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ABSTRACT 

Background: Decision-making on treatment and (re)habilitation needs to be based on clinical 

expertise and scientific evidence. Research evidence for the impact of permanent unilateral 

hearing impairment (UHI) on children’s development has been mixed and, in some of the reports, 

based on fairly small, heterogeneous samples. Additionally, treatment provided has been highly 

variable, ranging from no action taken or watchful waiting up to single-sided cochlear 

implantation. Published information about the effects of treatment has also been heterogeneous. 

Moreover, earlier reviews and meta-analyses published on the impact of UHI on children’s 

development have generally focused on select areas of development. 

Objectives: This systematic review aimed to summarize the impact of children’s congenital or 

early onset unilateral hearing impairment on listening and auditory skills, communication, speech 

and language development, cognitive development, educational achievements, psycho-social 

development, and quality of life. 

Methods: Literature searches were performed to identify reports published from inception to 

February 16th, 2018 with the main electronic bibliographic databases in medicine, psychology, 

education, and speech and hearing sciences as the data sources. PubMed, CINALH, ERIC, LLBA, 

PsychINFO, and ISI Web of Science were searched for unilateral hearing impairment with its 

synonyms and consequences of congenital or early onset unilateral hearing impairment. Eligible 

were articles written in English, German, or Swedish on permanent unilateral hearing impairments 

that are congenital or with onset before three years of age. Hearing impairment had to be of at 

least a moderate degree with PTA ≥ 40 dB averaged over frequencies 0.5 to 2 or 0.5 to 4 kHz, 

hearing in the contralateral ear had to have PTA0.5-2 kHz or PTA0.5-4 kHz ≤ 20 dB, and consequences of 

unilateral hearing impairment needed to be reported in an unanimously defined population in at 

least one of the areas the review focused on.  

Four researchers independently screened 1,618 abstracts and 566 full-text articles for evaluation 

of study eligibility. Eligible full-text articles were then reviewed to summarize the results and 

assess the quality of evidence. Additionally, data from 13 eligible case and multi-case studies, each 

having less than 10 participants, were extracted to summarize their results.  

 

Quality assessment of evidence was made adapting the Grades of Recommendations, Assessment, 

Development, and Evaluation (GRADE) process, and reporting of the results adheres to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) standards. 

 

Results: Three articles with the quality of evidence graded as very-low to low, fulfilled the 

eligibility criteria set. Due to the heterogeneity of the articles, only a descriptive summary could be 

generated from the results. Unilateral hearing impairment was reported to have a negative impact 

on preverbal vocalization of infants and on sound localization and speech perception both in quiet 

and in noise.  
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Conclusions: No high-quality studies of consequences of early-onset UHI in children were found. 

Inconsistency in assessing and reporting outcomes, the relatively small number of participants, 

low directness of evidence, and the potential risk of confounding factors in the reviewed studies 

prevented any definite conclusions. Further well-designed prospective research using larger 

samples is warranted on this topic.  

 

Keywords:  

Single-sided hearing impairment; single-sided hearing loss; single-sided deafness; speech; 

language; auditory behavior 
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1. INTRODUCTION 

 

Unilateral hearing impairment (UHI) in children has gained increasing scientific and clinical 

interest. Growing research base is particularly welcome as we may currently lack strong enough 

evidence-base to advise clinicians in the treatment and habilitation of children with UHI.  

 

As a part of counseling, one is advised to reduce or eliminate background noise when 

communicating with the child and, when needed, to speak close to the child on the side of the 

child’s nonimpaired ear. Good acoustics in the learning environment has also been perceived to be 

very important but, traditionally, in most UHI cases, no hearing technology has been prescribed 

[1]. Treatment options have included hearing aid fitting in the impaired ear or use of contralateral 

routing of signal (CROS) or a FM system, surgery (in some of the cases of atresia and other 

malformations, or consequences of infections), or implantation (Baha device, middle ear implant, 

cochlear implant). Cochlear implantation has recently garnered increased interest as an option in 

the treatment of children’s UHI [2-3]. However, particularly for invasive treatment options, there 

first needs to be clear understanding of the effects of UHI in children. 

 

 

1.1 Definition of UHI  

In UHI, a person has one ear with any degree of impaired hearing, while the other ear has normal 

hearing ability. According to the definition of a European Expert Group [4], hearing impairment 

(HI) is in question if a person’s PTA0.5–4 kHz exceeds 20 dB. Single-sided deafness (SSD) is a term 

used when a person has normal hearing in one ear and, in the other ear has sensorineural HI 

which cannot be helped with acoustic amplification. In asymmetric HI, according to one definition, 

both ears are affected with the difference in pure tone audiometry between the ears in at least 

two frequencies across the frequencies from 0.5 to 4 kHz exceeding 10 dB [4].  

 

1.2 Prevalence of Permanent Early-Onset UHI 

 

Prevalence figures of permanent congenital or early-onset UHI have varied depending on the 

sample size and type, research methods, and the definition of HI used. Including even the mildest 

cases of congenital UHI, figures of 0.1–0.2% have been reported [5-8]. Some studies have reported 

a slight to considerable male prominence in prevalence ([5, 9-10], and there was no considerable 

left/right prominence, at least in the congenital cases that were reported [9, 11]. Most of 

children’s UHIs represent the sensorineural type of a mild-to-moderate degree with about 20% 

being conductive cases [6,12]. 
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1.3 Etiology of Early-Onset UHI 

 

Permanent UHI can present itself early (being pre- or perilingual) or late (being postlingual), with 

some cases being progressive. Unilateral hearing impairment related to, for instance, structural 

anomalies, such as atresia, is congenital, but can also present later, as is often seen, for example, 

in large vestibular aqueduct syndrome. In both uni- and bilateral HI, the etiology and, especially 

the onset of hearing HI, usually remains unknown in a large proportion of children. Although 

Mehta et al. (2016) [13] used a combination of clinical, laboratory, and genetic diagnostics, it was 

possible to identify the definite molecular genetic etiology of children’s UHI in only about every 

fourth case referred to a genetic hearing loss clinic. In a study conducted before the introduction 

of molecular genetic diagnostics, the etiology of UHI remained unknown in 51% (n = 43) of 84 

children [10]. Yet, in two later studies on children with UHI, in 61% (n = 19) of 31 children [14] and 

52% (n = 176) of 337 children [15], the etiology remained unknown. 

 

Malformations, most often without any existing syndrome (see, e.g., [6]), are a common cause of 

UHI. Based on a retrospective database review at a clinic specialized to genetic hearing loss, inner 

ear malformations were found in 73 of 150 children with sensorineural UHI [13]. In a recent study 

[6] of 108 cases of UHI, atresia, ossicular malformations, and inner ear malformations (enlarged 

vestibular aqueduct and Mondini malformation) were reported to constitute the most common 

cause (29%), while the second most common was genetically related (7%). Absent cochlear nerve 

and cochlear nerve anomalies are common causes of permanent congenital sensorineural UHI [13, 

16-17]. Most of atresia cases are known to be unilateral. Korres et al. [18] found unilateral atresia 

of the external ear canal in up to 0.02% of newborns. Furthermore, congenital cytomegalovirus 

infection is a common cause of UHI (see, e.g., summary of Tharpe & Sladen 2008 [19]), and there is 

an increased risk of UHI in children born preterm, and newborns needing neonatal intensive care 

for other reasons (see, e.g., [12]).  

 

1.4 Age at Identification 

 

Before the era of systematic newborn hearing screening, detection of children’s UHI was often an 

accidental finding (see, e.g., [20]) with ascertainment typically made at the age of five or six years 

[15,21-22] or at school-age [23], depending on the protocols used for hearing examinations. 

Universal newborn hearing screening (UNHS) has clearly lowered the detection age of children’s 

HIs [15,24], with the age at ascertainment of HI in screened infants being similar between the uni- 

and bilateral cases ([9].  

In the data of Fitzpatrick et al. (2017) [6], most of the UHI cases were congenital or with early-

onset. Also, Ghogomu et al. [24], who combined UNHS with radiological imaging, suggested that, 

in most cases, children’s UHI is congenital. However, there are several reasons why UHI is not 

necessarily identified early, even through UHNS. Passing of both ears is not required in all 

hospitals using neonatal hearing screening [25], mild impairments under 30 dB are not possible to 
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detect with otoacoustic emissions (OAE) [26], or screening protocols may aim to detect only 

moderate or more severe HIs. Detection of congenital UHI is also complicated by newborns’ 

immature auditory system, which is reflected in the difficulty of interpreting the results of 

objective hearing examinations. HI can also present itself later in childhood or adolescence 

because of acquired causes and progressive sensorineural HIs.  

 

1.5 Impact and habilitation of UHI  

 

Compared to monaural listening, the advantages of binaural hearing are localization of sounds, 

better frequency selectivity, better discrimination ability both in quiet and especially in noise and 

reverberation, and better quality of sound (see, e.g., [27-28]). More specifically, studies on the 

physiology of hearing have shown that binaural hearing makes it possible or provides advantages 

for audibility, spatial hearing (and, as a part of it, sound localization), speech recognition in noise, 

head shadow effect, binaural squelch effect, and binaural summation [27,29-30]. Binaural hearing 

contributes to ease of listening and reduced need for attentional effort. 

Unilateral hearing impairment is known to impair the ability to localize sounds and comprehend 

speech while listening in noise, particularly if the degree of HI is severe or profound (see, e.g., [31]. 

In adults with UHI, significant difficulty in hearing in noise, experiences of communication 

handicaps, exclusion, and difficulties with coping have been reported ([32]. However, evidence on 

children’s speech and language outcomes has been more heterogeneous [33-35] and there is a 

need for a more comprehensive picture of the impact of UHI on a child’s auditory and linguistic 

development, quality of life, and educational outcomes especially in the congenital and early 

acquired cases as the critical period for the anatomical and physiological maturation of the 

auditory brainstem takes place under the age of two years [36]. Schmithorst and colleagues [35], 

for example, suggest that in children monaural auditory input can have a global influence on the 

development of brain networks related to higher-order cognitive function by, for instance, missing 

multimodal interaction between secondary auditory and visual processing. This may have negative 

effects on spoken language processing.  

Earlier, it was considered that UHI does not have such a negative impact on an individual’s life that 

(re)habilitation should be provided. In the 1980s, Bess and colleagues (e.g., [37-38]) raised 

concerns about the impact of UHI on children’s development. Their studies conducted in the 

1980s and 1990s (e.g., [21,37-38]) have often been referred to when discussing the consequences 

of UHI. However, there are several issues to be considered when referring to these early studies. 

In these pioneer studies, the results of children with UHI and those with bilateral mild HI were 

combined. They were conducted before the implementation of UNHS. Thus, although the age at 

diagnosis was reported, it was not possible to verify the onset of UHI, which leaves a possibility for 

progressive cases in their data. Therefore, their studies may do not reflect the impact of early-

onset UHI. Further, the process of recruiting children into those studies was not clearly reported, 

which causes a possible bias. Despite being much cited, the data of Bess and colleagues were 
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heterogeneous, and therefore difficult to interpret or use as the basis for selecting today’s optimal 

treatment options for UHI. 

 

Treatment should be based on the best available scientific evidence, clinical expertise, and patient 

preferences and goals [39]. Therefore, to be able to provide evidence-based practice, with quality 

care and (re)habilitation in audiology one needs to be aware of the possibilities and restrictions of 

the (re)habilitation options. Because CROS and bone-anchored hearing devices (Baha devices) are 

of limited benefit in most cases of sensorineural HI [40], cochlear implantation has recently 

garnered increased interest as one of the management options for both adults and children with 

UHI (see [40] for discussion, and [41] for review). However, invasive treatment always needs to be 

especially well-grounded. 

 

1.6 Information from Reviews  

 

Systematic reviews of current scientific evidence with a broad view of the consequences of UHI 

are needed because the need for treatment or (re)habilitation and information about the available 

effective methods are the basis for decisions taken in health care. Some recent systematic reviews 

are summarized in Table 1. 
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Table 1. Summary of three recent reviews or meta-analyses on children’s UHI.  

Authors,  

year, country, 

journal 

Type of 

review 

Main 

question/Aim 

Inclusion  

criteria 

Exclusion 

criteria 

Databas

es 

searched 

N of 

abstracts 

N of 

articles 

included 

in the 

review 

Results Comment 

Purcell et al.  

(2016) 

USA 

 

The 

Laryngoscope  

[42] 

Systematic, 

including 

meta-

analysis 

Difference in IQ 

scores between 

children with UHL 

and children with 

normal hearing 

Articles in 

English, 

journal peer-

reviewed, 

observational 

study with a 

control group, 

children’s age 

2-18 years, 

permanent or 

longstanding 

UHI 

Studies 

including 

children 

with 

cranio- 

facial 

anomalie

s 

PubMed, 

CINAHL, 

Embase, 

PSYCINF

O 

N=261, 

n=26 full-

text 

articles 

read  

N=4 High quality studies 

suggest that there is a 

significant difference in 

full scale IQ and 

performance IQ 

between the groups. 

Systematic review 

methodology used. 

 

Weaknesses of the 

review/meta-analysis 

performed discussed. 

 

Quality assessment based 

on the one used in 

another review [43]. 

 

No clear hearing criteria 

used in inclusion of the 

studies. 

 

Appachi et al. 

(2017) 

USA 

 

Otolaryngol 

Head Neck 

Surg  

[44] 

Systematic 

review  

To characterize 

auditory 

outcomes of 

hearing 

rehabilitation 

options in UHI 

Articles in 

English, 

concern 

humans, 

from 

inception until 

Jan 2016 

Case 

reports 

PubMed, 

Medline, 

Embase, 

CINAHL, 

Cochrane 

Library* 

N=249, 

after title 

review 

n=144, 

n=39 full-

text 

articles 

read 

N=12 Overall moderate risk of 

bias in articles. 

Data evaluating 

functional and auditory 

outcomes following 

amplification in children 

with UHI are limited. 

In moderate to 

profound UHI most 

studies suggest 

improvement when 

using bone-conduction 

hearing aids. No 

conclusion could be 

RoB assessed using the 

Newcastle Ottawa scale. 

 

Meta-analysis was not 

possible because of 

heterogeneity of the 

articles. 

 

Hearing measurements in 

UHI or normal ear not 

discussed. 
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drawn regarding CROS 

hearing aids. 

In mild to moderate 

UHI: FM systems and  

conventional hearing 

aids seem to be of 

benefit. 

Anne et al. 

(2017) USA 

 

Otolaryngol 

Head Neck 

Surg  

** 

[45] 

Systematic 

review 

To quantify the 

extent of the 

impact of UHL 

among children, 

with the use of 

objective 

measures of 

speech and 

language delay 

Articles in 

English, 

concern 

humans, 

from 

inception until 

Jan 2016  

Case 

reports 

PubMed, 

Medline, 

Embase, 

CINAHL, 

Cochrane 

Library 

N=429, 

n=139 

abstracts 

read 

N=13 Inferior speech and 

language performance 

(seven studies), no 

difference (four studies), 

and evaluation over 

time (two studies). 

RoB assessed by the 

Newcastle Ottawa scale. 

Meta-analysis was not 

possible because of 

heterogeneity of the 

articles. 

Hearing measurements in 

UHI or normal ear not 

discussed, but the degree 

of UHL was described in a 

table. 

* Three separate searches and the result of these was cross-referenced in order to find studies included in the review 

** Same authors as in [44]  

UHL = unilateral hearing loss 
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It is noteworthy that the scope of these three systematic reviews [42,44-45] was limited either to 

auditory outcomes of hearing rehabilitation or consequences of UHI to IQ or speech and language 

development of children. Further, in some reviews, articles were included in which not only UHI 

but also bilateral HI was covered. Measurement of participants’ hearing in the reviewed articles 

was also not clearly described. This was the case especially regarding the ear considered to be 

nonimpaired and leaves the reader with uncertainty when it comes to the actual hearing ability of 

the target population of the articles. Namely, in many original articles it is common to combine the 

results on UHI of different degrees, mild bilateral HI, and UHI found only at high frequencies.  

In addition to the systematic reviews or meta-analyses introduced in Table 1, other summaries on 

the effects of children’s UHI or current state of management of UHI have also been recently 

published [46-53]. However, they represent more opinion papers or unstructured summaries 

because of severe shortcomings, including a very limited publishing time range of the original 

articles or a lack of description of any systematic methodology or review protocol used to search 

and review the articles. Moreover, in these summary articles a clear judgement on quality of the 

articles reviewed is only seldom available. Despite that, some (e.g. [52]) summary articles even 

include clinical recommendations for decision making. Therefore, to be able to advise clinicians on 

a sound basis, there is a need for wide-scale, carefully conducted systematic reviews on pediatric 

UHI with careful quality assessment of the articles included in the review. 

The aim of this systematic review was to explore the reported impact of children’s permanent UHI 

on children’s: 1) auditory capabilities (hearing and listening), 2) communication and development 

of speech and language, 3) cognitive development, 4) school performance/educational 

achievements, and 5) psychosocial development (including quality of life).  

 

2. MATERIALS AND METHODS 

 

Data for this review were retrieved from published research, so no institutional review board 

approval was needed; however, the review project was registered in the PROSPERO (International 

prospective register of systematic reviews) [54] database). The method for conducting the review 

adheres to the Grades of Recommendations, Assessment, Development, and Evaluation (GRADE) 

process (e.g., [55-58]).  

Reporting of the results adheres to the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) standards ([59]) and PRISMA for Abstracts ([60]). When necessary, the 

review and reporting processes were adapted because the above-mentioned systems for 

conducting and reporting systematic reviews were constructed for reviewing outcome studies, 

and our focus was on the impact of UHI. 
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2.1 Literature Search 

In February 2017, an experienced librarian performed the first systematic literature searches on 

articles published up to the date of the search. The titles and abstracts were then screened, and 

eligible full-text articles were analyzed. Because making a systematic review is very time 

consuming and there are often delays in updating new articles into literature databases, a second, 

complementary search was later performed. It covered the period from January 2016 to February 

16th, 2018. Again, the retrieved titles and abstracts were screened, and eligible full-text articles 

were analyzed. Together, the researchers and the librarian chose the search strategy, the target 

databases, and the search terms. Medical Subject Headings (MeSH) and predefined text terms 

were combined for the search strategy, which was implemented using the main electronic 

bibliographic databases in medicine, psychology, education and speech, language, and hearing 

sciences as data sources: PubMed, CINAHL, ERIC, LLBA, PsychINFO, and ISI Web of Science were 

included. Additionally, references of the eligible, reviewed, full-text articles and systematic reviews 

were manually searched to check that all relevant articles had been identified. 

The search strategy used in the review comprised all types of research articles published in 

English, German, or Swedish in peer-reviewed scientific journals. The detailed search terms used 

and the syntax of the search strategy applied varied according to the features and structure of 

each database. The search strategy utilized for the PubMed database can be found in 

Supplementary Appendix A, as an example.  

2.2 Eligibility Criteria for the Studies 

UHIs of a moderate to profound degree (PTA0.5–2 kHz ≥ 40 dB as the minimum frequency range, or 

PTA0.5–4 kHz ≥ 40 dB) were included in the review. This restriction was set to prevent inclusion of 

studies on HIs that represent solely high frequencies, and because current OAE screening 

protocols may not identify infants with mild HIs [26,61]. In the child’s contralateral ear, PTA0.5–2 kHz 

as the minimum frequency range had to be ≤ 20 dB with the existence of contralateral ear’s 

hearing assessment clearly mentioned. Additionally, a study was considered eligible if an infant’s 

auditory brainstem response (ABR) threshold was worse than 30 dB in the impaired ear and 30 dB 

or better in the nonimpaired ear, or if OAE screening result in the nonimpaired ear was normal. 

The UHI had to be prelingual, meaning an onset before the age of three years, and it had to be 

permanent. 

Both retrospective and prospective peer-reviewed studies were eligible to be included. 

Intervention studies were included if they contained preoperative or other kinds of pre-

intervention data. For different study designs, even case reports and case series were included in 

the title and abstract screening phase, but, for the full-text articles to be reviewed, only studies 

containing 10 or more participants were accepted. Case and multi-case studies with fewer than 10 

participants were searched only for qualitative analysis. Meta-analyses and systematic reviews 

were included to identify additional relevant references.  
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Of the inclusion criteria, consisting of participants, interventions, comparators, outcomes, and 

study design (PICOS), only participants, outcomes, and study design were used. The population in 

focus was children and adolescents but reports on adults who had had UHI since birth or early 

childhood (before three years of age) were also included in the literature searches. Articles on 

adults were accepted to obtain a view on the possible long-term impact of congenital UHI or early-

onset UHI. Studies on animals and on simulated HIs, as well as those on tinnitus, were excluded 

from the material to be reviewed.  

 

After the librarian had acquired all the abstracts, four reviewers (two physicians specialized in 

audiology and having experience in pediatric audiology, and two speech and language 

pathologists) independently, 1) selected the target articles based on titles and abstracts to be read 

in full-text form, 2) judged the appropriateness of the articles reviewed and quality of evidence, 

and 3) extracted the study characteristics and data from the articles meeting the inclusion criteria 

for synthesis on the impact of UHI. 

2.3 Screening of the titles and abstracts 

Upon screening the titles and the abstracts, a full-text article was admitted for review if at least 

one of the four authors suggested that it should be read. For narrative summary, case and multi-

case studies with fewer than 10 participants were also searched in parallel with the articles eligible 

for GRADE analysis containing at least 10 participants. Discrepancies were resolved by discussion 

and ultimately mutual agreement.  

A total of 2,815 records were identified through the searches from the six databases. After 

removing duplicates, the search resulted in 1,844 abstracts. Of these, 304 articles were studies on 

tinnitus or vestibular schwannoma which were removed because they were not within the scope 

of the review. An additional 78 titles were identified from references of the eligible, reviewed, full-

text articles and, additionally, from systematic reviews; this resulted in 31 articles, of which none 

were eligible for the current review. The authors, therefore, reviewed a total of 1,618 abstracts, 

and 566 full-text articles were retrieved for eligibility (see Fig. 1). 
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*In addition to these, five articles were not found. **Additionally, descriptive summary was made on the 

data of 13 case and multi-case studies with less than 10 participants each. ***Non-original study = reviews, 
opinion papers and letters to the Editor.  

 

Figure 1. Flow diagram of the study identification, eligibility of the articles and inclusion process. 

 

When screening for eligibility, 215 (39%) of the articles were excluded because they were out of 

the scope of this review. Almost as many (n = 211) had to be excluded because hearing in the 

contralateral ear was not clearly reported, or it exceeded the normally hearing ear’s criterion used 

in the present study. In many studies otherwise fitting the inclusion criteria of our review, 

information about children with UHI was not reported separately from other populations. There 

were often multiple reasons to exclude an article. 

 

2.4 Judging the Quality of Evidence 

 

The quality of evidence of the articles reviewed was judged, again independently, by the four 

researchers; results were coded using a table where the positive and negative features of a study 

were recorded. The quality judgment (certainty of evidence) was adapted from GRADE. In GRADE, 

the quality of evidence a research article provides is judged on a scale from from less than +1 (very 

low) to > +4 (high). The GRADE score (see closer, e.g. [58]) is calculated by first awarding the 
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article four points and, if needed, then adding or deducting points if type of evidence (e.g., is it a 

question of a randomized controlled trial or e.g., observational study), quality points (such as 

sparse data, withdrawals, incomplete reporting of results), consistency (evidence of dose 

response, adjustment for confounders), directness of evidence (DoE; that is, risk of bias; use of co-

interventions, generalizablity of results) and effect size based on relative risk and odds ratio are 

not reported, met at all or are not optimally met. Directness refers to the extent to which people 

and outcome measures are generalizable and similar to those of interest. Risk of bias (RoB) in, for 

example, selection bias, was assessed on the study level for the included articles based on PRISMA 

and GRADE, [59,62-63].  

As in the screening phase, any discrepancies in the analyses were resolved by consensus. Each 

article passing the quality check was then reviewed by all four researchers for data extraction.  

 

3. RESULTS 

 

Three articles were identified, each including 10 or more children and fulfilling the inclusion 

criteria (Tables 2–4, see also Fig. 1). All were case series and contained observational data, proxy 

or self-assessment, or them all. In these studies, the number of participants for whom relevant 

outcome data could be extracted ranged from 19 to 57 of which 10 or more were children. These 

three studies dealt with the auditory consequences of UHI and preverbal development; no eligible 

articles were identified on cognitive development, educational achievements or psychosocial 

development (e.g., quality of life). Study and participant characteristics are presented in Tables 2 

and 3. Due to the great variability of data, no quantitative summary was possible; only descriptive 

summary of the reported impacts of UHI could be made, as shown in Table 4. 

TABLE 2. Characteristics of the studies reviewed  

Author(s) 

(year) 
Method Comment 

 Population Study design Control 

group 

 

Kishon-Rabin 

et al.  

(2015)  

[64] 

Patient 

series 

Prospective, 

matched controls 

Cross-

sectional 

Yes N = 331 controls with normal 

bilateral hearing  

Kunst et al. 

(2007)  

[65] 

Patient 

series 

Prospective  Cross-

sectional 

No Study design was prospective 

only regarding the effects of 

Baha 

Priwin et al. 

(2007)  

[66] 

Patient 

series 

Prospective Cross-

sectional 

No  
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TABLE 3. Characteristics of participants with UHI in the studies reviewed 

Author(s), 

(year), 

country 

 
Participants Characteristics of UHI 

 N Age (yrs) Age at the time of 

the study (mean/ 

median) 

Sex Age at 

onset 

(yrs) 

Ear Etiology Type of HI Degree of HI 

Kishon-Rabin et 

al. (2015),  

Israel  

[64] 
 

34 0.6–1  

 

Median age 0.75–1 

yrs 

* 0 21 R 13 L Varying 19 Sensorineural  

13 Conductive  

2 Mixed 

Mild to profound** 

Kunst et al. 

(2007),  

Netherlands  

[65] 
 

19*** 5–61 

(n = 10 of the 

participants 

were 6–14 

years old) 

 

Mean age 8 yrs of 

the 10 children 

* 0 14 R 5 L Malformation Conductive and 

mixed 

Moderate-

severe**** 

Priwin et al. 

(2007),  

Sweden 

[66] 

 

57 3–80 

(n = 8 of the 

participants 

were 3–10 

years old, 

and n = 17 
were 11–20 

years old)  

 

***** 43 M 

14 F 

0 34 R 23 L Malformation Conductive (but 

among the oldest 

subjects the inner 

ear function also was 

slightly to 

moderately 
impaired) 

Bone conduction 

thresholds in the 

impaired ear: mean 

15 dB (SD 12.8) 

R = right ear, L = left ear, *Not reported, **Based on ABR, n = 2 classified as mild to moderate, ***One participant had to be excluded from the present 

review due to PTA exceeding 20 dB HL in the better ear, that is why N = 19 instead of 20, ****Max PTA ≥ 70 dB HL in five cases, *****Mean or median age 

not reported. 
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TABLE 4. Summary of findings in the three studies reviewed 

Author(s) 

(year) 

 

Research question(s) and  

outcome measure(s) 

Statistical analysis Main result 

 

Kishon-Rabin 

et al.  

(2015) 

[64] 
 

  

The study explored the impact of UHI on early 

aural/oral communication skills of infants. 

 

The Infant-Toddler Meaningful Auditory 
Integration Scale (IT-MAIS); 10 questions 

posed to the parents in an interview  

 

The Production of Infants Scale Evaluation 

(PRISE); parents were asked 11 questions in 

an interview 

 

Fisher’s exact test, 

McNemar’s test, 

odds ratio, 

Cochran-Mantel-
Haenszel statistics, 

Breslow-Day test, 

Pearson’s rank 

correlation 

coefficient 

 

In IT-MAIS, n = 7 (21%) of the children with UHI 

showed auditory performance below the normative 

range.  

 
In PRISE, n = 14 (41%) of the children with UHI showed 

preverbal vocalizations below the normative range. 

 

Presented as odds ratio, delayed auditory 

development was 3.86 times (95% CI, 1.42–10.48) and 

delayed preverbal vocalization 8.64 times (95% CI, 

4.02–18.56) more common in infants with UHI 

compared to children with normal binaural hearing. 

 

Kunst et al. 

(2007) 
[65] 

 

 

The study explored the audiologic outcome of 

Baha in patients with congenital unilateral 

conductive HI (aural atresia or ossicular chain 

anomaly). 

 

Sound localization measurements in sound 

field 

 

Speech perception in quiet and in noise 

 

 

Descriptives 

 

Unaided word recognition score (n = 8 children): mean 
51%. 

 

Sound localization (N = 9 children): in unaided 

condition, mean error 45 degrees, both at 500 Hz and 

at 3000 Hz. 

Priwin et al. 

(2007) 

[66] 

 

The study explored hearing and self-assessed 

hearing problems in patients with congenital 

 

Clopper Pearson, 

linear regression 

 

Speech recognition in quiet: mean 56% (SD = 22.7) in 

the malformed ear, with 73% of the participants 
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 unilateral conductive HI (ear malformation). 

 
Speech audiometry (words in quiet and in 

noise) 

 

Questionnaire H-70 on self-assessed hearing 

problems 

analysis, Fisher’s 

exact test, Kruskal-
Wallis test 

(children and adults) studied having poorer outcome 

than predicted. 
 

Speech recognition in noise: mean 32% (SD = 21.2) in 

the malformed ear, with 49% of the participants 

(children and adults) studied having poorer outcome 

than predicted. 

 

Of the respondents,  

- 64% complained of slightly and 13% of 

severely impaired hearing, 

- 47% reported slight to moderate and 37% 
severe problems in sound localization, 

- 16% reported problems when having a 

conversation in quiet with one person, 

- 77% reported slight to moderate and 14% 

severe difficulties when having a conversation 

with many persons, and 

- 63% reported slight to moderate and 19% 

severe problems when having a conversation 

in surrounding noise. 
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The GRADE scores assigned to the quality of evidence of the reviewed articles ranged from very 

low (–3, two studies) to low (+2, one study). Challenges and merits related to quality of evidence 

in each study are described in detail in Table 5. In two of the three studies assessed, results of 

both children and adults with UHI were reported. Reporting could also be conducted in a way that 

made data extraction very difficult or partially impossible if, for example, subjects were divided 

into age cohorts or reporting was based on the proportion of participants having certain results.  

Possible RoB also caused concern. Recruiting controls from well-baby clinics, by newspaper 

advertisements, and on the Internet may have also caused a biased population explored in the 

Kishon-Rabin et al. study [64]. RoB was also strongly evident in the Priwin et al. study [66] in which 

they used the H-70 questionnaire, originally constructed for the elderly, as a proxy measure filled 

out by parents of, at least, the youngest participants. If applied in that way, it cannot be 

considered as a self-assessment of a hearing problem, but more of an indirect estimate given by 

caregivers. 

 

Generalizability of the population was assessed by examining directness of evidence. In all studies 

the data were derived from only one or two hospitals or clinics. Additionally, generalizability was 

restricted to, for example, those who had received Baha as in Kunst et al. [65]; it is possible that 

parents of children with bigger problems choose Baha intervention. They also studied localization 

ability by plugging the nonimpaired ear, which does not reflect sound localization in more 

ecologically valid, everyday environments. In the study of Priwin et al. [66], the same speech 

recognition test, constructed more than fifty years ago, was used for both adults and children. For 

the youngest children, it may have been too difficult to perform in terms of their less developed 

vocabulary knowledge. 

 

TABLE 5. Quality of evidence in the eligible articles analyzed using GRADE (high = > +4, moderate 

= +3, low = +2, very low = less than +1) 

Author(s) 

(year), 

overall 

GRADE 

score 

Problems with quality of evidence Merits 

 

Kishon-

Rabin et al. 

(2015)  

[64] 

 

+2 

(low) 

 

Observational evidence 

 

RoB (selection bias): parental socio-economic status not 
reported, normally hearing children were recruited from 

well-baby clinics and advertisements on the Internet and in 

local newspapers 

 

Indirectness of evidence and RoB: parental questionnaires 

used; parents vary in their ability to judge their child’s 

development, and also recall bias is possible.  

 

 

Prospective study  

 

Large control group 
 

Inclusion criteria clearly 

reported 

 

Congenital CMV infection 

and syndromes controlled 

for in the UHI group  
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Only one data point per child, no follow-up 
 

Risk of imprecision and indirectness of evidence: 

- different number of relevant items in different age 

points:   

o some children were very young at the time when 

parents filled out the questionnaires; 

developmental milestones on e.g. canonical 

babbling could not yet be met due to infant’s 

young age which caused missing data 

 
Hearing criteria of controls not reported 

 

Hearing screening system 
described  

 

Odds ratios reported and 

were significant, 

confidence intervals 

reported 

 

Informative figures in 

reporting of results 

 

Kunst et al. 

(2007) 

[65] 

 

–3 

(very low) 

 

 

 

Observational evidence 

 

Unclearly described group, missing data on speech 

recognition in children, additionally, one 13-year-old child 

included in the data of adults. 

 

Selection bias (intervention study) 

 

Indirectness of evidence:  
- speech recognition was assessed with different 

tests in children (maximal recognition score using 

words in noise) and adults (speech recognition 

threshold using sentences in noise) 

- word recognition test in noise constructed for 

adults was used to test children 

 

No description of possible confounding factors 

 
Imprecision: no effect size reported 
 

 

Prospective study (but 

prospective only on Baha) 

 

Data on individual 

participants reported in 

tables 

 

Speech recognition 

assessed twice in adults, 
both in quiet and in noise  

 

Priwin et 

al. (2007) 

[66] 

 

–3 

(very low) 

 

 

 

 

Observational evidence 

 

Mixed group, not very clearly reported 

 
Indirectness: very large age range of participants (aged 3–

80 years) 

 

Reporting bias: data not reported in figures on children 

younger than 6 years of age, although pure tone 

audiometry was performed on all participants 

 

RoB: the youngest children were followed up only for a 

short time – not all effects of UHI could have come forth; 

difficult to compare with others  
 

Both children and adults tested with speech recognition 

test for adults; the test was constructed in 1954 

 

Prospective study  

 

Pure tone audiometry 

results reported in figures 
in subgroups (age cohorts)  
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

20 

 

 

 

 
Low directness of evidence: H-70 questionnaire was 

reported to have been filled out by all participants; some 

children were as young as 3 years old, but no information 

was available if parents filled out the questionnaire for all 

or for (only) the youngest children  

 

Low directness of evidence and high RoB: very vulnerable 

methodology in the viewpoint of young children regarding 

compromised internal validity as the questionnaire used 

concerned self-assessed hearing problems and had 
originally been devised for an elderly population 

 
 

Of the case and multi-case studies retrieved, each having less than 10 participants, altogether 13 

(covering a total number of 48 heterogeneous patients) fit the criteria of the present review. They 

resulted in very heterogeneous contributions that could only be characterized. Quantitative 

research methods were used in all of them. Seven of the studies handled outcomes of different 

types of auditory implants (three concerned cochlear implantation), but the methods used to 

measure unaided preoperative hearing were not consistent across the studies ([67-73]. The rest of 

the studies dealt with various aspects of UHI, such as narrative skills and the neurofunctional 

organization of reading. There were too few patients studied with each method and per each 

outcome to allow any consistent qualitative summary based on these six reports [74-79]. 

 

 

4. DISCUSSION 

 

The aim was to review literature on the impact of early-onset moderate to profound UHI on 

children’s auditory and cognitive abilities, communication, development of speech and language, 

educational achievements, and psychosocial development (including quality of life). As the review 

aimed to cover a wide range of impacts, it was done with an interdisciplinary research team. 

Despite the many potential studies identified, only three articles fulfilled the inclusion criteria and 

were a target for quality assessment and data extraction. We did not find any randomized 

controlled studies on the impact of UHI on children’s development that were closely related to the 

nature of the phenomena we studied. To fulfill the inclusion criteria, the reports had to include 

detailed enough description of the participants; age appropriate, clearly defined and reported 

hearing level, also in the contralateral, normally hearing ear; and information given about the 

onset of UHI.  

According to the main findings reported in the three studies analyzed in detail, children with UHI 

were at risk for delayed auditory performance and preverbal vocalization ability as infants in their 
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everyday life. Their ability to localize sounds was clearly impaired, and unaided speech recognition 

in the impaired ear was poorer than normal in quiet and especially in noise. It is important to note 

that the clear majority of the participants had a conductive HI in the three studies of which the 

quality of evidence of the articles was reviewed. Self-assessed hearing problems surveyed in one 

study included slight to severe problems in sound localization, and slight to moderate difficulties in 

conversations with many persons at the same time and in conversations held especially when 

surrounded by noise [66].  

 

4.1 Quality of Evidence in the Reports Reviewed 

Of the full-text articles reviewed (N = 566), very few articles contained information that was exact 

and detailed enough for the review purposes. Although impacts of UHI were explored, 1) 

specification of population of interest was often not sufficient or the population was too restricted 

or too broad, 2) hearing level was defined variably, sometimes averaging over only two measured 

frequencies or the speech recognition threshold was used to patch missing information about 

pure tone average, 3) in many reports it was only vaguely mentioned that the nonimpaired ear 

indeed was normally hearing; often no information at all was given if the presumably normally 

hearing ear had been tested and whether it actually fulfilled normally hearing ear’s criterion, 4) 

owing to difficulties in diagnostics, it was often not possible to know the participants’ exact age of 

onset of UHI (age at ascertainment of UHI is not the age of onset), 5) although universal hearing 

screening combined with radiological imaging has shown that the majority of UHI cases are 

congenital [24], outcomes of closer etiological examinations were very seldom reported in the 

studies we reviewed, and 6) in many reports, it was impossible to get information about the direct 

impact of UHI (e.g., unilateral hearing impairments and mild bilateral were reported together as 

one group). 

 

All the above mentioned methodological issues should be solved and required to be properly 

specified and reported, and overall, they also need to be considered during the review process 

before accepting the reports for publishing. When planning a new study, we advise to clearly 

define the eligibility criteria for the hearing loss of both ears and how it should be measured. It is 

also important to specify the onset of hearing loss and not mix pre- and perilingual hearing losses 

with each other in reporting.  

 

Three articles, the evidence quality of which was analyzed with an adaptation of GRADE, were 

highly variable regarding the number (range 10–34), age (range a few months to late adulthood), 

impaired ear (although predominantly right), and the hearing level (range mild to moderate or 

profound) of the children studied. Furthermore, the more detailed research questions and 

methods used to collect the data varied from study to study. Pooling the data was not possible 

because of the heterogeneity of the three studies reviewed. For example, not only populations but 

also methods (tests, other measures) and outcomes differed from study to study. Especially, in 

(re)habilitation and education sectors, it is often difficult to find data collection methods that 
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correspond with, for instance, dose-response calculations that could be judged with GRADE (2004) 

or other quality control frameworks.  

Quality assessment of the evidence provided by the three articles included in the review showed 

that, on a GRADE scale from –3 to at least +4, evidence in two articles was very low (–3), and in 

one article it was low (+2). Also, directness of the evidence was often fairly low in these articles, 

which severely restricts generalizability of the results. Two of the three articles focused on aural 

atresia or other ear malformations, so most, but not all, participants had a conductive HI. 

Compared to conductive hearing impairment, it is assumed that sensorineural HI could have a 

more severe negative impact on children. Because all the results were merged in the reporting, it 

was not possible to directly assess the impact of sensorineural or mixed HI on children’s 

development. There is also a risk that patients participating in a study on Bahas [66] may have 

caused a bias as seeking remediation with implantable hearing devices may be an indication of 

having more severe problems than usual. All three reports analyzed were from the Western 

countries, so all information retrieved from these reports is probably not generalizable to other 

parts of the world.  

 

Most of the results that Priwin et al. ([66]) presented were based on either adults’ self-reports or 

proxy reports given by parents on behalf of their children. Adults’ responses, direct or proxy, can 

differ from those of children. Additionally, while Priwin and colleagues found that their 

participants complained relatively often about the negative impact of UHI in everyday 

communication situations, Gay and colleagues (2015) [80] had just the opposite result. Adults (N = 

20) of their study did not perceive their UHI as a major handicap. Differences in results may, 

naturally, derive from methodology, such as the query form (questionnaire, interview) and the 

different kinds of questions asked.  

 

 

4.2 Clinical Implications  

If there is only low evidence for or very heterogeneous view of the impact of UHI on children’s 

development, representatives of health care need to carefully perceive the field and critically 

weigh the options available for care, including cochlear implantation, and habilitation. 

Of the studies we reviewed, the results of Kishon-Rabin et al. [64] suggest that development of 

auditory and vocalization skills may be delayed already in children with UHI who are younger than 

12 months of age. Close monitoring for speech and language difficulties would therefore be 

needed in UHI, as also suggested by Krishnan and Van Hyfte [46]. In counseling parents can be 

instructed to provide good spoken language models and pay attention to the typical 

developmental milestones in auditory and speech development to be attained. Parents may need 

particularly careful counseling because, in young children, variation in speech and language 

development is considerable even among normally hearing children. Additionally, early family-

centered intervention in infancy, as well as later spoken language and auditory training, should be 

provided when necessary.  
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Based on the results of Kishon-Rabin et al. [64], amplification may be needed already in mild cases 

to secure an early good start. The Joint Committee on Infant Hearing (2007) [26] strongly 

recommends starting hearing intervention before six months of age, and Kishon-Rabin et al. [64] 

and Holstrum et al. [81] also stress the importance of other forms of early intervention in children 

with UHIs. In their pediatric amplification clinical practice guidelines, the American Academy of 

Audiology (2013) [82] recommends that children with unilateral hearing loss should be provided 

with a hearing aid on the impaired ear if aidable hearing exists. It would be particularly important 

to enhance fusing of auditory information on the brainstem level to secure processing speed. One 

of the goals of hearing aid fitting in children in UHI is also the need to obtain a more balanced 

subjective sense of hearing between the ears, although this goal cannot be adequately achieved 

with only minor hearing rests (see e.g., [83]). Early stimulation of the auditory system can be 

provided either with a behind-the-ear hearing aid or Baha device with a soft band providing 

stimulation through bone conduction. Additionally, Jensen and colleagues (2013) [1] argue that 

research should address the benefits of early amplification in children with UHI.  

 

Cochlear implantation has recently garnered increased interest as an option in the treatment of 

children’s UHI [69,84]. According to the systematic review conducted by Peters et al. (2016) [41], 

due to heterogeneous findings, no firm conclusions can currently be drawn on the effectiveness of 

cochlear implantation in children with UHI. Also, it has to be remembered that there is a high 

incidence of absent cochlear nerves [16] and cochlear and cochlear nerve anomalies among 

children with UHI. For example, Mehta et al. (2016) [13] identified every fifth of the 150 children 

with sensorineural UHI that they studied to have cochlear nerve abnormality. Friedman with his 

colleagues (2016) [85] considered the risk of the loss of hearing in the nonimpaired ear as an 

absolute indication for pediatric cochlear implantation in the impaired ear. In the studies of 

Uwiera et al. (2009) [22] 11% (n = 15 out of 142), in Haffey et al. (2013) [86] 11% (n = 10 out of 89), 

and in Fitzpatrick et al. (2017) [6] 17% (n = 16 out of 92) of the children with UHI studied had a 

condition which progressed to involve the contralateral ear. Conditions causing this kind of risk are 

genetic disorders, malformations, diseases and ototoxicity which lead to sudden or progressive HI 

caused by such things as congenital cytomegalovirus infection. Before assessing a child as a 

cochlear implant candidate, however, the general impact of UHI needs to be known, carefully 

weighed in each individual case, and discussed with parents.  

 

 

4.3 Limitations of the Review 

 

The strengths of the current systematic review are that we had a broad focus in searching for 

different impacts of UHI, and we used six major electronic bibliographic databases relevant to 

audiology and children’s development. Moreover, an experienced librarian did the searches, and 

the review was conducted in an interdisciplinary group of four researchers, with all four reading all 

the materials in the screening and review phases. In addition, only five reports identified in the 

literature searches could not be retrieved in full-text form.  
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This review also has some limitations. To be able to find all the relevant studies including pre- and 

perilingual UHI, only reports on, at least, moderate UHI (PTA0.5-2 or 4 kHz ≥ 40 dB) were included, as 

mild hearing impairments are not necessarily detected during the pre- and perilingual period. We 

did not control for publication bias because only reports published in peer-reviewed journals in 

English, Swedish, and German were included in the present review. Therefore, the potential 

suggestive impact of UHI found in dissertations and conference proceedings was not tapped.  

Consistency of impacts of UHI could not be compared across the reviewed studies because they 

mostly focused on different topics. Additionally, we did not exclude studies on adults with 

congenital UHI. This decreased the directness of evidence because, in two of the studies [65-66] 

reviewed, the results concerning adults were also reported, and the methodology used for data 

collection was not optimal for children (adults’ word recognition test, reporting of localization 

ability of adults). However, studies on adults with prelingual moderate to profound UHI were 

included in the review because their situation was considered to reflect the long-term effects of 

UHI, such as aural atresia. 

 

5. CONCLUSIONS 

 

With the inclusion criteria used, no high-quality studies reporting on consequences of pre- or 

perilingual UHI were found. This review identified only three studies eligible for closer quality 

analysis. Because of the heterogeneity of studies and their methodological limitations, no 

definitive conclusions can be drawn on the impact of early-onset UHI on children’s development 

based on the reports reviewed. Further high-quality case studies and large prospective clinical 

studies addressing the impact of all grades of UHI on children are warranted to obtain information 

for evidence-based clinical decision-making.  
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Supplementary Appendix  

 

 

Example of the search strategies used in the systematic review 
 

 

 

PubMed Central (United States National Library of Medicine and National Institutes of Health)  

Searched on 17.2.2016 and 16.2.2017 

Search (((hearing loss, unilateral[MeSH Terms]) OR (((((unilateral[Title/Abstract]) OR single-
sided[Title/Abstract]) OR asymmetric[Title/Abstract])) AND (((hearing loss[Title/Abstract]) 
OR hearing impairment[Title/Abstract]) OR deafness[Title/Abstract])))) AND 
(((((((((((((((speech[MeSH Terms]) OR Speech perception[MeSH Terms]) OR language 
development[MeSH Terms]) OR language development disorders[MeSH Terms]) OR 
language tests[MeSH Terms]) OR verbal behavior[MeSH Terms]) OR cognition[MeSH 
Terms]) OR learning disorders[MeSH Terms]) OR educational measurement[MeSH Terms]) 
OR educational status[MeSH Terms]) OR auditory perception[MeSH Terms]) OR quality of 
life[MeSH Terms])) OR (((((((((((((((communicat*[[Title/Abstract]) OR "sound 
localisation"[Title/Abstract]) OR "sound localization"[Title/Abstract]) OR "auditory 
localisation"[Title/Abstract]) OR "auditory localization"[Title/Abstract]) OR 
speech[Title/Abstract]) OR language[Title/Abstract]) OR verbal[Title/Abstract]) OR 
cognitive[Title/Abstract]) OR cognition[Title/Abstract]) OR learning[Title/Abstract]) OR 
"quality of life"[Title/Abstract]) OR psychosocial[Title/Abstract]) OR psycho-
social[Title/Abstract]) OR educational[Title/Abstract])) OR ((((((academic 
performance[Title/Abstract]) OR academic progress[Title/Abstract]) OR academic 
difficult*[Title/Abstract]) OR academic achievment*[Title/Abstract]) OR academic 
outcome*[Title/Abstract]) OR academic success[Title/Abstract])) 


