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ABSTRACT

Objective Hearing impairments (HIs) that progress or
have later onset may have specific effects on language
and cognitive development, but are difficult to suspect
during routine primary care visits. Family concern
regarding hearing is thought to represent an important
risk factor requiring audiological examination. Yet it is

not clear how successful parents are in recognising the
consequences or specific suspect elements of Hl in young
children. The aim of this study is to verify whether parents
of at-risk children recognise the presence of HI through

a parental questionnaire that draws attention to auditory
skills development and compares them with language and
communication skills.

Design Observational study.

Setting From 2013 to 2019, parents were administered
the Questionnaire on Hearing and Communication Abilities
before audiological evaluation of their children at a
secondary care institute.

Participants 309 Italian children (1-36 months old) at
risk of HI.

Primary and secondary outcome

measures Questionnaire sensitivity in predicting the
presence and type of HI.

Results Parents report a decrease in auditory skills for
children with sensorineural HI (X(2)=14.4, p=0.003), with
an increased concern expressed in 59% compared with
24% in normally hearing children. Both auditory (r=—0.18,
p=0.002) and comprehension (r=—0.13, p=0.057) skills
weakly but negatively correlated with a diagnosis of HI. On
discriminant analysis, the positive predictive value of the
questionnaire was 0.78, but with low sensitivity (0.39).
Conclusions Parents of children with a verified risk of

HI have some capacity to recognise non-typical auditory
behaviour. Thus, it is important to assess parental
concerns during primary care health visits, and a targeted
questionnaire on auditory abilities can complement
existing screening procedures. However, given the low
sensitivity of the questionnaire, we conclude that for a
reliable detection of His that progress or have later onset
an objective screening tool is always required.

INTRODUCTION

Concerns have been continuously expressed
in recent years regarding timely recognition
of cases of hearing impairment (HI) that are
not identified by universal newborn hearing

Strengths and limitations of this study
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» Parents’ recognition of age-appropriate auditory,
language and communication abilities was evaluat-
ed as a possible tool for a more accurate recognition
of hearing impairments that progress or have later
onset.

» The proposed targeted questionnaire follows in de-
tail the developmental trajectories of the skills in
question.

» Children included in the study were referred for au-
diological assessment due to a certain risk of hear-
ing impairment, which may have affected parental
responses.

» Due to the relatively low sample size in some of the
age groups covered by the questionnaire, a more
detailed analysis of the correlation between age and
accuracy of parental recognition of hearing impair-
ment was not possible.

» The structure of the questionnaire only allowed for
a limited analysis of the internal consistency of the
questions on the questionnaire.

screening (NHS), such as some forms of
early-onset HI that are not apparent at birth
or HIs that progress or have later onset.' *
Timely recognition does do not concern only
permanent sensorineural HIs. Otitis media
with effusion is the most common cause of
conductive HI, and although it may resolve
spontaneously without complications it can
be associated with prolonged HI, imposing
a series of disadvantages on hearing sensi-
tivity.” Although several attempts have been
made to introduce secondary screening to
primary care health centres,' > most coun-
tries still lack an effective and affordable
protocol for identification of children at risk
of permanent or prolonged HI occurring
after birth.® To address this issue, the Joint
Committee on Infant Hearing has identified
a series of risk indicators that should prompt
continued monitoring of hearing status, even
if the NHS results were normal, emphasising
that ‘family/caregiver concern regarding
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Table 1 Sample overview by age and reasons for
accessing audiological examination

Access Age (months) Hi NH
No screening 1-9 7 7

10-36 21 8
Refer at NHS or risk 1-9 25 122
at birth 10-36 17 32
Medical/caregiver 1-9 1 8
concern or risk after 10-36 14 49

birth

HI, hearing impairment; NH, normal hearing; NHS, newborn hearing
screening.

hearing, speech, language, or developmental delay and
or developmental regression’ could represent the main
alarming risk factor requiring a prompt referral to audio-
logical services.?” Yet the ways in which to highlight a real
concern are not well defined, and parents/caregivers may
not easily understand what the specific suspect elements
of HI are. Therefore, a questionnaire that would draw
attention to children’s auditory skills could represent a
focal point for parents/caregivers.

A variety of questionnaires have been developed for
caregivers or primary care professionals to use to inves-
tigate communication and language development in
normally developing children.® Others were developed
to assess aural/oral performance mainly in children
with hearing devices.”'* For at least one of them, the
Parents’ Evaluation of Aural/Oral Performance of Chil-
dren (PEACH) Questionnaire, normative data were
obtained for both children with HI and children with
normal hearing (NH) in various languages,'' ™" and it
could therefore be also used for general purpose evalu-
ation of hearing function in children, even though not
intended as a screening tool to classify children with
NH or hearing loss. Few isolated attempts were made to
create questionnaires for parents to specifically evaluate
hearing sensitivity and function in normally developing
preschool children in order to identify children with
speech-language and/or auditory impairment.'®"® These
questionnaires were proposed as a low-cost screening
tool to complement NHS. All mentioned questionnaires
covered a relatively large age span without specific focus
on the developmental course of auditory and language
skills in the first years of life. Thus, a parental question-
naire, validated on a large sample, that would successfully
complement NHS in identifying HIs that progress or have
later onset, while taking into account the developmental
course of speech-language and auditory skills in the first
years of life, remains unavailable.

Here we present an observational analysis of parental
assessment of auditory skills obtained through the Ques-
tionnaire on Hearing and Communication Abilities
(QUAC), a structured questionnaire in Italian language
for parents/caregivers of children between 1 and 36
months of age, adapted for various developmental stages
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and consisting of four scales representing four categories
of skills: auditory skills (scale A), comprehension (scale
C), production (scale P) and interaction (scale I). The
questionnaire was proposed to parents/caregivers of chil-
dren who underwent audiological diagnostic procedures
based on various postnatal risk factors.

The main goal of the analysis was to establish whether
parental assessment of auditory skills correlates with age-
appropriate hearing abilities, whether it serves as a signif-
icant predictor of the presence of HI, and to which extent
HI affects other skills (production, comprehension and
(verbal and non-verbal) interaction). We hypothesised
that parents/caregivers are attentive to their children’s
auditory, language and communication skills, even more
when a risk has already been raised though the postnatal
risk assessment.

METHODS

Study population

From 2013 until 2019, the QUAC was administered to
parents of children examined at the otorhinolaryngology
and audiology unit of a medical institute in Italy as part
of a comprehensive audiological assessment. Children
were born predominantly to families from the north-
eastern provinces of Italy, with a variable sociocultural
background. In total, 309 individual children aged 1-36
months (1-9 months: 137 children with NH and 33 with
HI; 10-36 months: 87 children with NH and 52 with HI)
who had completed both a comprehensive audiolog-
ical examination and the parental questionnaire were
included in the study. Children were referred for audio-
logical evaluation for different reasons: 92 (29.8%) were
further examined following the refer at the NHS, 104
(33.6%) due to medical concerns or risk factors reported
at birth during recovery at the neonatology and neonatal
intensive care unit, and 65 (21%) children were exam-
ined based on medical concerns or risk factors reported
by their family paediatricians or educators. A relatively
large number of children (50, 15.5%) were accepted after
missing the NHS (because they were born at home or
adopted from a non-European country). The distribution
of reasons for accessing audiological services by presence
or absence of HI is presented in Table 1.

Testing procedure

All children received a diagnosis of their hearing status
at the otorhinolaryngology and audiology unit. The
final diagnosis of hearing status was obtained by cross-
matching the results of otoscopy and objective and/or
behavioural measurements of air and bone conduction
hearing threshold. Hearing was categorised into six
degrees—NH, unilateral HI, mild bilateral HI (30-40
dB), moderate bilateral HI (40-60 dB), moderate-severe
bilateral HI (60-70 dB) and severe bilateral HI (>70
dB)—based on the average hearing threshold of the best
ear in bilateral HI. The type of HI, a temporary/conduc-
tive (=1) or a permanent/sensorineural (=2) HI, was
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diagnosed as well, compared with NH (=0). The QUAC
was compiled by the parents/caregivers in a quiet room
of the outpatient clinic after or during the audiological
assessment but before the final diagnosis was issued. Only
the results of their first visit were included. A hearing
technician or a speech therapist helped clarify the ques-
tions if needed.

The QUAC was composed by the audiologists, psychol-
ogists and speech therapists working at the otorhinolaryn-
gology and audiology unit. The original language of the
questionnaire is in Italian. The questionnaire, along with
an English translation, is available in online supplemental
files Al and A2. The questionnaire is divided into 10 age
ranges, and the total number of questions varies from 2
to 11 depending on the age range. The questions for each
scale were based on the normal progression of children’s
abilities in each age range (the list of the references that
were used to create age-appropriate questions for each age
range is available in online supplemental file A3). Infants
younger than 2 months received only two questions (scale
A), infants aged 2-9 months old received six to eight ques-
tions on auditory skills, production (scale P) and interac-
tion (scale I), while older infants received questions from
all four scales. Because of these differences, we separately
analysed the results for infants younger than 10 months
and for older children. The internal consistency of the
questions in scale A per each age group was evaluated by
calculating the Cronbach’s alpha. For other scales, calcu-
lating the internal consistency was not possible due to the
low the number of questions per scale (1-3). Coefficients
of 20.70 were considered to indicate good internal consis-
tency.'” * Parents responded with ‘always’, ‘sometimes’
or ‘never’, coded as 3, 2 and 1, respectively. The answers
to each scale of questions were summed and normalised
(transformed into proportions of maximum score). Each
parent/caregiver was also asked to provide an overall esti-
mate of the child’s hearing ability by answering the final
question: ‘Do you think that your child can hear?” The
answers are coded as the following: 1=‘yes’, 0.5=1 don’t
know’ and 0=‘no’.

Parents were informed about the use of clinical data
for research purposes and gave their written consent to
participate before the assessment.

Patient and public involvement

Before the start of the study, the questionnaire was piloted
to parents and caregivers of various socioeconomic back-
grounds to identify comprehension or intelligibility diffi-
culties. Misinterpreted questions were corrected. The
research and preliminary results have been presented and
discussed at regional and national courses and conven-
tions for speech pathologists, paediatricians and families
of children with HI (national convention for paediatri-
cians and interested public, ‘Per sentire, percorsi di inter-
vento precoce in audiologia pediatrica’, September 2016;
public courses for speech pathologists, ‘Sentire bene
per comunicare meglio’, at the Institute for Maternal

and Child Health - IRCCS “Burlo Garofolo” - Trieste,
November 2018 and March and November 2019).

Data analysis

Statistical analyses were performed using R programming
language. Shapiro-Wilk normality test was used to deter-
mine the normality of the variable distribution. Due to
the unequal sample size and the non-normal distribution
of scores of each scale of the questionnaire, we compared
the scores based on the presence and type of HI using non-
parametric Kruskal-Wallis test, with Wilcoxon’s test for
post-hoc comparisons. Additionally, Spearman’s correla-
tion coefficients were computed for multiple correlations
between the variables of interest. The level of significance
was set at 0.05. The linear discriminant analysis (LDA)
technique was used to explore the ability of the question-
naire to classify a child as having HI or not, with separate
analyses for the type of HI (sensorineural or conductive)
and the age at which the analysis becomes a relatively
reliable tool to recognise children with HI. The Bartlett’s
test of homogeneity of covariance matrices showed that
the variances of the questionnaire scales of subsets with
and without HI were equal for all but the comprehension
scale (where Bartlett’s K-squared (1)=6.997, p=0.008). We
have therefore performed a set of LDAs. The quality of
predictions of the LDA model can be measured through
a cross-validation procedure that can measure the area
under the receiver operating characteristic (ROC) curve
(AUC) values of the non-parametrical ROC analysis for
the overall representation of true and false positive rates
at different cut-off values, based on which the optimum
cut-off value for the highest sensitivity, specificity and
positive predictive value (PPV) of the model can be
selected. In our analysis, these measures were repetitively
calculated for each LDA for randomly selected subsets of
the main data set. The procedure was repeated 500 times
to obtain stable results and the mean values are reported
in the text. The output of the LDA with the performance
closest to the mean values of the repeated procedure is
reported in online supplemental file A4.

RESULTS

Of the children included in the sample, 224 were normally
hearing (NH) children and 85 with mild to severe sensori-
neural or conductive HI. Figure 1 and Table 2 summarise
the results of the questionnaire based on the type and
grade of hearing loss in the final diagnosis. Figure 2 pres-
ents the results of the multiple correlations between the
scores of scales A, I, C and P, the parents’ overall estimate
of hearing, the estimated hearing threshold, and the type
of hearing loss.

Children diagnosed with HI received significantly lower
scores for auditory skills (scale A) (mean (HI=0)=0.95;
mean (HI=1)=0.91; Kruskal-Wallis X*(1)=9.7, p=0.002)
and marginally lower scores for production (scale P)
(mean (HI=0)=0.76; mean (HI=1)=0.69; Kruskal-Wallis
X%(1)=3.2, p=0.073). For auditory skills (scale A) there
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were significant differences between children based on
the type of HI, with post-hoc comparison showing that
scores in scale A were significantly lower in children with
sensorineural HI (Kruskal-Wallis X*(2)=14.4, p=0.001),
while scores in scale P were significantly lower in children
with conductive HI (Kruskal-Wallis X*(2)=7.5, p=0.04).
Multiple correlation analysis (Figure 2) showed that both
scales A and C correlated with hearing threshold (scale
A: 1=-0.25, p<0.001; scale C: r=-0.18, p=0.025), while
only scale A correlated with type of HI (scale A: r=-0.19,
p=0.001) as well as with other scales of the questionnaire
(scale I: r=0.19, p=0.004; scale C: r=0.33, p<0.001; scale
P: r=0.13, p=0.045). Parents’ overall estimate of child’s
hearing ability was significantly lower in children with
HI (X*(1)=-0.3, p<0.001) and negatively correlated
with hearing threshold (r=-0.21, p=0.001) and type of
HI (r=-0.32, p<0.001). Furthermore, parents’ overall
estimate did not significantly depend on any of the risk
factors that led to the audiological evaluation.

To determine the sensitivity and specificity of the
questionnaire in predicting the diagnostic outcome of
the audiological evaluation (the presence or absence of
HI), we used the LDA models. Given that scales A and
C correlated with hearing threshold, values from all four
scales and their potential interactions were included in
the model. The best performance of the model, with
78% children correctly classified as having HI or not
(PPV=0.78), was achieved at sensitivity (true positive rate)

and specificity (true negative rate) scores of 0.39 and
0.93. By changing the cut-off of the model to increase
correctly recognised cases with HI, the number of falsely
positive cases would increase significantly. Given that the
percentage of children with HI in the population is rela-
tively low, this would, however, mean a great number of
children falsely identified to be at risk of HI. The AUC for
the model was 0.66, which confirms the above observa-
tion. The output of the discriminant analysis, along with
the predictions of the model at various cut-off values, is
available in online supplemental file A4. Discriminant
analysis was also used to predict correct classification into
the type of HI. While ROC analysis was not possible given
that the outcome was non-binary, the best performance
of the model was computed for the sensorineural HI
(PPV=0.62, sensitivity=0.45, specificity=0.84) and conduc-
tive HI (PPV=0.73, sensitivity=0.32, specificity=0.9). The
output of the discriminant analysis for the type of HI and
the confusion table are available in online supplemental
file A5.

In the discriminant analysis that included all four ques-
tionnaire outcomes, only cases with complete answers in
all four categories of questions could be included. Thus,
the above results include the subgroup of children older
than 9 months. To verify the power of the auditory skills
scores in predicting HI in younger and older infants, we
ran two separate discriminant analyses for the age groups
younger than 10 months and from 10 months on. None
of the infants younger than 10 months was correctly
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Figure 2 Multiple correlation table. The direction of the
correlation is marked with colours (blue: positive; red:
negative), and the significant correlations (p<0.05) are marked
with stars. A, auditory skills; C, comprehension; HI, hearing
impairment; |, interaction; P, production.

classified based on the scores from auditory skills only.
In the older group, the best performance was achieved
at a PPV of 0.67, with specificity and sensitivity of 0.93
and 0.23; the AUC was 0.58. The number of children
who underwent the first audiological evaluation drasti-
cally decreased with age, and therefore a more detailed
analysis of the sensitivity of the questionnaire across age
groups was not possible.

DISCUSSION

Parental concerns expressed during regular primary care
visits indicate that several types of child developmental
problems can be recognised through clinical judgements
based on the information provided by parents,”’ and
that clusters of parental worries correlate with a child’s
performance in a screening evaluation.” In other words,
parents can accurately evaluate their child’s develop-
mental trajectories, and what they evaluate and refer to as
‘strange’, ‘unexpected’ or ‘a sense that there is a problem’
is often a reliable predictor of disability.* ** The results of
the QUAC parental questionnaire partly confirm these
general insights: parents’ overall scores in auditory skills
decrease significantly with severity of HI and are lower
especially for children with sensorineural HI. Questions
on production and interaction skills concerned (verbal
or non-verbal) social activities of the child and were not
directly related to auditory skills, which may explain why
normally developing children did not differ in their
language production and interactive skills regardless of
their hearing status. Parents’ recognition of difficulties
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in auditory and comprehension skills is important; if
untreated, such difficulties could lead to developmental
delay. We therefore speculated whether parental develop-
mental concerns regarding their children’s auditory abil-
ities could usefully be taken into consideration in overall
risk assessment.

The questionnaire was originally designed to account
for the fastdevelopmental changes in the first 3 years of life
and was therefore divided into 10 age groups. We hoped
to be able to observe a gradual improvement in parents’
ability to recognise children’s untypical behaviour across
these age groups. However, the number of children grad-
ually decreased with age, and therefore only two larger
age groups were created, while a more detailed analysis of
the sensitivity of the questionnaire across the age groups
was not possible. For younger infants with HI, parents in
this study were not successful in detecting the decrease
or change in auditory skills. This result may be related
to the fact that it may be more difficult to observe the
auditory responses of very young infants. Moreover, most
of the young infants (95%) were brought to the centres
as a routine follow-up from the screening assessment at
birth, or if the screening was missed due to home labour
or other factors, which could contribute to the overall
lack of increased concern regarding their children’s
hearing. Conversely, only 6% of young infants in the
tested sample were referred for audiological evaluation
as a consequence of medical or parental concern, and
only one of them was subsequently diagnosed with a mild
conductive HI. This also means that the established NHS
programmes’ cover a vast majority of infants at risk of HI
younger than 10 months.

All children included in the study were admitted to the
institute due to a certain risk of HI. Therefore, parents
in this study may have been overall more concerned
about their children’s hearing than an unbiased random
sample of parents and consequently more attentive
to their auditory behaviour. Nonetheless, the majority
of parents did not correctly recognise the decrease in
auditory and language skills in children with HI. The
discriminant analyses, built to assess the sensitivity of the
questionnaire to recognise children with HI, showed that
with the optimal model performance the classification of
children with HI was at most 39% correct (with an overall
PPV of 0.78), when all four scales from the questionnaire
were included, that is, the data from children older than
9 months. While a different cut-off of the model would
yield a higher percentage of correctly recognised HIs, the
resulting high number of falsely selected children would
confirm the unreliability of the questionnaire. Again,
such results can be attributed to the young age of the
participants; hearing deficit may be difficult to notice in
very young children, especially if it had not (yet) caused a
significant change in their behaviour. The questionnaire
was designed specifically to address the skills in children
younger than 3 years and we therefore lack the results
in an older testing group. Previous studies assessing the
sensitivity of questionnaires for children up to 18 years

report an overall better ability of the tool in correctly
recognising HI in children. While some lack a detailed
analysis of the potential differences in sensitivity across
ages,"” ' '® the validations of PEACH questionnaire simi-
larly report a decreased sensitivity for children below 24
months."” Therefore, one possible conclusion is that chil-
dren tested with the present questionnaire are too young
and that parents were thus not able to correctly assess
their auditory behaviour. Another possible conclusion is
that while questionnaires of this type may raise awareness
of children’s auditory skills and the specific HI suspect
elements and can be of assistance in assessing paediatric
risk during regular primary care visits,” they are not
sensitive enough to represent a reliable diagnostic tool
for recognising HIs that progress or have later onset.

With the presented targeted questionnaire, parents
evaluated auditory skills significantly lower in older chil-
dren with (moderate to severe) HI. Thus, the question-
naire may serve as a risk assessment tool that can detect
parental developmental concerns at paediatric visits.
However, the questionnaire cannot represent a reliable
diagnostic tool to recognise HIs that progress or have
later onset. For a reliable detection of HI in primary care
units, an objective screening tool may be required.
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