
Contents lists available at ScienceDirect

International Journal of Pediatric Otorhinolaryngology

journal homepage: www.elsevier.com/locate/ijporl

Quality of life of children with hearing loss in special and mainstream
education: A longitudinal study
Tirza F.K. van der Straatena, Carolien Rieffeb,c,d, Wim Soedea, Anouk P. Nettena, Evelien Dirksc,
Anne Marie Oudesluys-Murphye, Friedo W. Dekkerf, Stefan Böhringerg, Johan H.M. Frijnsa,h,∗, on
behalf of the DECIBEL Collaborative study group
a Department of Otorhinolaryngology and Head & Neck Surgery, Leiden University Medical Center, P.O. Box 9600, 2300 RC, Leiden, the Netherlands
bDepartment of Developmental Psychology, Leiden University, P.O. Box 9555, 2300 RB, Leiden, the Netherlands
c Dutch Foundation for the Deaf and Hard of Hearing Child, Lutmastraat 167, 1073 GX, Amsterdam, the Netherlands
dDepartment of Psychology and Human Development, University College London, London WC1H 0AA, United Kingdom
eWillem-Alexander Children's Hospital, Department of Social Pediatrics, Leiden University Medical Center, P.O. Box 9600, 2300 RC, Leiden, the Netherlands
fDepartment of Clinical Epidemiology, Leiden University Medical Center, P.O. Box 9600, 2300 RC, Leiden, the Netherlands
g Department of Medical Statistics, Leiden University Medical Center, P.O. Box 9600, 2300 RC, Leiden, the Netherlands
h Leiden Institute for Brain and Cognition, Leiden University Medical Center, P.O. Box 9600, 2300 RC, Leiden, the Netherlands

A R T I C L E I N F O

Keywords:
Hearing loss
Children
Cochlear implants
Hearing aids
Quality of life
Longitudinal
Language
Mainstream education
Special education

A B S T R A C T

Objectives: To compare the quality of life (QoL) of children with hearing loss (HL) and children with normal
hearing (NH) and to examine how the QoL of children with HL changes over time, considering language skills,
type of hearing device, degree of HL, and type of education.
Methods and materials: This longitudinal study included 62 children with HL and their parents. Developmental
outcome data were collected at two time points, when the mean ages of the children were 4 and 11 years. The
Pediatric Quality of Life (PedsQL™) questionnaire, which includes assessments of Physical, Emotional, Social,
and School functioning, was completed by parents at both time points and by the children with HL at the second
time point. Receptive and expressive language skills at 4 years were assessed by the Reynell Developmental
Language Scale. Results were compared with a Dutch normative sample.
Results: The QoL of children with HL was similar to that of children with NH at both time points on two of the
four QoL scales, Emotional and Physical functioning. On the other two scales, Social and School functioning,
children with HL who attended special education and children who switched to mainstream education showed
lower scores than children with HL who were consistently in mainstream education and lower scores than
children with NH. The School QoL of children with HL decreased over time, as did the School QoL of children
with NH. Social QoL of children with cochlear implants decreased over time, but this was not the case in children
with hearing aids. Language skills and the degree of HL did not clinically improve the QoL over time of preschool
children with HL.
Conclusions: The QoL of children with HL in mainstream education and the Physical and Emotional QoL of all
children with HL were satisfactory. It is essential to develop specific guidance regarding school activities for
children with HL in special education and for children with HL who switch to mainstream education in order to
increase their social QoL.

1. Introduction

Hearing loss (HL) greater than 25 dB HL is a serious condition that
affects 1–1.7:1000 infants worldwide at birth and this number increases
with age due to progressive or late onset hearing loss [1–3]. Children
who have been identified with permanent childhood hearing

impairment which require auditory amplification must cope with their
HL in everyday situations. They experience language and communica-
tion problems that are consequences of their diminished auditory input
[4–6]. In noisy environments, such as classrooms or school play-
grounds, they regularly misperceive crucial information [7–10]. The
misunderstanding and/or misinterpreting of social situations can lead
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to feelings of exclusion and eventually to social and emotional diffi-
culties [4,11–13]. Meta-analyses show that HL is associated with a
lower quality of life (QoL) for social interactions and school activities
[14,15]. Although factors such as hearing devices [14,16,17] and better
language skills [12,18,19] contribute positively to the development and
QoL of children with HL, these studies are cross-sectional, which pre-
vents us from drawing conclusions about the causality of these re-
lationships. Therefore, the present longitudinal study investigated the
extent to which QoL of children with HL changed over time and whe-
ther language ability, type of hearing device, degree of HL, and type of
education were associated with changes in QoL of these children.

Health-related QoL, which we refer to as QoL, encompasses the
physical and psychosocial aspects of an individual's perception of their
position in life [20]. QoL is an important outcome measure that is
widely used for clinical and research purposes to assess the impact of
acute and chronic diseases, to compare affected individuals with
healthy individuals, and to measure progress after treatment. It is
known that QoL of children with HL increases after receiving auditory
rehabilitation alongside their hearing device such as a hearing aid (HA)
or cochlear implant (CI) [14,16,17]. However, there appears to be a
lack of consistency within the literature regarding the comparison of
QoL of children with and without HL. Some studies reported no dif-
ference [21,22] and a number of studies showed that children with HL
had a lower QoL compared to the children without HL [23–25]. When
considering the different domains of QoL, the outcomes of a meta-
analysis showed that children with HL had lower general QoL in terms
of school and social domains than their peers with normal hearing
(NH), although children with and without HL did not differ in physical
and emotional domains [14]. The lower QoL with regard to school and
social domains is often assumed to be related to the diminished audi-
tory input received by children with HL. However, various other risk
and protective factors affecting the QoL of individuals with HL have
been identified.

Many studies emphasize the importance of language for the devel-
opment of children with HL [12,18,19]. Language delays are relatively
common in children with HL and affect their communication, academic
outcomes, and social-emotional functioning since they face more dif-
ficulties in expressing themselves and understanding others
[4,5,11,18,26,27]. In addition, the type of educational setting is re-
ported to be related to the QoL of children with HL. Children in special
education report a lower QoL than children with and without HL in
mainstream settings. This is associated with IQ level, additional dis-
abilities, degree of HL, and communication abilities [25,28,29]. In-
clusive educational settings have made it possible to include children
with HL without additional severe disabilities and who have adequate
speech and language skills into mainstream schools with or without
extra support [30–34]. No studies to date have examined whether
switching from special to mainstream education has an impact on the
QoL of children with HL in comparison to children with HL who remain
in special or mainstream education.

To the best of our knowledge, this nationwide study is the first to
examine longitudinal changes of QoL outcomes of children with HL.
Longitudinal studies can identify causal relationships and define de-
velopmental trends between groups. Data of this study were collected at
two time points, when the mean ages of the children with HL were 4
and 11 years. These time points captured the beginning and end of their
primary school years, allowing us to obtain an impression of the de-
velopment of QoL of school-aged children with HL.

First, we compared the QoL of children with HL with the QoL of a
normative group of Dutch children with NH [14]. Second, we examined
changes in the QoL of children with HL over time. Given the lack of
research in children with HL, we based our expectations on research in
children with NH and expected a decrease of QoL over time as life
becomes more challenging with age [35,36]. Third, we aimed to
identify the risk and protective factors associated with changes in the
QoL over time of children with HL. Based on existing literature, we

expected that higher language skills and attending mainstream educa-
tion would have a positive effect on the QoL [4,6,12,25,28,29]. This
study also considered the QoL of a novel group of children with HL,
namely those who switched from special to mainstream education and
compared them with those who remained in their educational setting
between the ages of 4 and 11 years. Given the inconclusive results in
terms of the level of QoL of children with either HAs or CIs [37,38] and
the degree of HL [39,40], no specific expectations could be formulated
in this respect.

2. Methods and materials

2.1. Procedure

This longitudinal study is part of the DECIBEL study (Developmental
Evaluation of Children: Impact and Benefits of Early hearing screening
strategies Leiden). In this nationwide study, the parents of 204 children
with HL aged 2–6 years agreed to participate in the first measurement,
which took place from 2008 to 2010 (Time 1). After providing informed
consent, the parents completed a QoL questionnaire (at this time chil-
dren were too young to complete a self-report) and a general back-
ground questionnaire (characteristics of children e.g., mode of com-
munication). With the parents' permission, the children's audiological
and medical records were reviewed to collect background information
and information on language skills. These outcomes were published
previously [1,12,41].

All 204 children who participated in the first study were invited to
participate in a follow-up study 7 years later, just before they went to
secondary school (Time 2). At this time point, 62 children with HL and
their parents provided informed consent (a response rate of 30.4%).
The main reasons for not participating at Time 2 were; additional non-
auditory disabilities (n=6), already participating in other research or
medical/audiological assessments (n=2), and the burden of the study
along with exams during the last year of primary school together with
switching to secondary school (n=2). The remaining 132 children did
not provide a reason for non-participation. Children were visited at
home between 2015 and 2016 when they were 10–13 years old. At this
age, they reported their QoL via a self-report questionnaire and com-
pleted a language task. The parents also completed questionnaires
about their child's QoL and provided additional background informa-
tion (e.g., preferred communication mode). Audiological and medical
records were reviewed again. Ethical approval for this study was ob-
tained from the Medical Ethics Committee of Leiden University Medical
Center (LUMC, ref. P14.270 20-01-2015).

2.2. Participants of this study compared to the non-responders at time 2

The final study group consisted of 62 children with bilateral HL
(Table 1). The 62 children with HL who participated at Time 2 and the
142 children who did not participate at Time 2 were not significantly
different in terms of sex, degree of HL, or type of hearing device. The
level of education of the mother, the Total QoL, and the Physical QoL of
the child at Time 1 was higher in the follow-up group than in the group
that participated only at Time 1 (for further information please see the
supplementary table).

2.3. Materials

2.3.1. Quality of life
The Pediatric Quality of Life Inventory (PedsQL™) [42,43] in-

corporates four domains: Physical functioning (e.g. “I have problems
with running”; 8 items), Emotional functioning (“I feel sad”), Social
functioning (“Other children are teasing me”), and School functioning
(“It is difficult to pay attention in class”) (the last 3 domains have 5
items each for a total of 15 items). Each of the 23 items are scored on a
5-point Likert scale: never, 0 points; almost never, 1 point; sometimes, 2
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points; often, 3 points; almost always, 4 points. Each answer is reverse-
scored and rescaled to a 0 to 100 scale, where higher scores indicate
better QoL. The parent questionnaires are parallel versions of the
children's self-reported questionnaires, with differences in the use of
age-appropriate language and first- or third-person tense. In this study,
the questionnaire was completed by parents at both time points and by
children with HL at the second time point. The mean QoL as reported by
the parents at Time 1 and by the children with HL themselves at Time 2
were compared with the available QoL outcomes of Dutch children with
NH within the same age range (mean differences presented in Table 2)

Table 1
Demographic characteristics of the children with hearing loss in this study
(n=62).

Time 1 Time 2

Age at time of assessment
Mean, years; months (SD) 4; 5 (0; 9) 11; 10 (0; 10)
Range, years; months 2; 6–6; 0 10; 5–13; 6

Sex, n (%)
Male 40 (64.5)

Hearing amplification type, n (%)*
Hearing aid 50 (80.6) 46 (74.2)
Cochlear implant 11 (17.7) 16 (25.8)
Bone-anchored hearing aid 1 (1.6) 0

Degree of hearing loss, n (%)**
<40 dB (mild) 7 (11.3) 10 (16.1)
41–60 dB (moderate) 28 (45.2) 19 (30.6)
61–80 dB (severe) 14 (22.6) 14 (22.6)
>80 dB (profound) 13 (21.0) 19 (30.6)

Mean age at detection, months (SD) 13.40 (16.2)
Age range at detection, months 0–50
Mean age at amplification, months (SD) 21.44 (15.0)
Age range at amplification, months 2–55
Education, n (%)***
Mainstream 20 (32.3) 47 (75.8)
Special 42 (67.7) 15 (24.2)

Preferred mode of communication, n (%)
Oral language only 32 (51.5) 55 (88.7)
Spoken and sign-supported 18 (29) 7 (11.3)
Spoken, sign, and sign-supported 3 (4.8)
Sign language only 2 (3.2)
Sign-supported 2 (3.2)
Sign and sign-supported 1 (1.6)
Missing 4 (6.5)

Receptive Language Skills, n (%)
One standard deviation below average < 85 28 (52.8) 22 (35.5)
Average 85-100 14 (26.4) 18 (29.0)
Average > 100 11 (20.8) 22 (35.5)

Expressive Language Skills, n (%)
One standard deviation below average < 85 23 (37.1) 16 (25.8)
Average 85-100 14 (22.6) 23 (37.1)
Average > 100 11 (17.7) 23 (37.1)

Maternal education, n (%)
Primary/lower general secondary education 4 (6.4)
Secondary vocational education 20 (32.3)
Higher general secondary education 6 (9.7)
College/university 32 (51.6)

Time 1: 2008 to 2010; Time 2: 2015 to 2016. One child had a diagnosis of
autism spectrum disorder, and another had a developmental delay with severe
physical impairment. *After Time 1, five children received cochlear implants,
and one child used a hearing aid instead of a bone-anchored hearing aid. **The
degree of hearing loss was calculated by averaging unaided hearing thresholds
at 500, 1000, 2000, and 4000 Hz. Between Time 1 and 2, three children
changed from having moderate to having mild hearing loss because their
middle ear problems resolved spontaneously or after surgery. Six children de-
teriorated from having moderate to having profound hearing loss from Time 1
to Time 2 due to progressive hearing loss. ***29% of the children with HL
attended mainstream education at both time points, and 24.2% attended special
education at both time points. Between 4 and 11 years of age, 47.8% of the
children switched from special to mainstream education due to adequate speech
and language skills. Of all the children in mainstream education, 44.7% re-
ceived remedial teaching during school hours and 12.7% still used speech
therapy at time 2.
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[44,45]. A clinically significant difference was considered when the
reported QoL was exceeded by the absolute value of 4 [14]. Both the
English and Dutch versions of the questionnaire have shown good re-
liability and validity [44–46].

2.3.2. Language skills
Both receptive and expressive language skills were measured with

age-appropriate tests. The Dutch version of the Reynell Developmental
Language Scale was administered at Time 1 (appropriate for children
aged 1;2–6;3 years and language levels of 55–145) [47] and the Clinical
Evaluation of Language Fundamentals - Fourth Edition (CELF-4®NL) at
Time 2 (appropriate for children aged 5–15 years and language levels of
40–160) [48,49]. Receptive language abilities were assessed with a
verbal comprehension scale and expressive language abilities were as-
sessed with word and sentence development scales. All language out-
comes are standardized to norm scores according to age, using quo-
tients in which the population mean for hearing children is 100 with a
minimal clinical important difference of one standard deviation (SD) of
15 (e.g., 85 is below average and indicates language difficulties).

2.3.3. Intelligence
At Time 1, the nonverbal intelligence quotient (IQ) was derived

from the child's medical files (either the Snijders-Oomen nonverbal
intelligence tests or the Bayley Scales of Infant and Toddler
Development-III) [50]. Nonverbal IQ at Time 2 was assessed at home
using the block design and picture concepts components of the
Wechsler Intelligence Scale for Children-Third Edition (WISC-III)
[51,52].

2.4. Statistical analysis

Statistical analysis was performed on the final study group con-
sisting of 62 children with bilateral HL. To compare the QoL of children
with HL with Dutch normative data, summary independent sample t-
tests were performed for the Total QoL score and for each domain se-
parately [44,45]. To compare self-reported QoL with parent-reported
QoL at Time 2, we used a dependent sample t-test. To evaluate whether
QoL of children with HL had changed after 7 years, linear mixed models
were used. Because we were interested in the development of QoL over
time, parent-reported data of the final 62 children with HL were used as
they reported the QoL of their children with HL at both time points. To
control for confounders, sex and age at Time 1 were added as fixed
effects in these linear mixed models [35]. Next, we examined the effects
of the following factors on changes in the QoL over time: language skills
at Time 1, type of hearing device, degree of HL, and educational set-
tings (mainstream education, special education, or switched from spe-
cial to mainstream education between the two time points). Accord-
ingly, each variable was sequentially added (first main effect and
second interaction effect with Time). In addition to sex and age at Time

1, level of IQ was added as a confounder to the model with educational
settings. Due to the large number of missing IQ scores at Time 1, the IQ-
score at Time 2 was used in the analyses (Pearson's correlation between
IQ Time 1 and Time 2=0.385, p=0.027) [53]. All linear mixed
models contained a single random effect for each subject and fixed ef-
fects for the independent variables. Statistical analyses were performed
using the IBM SPSS Statistics 23.0 software package.

2.4.1. Missing data
In our final study sample of 62 children, receptive language, ex-

pressive language, and IQ scores at Time 1 were missing for 9, 12, and
28 children with HL, respectively (Table 2). At Time 2, one child was
unable to complete the QoL-questionnaire and IQ measure due to her
additional non-auditory disability, one child lost her focus while com-
pleting the IQ measure at the end of the testing session, and six parent-
reported QoL outcome questionnaires were incomplete. The pattern of
missing data was examined using Little's MCAR test (χ2= 483.47,
DF=529, p=0.92), which indicated that the data were missing at
random. When conducting standard analyses, such as independent t-
tests, incomplete cases will automatically be excluded [54]. This can
introduce bias and lower statistical power if these participants were
excluded from the analyses. This type of missing data can be re-
constructed using multiple imputations [54–56]. We used 10 imputa-
tions to create good estimates of the missing data [56]. The imputations
were based on the child's age at Time 1 and Time 2, language skills, IQ,
sex, educational status of the parents, and QoL outcomes. Ten im-
putations were performed, and the pooled results are reported in Tables
3 and 4 [56]. There were no differences between outcomes with the
original data and the imputed data.

3. Results

The outcomes are reported in order of the three aims of this study.

3.1. Comparison of the QoL of children with HL versus normative QoL data
from Dutch children with NH

The psychometric properties and mean QoL results of the final study
sample of 62 children with HL are shown in Table 2. At Time 1, parents
reported a clinically lower Total QoL for children with HL compared to
the parent-reported normative data from Dutch children with NH.
When considering the different subscales reported by parents, QoL
scores among children with HL were clinically lower compared to
children with NH in the Social and School domains at Time 1. At Time
2, the children with HL self-reported a clinically lower Total QoL
compared to the self-reported normative data from Dutch children with
NH. Concerning the subscales, the School QoL scores among children
with HL were clinically lower compared to children with NH at Time 2.
Parent-reported and self-reported QoL scores of children with HL were
not significantly and clinically different at Time 2, except for the Phy-
sical QoL, which was reported more positively by the parents.

3.2. Changes in QoL over time and the relation with risk and protective
factors

Changes in QoL over time were analyzed using the parent-reported
data of 62 children with HL and a linear mixed model with Time as the
time-dependent variable. A positive coefficient of time indicates an
increase in QoL over time and a negative coefficient indicates a de-
crease in QoL over time (Table 3). The parent-reported Total QoL of
children with HL decreased significantly from Time 1 to Time 2, but this
was not clinically different as the absolute value of 4 was not exceeded
[14]. When considering the different subscales, no clinical differences
were observed in parent-reported Physical QoL and Emotional QoL
between Time 1 and Time 2, but the scores on the School QoL and
Social QoL subscales had significantly and clinically declined at Time 2.

Table 3
Changes of quality of life over time of children with hearing loss (n=62)
analyzed with linear mixed models.

Time
Uncorrected

Time
Corrected for sex and age at Time
1

Coefficients 95% Confidence
interval

Coefficients 95% Confidence
interval

Total QoL −3.59* [-6.47, -0.70] −3.86** [-6.74, -0.98]
Physical QoL 0.60 [-2.60, 3.80] 0.39 [-2.82, 3.60]
Emotional QoL 0.10 [-5.21, 5.40] −0.10 [-5.47, 5.27]
Social QoL −4.19 [-9.54, 1.16] −4.64 [-9.98, 0.69]
School QoL −13.49*** [-18.18, -8.80] −13.73*** [-18.44, -9.02]

Bold *p ≤ 0.05, **p ≤ 0.01, ***p≤0.001; Time: 0=Time 1, 1=Time 2;
QoL, quality of life.
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Notably, the decrease in parent-reported Social QoL was found only in
children with CIs (Fig. 1A and Table 4), while children with HAs had
similar parent-reported Social QoL outcomes at both time points. Post-
hoc analyses showed that 75% of children with CIs (12 of 16 children),
but only 37% of children with HAs (17 of 46 children), had switched
from special to mainstream education (p < 0.05). Changes in parent-
reported Total QoL, Physical QoL, Social QoL, and School QoL were not
influenced by language or degree of HL. Only parent-reported Emo-
tional QoL was influenced by receptive language (Fig. 1B and Table 4).
Children with HL with average receptive language skills (100) at Time 1
had significantly but not clinically higher Emotional QoL at Time 2
(Fig. 1B).

3.3. Level of QoL differs according to sex and type of education

To appraise whether QoL of children with HL had changed after 7
years, linear mixed models were used with parent-report data. Based on
these parents’ reports, sex and the educational setting of children with
HL influenced the level of QoL of these children at both time points.
When controlled for age and time, linear mixed models showed that
boys had a higher Total QoL and Social QoL than girls at both 4 and 11
years of age (coefficient of sex (boys= 1 girls= 0) for Total
QoL=5.88, [0.93, 10.83], p < 0.05; coefficient of sex (boys= 1
girls= 0) for Social QoL=13.27, [5.31, 21.22], p < 0.001). When
corrected for sex, age, IQ, and time, linear mixed models revealed that
children who attended special education at one or at both time points
had significantly and clinically lower Total QoL, School QoL, and Social
QoL than children in mainstream education (Fig. 1C and Table 4).

Fig. 1. Changes in the quality of life (QoL) over time of children with HL as reported by their parents (n=62). Individual trajectories are in grey and group
differences are plotted in black.
Note. Normative data=Time 1 parent-reported data and Time 2 self-reported data of Dutch children with normal hearing [44,45]. A. Children with cochlear
implants showed a clinical decrease in their Social QoL at the second time point, while children with hearing aids had similar Social QoL levels at both time points. No
significant difference was found between children with cochlear implants and hearing aids in the other subscales of QoL.
B. Children with HL with adequate receptive language skills (e.g. 100) at age 4 showed a significant increase in their Emotional QoL over time which was not
clinically different (> 4 points). When receptive language skills were below average (e.g. 80), the Emotional QoL decreased slightly over time. Receptive language
skills did not influence the other subscales of QoL.
C. At both time points, children with HL who attended special education (n=24.2%) and who switched from special to mainstream education (n=46.8%) had a
clinically lower Social QoL and School QoL than children with HL in mainstream education (n=29.0%). There were no differences between these educational groups
in the Physical and Emotional domain.
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Children with HL in mainstream education had similar levels of School
QoL and Social QoL to children with NH at both time points.

4. Discussion

This longitudinal study examined how type of hearing device and
type of education were associated with changes in the QoL of children
with HL over a 7-year period. We used the PedsQL™ questionnaire,
which includes assessments of Physical, Emotional, Social, and School
functioning. The outcomes of this study confirmed that the Emotional
QoL and Physical QoL of 4- and 11-year-old children with HL were
similar to the QoL of their peers with NH. The Social QoL and School
QoL of children with HL in mainstream education were also on par with
these measures in children with NH. However, compared to children
with and without HL in mainstream education, children with HL who
were in special education or who switched from special to mainstream
education had lower levels of Social and School QoL. Regarding
changes in the QoL, children with HL who had at least average re-
ceptive language skills at 4 years of age had statistically but not clini-
cally improved emotional QoL at 11 years of age. In line with findings
in children with NH, School QoL decreased between the ages of 4 and
11 years. Social QoL also declined over time, but only for children with
CIs; in contrast, the Social QoL of children with HAs did not differ at
both assessment times. These findings were all of clinical importance
and can be used to modify and improve personalized care for children
with HL by creating a focus on their social interactions and school ac-
tivities.

4.1. QoL of children with and without HL

Our findings confirmed those of the meta-analysis by Roland et al.
[14], in that we found that the Emotional QoL and the Physical QoL of
children with HL were similar to those of children with NH at the ages
of 4 and 11 years. A novel finding in group differences was the similar
level of Social and School QoL of children with HL in mainstream and
children with NH at both ages.

4.2. Social and School QoL of children with HL in different educational
settings

Children in special education and children who switched from
special to mainstream education had lower Social QoL and School QoL
than children with HL in mainstream education and children with NH
at both time points. This is in line with previous studies which found
that children with HL in special schools, as opposed to children in
mainstream schools, have more problems due to their difficulties with
language and communication and presumably some additional non-
auditory disabilities, all of which may contribute negatively to their
QoL [25,26,28,29,57,58].

Almost half of the children with HL in this study had adequate
language skills in the range of children with NH, which enabled them to
transfer from special to mainstream education. Therefore, this study is
the first to investigate the impact of a school transition on the QoL of
children with HL. The Social QoL and School QoL of children who
switched from special to mainstream education were lower at both time
points compared to children with HL in mainstream education. At the
first assessment time point, 4-year-old children with HL were in special
education and had to catch up due to language and communication
delays [8]. It is likely that social interactions and school activities were
more challenging at that age [25,28]. Seven years later, children with
HL who switched to mainstream education may have struggled with the
demands of a faster teaching pace and/or with the less favorable
acoustics of mainstream classrooms [29]. Furthermore, due to the level
of (extra) noise, children with HL regularly misperceive information in
class and social situations, which can lead to feelings of exclusion
[7,9,10,59–61]. These feelings of exclusion might even be enhanced

since children with HL in mainstream settings are often the only ones
wearing hearing technology in a hearing classroom. This can affect
their self-perception, social development, friendships, and eventually
their QoL [33,60,62]. Based on the results of this study, it is important
to consider specific and long-term guidance regarding school activities
and social interactions for children with HL who switch from special to
mainstream education.

4.3. Changes in QoL over time

According to parents, the School QoL and Social QoL of children
with HL changed over time. All children with HL experienced a decline
in School QoL after 7 years, which is in line with findings among
children with NH [44,45]. This decrease may have been related to their
developmental stage of adolescence and concomitantly a more de-
manding educational curriculum for older children, which the children
must learn to cope with.

In contrast to our expectations, the receptive and expressive lan-
guage scores of 4-year-old children with HL did not clinically contribute
to the development of QoL. The absence of a clear relation between
language skills and QoL in children with HL was also found in other
studies on language skills and social emotional functioning [12,63–66].
They found that communication skills and not language skills are more
import for social functioning which in turn can affect the wellbeing of
children with HL. Language skills such as vocabulary are learned by
professionals in schools and are important to develop communication
skills [4,12]. Yet, the social rules are learned in a more indirect way by
observing and communicating with others outside of school or at the
playground. Understanding a joke for example requires the under-
standing behind the vocabulary and relies on the pragmatics within
communication. It is therefore more important that children with HL
learn to use their language capacities in the right way.

4.3.1. Children with HAs or CIs
Except for Social QoL, changes in the QoL of children with CIs did

not differ from changes in children with HAs. The parents of children
with HAs reported similar Social QoL when their children were 4 and
11 years old, whereas parents of children with CIs reported a decrease
in Social QoL after 7 years. This finding should be interpreted with care
due to the difference in group size (the CI group was three times smaller
than the HA group) and the difference in degree and etiology of HL
between groups. However, three plausible explanations could be sug-
gested for the change in Social QoL over time for children with CIs.
First, children with CIs participated in intensive rehabilitation pro-
grams in their early years. Such programs gave them access to speech
therapists, psychologists, qualified teachers for children with HL, and
other professionals. However, for older children with CIs, the frequency
of rehabilitation services usually decreases to once a year and children
must be more self-reliant which can result in a lower QoL. Second, the
decrease in Social QoL could be a consequence of the fact that parents
of children with CIs may expect their child to be like children with NH
and social problems in their 4-year-old child may go unnoticed [67].
When the children with CIs are 11 years old, they can express them-
selves concerning their difficulties with social interactions and parents
of children with CIs may be, therefore, more aware of the difficulties.
Third, regarding the educational settings of these two groups, 75% of
children with CIs, but just 37% of children with HAs, switched from
special to mainstream education between the two time points. This
greater number of children with CIs who switched educational settings
may have had more of an impact on their social development than
explained previously.

4.4. Strengths and limitations

One of the strengths of this study is its longitudinal design. It pro-
vides a unique, and valid perspective on QoL changes in children with
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HL over a period of 7 years, from pre-school to pre-adolescence. It
would be informative to follow this cohort into adolescence, when the
demands of social interactions and school become even greater. This
third time point would provide more information regarding causal re-
lationships and could further validate our findings. In addition, children
in this study were born in the implementation phase of the Newborn
Hearing Screening preventing us from drawing conclusions concerning
the age at detection or the age at first amplification and QoL. However,
factors like audibility, early access to amplification, and family coun-
seling have been proven to influence language skills in children with HL
and should therefore be integrated in future studies when studying QoL
in this group [68]. The study had three main limitations. First, the QoL
of children with HL was compared to normative QoL data instead of
being compared to data from a control group of children with NH.
Second, compared to the 4-year-old children who only participated at
the first time point, 4-year-old children with HL who participated at
both time points had a higher Total QoL as rated by their parents and
had mothers with a higher educational degree. These differences to-
gether with the response rate of 30.4% may have potentially led to
selection bias. From a statistical point of view, the linear mixed models
used address this problem if the missing data is missing “at random”,
i.e. the reason for missing data can be explained by the covariates in the
model. As we have included sex and age in the model, we believe that
important sources of bias have been considered. This being said, the
possibility of bias cannot be eliminated. Third, this study used a generic
health-related QoL questionnaire to compare the QoL of children with
and without HL and to examine the development of QoL over time for
children with HL. Despite the relative positive findings concerning the
generic QoL of the children with HL in our study, children with HL
could still have hearing-specific problems and consequently a lower
hearing-specific QoL [18,24,69]. Future studies should therefore take
the development of hearing-specific QoL into account for children with
HL.

5. Conclusion

In this longitudinal study, the Physical and Emotional QoL levels of
children with HL were in line with those of children with NH at the ages
of 4 and 11 years. Half of the children with HL in this study had ap-
propriate language skills, which allowed them to switch from special to
mainstream education. However, for good clinical practice, they should
receive extra guidance and long-term support for school activities and
social interactions. In particular, school-aged children with CIs may
need extra guidance for their social functioning. It is our expectation
that these findings can be used to improve personalized guidance for
children with HL.
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