of Phonological Procé$sihish comprises
seven subtests.fiean10, SD=3) and generateshree composite variables: phonological
awareness;, phonological memprand RAN (mean-100, SD=15). The phonological
awareness compositacludedthe following subtestselision (deleing a phonemdrom a
word); blending (blendingphonemes together to make a wordnd soundmatching
(identifying objects thabeginwith a specific sound The phonological memory composite
comprisedmemory for dgits (repeaing a string ofnumbersof increasing lengthand ron-
word repetition(repeaing nonsense words of increasing length and complexitye RAN
composite included the rapiblour and rapid object naming subtegteaming objects or
colours as quickly as possible).

The. LetterSound Test was also administered amdquired children to namehe
sounds oBingle letters and letter combinatioR&aw scores were convertedzscore on the

basis ofthe"ageof the child.
Conventional“literacy measure
The pelling*subtest of the Wechsler Individual Achievement T8stcond Editioff was

administered.

General cognitive measures
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General intellectual functioning was assessed with the Wechsler Preschool and Primary Scale
of Intelligence Third Edition, Australiardaptation>> Expressiveand receptiverocabulaies

were respectivelyassessed witthe pcture namingand receptive vocabulagubtests. The
comprehension of instructions subtest fromA Developmental Neuropsychological
Assessmeft'was usedo provide abroadermeasure of receptive language abilities. The
visualspatial stbtest of the Test of Visual Perceptual Skills {Motor) — Revised®
assessecdhildreris "aility to judge similarities and differences between visual objects.
Attention abilities were assessed by @enners’Kiddie Continuous Performance T&sor

the Conners’ Performance Test- Version I1%’

and symptoms of attentiondeficit—
hyperactivity disordemwere rated by parents using tBenners’ ADHD/DSM-IV Scales?®
Detailed informationabout the measures is provided in Appendix Shlihe supporting
information).

SES was| estimated using the Index of Relative S&onomic Advantage and
Disadvantageyhich ranks geographat areas in terms of thesociceconomic advantage
and disadvantag@.Areas receive a decile score ranging between 1 and 10, with the lowest

10% ofareas.allocated a decile of 1 and the highest 10% of areas receiving a decile of 10.

Statistical analyses

Data wereanalyzedusing SPSS version 23 (SP8f., ChicagoL, USA). Asymmetrically
distributed data are reported as median withnéggrquartile rangeAs specified in thdest
manual’® children’s performancgon phonological processing composites (i.e. phonological
awareness, phonological memoRAN) were classified according to the following criteria
bedow average (standard sca86-89), poor (standard scoi®—79),and very poor (standard
score <70) A phorological processingnpairmentwas definedas performanceelow 80 on

any composite scorelhe relative risk of a phonological impairment occurring in each group
(i.e. NF1.and. typically developifgvas calculatedndependensampled-tests weraisedto
examinegroup-dfferencesin neuropsychological test scoresd effect sizes are reported as
Cohens d (with“pooled SD) For nornormally distributed variables, thdann-Whitney U
statistic was'usetb determine between group differencEfect sizes were calculated Zs
divided by thessquarmot of the sample size)(and therconverted to Cohead.*® As there
was a significant difference between groups for S&tféiprevious researchas indicatech
significantassociatiorbetween SES and literacy abilit€'sgroup differences on preliteracy
and literacy (spelling) measures were examined using analysievafiancewith SES

enteredas thecovariate. Eect sizes were calculatezhd reported apartial 7°. The Holm
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procedure (a modification of the Bonferroni procedure) was used to control the ¢y 1
rate.

Pearson correlationr)( or Spearmas rho (p) coefficients for asymmetrically
distributed datavereconductedo examine the relatiahip between preliteracy variables and
other cognitiveand demographic variables in children with NF1, wighvalue of 0.01
applied. Afhierarchical multiple regression was conductedidentify which préteracy
variables weranost strongly associated withe spelling abilities of children with NF1A
maximumoffour predictors were included in the moasVing tothe sample sizeTo control
for the potential influenceof intelligence a nonverbal estimge (performancelQ) was
entered astepone of the regressiofreliteracy variables were entered into the regression
model according to the strength of their correlation with the outcome varkabtbeletter
sound knowledge variable wagositively skewed a logarithmic transformationvas

conducted so it could be included in the model.

RESULTS
Demographie.and general cognitive data for both groups are displayed in Table I. The NF1
group consisted of 42 children, 30 of avh were sporadic cases. The comparison group
consisted of 32" typically developinghildren. Within the NF1 group, 67%n§E28) of the
participants werenonolingualEnglish speaker24% (=10) of childrenwere bilingual and
9% (n=4) were able to understand and communi@tequatelyin English however,their
language status was not record@fithin the comparison group, 88%=8) of childrenwere
monolingual English speake3% (h=1) werebilingual, and9% (n=3) of children were ale
to understand and communicate in Englisbwever their language status was not recorded
There wereno_significantgroupdifferencesin sex,age,or months of formal education (Table
). The comparison group, however, had significantly hiBtes

Children with NF1 performed significantly poorer than unaffected children on all
general cognitive measures (TableAhalyses of covariancedicated that SES was only a
significantscovatriate for phonological memory; ¢s=4.98, p=0.03, partial°=0.07). After
adjusting. ferSES the NF1 group had significantly lower composite scores for phonological
awareness and, phonological memory thiae comparison groufTable I). Approximately
onethird of children with NF1 performed below average on the phonological awareness
composite and over half performed below average on the phonological memory composite
(Table II). Medium to large effect sizes were observed lexvggoups for elision, blending,

sound matching, memory for digitand non-word repetitiorBome children were unable to
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complete prerequisite qualifying items for RAN subtests (i.e. they were uoatolesistently
identify colours fhreechildren with NF1, two typically developindj objects[one typically
developing chil§f or both [three children with NF1, one typically developing);
consequentlythe tasks werdiscontinuedand a score was not calculatédter adjusting for
SES, tbildren=with NF1 demonstrated significantly poorer performance on the RAN
composite; howevethere was no significant differenca either of the RAN subtests. The
number of childremwith impaired phonological processing is shown in Table Ill. The risk of
a phonologicalprocessing deficit was 5.60 times great@5% confidence interval.37—
22.86) in children with NFTompared withthe typically developing grougChildren with
NF1 also exhibited significantly poorer letssund knowledge and spelling ability than the
comparison groupfter controllingfor SES(Table 1)

Correlations between tHéomprehensive Test of Phonological Processmgposite
scores, lettesound knowledgeand key cognitive and demographic variables for the NF1
group are displayed in Table IV. There was a significant positive and stromignstap
between phonological awareness and phonological memory composite scores. There were no
significant .relationships diween RAN and other Comprehensive Test of Phonological
Processingeomposite scores. Correlations betwe&eomprehensive Test of Phonological
Processingcomposite scoreand cognitive andbehaviouralmeasures revealed significant
positive relationships between phonological awarenesyent@l1Q, performance IQFull-
scale IQ processing speedand A Developmental Neuropsychological Assessment
comprehension of instructions. Phonological memory wastipely related to verbal IQ
performance 1QFull-scale IQ global languageandA Developmental Neuropsychological
Assessmentomprehension of instructions. There was a strong positive relationship between
lettersound_knowledge and phonological awassneand a moderate positive association
between lettesound knowledge artocessing speed

In_the regression modeperformance IQwas entered in step. IPhonological
awareness'was entered in stepeZause it had the highest correlation with spelling. L-etter
sound knowledge was entered at step 3 followed by phonological memory (Table V). While
phonological awareness was a significant predictor at step 2, it was no longerasigoifice
lettersound knowledge was enterdthere was no evidence of tokarity between the two
variables.In the final modelperformance 1Qand lettersound knowledge were significant
predictors accounting for 56% of the variance in spelling ability.

There were no significant differences between males and females onf &ing o

preliteracy measures in the comparison grouppgl11). Within the NF1 cohort, there was

This article is protected by copyright. All rights reserved



a trend for phonological awareness skills to be poorer in malean®0.45,SD=11.49)
versus femalesnfean99.21, SD=11.97), and the phonological memory kkibf males
(mean85.14,SD=9.37) to be poorer than femalesgan92.17,SD=11.23). However, these
differences were not significant once the Holm procedure was applieet4.33, p=0.03,
d=0.75; tsz==2113, p=0.04, d=0.68 respectively). Within the NF1 group there was no
significant/ difference between malengan92.84,SD=10.70) and femalesmean90.25,
SD=13.62) for RAN abilities t63=0.63, p=0.53, d=0.21), or between malesnéan=1.73,
SD=0.98) yand femalesn{ean=1.34, SD=1.12) for lettersound knowledge t{,=1.25,
p=0.22,d=0.39:

DISCUSSION
In this study, we examined the preliteracy abilities of children with NF1 and fouhthéya
performed significantly poorer across all preliteracy domains assessed, including
phonologicalwareness, phonological memory, RAMd lettersound knowledgecompared
with typically developingchildren Large effect sizes were observed for phonological
memory and-phonological awareness, both of which are critical precursor skillsdefguir
the development of adequate literacy abilitlegither,we found thathildren with NF1 hd
5.60 times theisk of a phonological deficitoccurringcompared withtypically developing
children The esults of this study demonstrate that preliteracy impairments are identifiable in
young children'with NF1 ands such, may serve as a screen for future reading deficits

As reported in older schoalge childreri* our findings indicated that young children
with NF1 are at increased risk of phonological awareness defidits onethird of children
performing below the average rangéhildren with NF1 also demonstrated significant
weaknesses _iphonological memorywith over half of young children with NF1 performing
below age. expectations. Indeeapproximately 23%experiencd significant deficits in
storing phonological information in shedrm memorywhich is likely to affecttheir ability
to accuratelydecode wordalthough phonological memorgeficits have been previously
reported insNF# this is not a consistent finding, with recentstudy repoiing preserved
phonologiealmemory irFrenchspeakingschoolaged children with NF23* The lack of
consistencymay. be because oftthe variability in orthographic consistency between the
Frenchbased studies versus Englistbased studiesAlternatively, it may be related to
developmental differences between the study ceh®revious studies suggest taldhough

phonological memory deficits are particularly evident in younger children whodewelop
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reading difficulties, phonological awareness becomes a stronger predictor of literacy
outcomes as children progress thresghoof*®

Although children with NFIdisplayed poorer overaRAN abilities than unaffected
children group differences weremaller tharthose observed for phonological awareness and
memory This'may bebecausea quarter of unaffected children displayed difficulties on RAN
measuresFurther,therewere severathildrenin both groupsvho wereunable to complete
RAN tasks'It'is possible that the children in our sample were too yourngve their RAN
skills reliably assessedn addition we found no relationship between RAN and other
preliteracy _skills which adds to previous evidence that RAN abilities are relatively
independent of other phonological procesées.

Ourrresults also indicated thabgr lettersound knowledge is comman young
children with" NF1, suggesting specific difficulty inlearning the sounds that correspond to
letters and letter.combinatisnVe further demonstrated that letsund knowledge was the
strongest preliteracy predictor of early spelling abilities in young children Mith. This
provides support for previousesearchthat lettersound knowledge plays a vital role in
masteing the-alphabetic principt® and is a significant predictor of spelling abiltfy*’
Contray tospreviousfindingsin the general populatigfi phonological awareness was not a
significant predictor of spelling abilities in the final moddbwever,it should be noted that
beforeincluding lettersound knowledge in the model, phonological awareness significantly
predicted spelling, accounting for 47% of the variance. Of note, we found strong correlations
betweenphonological awareness and letseund knowledge in our NFcohort, which
suggestshese two skills typically develop in parallel in NFit, at leastthatwhen there is a
delayed development in one of these skills, there is usually poor developntkatadther.
Taken together, these findings suggest that vietdr-sound knowledgeultimately appears
to be the most important predictor of early spelling ability in NF1,thatideficits in letter
sound knowledge in combination with phonologicapairmentsare likely tosignificantly
contribute*to~theliteracy difficulties that are common in scheabed children withthe
condition®®:32

We furtherinvestigate the relationship between preliteracy skills and cognitive and
demographi¢ wariables. Interestinglyve observed a significant relationship between
childreris spelling andnon-verlal cognitive abilities, includingperceptual reasoningnd
visucspatial skills, which provides some support for théypothesis that theon-vertal
deficits evident in NFnay contribute tathe increased frequency of literacy difficalf We

also observed a significanpositive relationship between language abilities (receptive and
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expressive) and phonological awareness and mensugporting previous findingsn
children without NFithat oral languagesupportsthe development gfrditeracy abilities®*
Previous research has reportedhigh incidence of language delays in young children with
NF1,% which raises the possibility that the high level of phonologjmalcessingdeficits
evident in ourssamplenay have been related to thepoorer language abilities reported in
children with NF1.

Consistent with previous findings, our results indicate that children with NF1 are at an
increasedyrisk of attentiomeficits® although these deficits appear to beelatively
independent of th@reliteracy difficulties observedespite the links between preliteracy
skills and ‘attention reported in the general populdfiosyr findings suggest that the-co
occurrenceg of preliteracy impairments and attention deficits are most appropriately agewed
independent outcomes of &F1 mutation andas such, screening for preliteracy deficits
should be considered regardlessaidéntiondeficit-hyperactivity disordestatus

Previous researéhhas indicatedthat males with NF1 and from the general
populatiori® are at greater risk of learning diffici#s We identified thaton average, males
performance.on’phonological awareness and memory tasks was lower than females. Despite
these sex'differences not reaching statistical significancecaitérolling for the familywise
error rate the moderate effect sizesuggest thathese results majpave some clinical
relevanceFurtherinvestigation is needed to determine whether males with NF1 are at greater
relativerisk of poorer phonological outcom#san females

Results from this study have important clinical implications. We recommdmigfa
screen of lettesound knowledgand phonological awareness to identhg risk of literacy
based learning disordein young children with NF1Childrenwho screen positiig should
be referred _for a comprehensive language assessment and early intervention. We have
previously.demonstrated that systematic phonics instruction can significantlgvenfire
reading abilitiesyof older childrewith NF13* It will be important for future randomized
controlled "studies to investigate whether early intervention in these areas can improve
preliteracy=abilittes and reduce the high rates of literdisprdersevident in schoebged
children with/NF1.

Study limitatons include the sample size and group differences in SkEfure
researchinvestigating preliteracy abilities in NFshould consider using larger sample size
andincluding acomparisongroup matched by SE®/e also note a slightly higher proportion
of spradic NF1 cases in our sample (71%) compared &ighectations (50%). Unbiased
study recruitment procedures suggest thes a chance occurrence argiven previous
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evidence of no relationship between mode of NF1 inheritance and cognitive oytosmes
believe our data are representative of the general NF1 population.

In conclusion, this study establishes the presence of datkrt prditeracy
impairments inyoungchildren with NF1 We foundthe risk of phonological deficitavithin
the NF1lrgroup*was 5.60 times that of their typically developing meetthat lettersound
knowledgeis the best preliteracy predictor otonventional literacyability. Longitudinal
researchexaminingthe progression of preliteradg-literacy skils in children with NF1 is
needed taconfirm predictors of future reading impairment providing early intervention

targets

ACKNOWLEDGEMENTS
The authors have stated that they had no interest that could be perceived as posing a conflic

or hias.

SUPPLEMENTARY INFORMATION
The following.additional materials may be found online:

Appendix S1: Measures.

REFERENCES

1. North KN. Neurofibromatosis 1 in childhoofemin Pediatr Neurol 1998;5: 231-42.

2. Lehtonen A, Howie E, Trump D, Huson SM. Behaviour in children with
neurofibromatosis type 1: cognition, executive function, attention, emotion, and social
competenceDev Med Child Neurol 2013;55: 111-25.

3. Hyman__SL, Shores EA, North KN. Learning disal@lti in children with
neurofibromatosis type 1: subtypes, cognitive profile, and attedeénit-hyperactivity
disorder.Dev'Med Child Neurol 2006;48: 973—.

4. OrracaCastillo M, Estéve®érez N, Reigos@respo V. Neurocognitive profiles of
learning=disable children with neurofibromatosis type Aront Hum Neurosci 2014;8:
386.

5. Watt SE; Shores A, North KN. An examination of lexical and sublexical readingiskills
children with neurofibromatosis type @hild Neuropsychol 2008;14: 401-18.

6. Cutting LE, Levine TM. Cognitive profile of children with neurofibromatosis and
reading disabilités.Child Neuropsychol 2010;16: 417-32.

This article is protected by copyright. All rights reserved



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lorenzo J, Barton B, Arnold SS, North K. Cognitive features that distinguish preschool
age children with neurofibrontasis type 1 from their peers: a matched easdrol
study.J Pediatr 2013;163: 1479-83.

Vellutino FR, Fletcher JM, Snowling MJ, Scanlon DM. Specific reading disability
(dyslexia)=what have we learned in the past four decatl€$d Psychol Psychiatry
2004;45: 2-40.

Wagner RK, Torgersen JK. The nature of phonological processing and its causal role in
the acquistion of reading skillBsychol Bull 1987;101: 192—-212.

Byrne B, KieldingBarnsley R. Phonemiawareness and letter knowledge in the ¢hild
acquisition.of the alphabetic principl&Educ Psychol 1989;81: 313-21.

DeWalt' DA, Berkman ND, Sheridan S, Lohr KN, Pignone MP. Literacy laealth
outcomes: ‘a systematic review of the literatdi@en Intern Med 2004;19: 1228-39.

Ehri LC. Learning to read and learning to spell: two sides of a domLang Disord
2000;20: 19-36.

Caravolas M, Hulme C, Snowling MJ. Tfaundations of spelling ability: evidence from

a 3yeardongitudinal study) Mem Lang 2001 45: 751-74.

Petersen'RL, Pennington BF. Developmedialexia.Annu Rev Clin Psychol 2015;11:
283=307.

Snowling«MJ, Melby-Lervag M. Oral language deficits in familial dyslexia: a meta
analysis and reviewPsychol Bull 2016;142: 498-545.

Walcott CM, Scheemaker A, Bielski K. lngitudinal investigation of inattention and
preliteracy developmeni.Atten Disord 2010;14: 79-85.

National Early Literacy Panel. Developing Early Literacy: Report of the National Early
Literacy Panel. WashingtoBC: National Institute for Literagy2008.

National Institutes of Health Consensus Development Confer&waofibromatosis.
Conference/statememtrch Neurol 1988;45: 575-8.

Lorenzo=JyBarton B, Arnold SS, North KN. Developmental trajectories of young
children=with neurofibromatosis type 1: a longitudinal study from 21 to 40 months of
age.J Pediatr 2015;166: 1006-12.e1.

Wagner©“RK, Torgersen JK, Rashotte CA. Comprehensive Test of Phonological
Processing: ExaminarManual. Austin, TXProEd, 1999.

Larsen L, Kohnen S, Nickels L, McArthur G. The Let8ound Test (LeST): a reliable
and valid comprehensive measure of graphgineneme knowledgeiust J Learn Diff
2015;20: 129-42.

This article is protected by copyright. All rights reserved



22. Wechsler D. Wechsler Individual Achievement T€2nhd alition): Examiners Manual.
San Antonio, TX: The Psychological Corporation, 2002.

23. Carstairs J. Wechsler Preschool and Primary Scale of Intelligérce editiorn):
Australian Administration andScoring Manual. Australia: The Psychological
Corporation, 2004.

24. Korkman M; Kirk U, Kemp S. A Developmental Neuropsychological Assessment
Manual. New York NY: Psychological Corporation, 1998.

25. Gardner MF. Test of VisudPerceptual Skills Non-Motor) - Revised: Manual. Ann
Arbor, MI: Academic Therapy Publications, 1996.

26. Conners_CK.Conners’Kiddie Continuous Performance Test for Windows: Technical
Guide@and Software Manual. Toronto, ON: Mutiiealth Systems2001.

27. Conners CK. ConnersContinuous Performance Test II: Computer Program for
Windows Technical Guide and Software Manual. Toronto, ON: Midtilth Systems
2000.

28. Conners CK. ConnersADHD/DSM-IV Scales: Parerntersion. New York NY: Multi-
Health Systems1999.

29. Statistieal Local Area, Table 2: Soeironomic Indexes for Areas (SEIFA), data cube:
Excel spreadset, cat. no. 2033.0.55.001 Canberra: Australian Bure&tatstics; 2011
Availablefrom:
http:/Mmww.abs.gov.au/ausstats/abs@.nsf/DetailsPage/2033.0.55.0012011?0OpenDocume
nt.

30. Fritz CO, Morris PE, Richler JJ. Effesize estimates: current useglculations and
interpretationJ Exp Child Psychol Gen 2012;141: 2-18.

31. Chaix Y, LauwersCanceés V, Faurdarie N, et al Deficit in phonological processes: a
characteristic of the neuropsychological profile of children with NEhild
Neuropsychol' 2017: 147.

32. Wolf My=Bowers PG, Biddle K. Naming speed processes, timing, and reaaing:
conceptualreview] Learn Disabil 2000;33: 387—-407.

33. ArnoldsSS, Barton B, McArthur G, North KN, Payne JM. Phortresning improves
readinginychildren witmeurofibromatosis type 1: a prospective intervention tdal.
Pediatr 2016;177: 219-26.e2.

34. Metsala JL. Youngchildren’s phonological awareness and nonword repetition as a

function of vocabulary developmemdtEduc Psychol 1999;91: 3-19.

This article is protected by copyright. All rights reserved



35. Thompson HL, Viskochil DH, Stevenson DA, Chapman KL. Spdacfuage
characteristics of children with neurofibromatosis typeAm J Med Genet A 2010;
152A: 284-90.

Author Manuscript

This article is protected by copyright. All rights reserved



Tablel: Demographicsgeneral cognitive and preliteracy measure

Neurofiboromatosis type 1 ~ Comparison (=32) ANCOVA
(n=42)

Measure

n Mean SD n Mean SD df p E.ﬁect

Slze

Sex
Male 23 15
Female 19 17 0.50
Age,y 42 550 0.51 32 5.34 0.48 0.26
SEIFA? 42  8.00 4.0¢ 32 10.00 3.0¢ 0.005"
Formaleducation, mo 42 7.88 7.57 32 6.19 7.71 0.34
WPPSHII
Full-scalelQ 42  89.55 1091 32 104.66 12.06 <0.00f 1.31
VerballQ 42  95.07 13.85 32 105.13 10.59 0.00f 0.872
PerformancdQ 42  87.79 11.48 32 103.91 14.66 <0.00f 1.272
Processing speed 42 90.71 15.70 32 106.69 14.82 <0.00f 1.08
Global Janguage 42 9550 21.00 32 105.00 20.00 0.002"¢ 0.77
NEPSY
Comprehension 41  10.00 3.00 32 11.00 2.0¢ 0.00* 0.84
CADS
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ADHD index
CPT-II/KCPT
Omission$
TVPSR
Visuakspatial relatios
CTOPP
Phonolegical wareness
Elision
Blending
Sound matching
Phonelegical remory
Memery for digits
Non-word repetition
Rapid mming
Rapid _colour naming
Rapid object naming
Lettersound-knowledde
WIAT -
Spelling

39

35

39

39
39
40
40
40
40
40
34
34
37
42

40

61.00

64.00

76.00

94.72
8.82
9.90
8.78
88.45
8.30
8.00°
91.44
8.88
8.0¢°
-1.55

90.70

11.00

32.00

30.00

12.39
2.28
2.55
2.25
10.60
2.28
3.00
12.12
2.20
4.00
1.05

15.40

32
32
32
32
32
32
32
28
29
30
32

32

51.00

50.00

110.56

107.13
10.94
11.38
11.00
99.81
10.09
10.00
99.57
9.72
9.5¢°
-0.54

101.88

14.00

17.00

22.00

12.37
2.44
2.42
1.97
11.28
2.25
4.00
14.35
2.49
3.00°
1.67

15.76

14.13
11.56
4.30
16.23
13.87
7.76
11.76
4.68
1.34
3.25
5.65

6.67

1, 68
1,68
1,69
1,69
1, 68
1,69
1,69
1,59
1, 60
1,64
1,71

1,69

<0.00f® 1.0d
<0.00f¢ 1.03
<0.00f¢ 1.17
<0.00f 0.17
0.00f 0.18
0.042  0.08
<0.00f 0.19
<0.00f 0.17
0.007  0.10
0.00f 0.158
0.033  0.07
0.252 0.02
0.076  0.08'
0.020  o0.07™
0.012  0.09
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Unadjusted means reported for ANCOVABecile ranking of areas in Australia according to relative secanomic advantage and
disadvantage: 1 is lowest so@oonomic status, 10 is highe¥ledian.’Interquartile range’p<0.01.°Mann-WhitneyU-test ‘Cohen’sd.
9Missing KCPT data because @tomputer hardware problem=g). "Partial;?. 'p<0.05.Rapid naming data missing as some children were
unable toreomplete prerequisite qualifying items and the task was not admih{sterthey were unable to correctly identify coloursq],
objects[n=1], or both p=4]). kz-score'Calculated usig transformed dat®ANCOVA, analysis of covariancelf, degrees of freedorSEIFA,
SocicEconomic Indexes for Areas; WPPIB| Wechsler Preschool and Primary Scale of Intelligefi¢erd Edition NEPSY Comprehension,
A Develgpmental Neuropsychological Assessmenprehension ofistructionsCADS, Conners’ ADHOattentiondeficit-hyperactivity
disorder)pSM-1V (Diagnostic and Statistical Manual of Mental Disorders, 4th EdiSmajesCPT-1I, ContinuousPerformance Testersion

II; KCPT, Kiddie Continuous Performance TEBYPSR, Test of Visual Perceptual Skills (Ndhotor) — Revised; CTOPP, Comprehensive
Test of Phenological ProcessingiAT -1, Wechsler Individual Achievement TeSecond Edion.
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Tablell: Classification ofperformance on phonological processing composite measures

Composite sores n  Verypoor,n(%) Poor,n(%) Below averagen (%)

Neurofibromatosis type 1

Phonological awareness 39 2 (5) 0 (0) 11 (28)

PhonolegicalFmemory 40 2 (5) 7 (18) 12 (30)

RAN 34 2(6) 3(9) 11 (32)
Comparison

Phonological awareness 32 0 (0) 0 (0) 3(9)

Phonologicalkmemory 32 0 (0) 1(3) 5 (16)

RAN 28 0(0) 1(4) 6 (21)

Very poor /standard score <70; podgredard scor&@0-79; lelow averagestandard score
80-89.Data missing foneurofibromatosis type droup (i=2) as children did not complete
the Comprehensive Test of Phonological Proces&agid naming data missing as some
children were unable to complete prerequisite qualifying items and the tasiotvas
administered (i.e. they were unable to correctly ifgmblours [n=5], objects fi=1], or both

[n=4]). RANgwrapid automatic naming.
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Tablelll: Numberof phonological processing deficits

NF1 Comparison
Deficits
n (%) n (%)
0 26 (65) 30 (94)
1 12(30) 2 (6)
2 2 (5) 0 (0)

Relativerisk of phonological processirggficit in neurofioromatosis type NE1) group
=5.60 ©5% confidence intervdl.37-22.86). Data missing for NF1 groumg2) as children
did notcomplete th&Comprehensive Test of Phonological Processing.
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TablelV: Correlationsi) between preliteracy variables and cognitive and demographic variablesurofibromatosis type 1 group

Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Phomlogicalawarenegs —

2. Phonologicatemory 0.6 -

3. Rapid alitomatic namiflg -0.02 -010 -

4. Lettersound,knowledge 063 037 017 -

5. Socio-Economic Indexes for
0.20 0.35 0.13 0.15 -

Aread

6. Full-scalelQ 0.61° 0.68 -0.09 029 031 -

7.VerballQ 0.50 0.67 -0.33 0.26 0.27 08%F -

8. RerformanedQ 0.50 048 0.12 015 024 08ZF 047 -

9. Processing speed 05% 037 016 045 0.16 054 027 054 -

10. Globallanguagde 0.31 050 -005 020 026 0.7 076 057 0.38 -

11. NEPSYcomprehenSiBh 043 055 013 023 033 07F 055 060 045 045 -

12.Spe||ind’ 068 041 0.09 064 029 053 034 057 0.64 030 039 -

13. CADS ARDHD symptomé’f -0.27 -0.36 0.07 -0.16 -028 -0.24 -0.10 —-0.30 —-0.44 -0.18 -0.35 —-040 -

14. CPTI/KCPT® -0.21 -0.31 -0.21 -0.10 -0.04 —-0.16 -0.20 -0.04 -0.22 -0.29 -0.33 -0.14 039 -
15. TVPSR¥ 0.38 034 030 014 028 045 0.16 053 0.42 0.20 055 046 -0.26 -0.17

=39."n=40,°p<0.01.%n=35. “Calculated using transformed dd®@pearmais p coefficient ‘n=41. NEPSY comprehension, A Developmental
Neuropsychological Assessment, comprehension of instructions; CADS, CoAD#H® (attentiondeficit-hyperactivity disorder)/DSMV
(Diagnostic.and Statistical Manual of Mental Disorders, 4th Edition) Sd@arR&Il, Continuous Performance Tegersion 1l; KCPT, Kiddie

Continuous, Performance Test; TVIRSTest of Visual Perceptual Skil(NonMotor) —Revised.
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TableV: Summary ohierarchical regression analysis for preliteracy variables predicting
spelling ability n theneurofibromatosis type 1 group

Variable B SEofB p Adjusted®® AR’
Step 1 0.19 0.21
Constant 3447 19.16
Performance 1Q 0.64 0.21 0.46'
Step 2 0.47 0.29
Constant -9.13 1841
Performance 1Q 0.27 0.19 0.19
Phonological. awareness 0.80 0.18 0.6CG"
Step 3 0.57 0.10
Constant 6.49 17.58
Performance 1Q 0.45 0.18 0.32

Phonological awareness 0.31 0.24 0.23
Lettersound.kmowledge 39.97 14.06 0.46'

Step 4 0.56 0.00
Constant 9.59 18.63
Performance’1Q 046 019  00.3%

Phonological awareness 0.39 0.28 00.29
Lettersound knowledge 39.19 14.28 0.45
Phonologicakmemory  —0.13  0.23 —-0.08

3<0.01.’p<0.05.B, unstandardized bet&E ofB, standard error d8; f, standardized beta
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