
Objectives 1 

The objective of this study was to assess self-reported health-related quality of life (HR-QOL) 2 

in a group of children with cochlear implants (CIs) and to compare their scores to age-and 3 

gender-matched controls. The authors also assessed the agreement between proxy- and self-4 

reported HR-QOL in the CI group and examined individual and environmental variables that 5 

could be associated with higher or lower self-reported HR-QOL in the CI group.  6 

Design 7 

The sample consisted of 168 children between the ages of 5;6 and 13;1 (years;months), where 8 

84 children had CIs (CI group) and 84 were age- and gender-matched controls with normal 9 

hearing (NH group). HR-QOL was assessed with the generic questionnaire Pediatric Quality 10 

of Life Inventory (PedsQL) (Varni et al. 2001). Parents of the children in the CI group 11 

completed the same questionnaire as the children. In addition, the children in the CI group 12 

completed tests of language, hearing, and non-verbal IQ and background variables such as 13 

age at implantation and socioeconomic status were assessed. 14 

Results 15 

On average, children with CIs rated their HR-QOL lower than peers with normal hearing on 16 

school functioning, social functioning and overall HR-QOL. A higher percentage of children 17 

with CIs reported low levels of HR-QOL than did those in the NH group, 27% and 12%, 18 

respectively. The differences between groups were small, and fewer children than parents 19 

reported concerningly low HR-QOLs. Better spoken-language skills and older age at the time 20 

of testing was associated with better HR-QOL. 21 

Conclusion 22 

Most children with CIs in this study reported HR-QOLs that were close to those of their age-23 

and gender-matched normal-hearing peers. The children, however, reported concerns about 24 

social and school functioning, indicating that these areas require more attention in order to 25 



ensure children with CIs have good HR-QOL. Improving spoken-language skills in children 26 

with CIs may contribute to improved HR-QOL. 27 
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INTRODUCTION 51 

Sensorineural hearing loss is one of the most common cause of disability in children in 52 

developed countries (Cole et al. 2011; Smith et al. 2005). Today, however, deaf children can 53 

receive cochlear implants (CIs), a surgically implantable device that give them access to 54 

auditory perception. The ultimate goal of CIs and communication interventions is to provide 55 

deaf children with sufficient hearing to develop spoken language skills that are as close to 56 

those of their peers as possible. Although CIs do not provide the children with normal 57 

hearing, early diagnosis of hearing loss, early access to CIs, and systematic habilitation can 58 

enable children with CIs to acquire spoken language comparable to that of their normal-59 

hearing peers (Fulcher et al. 2012). Successful communication with others is one of the most 60 

important parts of cognitive, socioemotional, and academic development (Stevenson et al. 61 

2015). Thus, it is logical to assume that ensuring age-adequate language skills in children 62 

with CIs would result in those children experiencing quality of life (QOL) that is comparable 63 

to that of children with normal hearing.  64 

In the current study, we compared health-related quality of life (HR-QOL) in children 65 

with CIs to that of their normal hearing peers. The population of children with hearing loss is 66 

heterogenous with regards to a number of factors that may or may not affect HR-QOL, such 67 

as age at implantation, degree of hearing loss, amplification device, language skills, language 68 

modality and presence of additional disabilities. To reduce heterogeneity in the current study 69 

we included a group of children who all wear CIs, and applied strict inclusion criteria; all 70 

children had a nonverbal IQ within the normal range, no additional disabilities known to 71 

affect language or HR-QOL and all children had Norwegian as their first language. Thus, the 72 

children with CIs included in the current study had typical development, with the exception of 73 

their hearing loss. This enables us to more specifically study the effect of CI-use and hearing 74 

loss on HR-QOL. The vast majority of children were pupils in mainstream schools. The child 75 



perspective was emphasized in this study through the focus on self-reported HR-QOL. In 76 

order to nuance the children's perspectives of their own HR-QOLs, we compared their 77 

answers to those of the parent proxies; in many previous studies, children and parents have 78 

reported experiencing the children's situations differently. Finally, we examined whether 79 

various individual or environmental variables were associated with levels of self-reported 80 

HR-QOL in pediatric CI recipients. 81 

Defining Health-Related Quality of Life 82 

Typically, QOL is defined as a multi-dimensional concept consisting of several subdomains 83 

including, at a minimum, physical health, psychological wellbeing, and social functioning 84 

(Davis et al. 2006; Matza et al. 2004; The WHOQOL Group 1995). The exact definition of 85 

the concept depends on the context of application, but within health-related research, the 86 

concept is often considered to be a subjective account of areas related to happiness, 87 

satisfaction with life, and health status (Fayers et al. 2007; Matza et al. 2004). Furthermore, 88 

HR-QOL is a concept that is primarily focused not on general QOL but more specifically on 89 

how chronic illness or health issues affect the individual’s perception of QOL (Karimi et al. 90 

2016; N. C. M. Theunissen et al. 1998). The assessment of HR-QOL is not directly equivalent 91 

to physical health status, psychosocial functioning, social skills, or mental health; deficits in 92 

any of these areas may affect the overall HR-QOL. 93 

In children, proxy-reports can serve as an important source of information, especially 94 

in cases where the child is unable to report themselves, e.g. due to language difficulties, 95 

cognitive impairments or young age (Varni & Limbers, 2009). However, due to the concept’s 96 

subjective nature, self-reports are usually preferred over proxy-reports. Children as young as 4 97 

years old have been found to be able to report reliably on the more concrete aspects of their 98 

HR-QOL, while beginning at approximately 8 years of age, children can also report reliably 99 

on more abstract topics (Matza et al. 2004). Studies has furthermore found that parents and 100 



children do not always agree, and that parents of children in clinical groups tend to 101 

underestimate the HR-QOL of their children (Eiser and Jenney 2007). Collecting and 102 

comparing both proxy- and self-reports in clinical groups may thus be important in order to 103 

get a more nuanced picture. 104 

Factors Associated with Good or Diminished HR-QOL in Children with Hearing Loss 105 

The literature on pediatric CI recipients and QOL, HR-QOL, and related areas such as social 106 

interaction and mental health does not provide a clear empirical picture of the differences in 107 

HR-QOL between children with hearing loss and children with normal hearing. Many studies 108 

show promising results for children and adolescents with hearing loss, indicating similar 109 

levels of HR-QOL to those of normal hearing peers, based on both proxy-reported QOL (See 110 

e.g. Duarte et al. 2014; Kumar et al. 2015; Meserole et al. 2014; Perez-Mora et al. 2012) and 111 

self-reported QOL (Duarte et al. 2014; Loy et al. 2010; Meserole et al. 2014; Perez-Mora et 112 

al. 2012; Warner-Czyz et al. 2009). Other studies, however, find lower HR-QOL in children 113 

with hearing loss than in their normal-hearing peers in areas such as general QOL, 114 

psychosocial wellbeing, and social interaction (see e.g. Fellinger et al. 2008; Haukedal et al. 115 

2018; Huber 2005; Huber, Burger, et al. 2015; Keilmann et al. 2007; Nimensivu et al. 2018; 116 

Stevenson et al. 2015; Wake et al. 2004).  117 

In a recent literature review by Roland et al. (2016), the authors suggest that though 118 

children with hearing loss in general rate their QOL lower than do their normal-hearing peers, 119 

not all domains of QOL are equally affected. School functioning and social interaction are 120 

identified as areas most often associated with impaired function (Roland et al. 2016). In a 121 

study by Loy et al. (2010) the friend’s domain and school domain were areas of concern, 122 

though adolescents reported higher self-esteem and similar levels in other domains as 123 

compared to their normal-hearing peers. There are many possible explanations for the 124 

conflicting results. Some of the variability may be explained by the high level of 125 



heterogeneity in the groups of children with hearing loss (Moeller 2007), indicating that poor 126 

HR-QOL might be a factor for specific subgroups of children rather than for all children with 127 

hearing loss. Furthermore, HR-QOL may be influenced by complex interaction between 128 

individuals and environmental factors, which may put certain children at higher risk for poor 129 

HR-QOL.  130 

Individual factors. Some of the identified factors associated with high or low HR-131 

QOL, represent features concerning the individual.  132 

 Gender. There tend to be differences between genders on aspects that may affect HR-133 

QOL. For children with normal hearing, studies indicate that boys are diagnosed with early-134 

onset, externalizing disorders at a higher frequency, while girls are more frequently diagnosed 135 

with internalizing disorders with adolescent onset (Keenan et al. 1997; Zahn-Waxler et al. 136 

2008). Among normal-hearing children, boys tend to be overrepresented with regards to 137 

psychosocial difficulties and problems with peer relations, compared to girls. Girls are often 138 

reported to be more sensitive and socially mature than boys, and girls generally score better 139 

on language measures, which suggest stronger communication skills (Zahn-Waxler et al. 140 

2008).  141 

Among children with hearing loss, trends in gender-associated characteristics are 142 

similar. Sach & Barton (2007) found that amongst children who had received a unilateral CI, 143 

boys had lower scores than girls on a generic HR-QOL questionnaire completed by the 144 

parents. In a study on preschool children with various degrees of hearing loss, conducted by 145 

Laugen, Jacobsen, Rieffe & Wichstrøm (2016), the authors found that children with hearing 146 

loss reported having psychosocial problems more frequently than their normal-hearing peers. 147 

In addition, boys reported significantly more problems with psychosocial functioning than did 148 

girls, a pattern that was not present in the normal-hearing group. The authors suggest that this 149 

might be associated with the increased incidence of early-onset difficulties among boys, 150 



which could be exacerbated by hearing. Thus, gender differences may change as the children 151 

grow older. Different social expectations for boys and girls may also contribute to behavior 152 

differences (Laugen et al. 2016).  153 

Additional disabilities. Genetics account for at least 50% of sensorineural hearing loss 154 

among children in developed countries (Morton et al. 2006). Non-genetic causes of deafness 155 

include prenatal infections, a complicated perinatal period, or infections contracted post-156 

delivery are collectively the second most common cause of deafness. In addition, the cause of 157 

deafness in many children remains unknown, although studies suggest that many of these 158 

cases may be due to genetic causes (Morzaria et al. 2004). Different etiology may coincide 159 

with additional disabilities or conditions that may affect the everyday life of the individual. 160 

Additional disabilities affect 30-40% of children with hearing loss (Birman et al. 2012; Stacey 161 

et al. 2006), including a wide variety of conditions ranging from physical disabilities, such as 162 

vision loss and cerebral palsy, to neuropsychiatric diagnosis, such as ADHD, learning 163 

difficulties, problems with executive functions, and intellectual disabilities (Birman et al. 164 

2012; Holden-Pitt et al. 1998; Knoors et al. 2011). The presence of additional disabilities is 165 

associated with weaker social skills and lower levels of HR-QOL (Dammeyer 2009; Leigh et 166 

al. 2015; Necula et al. 2013; Sach and Barton 2007; Zaidman-Zait et al. 2017). 167 

Age at detection and age at implantation. Detection of hearing loss and early 168 

implantation and hearing aid intervention at a younger age is associated with better HR-QOL 169 

in children and adolescents in some (Korver et al. 2010; Loy et al. 2010; Necula et al. 2013; 170 

Schorr et al. 2009; Stacey et al. 2006), though not all studies (Kumar et al. 2015). Improved 171 

HR-QOL may not be due to the direct intervention of implantation at a younger age, but 172 

rather, may be reflective of the many benefits early implantation provides, such as better 173 

speech understanding in general and ability to hear in noise and better spoken language skills 174 

(Manrique et al. 2004; Svirsky et al. 2004; Tobey et al. 2013).  175 



Language skills and hearing. In some studies, better QOL in children with CIs is 176 

associated with better language skills (Fortunato-Tavares et al. 2012; Haukedal et al. 2018). 177 

Though only few studies have examined the direct association between QOL and language 178 

skills in children with CIs, several studies have examined language and factors associated 179 

with QOL. 180 

 In a study by Dammeyer (2009), the author found a higher prevalence of psychosocial 181 

difficulties in children with hearing loss, though among children with good communication 182 

skills, either spoken or sign language, prevalence was similar to that in children with normal 183 

hearing. Stevenson et al. (2010) also reported a higher frequency of behavioral problems in 184 

children with hearing loss compared to their normal-hearing peers, though after controlling 185 

for language ability, there was no difference in frequency of behavioral problems between 186 

groups. The highest frequency of behavioral problems was reported in children with hearing 187 

loss who had relatively weaker language skills. The authors also found a slight increase in the 188 

frequency of behavioral problems among children who used only signing, though the 189 

difference was not statistically significant (Stevenson et al. 2010). Netten et al (2015) found 190 

that children with better spoken language communication abilities also showed better social 191 

functioning, while children who had weaker communication skills displayed behavioral 192 

problems more frequently. Leigh et al. (2015) found that children who had better language 193 

and communication skills were rated as having better psychosocial functioning by their 194 

parents, and Kushalnagar et al. (2011) found that youths who communicated more effectively 195 

with their parents experienced better QOL and less depressive symptoms. This was true 196 

regardless of modality. These studies together indicate that competence in a form of 197 

communication shared by children with hearing loss and those in the environment around 198 

them is of importance for the children’s psychosocial wellbeing. 199 



In a predominantly hearing environment, it is important to be able to hear well in 200 

situations with significant ambient noise because many social interactions occur in adverse 201 

listening conditions (e.g. at school). Results from study by Hornsby et al. (2017) showed that 202 

children with hearing loss experienced more overall and cognitive fatigue than children with 203 

normal hearing. The children in the study used bilateral hearing aids and had mild to 204 

moderate-severe hearing loss. Better language skills were associated with less fatigue. The 205 

authors suggest that the additional effort required for children with hearing loss to understand 206 

and process speech may cause increased stress and fatigue in children with hearing loss, 207 

which may, in turn, affect their learning outcomes (Hornsby et al. 2017). Children and 208 

adolescents who struggle with communication in a noisy environment are at risk for social 209 

isolation and, thus, at risk for mental health problems (Huber, Burger, et al. 2015; Huber, 210 

Pletzer, et al. 2015). Lower scores on auditory perception is associated with lower ratings of 211 

proxy-reported HR-QOL (Sach and Barton 2007), while better perception of the valence of 212 

emotional sounds is associated with better self-perceived HR-QOL (Schorr et al. 2009). 213 

Environmental factors. Communication skills and hearing ability show a high degree of 214 

variation among children with hearing loss that is often related to a range of environmental 215 

factor. 216 

School setting. Warner-Czyz et al (2015) raises the question about whether children and 217 

adolescents with hearing loss could be at risk for experiencing lower self-esteem and 218 

identifying as being different. Thus, it is intuitive to assume that attending school with 219 

hearing-impaired peers would be beneficial. Evidence, however, does not support this 220 

hypothesis. Several studies found a higher risk of mental health problems in children 221 

attending schools for the deaf than in those attending mainstream schools (Huber, Pletzer, et 222 

al. 2015; Schertz et al. 2016; S. C. Theunissen et al. 2014; Van Eldik 2005). Similarly, in a 223 

study by Keilmann, Limberger & Mann (2007) results showed that students in special schools 224 



were more anxious and sadder, less confident, and less assertive than their peers in 225 

mainstream schools. However, self-confidence decreased with age among hearing-impaired 226 

children in mainstream schools, a tendency which was not present among children in special 227 

schools. Huber et al. (2015) suggested that the association between school placement and 228 

higher frequency of mental health problems could be mediated by factors such socioeconomic 229 

status (SES) and family background or that the pupils may initially have had poorer hearing, 230 

especially in noisy environments. It has gradually become more common for children with 231 

hearing loss to be integrated into mainstream schools. 232 

 Socioeconomic status. Belonging to a family with higher SES is associated with better 233 

access to health care, higher living standards, and better potential for developing both 234 

language and cognitive abilities (Bradley et al. 2002). All these factors may affect HR-QOL 235 

positively; still, results are mixed with regards to the connection between HR-QOL and SES 236 

in children with hearing loss. Some studies have found that higher SES is associated with 237 

better HR-QOL and fewer problems in related areas such as mental health in children who 238 

have a hearing loss (Huber, Pletzer, et al. 2015; Kirman et al. 2013; Sach and Barton 2007; 239 

Sahli et al. 2009), though other studies have found no correlation (Huber et al. 2011; Leigh et 240 

al. 2015; Necula et al. 2013).  241 

The Purpose of this Study 242 

The aim of the current study was to investigate whether different individual or environmental 243 

factors affected HR-QOL in a group of children with CIs implants who were expected to 244 

follow many of the same development trajectories as children with normal hearing, with 245 

regards to both language and socioemotional development. This group was in Norway, and 246 

most children were integrated in mainstream schools, often with little special needs support. 247 

The CI group was previously presented in a study on proxy-reported HR-QOL by Haukedal, 248 

Torkildsen, Lyxell & Wie (2018).  249 



Research Questions 250 

1. Are there any differences in how children in the CI group rate their HR-QOL 251 

compared to children in the NH group?  252 

2. Is there a difference in perception in self- and proxy-reported HR-QOL in the CI 253 

group? 254 

3. What individual or environmental factors affect self-reported HR-QOL in children 255 

with CIs who have a nonverbal IQ within the normal range, no additional 256 

disabilities known to affect language or HR-QOL and Norwegian as their first 257 

language? 258 

MATERIALS AND METHODS 259 

Sample 260 

A total of 168 children participated in the study; 84 children (45 boys, 54%) had CIs (CI 261 

group), and 84 children (45 boys, 54%) had normal hearing (NH group). All children were 262 

between 5 and 12 years old (See Table 1). The children in the CI group were participants in a 263 

larger national study: Speech perception, language and quality of life in people who received 264 

CI as children in Norway. Between 1988 and 2015, a total of 606 individuals under the age of 265 

18 received CIs; 496 agreed to participate in the study for a participation rate of 82%. Data 266 

were collected between the spring of 2013 and the fall of 2016, and the final sample included 267 

children whose ages ranged from 5 to 12 years old at time of testing.  268 

Recruitment and Inclusion Criteria  269 

A common inclusion criterion for both the CI and the NH group was sufficient spoken 270 

language skills to enable the child to complete the questionnaire alone or with the test 271 

administrator.  272 

CI group. Since the national study include most of the population of pediatric CI 273 

recipients in Norway, the following 3 inclusion criteria were formulated to ensure a more 274 



homogenous group of children: a nonverbal IQ score on the Ravens Progressive Matrices of 275 

75 or above and no known disabilities that were expected to affect language development or 276 

HR-QOL. The IQ criterion was used to avoid the inclusion of children with intellectual 277 

disabilities (defined in the DSM V as an IQ below 70, including a margin of measurement 278 

error) (American Association on Intellectual and Developmental Disabilities ; American 279 

Psychiatric Association 2013). The additional disabilities criterion was included because 280 

cognitive, physical, and communicative disabilities could affect different aspects of quality of 281 

life. As a result, children with disorders such as Autism spectrum disorder, ADHD, cerebral 282 

palsy, diabetes, epilepsy, cancer, and chronic illnesses were excluded. Third, all children, and 283 

at least 1 of the child’s parents, spoke Norwegian as their native language. The selection 284 

criteria and sample are the same as in the study on proxy-reported HR-QOL by Haukedal, 285 

Torkildsen, Lyxell & Wie (2018), with 1 exception. Not all of the 106 children with CIs 286 

presented in the previous article were able to answer the questionnaire, and thus, the final 287 

sample on self-reported HR-QOL included 84 children. 288 

NH group. Children in the NH group were recruited through their schools and 289 

selected to individually match a child in the CI group on gender and age. The children were 290 

recruited from 5 different schools, 1 in close proximity to a larger city and 4 smaller schools 291 

in more rural parts of Norway in order to more closely resemble the CI group variation of 292 

children from both urban and rural parts of Norway. The children in the NH group were not 293 

tested on nonverbal IQ, language or hearing tests. To compensate for this, the schools were 294 

instructed to extend invitations to children who did not receive any special educational 295 

support in school and to children for whom Norwegian was the first language for both the 296 

children and at least 1 of their parents. Furthermore, only children who were reported by 297 

parents to have normal hearing and who had no known additional disabilities or illnesses that 298 

could affect HR-QOL, were included.   299 



 The majority of children, 58%, were prelingually deaf, meaning that they were either 300 

born deaf or became deaf within the first 12 months of life. Seven percent were perilingually 301 

deaf and lost their hearing suddenly between the ages of 13 and 35 months due to meningitis, 302 

while 25% had hearing loss that gradually progressed into deafness. For the remaining 10%, 303 

initial time of deafness was uncertain. The mean age at implant amongst the prelingually deaf 304 

children (Table 1) was 19 months. Some children who were prelingually deaf, were implanted 305 

late which was due to the fact that 79 of the children in the CI group were born before the 306 

introduction of universal hearing screening for newborns in Norway in 2008. Prior to 2008, 307 

many children were screened at birth, but screening was not done at every hospital. Children 308 

in the sample were predominantly early implanted. Among the prelingually deaf children, 309 

70% had been implanted before 2 years of age, while by 3 years of age, 94% had received 310 

their implants. Among children who had 2 CIs, 66% received a simultaneous bilateral 311 

implantation and 33% were sequentially implanted. 312 

 Cause of deafness was diagnosed or suspected in 61% of the children, with connexin 26 313 

being the most common cause, affecting 16% of the children. Other common etiologies in the 314 

sample were Pendred- or LVAS-related deafness, diagnosed in 12% of the children, and 315 

deafness caused by meningitis, reported in 11% of the children. 316 

 A majority of the children, 58%, report that they used only spoken language; the 317 

remaining children used signs for occasional support or used total communication. Some also 318 

used a mix of sign-supported speech, sign language, and spoken language. None of the 319 

children relied only on sign language. For analysis, the communication variable was divided 320 

into a dichotomy variable with categories: only spoken language, or occasional signing or 321 

total communication. 322 

 According to parent reports, the majority of the children in the sample received some 323 

form of special needs education, with only 14% of the children receiving no additional help. 324 



Forty-one percent of the children received 5 hours a week or less, while 41% receive more 325 

than 5 hours of special education each week. Parents of 4% of the children did not know 326 

whether their child received any additional help or not. Most of the children, 86%, attended 327 

mainstream schools, while 14% attended special schools for the deaf or were part of a group 328 

for children with hearing loss within a mainstream school. 329 

Materials   330 

 To assess HR-QOL, participants were given a Norwegian translation of the 23-item 331 

questionnaire PedsQL TM 4.0 Generic Core Scale (Varni et al. 2001). The questionnaire has 332 

parallel self- and proxy-reports, and the current study used the young children (5 - 7 years) 333 

and child (8 - 12 years) self- and proxy-versions. The questions that make up the 334 

questionnaire have adjusted wording in the self-report in order to make them age appropriate 335 

and understandable for younger children. The self- and proxy-reports use the same topics and 336 

domains to facilitate comparison of perception. The questionnaire was translated into 337 

Norwegian (Reinfjell et al. 2006) but had not been normed for use in Norway in the age 338 

groups participating in the current study; the study compensates for this by including a 339 

reference group consisting of normal-hearing peers. 340 

 The questionnaire’s 23 items are divided into four subdomains; physical health (8 341 

items), emotional functioning, social functioning, and school functioning (5 items each). In 342 

addition, the questionnaire provides a total score of HR-QOL consisting of all items, and a 343 

psychosocial health score combining the items from the emotional, social, and school 344 

domains (15 items).  345 

 Scoring. The items in the questionnaire are statements, and the child or proxy 346 

indicated how much of a problem the subject of each statement had been over the last month, 347 

on a 5-point Likert scale (0 = never a problem; 1 = almost never a problem; 2 = sometimes a 348 

problem; 3 = often a problem; 4 = almost always a problem). The youngest children (5 to 7 349 



years), used a simplified 3-point scale. To calculate scores, all scales are reversed and 350 

transformed to 0 to 100 scales (0 = 100, 1 = 75, 2 = 50, 3 = 25 and 4 = 0), with higher scores 351 

indicating higher levels of HR-QOL. Sixteen children in the CI group and 13 children in the 352 

NH group completed the 5-7-year-old version, and the remaining children completed the 8-353 

12-year-old version.  354 

When interpreting scores from the questionnaire, one can consider differences between 355 

groups also in terms of a calculation of the at-risk status for the PedsQL questionnaire. 356 

Authors of the PedsQL questionnaire suggest that if a score that fall below -1 SD of the norm 357 

group’s mean, it indicates diminished HR-QOL and should cause concern (Varni et al. 2003; 358 

Varni et al. 2009). The percentage of children in each group that could be said to be at-risk for 359 

diminished HR-QOL was calculated based on the total score by subtracting the pooled SD of 360 

the NH group from the mean in the NH group. Effect size was also used to estimate how large 361 

the difference between groups were. 362 

 Language and cognitive measures. The children in the CI group underwent a battery 363 

of tests. Nonverbal IQ was assessed using Raven´s Colored Matrices (Raven 2004) for the 364 

younger children and using Raven´s Standard Progressive Matrices (Raven 2008) for children 365 

older than 9 years.  366 

 The full version of the Clinical Evaluation of Language Fundamentals 4 (CELF-4) 367 

(Semel et al. 2003) was administered to the children. This test is a broad language test, for 368 

which 13 different subtests are combined into 7 separate composite indexes, measuring 369 

different aspects of receptive and expressive language such as semantics, grammar, syntax, 370 

phonological memory, and working memory. 371 

 Monosyllable word repetition ability. The children were tested on monosyllable 372 

word repetition with the Phonetically Balances Word List (PB-N) (Øygarden 2009) in quiet 373 

condition in an anechoic chamber. The children heard 50 single syllable words, played to 374 



them one at a time, through a speaker at 65 dB. After each word, they are asked to repeat what 375 

they heard, and the number of correct answers was translated into percent correct.    376 

Procedure 377 

Norwegian CI users from all parts of the country have annual appointments at the National CI 378 

Centre at Oslo University Hospital in Oslo. Children in the CI group were tested in 379 

conjunction with this appointment, enabling the participation of children residing in more 380 

rural parts of Norway. Children in the NH group completed questionnaires at their school in a 381 

quiet room. Children in both groups completed the questionnaires alone with the test 382 

administrator, with neither parents nor teachers present. For children younger than 11 years 383 

old the test administrator read each question aloud for the child, and the child marked the 384 

number on the Likert scale that best fitted their perception. The oldest children, 11-12, were 385 

allowed to fill out the questionnaire on their own, with the test administrator present to help, 386 

or in the manner described above. 387 

Statistical Analysis   388 

Means, medians, and standard deviations were calculated for all variables. Data violated the 389 

assumption of normal distribution, and appropriate nonparametric alternatives were applied. It 390 

is not uncommon in studies of QOL for data not to be normally distributed, as the scales often 391 

do not anticipate normal distribution of scores due to the characteristics of the concepts being 392 

measured (Fayers and Machin 2007). 393 

For research question one, comparing HR-QOL in children with CIs and children with 394 

normal hearing, a Wilcoxon matched-pairs signed-rank test was used. This is a non-395 

parametric alternative that considers the matching of the groups on background variables 396 

gender and age 397 

To answer research question two, evaluating the agreement between parent-child 398 

dyads in the CI group, a Wilcoxon matched-pairs signed-rank test was also used. To further 399 



assess agreement between self- and parent-reported HR-QOL in the CI group, an intraclass 400 

correlation coefficient (ICC), two-way mixed effect absolute agreement single measure was 401 

calculated for all subscales. Previous studies on PedsQL have used guidelines where 402 

correlation coefficients of agreement were considered to be poor to fair at ≤ .40, moderate at 403 

.41- .60, moderate to good at .61-.80, and excellent between .81-1.00 (Reinfjell et al. 2006; 404 

Varni et al. 2007).  405 

For the third research question, analyzing individual and environmental factors that 406 

affect aspects of HR-QOL, or background variables were investigated through univariate and 407 

multivariate linear regressions. After assessing associations between single variables and the 408 

different HR-QOL domains through univariate regression, significant associations were 409 

entered into a multivariate regression model for each variable, if possible. Variables were 410 

included when the univariate linear regression had a significance level below .20 (Maldonado 411 

et al. 1993). An alpha level of .05 was used to determine statistical significance.  412 

RESULTS 413 

Are there any differences in how children in the CI group rate their HR-QOL compared 414 

to children in the NH group?  415 

Results from self-reported HR-QOL showed statistically significant differences between the 416 

CI group and the NH group in the domains social and school functioning, as well as on the 2 417 

composite scores total score and psychosocial health score (see Table 2). For the physical 418 

health and emotional functioning domains, there were no differences between groups, 419 

indicating a similar functioning in the 2 groups. Score variation within groups was larger in 420 

the CI group for all domains (see Figure 1). The effect sizes (see Table 2) also indicated that 421 

though there were statistically significant difference between groups on most domains, the 422 

differences were small. The effect size difference on the school domain was the largest 423 

difference between groups.  424 



To calculate how many children in each respective group fell below the suggested at-425 

risk cut off for QOL, the mean in the NH group (83.1) minus the pooled SD (13.6) was used 426 

as the threshold. Thus, children whose total score fell below 69.5 points were considered to be 427 

at-risk for an impaired HR-QOL. In the NH group, 12% of children were considered at risk, 428 

while in the CI group 27% of children were at risk.  429 

Is there a difference in perception in self- and proxy-reported HR-QOL in the CI 430 

group? 431 

For the second research question, agreement between parent-child dyads in the CI group 432 

(n=86 dyads) were analyzed. There were no differences between ratings by proxies and the 433 

self-reported HR-QOL when compared on a group-level, with the exception of the subscale 434 

physical health, where ratings by proxies were statistically significantly higher (89.06), than 435 

those by the children themselves (81.76), z= 3.588, p < .001. To further investigate the 436 

agreement between self- and proxy-reported HR-QOL, we calculated ICC using a two-way 437 

mixed-effect model (consistency) for all subscales of the PedsQL. Values for the single 438 

measures ranged from poor to fair, with the lowest ICC found for emotional functioning, 439 

.193, and the strongest for social functioning, .339. Collectively, there was no significant 440 

difference between the self- and proxy-reported QOL, but the low level of agreement shown 441 

by the ICC analysis indicates that children and proxies perceived the same situation 442 

differently. 443 

The self- and proxy-reported QOL scores were also entered into a Bland-Altman plot 444 

(Figure 2) which does not indicate any systematic difference between the groups. 445 

What individual or environmental factors affects self-reported HR-QOL in children 446 

with CIs? 447 

The third research question evaluated individual and environmental factors that might affect 448 

self-reported HR-QOL in children with CIs (n=86).  449 



Individual Factors 450 

We found no associations between individual factors and higher or lower scores on each 451 

subscale of the PedsQL: age at implantation, monosyllable word repetition in quiet 452 

environment, and nonverbal IQ (see Tables 3 to 8). 453 

Chronological age. We found a weak to moderate, statistically significantly 454 

association between age at testing and QOL total score, emotional functioning, social 455 

functioning, and psychosocial health, with older children scoring higher than younger. No 456 

association was found for physical health and school functioning domain (see Tables 3 to 8).  457 

Gender. Girls consistently rated their QOL lower on all domains, though the 458 

difference was only statistically significant for emotional functioning, with a higher mean 459 

score reported by boys (78.67) than by girls (70.32) (mean difference = 8.3, 95% CI 0.2 - 460 

16.5, p = 0.04) (see Tables 3 to 8). Association between QOL and age at implantation or 461 

testing was not significantly different in boys and girls. 462 

Language. We found weak to moderate statistically significant associations between 463 

the CELF-4 core scale and all HR-QOL domains and indexes, indicating that better spoken 464 

language skills were associated with higher self-reported HR-QOL. For the total score, a 465 

language score increases of 1 SD translated approximately to a 4-point increase in QOL. A 466 

4.4-point change in QOL has previously been suggested as a possible threshold for a minimal 467 

clinically important difference (Varni et al. 2009). 468 

Environmental Factors 469 

Among the environmental factors evaluated, SES (measured as maternal educational level) 470 

was not associated with higher or lower QOL. 471 

Mode of communication. Children who used only spoken language when 472 

communicating reported higher QOL than children who used total communication, with the 473 



largest absolute difference reported in the emotional functioning domain (mean difference = -474 

8.2, 95% CI -16.5 - .004, p = 0.05) and the smallest absolute difference reported in the 475 

physical health domain (mean difference = -1.2, 95% CI -8,5 – 6.1, p = 0.05) (see tables 3 to 476 

8). The differences, however, were not statistically significant.  477 

Multivariate regression models 478 

For the total score the multivariate regression analysis showed that being older at testing, 479 

being male, having a congenital hearing loss, having better spoken language skills and use 480 

only spoken language when communicating could explain 23 % of the variation (see Table 3). 481 

For the physical health being older at the time of testing being male, having a congenital 482 

hearing loss and having better spoken language skills could explain 16 % of the variation (see 483 

Table 4). For the domain emotional functioning being older at the time of testing, earlier age 484 

at implantation, being male, better spoken language skills and having a congenital hearing 485 

loss could explain 24 % of the variation (see Table 5). When looking into the social 486 

functioning domain being older at the time of testing and having better spoken language skills 487 

could explain 19 % of the variation (see Table 6). For the school functioning domain being 488 

older at the time of testing, earlier age at implantation, being male, better score on the 489 

monosyllable word repetition task, better spoken language skills and use only spoken 490 

language when communicating could explain 17 % of the variation (see Table 7). For the 491 

psychosocial health index being older at the time of testing, earlier age at implantation, being 492 

male and having better spoken language skills could explain 23 % of the variation (see Table 493 

8).  494 

Overall, we found that across both univariate and multivariate analysis that having 495 

better spoken language skills and being older at the time of testing were the most important 496 

factors associated with higher or lower HR-QOL score across domains. 497 

DISCUSSION 498 



The purpose of the current study was to assess self-reported health-related quality of life (HR-499 

QOL) in a group of typically developing children with cochlear implants (CIs) and to 500 

compare their scores to age-and gender-matched controls. Individual and environmental 501 

variables that could be associated with higher or lower self-reported HR-QOL in the CI group 502 

was examined. 503 

Are there any differences in how children in the CI group rate their HR-QOL compared 504 

to the children in the NH group?  505 

We found statistically significant differences between the NH group and the CI group on the 506 

self-reported HR-QOL in the social functioning and school functioning domains, as well as 507 

on the index scores, total score and psychosocial health. However, the differences between 508 

groups was not very large according to the effect size. Still, the results indicated that a higher 509 

percentage of children in the CI group than in the NH group experienced concerningly low 510 

levels of HR-QOL. One in 3 children in the CI group reported low HR-QOL, while only 1 in 511 

7 children in the NH group did the same. Nevertheless, 2 out of 3 children in the CI-group 512 

report levels of HR-QOL that were comparable to that of their normal-hearing peers. This 513 

indicates that for most children, CIs are a highly effective treatment option that provides them 514 

HR-QOL comparable to that of their peers. Another positive finding was that there were no 515 

significant differences between the 2 groups on the emotional functioning or physical health 516 

domains. The children did not report more issues on the domains most closely related to 517 

physical and mental health, although mental health problem have previously been found to be 518 

associated with hearing loss (Dammeyer 2009; Fellinger et al. 2008; S. C. Theunissen et al. 519 

2014).  520 

Combined, these results show that on average there are small differences in the HR-521 

QOL between children who have CIs and those with normal hearing. Most children with CIs 522 

are doing well, although as a group, they are prone to experiencing some difficulties. Both 523 



social and the school functioning are areas of concern for children with CIs, and more effort is 524 

needed to ensure they experience equal opportunities as their normal-hearing peers.   525 

Is there a difference in perception in self- and proxy-reported HR-QOL in the CI 526 

group? 527 

When we compared the scores on proxy-reported HR-QOL to self-reported scores, we found 528 

that although at a group level, proxies and children view the same domains as challenging, the 529 

measured agreement between the child and parent dyads was poor, indicating the proxies and 530 

children perceived the same situations differently. This finding is not uncommon (Upton et al. 531 

2008), and it has therefor been suggested that proxy reports are best considered as additions or 532 

complements when it is possible to collect self-reported QOL (Eiser et al. 2007; Matza et al. 533 

2004).  534 

In a previously published study on approximately the same sample of children with 535 

CIs focusing on proxy-reported HR-QOL only, almost 57% of parents in the CI group 536 

reported that their children had HR-QOL scores that were acceptable (one standard deviation 537 

below the mean of the NH group and higher) (Haukedal et al. 2018), while almost 70% of the 538 

children in the current study report scores that can be considered within normal limits. 539 

Although no statistical difference was detected, the findings may indicate that fewer of the 540 

children experienced concerningly low levels of HR-QOL than their parents perceived. The 541 

findings is in line with previous literature on QOL in children with different health conditions, 542 

where the children themselves generally tend to report fewer problems and higher levels of 543 

QOL than their parents (e.g. Eiser and Jenney 2007). In typically developing children, the 544 

trend is the opposite, with parents reporting more positively than children (N. C. M. 545 

Theunissen et al. 1998). Within the literature on children with hearing loss, findings vary, and 546 

some studies find that parents tend to underestimate their children's QOL (Razafimahefa-547 

Raoelina et al. 2016; Warner-Czyz et al. 2009), while others find that they overestimate. In a 548 



study by Huber (2005), the parents-child agreement was low, and results further showed that 549 

the lower the children rated their HR-QOL, the higher the parents rated the same situation. In 550 

a study by Meserole et al. (2014) authors found a more agreement on HR-QOL ratings 551 

between children with CIs and their parents than between children and parents in the NH 552 

group. Authors attributed this tendency to a possible greater degree of involvement in and 553 

insight into their children’s everyday lives which was required in order to meet their 554 

children's needs (Meserole et al. 2014).  555 

Although the CI groups in the 2 studies are almost the same, the NH groups differ. In 556 

the Haukedal et. al (2018) study, children in the NH group were not individually matched to 557 

those in the CI group, and the NH group had somewhat higher SES. The parents in that study 558 

also reported very few problems in domains such as social functioning, with 55% of the 559 

parents in the NH group reporting that their children never struggled with social interaction 560 

(Haukedal et al. 2018).  561 

The mixed picture from previous studies, and the difference in percentage of children 562 

and parents reporting concerning low levels of HR-QOL in the current study, may call for 563 

caution to rely on proxy-reported HR-QOL alone in cases where self-reported HR-QOL is 564 

possible to obtain. This may be especially important in clinical groups, to ensure that we 565 

provide the children with the right help and follow-up. 566 

What individual or environmental factors affects self-reported HR-QOL in children 567 

with CIs? 568 

Individual Factors 569 

The CELF-4 was associated with all HR-QOL domains and indexes. This suggest that better 570 

spoken language skills are important for self-reported HR-QOL in the CI group. This finding 571 

is in line with previous research that suggests better language skills are associated with better 572 

psychosocial health and peer interaction (Dammeyer 2009; Netten et al. 2015). For children in 573 



mainstream schools, spoken language skills are important in order to communicate effectively 574 

with their peers. Furthermore, early development of good language skills is important in order 575 

to express and recognize feelings, understand and act appropriately in social interaction, and 576 

succeed academically. Language difficulties put children at risk for emotional and behavioral 577 

problems, as well as later negative life outcomes. But while language skills are important, 578 

they only explain a small part of the variation in the HR-QOL scores in our study. Age-579 

adequate language skills alone may not be sufficient to eliminate the risk of psychosocial 580 

difficulties in children with hearing loss (Laugen et al. 2016) 581 

Though it was only statistically significant for the emotional functioning domain, girls 582 

rated their HR-QOL lower on all domains. It is common for girls to report more problems 583 

related to internalized mental health issues such as mood or anxiety diagnosis compared to 584 

boys (Costello et al. 2003; Merkiangas et al. 2009; Zahn-Waxler et al. 2008). The questions 585 

related to the emotional functioning domain are more directed at internalizing disorders than 586 

externalizing, focusing on questions related to feelings, worry, and sadness. Previous studies 587 

in younger children found that boys exhibit a higher frequency of psychosocial problems than 588 

girls, but these studies may have assessed behaviors that are typically related to problems 589 

which are seen at higher frequencies in boys, such as ADHD and conduct disorders (Costello 590 

et al. 2003; Merkiangas et al. 2009; Zahn-Waxler et al. 2008). Gender, though not statistically 591 

significant for all indexes in univariate regression, was still a factor that was consistently 592 

eligible to enter into the multivariate regression models.  593 

Children who were older at the time of testing rated their HR-QOL higher than did the 594 

younger children for the total score, emotional functioning, social functioning and 595 

psychosocial functioning. This finding is somewhat contrary to what we expected, but some 596 

studies do indicate that there is a higher frequency of a rage of problems related to 597 

psychosocial issues in children compared to adolescents (Costello et al. 2003). Previous 598 



studies have also found that adolescents with hearing loss report higher HR-QOL than do 599 

younger children (Loy et al. 2010; Warner-Czyz et al. 2009). In a study by Huber (2005) 600 

children with CIs between 8 and 12 years old rated their HR-QOL below average compared to 601 

NH children, while the adolescents between 12 to 16 years old rated their HR-QOL similarly 602 

to their normal-hearing peers. There are several possible explanations for why older children 603 

would report higher QOL than the younger children. One hypothesis is that there is a higher 604 

frequency of different psychosocial issues in childhood (Costello et al. 2003). Another is that 605 

older children in the study had more CI experience as they had had CIs for longer, and this 606 

experience may have resulted in more advanced language skills than the younger children 607 

had. The older children may have been better at abstract thinking and thus able to separate 608 

themselves from the immediate environment when they reported their quality of life, while 609 

younger children may have been more prone to reporting specifically what they felt in the 610 

moment rather than how they generally felt. Some researchers also suggest that younger 611 

children struggle to report on more nuanced emotional and social aspects and that this may 612 

represent too much cognitive demand for their age (Chambers et al. 2002). Although the 613 

questionnaire used in the current study was developed for use in certain age groups and 614 

should be age-appropriate for typically developing children, the average language skills in the 615 

CI group was well below the normative mean, which may have affected how well the children 616 

understood the questions.  617 

We found no association between QOL and any single individual factor such as age at 618 

implantation, age at onset of deafness (if the hearing loss occurred before 12 months or after 619 

12 months), scores on the monosyllable word repetition test, or nonverbal IQ. The average 620 

implantation age for the whole sample was 34 months, while for the prelingually deaf 621 

children, it was 20 months. The age at implantation is especially important in the children 622 

who are prelingually deaf, and in our sample the majority of this group was implanted before 623 



2 years old, which has been suggested by some researchers as the sensitive period for 624 

implantation (Sharma et al. 2011; Svirsky et al. 2004; Tobey et al. 2013), though others argue 625 

that before 1 year is preferable for achieving better language skills (Wie 2010). When the 626 

implantation age is relatively low in the prelingually deaf group, age at implantation may be 627 

of less importance for the overall HR-QOL than when the majority of the group was 628 

implanted later. In studies that found age at implantation to be related to HR-QOL, the mean 629 

age at implantation was higher than it is in the current study or the children had a higher mean 630 

age at onset of hearing loss (Loy et al. 2010; Necula et al. 2013; Schorr et al. 2009; Stacey et 631 

al. 2006).  632 

Furthermore, the lack of association between nonverbal IQ and HR-QOL may be due 633 

to our strict inclusion criteria. As we excluded children who had a nonverbal IQ bordering on 634 

intellectual disabilities and those who had additional disabilities, which is a known factor 635 

associated with diminished HR-QOL in children (Dammeyer 2009; Leigh et al. 2015; Necula 636 

et al. 2013), children in our study were typically developing, with the exception of their 637 

hearing loss.  638 

Environmental Factors 639 

In this study, SES, as measured by mothers’ level of education, was not associated with HR-640 

QOL. Previous research has been inconclusive with regards to the importance of SES and 641 

HR-QOL, though the relationship between SES and language skills is documented (Hart et al. 642 

1995). As language skills are clearly associated with HR-QOL, we expected an association 643 

between SES and HR-QOL as well, but we found no such association. This lack of 644 

association might be explained by the small degree of difference between social classes in 645 

Norway. 646 

 In this study, mode of communication was assessed by comparing 2 groups, where 647 

one group used either a mix of spoken language and sign language or total communication, 648 



whereas the other group only used spoken language when communicating. Children who used 649 

some signing in their communication reported generally lower HR-QOL than children who 650 

only used spoken language, but this association was only statistically significant for the 651 

emotional functioning domain. When included in multivariate regression models, the 652 

association was reduced, indicating that other variables such as spoken language skills might 653 

explain this association. Previous research has examined whether the use of signing and 654 

language in combination or the use of spoken language only is the best intervention for 655 

facilitating spoken language skills in children with hearing loss. In a review of the literature, 656 

Fitzpatrick et al. (2016) conclude that there is no evidence that a combination of sign 657 

language and spoken language is better than oral language only as an intervention for 658 

facilitating spoken language but that there also is no evidence that a combination approach 659 

that including sign language impedes the development of spoken language (Fitzpatrick et al. 660 

2016). It is likely that children who use some sign language need this support in order to 661 

communicate, but that this can put them at risk for poorer QOL as it makes communication in 662 

a primarily spoken-language environment more challenging. This association has also been 663 

reported in previous studies, where better language skills in the language used in a child’s 664 

surroundings is associated with fewer mental health issues (Fellinger et al. 2009; Kushalnagar 665 

et al. 2011). There may also be a relationship between hearing and the use of sign, so that 666 

children who hear less need the additional sign support to be able to communicate. Though 667 

we found no association between monosyllable word repetition and HR-QOL, a measure of 668 

everyday hearing abilities may have given more information. 669 

Concluding Remarks 670 

The group of children with CIs in our study were all born before 2009. Universal hearing 671 

screening was introduced in Norway in 2008, so although many children in our study were 672 

screened at birth, many were not. Furthermore, since 2005, the standard procedure for 673 



cochlear implantation in Norway has been simultaneous bilateral implantation. Children born 674 

in the latter half of the 2000s usually received bilateral simultaneous implantation, but not all 675 

the children in our study had this procedure. This means that although older children and 676 

adolescents with CIs in Norway currently report somewhat lower HR-QOL than their normal-677 

hearing peers, we are positive this will change in the future; a combination of earlier age at 678 

detection, earlier simultaneous bilateral implantation, and additional focus on improving early 679 

intervention to ensure a better language development for children with CIs may eliminate the 680 

small differences we see between groups today.  681 

It is concerning that the children report poor HR-QOL, especially on the school 682 

functioning domain. This domain was also the biggest concern for the parents of children with 683 

CIs, as reported in Haukedal et al. (Haukedal et al. 2018). This tells us that children’s 684 

challenges are not being adequately met at school. From our questionnaire, we cannot 685 

determine what the children experienced as more challenging, but from previous studies we 686 

know that learning in a noisy environment is challenging for these children. Language 687 

difficulties faced by many children with CIs may aggravate their difficulties with perceiving 688 

speech in noisy environments. 689 

We recommend that more effort be placed on improving the listening environment in 690 

school, both in class and in the breaks where most social interaction takes place, and that 691 

more effort be put into early spoken-language habilitation for children who will enter 692 

mainstream schools.  693 

Strengths and limitations 694 

We report in our result section how many children score below the “at-risk” cut-off for HR-695 

QOL. This at-risk threshold is set by the authors of the questionnaire, but the statistical 696 

reasoning behind this cut-off is unclear. We nevertheless choose to calculate this percentage 697 

as it adds to the readability and ease of interpretation. The same is true for the threshold for a 698 



minimal clinically important difference. We use this suggested number of points to guide the 699 

interpretation of the results, although a clear level of minimal clinically important difference 700 

is not established in this particular population. 701 

 Our strict inclusion criteria are a strength of the study. Looking into HR-QOL in a 702 

well described group also reduced confounding factors that may not be related to the 703 

children's hearing loss. This enabled us to focus on factors more related to hearing loss, and 704 

no other possible coinciding conditions. Thus, the strict inclusion criteria enabled us to study 705 

a more homogenous group of children with few difficulties other than their hearing loss, and 706 

who were predominately pupils in mainstream schools. Children with hearing loss, however, 707 

are a diverse group, and the results may not apply to all children with CIs. 708 

 All children in the study were operated on and receive follow-up at the same hospital 709 

in Norway, and have thus received a similar follow-up both post operation, and with regards 710 

to the technical follow-up. 711 

CONCLUSION 712 

The observed differences between children with CIs and children with normal hearing were 713 

small, and fewer children compared to parents of children with CIs, reported concerningly 714 

low HR-QOL. Most children with CIs in our study reported experiencing a HR-QOL that is 715 

close to that of their age- and gender-matched peers with normal hearing. Better spoken 716 

language skills and older age at the time of testing was associated with better HR-QOL. Both 717 

social and school functioning were reported as areas of concern for the children with CIs. 718 

Additional focus on the learning environment in schools, as well as early and structured 719 

spoken language habilitation for children who enroll in mainstream schools are important 720 

factors in ensuring children with CIs have HR-QOL as close to that of their normal-hearing 721 

peers as possible. 722 
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Figure legends 966 

 967 

Figure 1. Boxplots of the distribution (highest and lowest score) of self-reported PedsQL 968 

scores in each group and comparison of scores between children with CIs and children with 969 

normal hearing. Scale from 0 to 100, where 100 indicate perfect HR-QOL. Whiskers show 970 

min-max scores. 971 

 972 

Figure 2. Bland-Altman plot comparing self- and proxy-reported HR-QOL Total score. 973 
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