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DEAP Diagnostic Evaluation of Articulation and Phtogy
GRBAS Grade Roughness Breathiness Asthenia Strain
PLS-5 Preschool Language Scales, Fifth Edition

pVHI Rediatric Voice Handicap Index

[Abstract]

AIM To compare language, speech, and voice of childrengreterm and at term, and
determine relevant predictors of outcome.

METHOD Three hundred infants (150 males, 150 females; b9 dt<30wks’ gestation
151 term-born) were prospectively recruited at biirtin the Royal Women’s Hospital. We
administered.the Preschool Language Scales, FiftioBdDiagnostic Evaluation of
Articulation,and/Phonology, Grade Roughness BreathiAsdeenia Strain Scale, and
Pediatric VVoice Handicap Index at 3 years, and coatpbgroups. We examined hypothesized
predictors in.ehildren born preterm: gestational ad®r#t, birthweight, sex, chronic lung
disease, high social risk, multilingualism, neuraglepmental diagnosis, and oromotor
feeding.

RESUL T S Children born preterm had poorer language thanrnlthorn at term
(coefficient-5.43). Speech and voice were similar between grouegficients-0.70 to
1.63). Chronic lung disease predicted voice (coefiicte05); male sex (coefficients 4:54
6.18), high.social risk (coefficien.02 t0-9.30), and neurodevelopmental diagnosis
(coefficients-16.42 t0-20.61) predicted language.

INTERPRETATION Children born beford0 weeks’ gestation had poorer language than
children bern-at'term. Children born preterm widurodevelopmental disabilities or high
social risk-experience poorer language outcomesyatt benefit from enrichment of their

language environment.
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Communicationiin Children Born Very Preterm Katheriae&ez et al.

What thispaper adds
e Speech,and voice outcomes were similar betweenrehildorn preterm and at term.
e Male sex, high social risk, and neurodevelopmernggrbsis predicted language

outcomes.

[Main text]
Developmental speech and language impairmentsddedeterious effect on the quality of
life of children and their parentsind affect literacy, educational, and employment
outcomes. Ghildfen born preterm have a heightened risk of conication (language,
speech, and veice) difficulties. They consistently @nesvith poorer language than their
term-borA.peersand may also experience difficulties with voice apelech sound
production®>However, to date, research has not reflected a @enpicture of
communication ability in children born preterm. Reg have typically focuex on isolated
domains of communication such as receptive vocahdi@hys restricts knowledge of the
overall presentation and significant risk factors dboting to language, speech, and voice
outcomes, which limits capacity for targeting anchpiag intervention.
Effective.communication requires competence acrosgikge, speech, and voice.
Language difficulties include deficits in receptive denstanding) and expressive
(productien).demains, across the areas of phono®gyax, word finding and semantics,
pragmatics, discourse, and verbal learning and meraoiy may occur in isolation or as part
of a broaderproéfile of functional difficulti€sSpeech difficulties are concerned with speech
sound preduction, and include linguistically baspédexh problems (such as phonological
errors,e.g. pronouncing all fricative sounds like ‘s’ and ‘f” as stopped sounds like ‘t” and ‘p’)
and problems with the physical production of soursi€li as articulation errors, e.g. isolated
lisps).” Voice difficulties comprise problems with resonanaeonation, and respiration for

speech, for example a voice that sounds hoarse athlgrd.anguage, speech, and voice

This article is protected by copyright. All rights reserved



difficulties are known to co-occur in many childféperhaps compounding the known
effects on quality of life.

The exploration of language, speech, and voice dpwetnt in the preterm
population has been hindered by a number of fackbost research has assedknguage
abilities usingrscreening measures (e.g. Bayley Sadlinfant and Toddler Development) or
unidimensional measures (e.g. expressive vocabaldrgcale of the Wechsler Intelligence
Scale for Children), which are not designed to cahensively explore or reliably diagnose
language difficulties.Speech abilities have been underexaminezhildren born preterm.
Many studies of speech use brief screeners, infoolmsgrvation, or unvalidated tools, and
frequently'make no distinction between clinicaligrsficant phonological versus articulatory
or other metof'Speech difficultiésThis distinction is critical as phonological andartatory
speech difficulties require different therapeutic apphes. One study used rigorous
assessment methods that distinguished betweenaygesech difficulties, and found some
evidence of deficits in speech motor controthildren born pretermSimilar research with
younger children born preterm is lacking, which has siguaift implications for the early
identification.and remediation of speech sound diffies. Likewise, voice has been
infrequently, studied among children born preterm, &i2014 review identifying the need
for furtherrésearch with a particular focus on signifiaésk factors® Current studies of
voice are indieated, especially given the evolutbrespiratory management in infants born
preterm, and the fact that intubation has beenligigted as a predictor of voice outconés.

Given that children born preterm appear to haveighbened risk of language,
speech, and voice difficulties, establishing releyaedictors is paramouritnowledge of
significant risk factors can inform a differential ristodel to assist in targeting surveillance
and direct intervention services towards childregraaitest need. A diverse range of
significant'risk factors have been suggested, fropufation-level risk factors such as sex
and socialisk'to factors more specific to preterm birth suclyestational age at birtf,
birthweight:2ehronic lung diseasé,and oromotor deficits (often measured via feeding
skills).?

In_this prospective cohort study, our core aims vier€l) explore the differences
between language, speech, and voice of childrengreterm and at term at 3 years
corrected age; and (2) explore predictors of languggech, and voice outcomes in children
born preterm at 3 years of age. A further aim waspornteco-occurrence of language,

speech, and voice difficulties within the preterm yapon.
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METHOD

Participants

Three hundred infants were recruited at bfitin the Royal Women’s Hospital and Frances
Perry House Private Hospital, Melbourne, betweenalgr2011 and March 2014 Both
hospitals-allowsparental presence at any time. Isfauitth congenital abnormalities known to
affect neurodevelopment those with non-Englisbpeaking parents were excludédive
determined the cohort size from the number of infaged less than 30 weeks cared for each
year aiRoyal Women’s Hospital, and the expected consent rate for the study. ThalRoy
Women’s Hospital Human Research Ethics Committee (104) Royal Children’s

Hospital Research Ethics Committee (34147A) approkisdstudy and caregivers provided

written conSent

Collection of predictor data

Four registered research nurses and the first autt®r¢&llected demographic and medical
data at birth via parent questionnaires and medigait review, including sex, gestational
age at birthybirthweight z-scotechronic lung disease, and social risk (using theéab&isk
Index, a scere.out of six that evaluates six aspdcecial status: family structure; education
of primary caregiver; occupation of primary incomeneay employment status of primary
income earner;language spoken at home; and mhsgreat birth)-* The recruitment sites
were located ina region with universal hearing sureg suggesting that significant
undetected congenital sensorineural hearing impaisnweete unlikely. Oromotor feeding at
12 months was evaluated using a validated assessooérdand children were assigned to a
delayed or typical group, depending on their perforoeato facilitate predictor analysis

(detailed methods and results of this assessmemtravigled in an earlier papée).

Three-year datacollection

When theirehild'was approximately 36 moritherrected age, parents were asked to
complete thesPediatric Voice Handicap Index (pVA&lectronically using REDCa5,and
complete ascustom questionnaire that asked aboné tenguagepre-existing diagnoses of
neurodevelopmental disorders, including cerebraypautism spectrum disorder, or global
developmental delay; whether there had been any tpar@nofessional concerns about
language, speech, or voice; and whether the chiletiadattended speech pathology for
these areas of development. Families were also intotattend a facés-face assessment

where the child completed a range of standardizedassants administered by one of five
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trained paediatric speech pathologists (KS, JB, CMJMS). The assessment protocol
included the full Preschool Language Scaleshftition (PLS-5 - Australia and New
Zealand Adaptedy? the Articulation, Phonology and Oro-Motor subtestthef Diagnostic
Evaluation of Articulation and Phonology (DEA®)and the Grade Roughness Breathiness
AstheniasStrain(GRBAS) voice-rating scald.he DEAP and GRBAS assessment samples
were audio-recorded for interrater reliability purposes.

Variables of interest for this study are listed below

Speech

Speech sound difficulties were assessed based arthes for acquisition of specific sounds
and elimination of phonological processes from théABFArticulation and Phonology
subtest$® Céntihuous variables used for predictor analyses vpereentage of consonants
correct standard score, number of consonants produtedding stimulability- a measure

of articulation), and number of phonological proessg@ measure of phonology). The
number of'children scoring more than one standardtien (SD) below the mean on the

DEAP Oro-Meter subtest was also reported.

Voice
Voice difficulties were based on a GRBAS grade scotz @fmore and/or 1.5 SDs above
term mean pVHI total score. Continuous variablesideepredictor analyses were GRBAS

grade score and total pVHI score.

Language

Language difficulties were based on a standard seseethan 85 on any of the three PL.S-
indices. Continuous variables used for predictor aeslygere the auditory comprehension,
expressive communication, and total language sdovesthe PLS5.

Interraterreliability was evaluated for the DEAP and G¥8$Bising audio- and video-
recordings=Aspaediatric speech pathologist (JB) rest@2 randomly selected assessments,
comprising«21 term and 11 preterm samples, none afhwiad been originally scored by .JB
Fleiss’s Kappa was calculated for binary data and the intraclass correlation coefficient for
continuous data. Values of over 0.75 were considexedllent, between 0.40 and 0.75 were

fair to good, and less than 0.40 were pdor.

Statistical analysis
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Data were entered into REDC&jand analysed using Stdltd statistical software (StataCorp,
College Station, TX, USABetween-group analyses involving the GRBAS scale were
controlled for the presence of upper respiratory trdettions on the day of assessment.
Group differences (aim 1) and potential predictors (airf2anguage, speech, and voice
outcomes wereevaluated via linear regression fitgidg generalized estimating equations
to account for multiple births or ordered logistic eggion clusteretbr multiple births

Three continuous variables (number of consonants prddaaenber of phonological
processesy and pVHI total score) were not normallyibiged. For one of these variables
(pVHI total scoré a logarithmic transformation was applied befanalysis, which resulted

in normal distribution. Regarding the other two vaks, logarithmic transformation did not
result in nermal distribution, and so robust standardrs were used to compensate for non-
normality.

In analysing potential predictors, univariable analygas conducted first for all
predictorswith only significant predictors in the univarialdealysis then added to the
multivariable analysis. A significance level of p<bW@as adoptedNo adjustments for
multiple comparisons were made.

Hypethesizd predictors were selected on the basis of having bigmificantly
predictive of language, speech, or voice outcomgsanious studies. Sensorineural hearing
loss was a planned predictor for analysis but was edhatving to low numbers (n=2).
Predictors of interest included sex, gestational adpartd, birthweight z-score, chronic lung
disease (oxygen at 36wk#$)gh social risk (score2 on Social Risk Index), multilingualism,
neurodevelopmental diagnosis (as reported by pgremtd oromotor feeding impairment at
12 months (defined as failing one or more food chais on the Schedule for Oral Motor

Assessmept™®

RESULT:S

Participants

The follow=up-rate for the 3-year assessment Wés (78% of surviving children born at
<30wks _gestation, 70% of children born at term). Follow-up rates westednined based on
completion ofany component of the follayp-assessment. The recruitment and retention of
participants over the 3 years of the study are sumethiizthe Figure S1 (online supporting

information) Table 1 reports the characteristics of the childréo participated in the study.
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Sample characteristics were similar between the egtinep recruited at birth and those who

participated in the 3-year follow-up assessment.

Interrater reliability

Interraterreliability values for the DEAP and GRBAS eported in Table S1 (online
supporting information). Reliability was excellent tbe number of consonants produced and
number of phonological processes, moderate for theeperge of consonants correct
standard score, and poor for the GRBAS grade $éétercentgeagreement was over 90%
for both diagnasis of speech sound difficulties, aateptual voice difficulties (GRBAS

Grade score>moderate).

L anguage, speech, and voice outcomes

Speech sound difficulties were present in 32.7% optke¢erm group, and92% of the term
group. Of the children with speech sound difficult®3(16 preterm, 13 term) had both
articulation.and phonological difficulties; nine (fopreterm, five term) had phonological
difficulties but.no articulation difficulties; ar2d (10 preterm, 10 term) had articulation
difficulties'but.no phonological difficultied wo participants (both preterm) had articulation
difficulties but'did not complete the phonologicast; andone(preterm) had phonological
difficulties but.did not complete the articulatiorste

Voice difficulties were present in 17.2% of the pretggroup and 10.1% of the term
group.

Language difficulties were present in 19.6% of thegurma group and 4.3% of the
term group. Of the children with language difficadij five (four preterm, one term) had low
scores (<85) on all three indices of the PLS-5; ondadprg scored low only on Total
Language; six (four preterm, two term) scored lowanr Auditory Comprehension; six
(five preterm,.one term) scored low on Auditory Conmgresion and Total Language but
within typicalrange for Expressive Communicationg@me (preterm) scored low for
Expressives€Coammunication and Total Language butimttfpical range for Auditory
Comprehension. No child scored low only on Expres€isemunication; or scored within
typical range fer. Auditory Comprehension and Expres§ommunication but low for Total
Language.

Figure 1 demonstrates the overlap between langupgecis, and voice difficulties
for those children in the preterm group who completedssessments. It shows that most

children born preterm presented with no languageedp, or voice difficulties (n=37),
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followed by a single area of difficulty (n=29), whileaatively small number demonsteat
overlapping areas of difficulty (n=10). An oromotor iamgnent was present in 6.8% of the
preterm group and 0% of the term group.

In Table 2 continuous speech, voice, and language outcomestfrelMEAP,
GRBAS andPLS-5 are presented. The preterm group scored suladiatdgiwer than the
term group on auditory comprehension, expressive agmuation, and total language, but

there were no discernible differences between thepgron speechr voice outcomes.

Predictor s of language, speech, and voice outcomes

The results,of univariable analysis of predictorseasalable in Table S2 (online supporting
information) 3peech intelligibility (percentage of consonantsed standard score)
phonology (number of phonological processes), andeptual voice score (GRBAS grade
score) were not associated with any of the examiiskdactors. All other outcomes had
multiple associations on univariable analysis; tfeee subsequent multivariable analysis
was conducted to determine independent predicta@isl€T3). Poorer voice functioning
(pVHI total.score) was predicted by chronic lung dssegc@fficient 6.05, 95% confidence
interval [CI},1:21-10.89; p=0.02); auditory comprehemsi{PLS5) by male sex (coefficient
6.18, 95% C1'1.4010.96 p=0.01), high social risk (coefficier6.02, 95% CF11.93to -
0.05; p=0.046); and neurodevelopmental diagnosisfficeent—20.61, 95% C+32.10to —
9.12 p<0.01); expressive communication (PLS-5) by highaatsk (coefficient-9.30, 95%
Cl-13.89t0-4.71; p<0.01); and total language (PI5$by male sex (coefficient 4.595%
Cl1 0.25-8.83; p=0.04), high social risk (coefficier.15, 95% CI13.36t0 —2.94 p<0.01),
and neurodevelopmental diagnosis (coefficied®.42, 95% CH27.53to -5.31, p=001).

DI SCUSSION

In our study,.children born preterm demonstrated sicanitly higher rates of language
difficulty but'performed similarly to term-born chileln on voice and speech outcomes.
Within thesgroup born preterm, predictors of langyapeech, and voice outcomes included
high socialrisk, neurodevelopmental disorder, mate @&ed chronic lung disease.

Our study provides an unprecedented depth of detgliberg language, speech, and
voice outcomes at 3 years of dgechildren born preterm, in a large prospective cobmdy
with a comparison group of term-born children. We haaported data on the cooccurrence
of speech, language, and voice difficulties, critfcalclinicians and researchers to

understand the overall communication profile ofdtgh born preterm.
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The similarity between groups on voice outcomes reflgct improvements in
respiratory care for neonatésOur finding that speech sound production does riterdi
between children born preterm and at term at 3syeantradicts previous findingsyhich
may be attributable to our use of more detailed nreastrurthermore, similarities in voice
and speechroutcomes across children born pretedrataderm also indicate that dysarthida (
disorder of the neuromuscular executadrspeech that can affect articulation and voice) was
not a significantissue in our population of childi@orn preterm. This may be because
children with known genetic neurodevelopmental discs were excluded from the study at
birth, and because the rates of significant braimyngund cerebral palsy were low in our
cohort; also.reflected in the low rates of oromotoriclitfies (6% of the preterm group).
The high rates of speech difficulties reported herpr@pmately 30% in the term-born
group vs approximately 11% in other studies)ggest that the developmental norms
provided by the DEAP did not reflect typical devetognt in the population studied, and
further work may be required to determine the reasorhisr t

Our.wuse of a more psychometrically rigorous and detaiieasure of language (PLS-
5) than those.used in other studies (e.g. Bayley Scélmfant Toddler Development) lends
additional ‘eredence to our findings with regard to language difficulty rates and risk
factors affecting language outcomes in this group.l@hguage difficulties shown here,
poorly predicted by medical factors, may support gmgrarguments that the linguistic
environment of the neonatal intensive care unitpswaerful contributor to later language
performancé® However further research will be required to determine thetréoution of
linguistic deprivation in the neonatal period verestlser possible predictors such as parent
child interaction style and exposure to early leagrenvironments.

Our findings indicate that children born preterm varyssattially in their
communication profiles. It seems that some, butneaessarily all, children born preterm are
at heightened.risk of language, speech, and vofteuliies. Independent predictors of
language, 'speech, and voice outcomes includeda@hisf chronic lung disease (voice),
male sex (language), neurodevelopmental disordery&g®), and high social risk
(language)smany of which reflect established riskofacin the broader populatidhOf
these factors, high social risk is the most mutabiherefore, one implication of our findings,
is that more intensive surveillance and interventr@y be best targeted to children born
pretermat high social risk, in addition to those childrentwiknown sensory or
neurodevelopmental diagnos@sevious research has suggested that children beterm

are subject to a differential susceptibility effedhat is, they are more susceptible than term-
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born children to the impact of their environmentisitive or negativé® Thus, interventions to
optimize the linguistic environment for high-risk arién born preterm might be a
particularly efficient allocation of resourc&sThis implication is especially pertinent given
that our findings indicate that most children borrtgm® do not experience any language,
speech, andwoice difficulties at 3 years of ages thitecting more resources to the highest
risk children may help to reduce unnecessary servmagioon. Future research may be
directed at'developing a model to estimate risk npoeeisely for this population, using a
wider variety of risk factors such as days spentispital and home language environment.

A further risk factor that merits examination is ordordeeding at 1 year. There has
been an inereasing interest in possible links betwearly oromotor performance and fate
speech and'lainguage outcorfieln this study, oromotor feeding at 1 year of age mats
found to bea statistically significant predictor ofeB-year language, speech, or voice
outcome; however the odds ratios (ORs) and Cls for esipeelanguage (OR5.46, 95% CI
—11.04t0 0.13) and total language (GB.71, 95% CF11.89to 0.48) suggest that this
relationship warrants further examination.

One limitation of this study was the relatively lomvmber of children/families who
were able te complete all components of the assedsifid@s may reflect the need for
different assessment tools in this population, tgeupfluctuating attention and engagement
in standardizés“table-top’ assessment tasks, as well as the advisability of including
assessments of broader neurodevelopmental functiomiimgorm factors that might

contribute to participants’ assessment performance.

CONCLUSION

Children born before 30 weekgestational age are at heightened risk of poorer &ggu
outcomes. Within the preterm group, children withearodevelopmental diagnosis, male
children,.and.children at high social risk obtait@aer language scores. Further
investigationtusing similarly in-depth measures ofjlaage may inform a risk model that will
assist in directing resources, such as languagehemeiat in the neonatal intensive care unit,

to those children at greatest risk and who may respmimdervention most favourably.
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Table 1: Participant characteristics

Preterm (n=112

Term (n=105)

Mean (SD) gestational age at birth (wk) 27.83 (1.44) 40.04 (1.19)
Mean (SD) birthweight z-score —-0.44 (1.04) 0.08 (0.78)
History of chrenic lung disease 34 (30) 0 (0)

Male sex 55(49) 52 (50)
Multiple=birth 49 (44) 2 (2)

High socialrisk 39/101 (39) 23/95 (24)
Multilingual 13/106 (12) 12/101 (12)
Diagnosis of neurodevelopmental disorder 6/106 (6) 1/101 (1)
Oromotor feeding concerns at one year 26/68 (38) 13/100 (13)
Upper respiratory tract infection on the day of assestm 28/106 (26) 24/101 (24)
Mean (SD) corrected age (y) at assessment 3.21 (0.20) 3.20 (0.20)

Data are n (%) unless otherwise stated. SD, start#asidtion.
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Table 2: Speech, voice, and language outcomes

Preterm Term born Magnitude p
regression coefficient (CI)

Speech
Percentage‘consonants 9.79 (2.09) 9.71 (2.11) | 0.07 ¢0.55t00.68) 0.83
correct standard score
(n=194)
Number oficonsonants | 21 (19-23) 22 (20-23) -0.70 ¢1.48t0 0.08) 0.08
produced (A=179)
Number of‘\phonologica 2 (1-3) 2 (1-3) —-0.01 (0.47t0 0.46) 0.98
processes (n=194)
Voice’
GRBAS grade (n=204)| 0 (0-1) 0(0-1) 0.13 (0.06t00.31) 0.17
Total voice handicap | 11(8-15) 10.50(8-14) | 1.63 (0.57t03.84) 0.15
score (n=190)
Languagé
Auditory 97.23 (14.69)| 101.82 ~4.74 (8.32t0-1.15) 0.01
comprehension (n=194 (10.17)
Expressive 98.54 (11.01) | 105.27 —7.08 (-10.29t0-3.87) <0.01
communication (n=184 (10.26)
Total language (n=184) 98.00 (12.45)| 103.95 —6.48 (9.92t0-3.04) <0.01

(10.18)

Data are mean (standard deviation) or median (ingetifeirange)?Assessed using the

Diagnostic Evaluation of Articulation and Phonolo8fssessed using the Grade, Roughness,

Breathingss, Asthenia, Strain voice rating scale aadPtdiatric Voice Handicap Index.

‘Assessedwsing the Preschool Language Scalés Heiition; and parent survegl,

confidencesinterval.
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Table 3: Multivariable analysis of predictors of communicatioutcomes in children born a

less than 30 weekgestation

Gestational age at Chronic lung _ o Neuro
_ Male sex _ High social risk .
birth disease tal dia
Speech (DE#
Number of q;ls “1.18
consonants —0.02t00.78) (-2.75t00.38)
I IS
produced ! p=0.06 p=0.14
Voice (pVHI)
_ 01.07 6.05
Total voice
_ 2.14t0-0.00) (1.21-10.89)
handicap sco
=0.05 p=0.02

Language (PLS)

6.18
(1.40-10.96)
p=0.01

Auditory

comprehension

‘

communication

4.54
(0.25-8.83)
p=0.04

Total language

All confid

~6.02 ~20.6:
(-11.93t0-0.05) (-32.1
p=0.046 p<0.0:
9.30 ~10.4¢
(-13.89t0-4.71) (-23.7
p<0.01 p=0.1:
-8.15 16.4:
(-13.36t0-2.94) (-27.5
p<0.01 p=0.0:

ntervals are 95%; shaded cells in@i¢hat this relation was not significant

on univtalysis. DEAP, Diagnostic Evaluatdrticulation and Phonology; pVHI,

Pediatri '
e
<
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Figure 1: Overlap between areas of communication impairmenttiddren born preterm
who completed all assessments (n=76). Thirty-sehédren had no communication

impairment.
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