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Abstract
Background

Early-onset hearing loss is how recognized as a condition that may be associated with
neurodevelopmental disorders. Its onset before the age of 5—a critical period for brain development—
justifies the focus on this population. The objective was to assess the impact of hearing loss on
neurodevelopment among infants and preschool-aged children in Kinshasa.

Methods

The study included 488 infants and children recruited from vaccination centers and preschools in
Kinshasa. Hearing screening was performed using DPOAE. Referred children underwent AABR with or
without ABR, as well as tympanometry. Neurodevelopment was assessed using the ASQ-3 for children
aged 1 to 35 months and the preschool S.I.LF.T.E.R. questionnaire for children in preschool. Descriptive
analyses were performed using IBM SPSS Statistics.

Results

Suspected hearing loss was observed in 2.5% (12/488) of the children. Tympanometric abnormalities
were present in 84% of cases, primarily suggesting conductive hearing loss. Two specific cases were
identified: bilateral mixed hearing loss and unilateral sensorineural hearing loss. Overall
neurodevelopment was normal in children aged 1 to 35 months. However, among preschool-aged
children, a significant association was found between hearing loss, reduced academic performance, and
behavioral problems at school.

Conclusion

Neurodevelopmental disorders may be associated with hearing loss, even conductive hearing loss.
These results underscore the importance of early hearing screening.

INTRODUCTION

Hearing loss in children is one of the most common sensory impairments in children and represents a
major global public health challenge [1]. According to the WHO, hearing loss affects 1 to 2% of children
under the age of 5, while more than 34 million children live with disabling hearing impairment, a
significant proportion of whom reside in low- and middle-income countries. Without early diagnosis and
intervention, hearing loss can permanently impair language acquisition, cognitive development, social
interactions, academic learning, and, more broadly, quality of life [2].
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These consequences are even more significant when hearing loss occurs before the age of 5, a critical
period of neurodevelopment characterized by high brain plasticity [3].

In recent years, our understanding of the links between hearing loss and neurodevelopment has evolved
considerably. Early-onset hearing loss is no longer considered an isolated sensory disorder but rather a
condition frequently associated with broader neurodevelopmental abnormalities. Studies have
highlighted significant links between hearing loss and autism spectrum disorders, cerebral palsy, or
genetic abnormalities [4-5]. Advances in genetics confirm that more than 50% of congenital hearing
loss is genetic in origin and involves mechanisms common to brain development, such as
synaptogenesis and neuronal migration [6]. Furthermore, certain specific conditions, such as auditory
neuropathies or cochlear nerve deficits, illustrate the interconnection between the auditory and
neurological systems [7].

Hearing loss has numerous consequences for a child’s development. In terms of language, it can lead to
significant delays in the acquisition of spoken language. Cognitively, difficulties are observed in memory,
attention, and executive functions [7, 8]. These impairments can also affect social interactions and
behavior. However, the literature emphasizes the critical role of early screening and intervention.
International guidelines recommend screening before 3 months of age and intervention before 6 months
of age to optimize developmental outcomes [9, 10]. Interventions, such as hearing aids, cochlear
implants, and early rehabilitation, have been shown to be effective in improving language and cognitive
skills [11, 12].

In sub-Saharan Africa, the issue of hearing loss in children is of particular concern. The prevalence there
is higher than the global average, exceeding 5% for disabling forms, with overall estimates reaching
approximately 10% among children according to some meta-analyses [13]. The main causes include ENT
infections, perinatal complications, and adverse socioeconomic conditions [2, 13]. From a
neurodevelopmental perspective, studies show a significant association between hearing loss, cognitive
impairments, and mental health disorders [14]. However, early screening systems remain
underdeveloped, and resources for audiology and rehabilitation are limited. The lack of infrastructure,
qualified personnel, and standardized tools constitutes a major obstacle to optimal care for children [15].
Thus, in this region, hearing loss occurs within a context of overall vulnerability that strongly influences
neurodevelopmental trajectories.

In the Democratic Republic of the Congo (DRC), specific data remain limited, but the observed trends are
similar to those in sub-Saharan Africa. The causes of hearing loss in children are largely preventable,
particularly infections, perinatal complications, and certain endemic diseases [2, 13].

The healthcare system faces several challenges, including the absence of routine neonatal screening, a
shortage of specialists in audiology and speech-language pathology, and the high cost of treatment
interventions [16]. These constraints often lead to delayed diagnosis and intervention, thereby
compromising children’s language and cognitive development. Furthermore, the lack of national
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epidemiological data and longitudinal studies limits a precise understanding of the impact of hearing
loss on neurodevelopment in this context.

Although knowledge regarding the links between hearing loss and neurodevelopment has advanced
considerably, gaps remain, particularly in resource-limited countries such as the DRC. In this context, the
objective of the present study was to assess the association between hearing loss and
neurodevelopment in children aged 1 to 60 months recruited from vaccination centers and preschools in
Kinshasa, Democratic Republic of the Congo. We hypothesized that hearing loss, even when primarily
conductive, might be associated with impairments in neurodevelopmental performance, particularly
among preschool-aged children.

METHODS

Study Type, Setting, and Population (Clinical trial not
applicable)

This was a cross-sectional study conducted in the city-province of Kinshasa in the Democratic Republic
of the Congo between October and December 2025. This megacity, with a population of 17,778,000
(2025) [17], is subdivided into four administrative districts. We used a two-stage random sampling
method, in which each district, based on its population size, was assigned a quota of facilities and
children to survey to ensure adequate representativeness, using proportional stratification. The facilities
included were vaccination centers (CPS) for children aged 1 to 35 months and preschools for children
aged 36 to 60 months. For the districts of Tshangu and Lukunga: 3 CPSs and 3 preschools, serving 150
children in each district; and for Funa and Mont Amba: 2 CPSs and 2 preschools, serving 100 children
each.

In total, out of 500 eligible children, 488 infants and children whose parents gave informed consent were
examined. Children whose parents did not give consent, those known to have hearing loss, those with a
malformation of the external auditory canal, those over 5 years of age, and those with otorrhea were
excluded from the study.

Data Collection Methods

A questionnaire to collect sociodemographic, anthropometric, clinical (ENT and craniofacial), and
paraclinical data was developed and validated in collaboration between ENT physicians and
pediatricians.

The ASQ-3 (Ages & Stages Questionnaire), a set of questionnaires assessing a child’s overall
development, was used to evaluate neurodevelopment in children aged 1 to 35 months.
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This scale covers five domains: each domain is scored on a scale of 0 to 60 points, with 60 being the
highest score. The cutoff point is the threshold below which the level of development is considered
insufficient (either in the “gray zone” or a “failure” in the “black zone”). Each domain includes six
questions, each scored as

0 (if the child does not perform the action), 5 (if the child sometimes performs the action), and 10 (if the
child performs the action).

These different domains include

e Communication, for which the cutoff score is set at 34.60;
¢ Gross motor skills, with a cutoff score of 38.41;

* Fine motor skills, with a cutoff score of 29.62;

¢ Problem-solving, with a cutoff score of 34.98;

e Personal and social skills, with a cutoff score of 27.25.

Interpretation: Results below the cutoff point are considered indicative of an insufficient level of
development in the respective domain.

» A neurodevelopmental assessment questionnaire for preschoolers (ages 3 to 5) using the preschool
version of the S.I.LF.T.E.R. (Screening Instrument for Targeting Educational Risk) scale, a tool for
identifying educational risks. It consists of 5 items; each rated on a scale of 1 to 5 (with 5 being the
highest score).

Here are the different items:

e Academic performance, where a score of 15-7 indicates success or a sufficient level, and a score
of 6—3 indicates children at risk or at an insufficient level;

e Attention: a score of 15-9 indicates success or a sufficient level, while 8—3 indicates an insufficient
level;

e Communication: a score of 15-9 indicates success or a sufficient level, and 8-3 indicates an
insufficient level;

e Class participation: “successful” or “sufficient” ranges from 15 to 7, and “insufficient” ranges from 6
to 3;

e Social behavior: success or satisfactory level from 15 to 9 and unsatisfactory level from 8 to 3.

Hearing screenings were conducted using objective distortion product otoacoustic emissions (DPOAE)
testing with an EROSCAN device (Germany) for screening purposes. In cases of a passing result (PASS),
no further testing was necessary; however, in cases of a failing result, an automated auditory brainstem
response (AABR) and tympanometry (AMPLIVOX, UK) were then performed. In cases of a failing AABR
result, a confirmatory ABR was scheduled at the referral hospital at the University Clinics of Kinshasa.
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Study Investigator Team

The team consisted of an ENT physician, an ENT resident, three young general practitioners who had
participated in previous research, and a nurse, under the supervision of professors of ENT and
Pediatrics. The team received 7 days of training in collecting sociodemographic information and data on
risk factors for hearing loss; performing anthropometric measurements; conducting ENT and
craniofacial physical examinations; completing the ASQ3 questionnaire with the child’'s mother; and
using hearing screening tools, including DPOAE and AABR.

Teachers of selected children in preschool programs participated by completing the preschool
S.I.LETE.R. scale.

This team was supervised by two professors of ENT and two professors of pediatrics.

Statistical Analyses

Descriptive statistics were performed using IBM SPSS Statistics software, version 27.0 for Windows
(December 29, 2022, USA).

The descriptive analyses presented the studied variables in the form of frequencies, proportions, means,
and standard deviations, illustrated by tables and figures. Univariate analyses described each variable
individually, while bivariate analyses examined the associations between two variables. Pearson'’s chi-
square test was used to compare categorical variables, with a p-value < 0.05 considered statistically
significant.

RESULTS

e Audiological

A total of 488 children were examined. The mean age was 2.3 + 1.8 years, with a median age of 1.7 years
and a range of 1 month to 5 years. The mean weight was 8.2 + 4 kg for CPS participants and 17.1+2.6
kg for schoolchildren. The mean height values for the CPS were 71 £ 9.8 cm; and 103 £ 9.9 cm for
schoolchildren. The prevalence of hearing loss was 2.5% (n = 12/488), with a sex ratio of 1.4 boys to 1

girl.
* Neurodevelopmental and Audiological Findings

Children screened for DPOAE at vaccination centers did not show a higher prevalence of abnormalities in
the various areas of neurodevelopment on the ASQ3 scale (Fig. 1).

School-aged children referred to the DPOAE show higher rates of educational failure in the areas of
academic performance and school behavior (Fig. 2).
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Table I. Association between deficits in neurodevelopmental domains (S.I.F.T.E.R.) and the PASS/REFER
outcome of DPOAE

Insufficient score / Domain  PASS n (%) REFERn (%) OR (95% Cl) p-value
Academic performance 81/236 (34.3) 7/8 (87.5) 13.35[1.6-110.5] 0.01**
Attention 47/236(19.9)  4/8 (50.0) 4.02[0.9-17.5] 0.08
Communication 108/236 (45.8)  5/8 (62.5) 1.98[0.45-8.5] 0.40
Class Participation 51/236 (21.6)  4/8 (50.0) 3.63[0.82-15.9]  0.09
Behavior at school 53/236 (22.5) 6/8 (75.0) 10.34[1.9-55.8] 0.01**

Note
P-values were calculated using Fisher’s exact test due to the small sample sizes in certain cells.

These two figures and the table show that overall neurodevelopment, as assessed by the ASQ-3 scale
among children at vaccination centers, is not affected by hearing loss in this study, while a significant
association (p < 0.001) is noted between hearing loss and an educational risk-specifically, a learning
disability in two areas: academic performance and school behavior, as measured by the preschool
S.ILE.T.E.R. scale administered to schoolchildren.

DISCUSSION

This study is the first in the Democratic Republic of the Congo to examine the association between
hearing loss and neurodevelopment in children aged 1 to 5 years.

In 83% of cases, the hearing loss was conductive, associated with seromucous otitis media, with a
predominance in the 21- to 48-month age group (detailed audiological results submitted and awaiting
publication).

It does not demonstrate an impact of hearing loss on overall neurodevelopment as measured by the
ASQ3 scale in children aged 1 to 35 months. Our results are comparable to those of Thorsen et al.
(2023), who noted that children with middle ear disease during the first three years of life did not exhibit
any significant delay in neurological development by age 3 [18]. Louw et al. (2017) reached the same
conclusion in a South African and Zambian study of children aged 2 to 60 months, assessed using the
ASQ-3, showing preserved early performance in communication and motor skills. Only in 5-year-old
children was a relative decline noted in fine motor skills and problem-solving [19].

This can be explained by the fact that the impact of conductive hearing loss manifests later than that of
sensorineural hearing loss.
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In fact, hearing loss associated with middle ear disease, particularly seromucous otitis media (OME)-
although it causes mild hearing impairment that often resolves spontaneously [20] or has a fluctuating
course-can have repercussions later on, during the child’'s neurodevelopment, particularly in cognitive
skills, and/or communication, especially upon starting school.

This is the case for the second group of children in our study-preschoolers-among whom hearing loss
(primarily related to OME) has an impact in two areas of education: academic performance and behavior.
These long-term consequences of OME are corroborated by two other studies, which highlight the
impact of a history of early OME on hearing, communication, and cognition-particularly in children aged 7
to 8-including difficulties with spatial speech recognition (high threshold even after recovery), effort to
listen in noise (pupillary dilation), and on working memory and learning.

To prevent these long-term consequences of early fluctuating hearing loss, early identification and
intervention are essential to address this challenge [21, 22].

The literature indicates that severe congenital sensorineural hearing loss has a greater impact on
neurodevelopment, especially when it is syndromic, as in the study by Akrich S. et al., 2023 [23].

Despite the increasingly early diagnosis of hearing disorders—especially in highly developed countries—
the impact of resulting developmental disorders and associated problems may not become apparent
until later in a child’s development [24-27].

However, early detection through hearing screening and appropriate interventions are essential for
optimizing development and mitigating the potential negative outcomes associated with hearing loss,
including delays in speech and language acquisition, impaired cognitive development, and negative
effects on social interactions and academic performance [28—-30].

A limitation of this study is the sample size. A larger-scale study is needed to confirm the trends
observed in our study regarding neurodevelopmental trajectories in children aged 5 and under with
hearing loss.

CONCLUSION

Neurodevelopmental disorders are indeed associated with hearing loss, even in cases of middle ear
impairment alone-which in this study was primarily linked to seromucous otitis media-and this impact
manifests later, during the preschool years. Screening for and managing hearing loss in infants and
children-both preschool-aged and school-aged-is warranted to mitigate this impact.

ABBREVIATIONS

¢ AABR: automated auditory brainstem response

e ABR: auditory brainstem response
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S.ILE.T.E.R: Screening Instrument for Targeting Educational Risk
e ASQ-3: Ages & Stages Questionnaires, Third Edition

e SPSS: Statistical Package for the Social Sciences

e WHO: World Health Organization

e DRC: Democratic Republic of the Congo

e CPS:

e DPOAE: distortion product otoacoustic emissions

e PASS: passing result

e OME: otitis media
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