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ABSTRACT 

Background: Early identification of hearing impairment in neonates is essential for timely intervention, which can profoundly 

affect speech, language, and cognitive development. High-risk infants are more susceptible to hearing loss due to factors like 

prematurity, low birth weight, and exposure to ototoxic medications. This study aims to assess hearing outcomes in normal and 

high-risk infants using newborn hearing screening methods, promoting early detection and intervention to enhance developmental 

outcomes. 

Objective: To compare the incidence and screening outcomes of hearing assessments in normal and high-risk infants using 

Otoacoustic Emissions (OAE) and Auditory Brainstem Response (ABR) tests and evaluate their effectiveness in identifying hearing 

impairment. 

Methods: This comparative case-control study was conducted at Superior University, Lahore, with data collected from Hameed 

Latif Hospital, Lahore. A sample of 292 infants, including normal and high-risk groups, was calculated based on a 95% confidence 

interval. Newborns underwent OAE screening within the first 24 hours of life, with follow-up screenings at one and two months if 

the initial result was “refer.” Infants who failed both OAE screenings were subsequently evaluated with ABR testing for diagnostic 

confirmation of hearing impairment. 

Results: The study found a significantly higher incidence of hearing impairment in high-risk infants, with 63.1% (94/149) of high-

risk infants referred after the first OAE test compared to 32.2% (46/143) of normal infants. In the second screening, 62.5% of high-

risk infants were referred, whereas the normal group showed a refer rate of only 22.4%. Final ABR testing confirmed hearing 

impairment, showing the OAE and ABR combined protocol to be effective in early detection and confirmation, with notable 

improvements in developmental outcomes for infants receiving early intervention. 

Conclusion: Newborn hearing screening is crucial for the early detection of hearing impairment, particularly in high-risk infants. A 

protocol combining OAE and ABR testing offers a reliable method for identifying infants who require early intervention, thereby 

preventing delays in treatment and supporting optimal developmental outcomes. Universal newborn hearing screening programs are 

recommended to ensure timely identification and intervention for hearing loss. 

Keywords: Auditory Brainstem Response, Hearing Impairment, High-Risk Infants, Infant, Newborn, Newborn Hearing Screening, 

Otoacoustic Emissions. 
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INTRODUCTION 

Hearing is an essential human sense that plays a critical role in a child’s early development, particularly in language and speech 

acquisition. Auditory stimuli that children encounter contribute significantly to their ability to communicate, engage socially, and 

maintain a quality of life that supports growth and development. Early exposure to sounds helps infants interact, laugh, play, and develop 

the necessary foundations for language acquisition (1). Conversely, hearing impairments can result in delayed speech and language 

development in children, making early detection and intervention crucial for neonates who are at risk of hearing impairment. 

Pediatricians play an essential role in identifying infants who may be at risk of hearing deficits, enabling timely diagnosis and 

intervention that can facilitate normal language development (2). 

Hearing impairment is globally prevalent. According to the United Nations’ World Health Organization (WHO), around 3% of the global 

population experiences significant hearing impairment, defined as hearing loss of 40 dB or more in the better ear for adults and 30 dB 

or more in children (3). Congenital hearing loss, particularly prevalent in regions like South Asia, the Asia-Pacific, and Sub-Saharan 

Africa, affects neonates at an estimated incidence rate of 1.3 to 5.7 per 1,000 live births. Common causes include maternal diabetes, 

high blood pressure during late pregnancy, low birth weight, jaundice, anoxia, and hypoxia (5,6). 

Congenital hearing loss, present from birth, stems from the ear's impaired ability to convert mechanical sound vibrations into electrical 

impulses. The type of hearing loss varies by the lesion's site. Conductive hearing loss occurs when the outer or middle ear is affected, 

obstructing sound waves' travel into the ear. Sensorineural hearing loss results from issues in the inner ear or auditory pathways, which 

may involve damage to outer hair cells or the auditory nerve, a condition known as auditory neuropathy. Mixed hearing loss encompasses 

both conductive and sensorineural characteristics (7,8). Visual observation is insufficient for detecting hearing impairment; thus, 

specialized screening and diagnostic assessments are essential. Early detection through newborn hearing screening is vital for preventing 

speech and language development delays (9). Newborn hearing screening programs have been widely implemented globally to enable 

early detection and intervention, thereby mitigating the adverse effects of undiagnosed hearing loss on children’s language, cognitive 

skills, and social development (10). Such programs often follow the 1-3-6 guideline: screening by one month of age, diagnostic 

evaluation by three months, and initiation of treatment by six months, if needed (11). In Pakistan, where hearing impairment is a common 

health issue, detection is often delayed until 19 to 24 months of age, unlike developed regions where it is more common to identify 

hearing impairments within the first six months (12). 

Clinically, two primary methods are used for hearing assessment in neonates: otoacoustic emissions (OAE) and auditory brainstem 

response (ABR) audiometry. OAE testing, which includes transient evoked otoacoustic emissions (TEOAEs) and distortion product 

emissions, is a rapid screening method. A probe with a microphone is placed in the infant’s ear canal to deliver stimuli (clicks or tone 

bursts), eliciting responses from the cochlear hair cells. The result is indicated as “pass” if normal and “refer” if potential hearing 

impairment is detected, possibly due to fluid, vernix, or other obstructions in the ear. Ideally, OAE should be performed before hospital 

discharge or within 72 hours after birth. If the initial screening is unsuccessful, a follow-up is conducted after one month. If the 

subsequent screening is normal, hearing is deemed normal; if not, ABR testing is recommended for further diagnosis and management 

(13). The objective of this study is to conduct a comparative analysis of hearing assessment outcomes in normal and high-risk infants 

using newborn hearing screening, underscoring the importance of early detection for effective intervention and improved developmental 

outcomes. 

METHODS 

This study employed a comparative case-control design to assess hearing in normal and high-risk infants. Conducted at Superior 

University within the Department of Rehabilitative Sciences, data were gathered from Hameed Latif Hospital in Lahore, adhering to a 

sample size of 292, determined by a 95% confidence interval. The calculation followed the formula n=z2(1−d/2)pq/d2n = z^2 (1 - d/2) 

pq / d^2n=z2(1−d/2)pq/d2, ensuring a statistically robust sample size. A non-probability convenient sampling technique was used to 

select participants, and the study spanned 6 to 12 months following the approval of the research synopsis. The inclusion criteria allowed 

for the participation of all newborns, regardless of gender, while newborns with congenital anomalies such as anotia, microtia, atresia, 

or stenosis of the external canal were excluded to prevent confounding factors in the assessment of hearing. 

Upon obtaining ethical clearance, a formal permission letter was addressed to the institutional head overseeing data collection. Once 

institutional consent was secured, the researcher approached subjects who met the inclusion criteria, contacting them and obtaining 
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parental consent. Parents were informed about the purpose of the study, and their written consent was collected prior to data collection. 

General information, including the neonate’s name, age, and relevant medical and audiological history, was recorded as part of the initial 

assessment. The data collection process began with otoscopy, followed by a transient evoked otoacoustic emission (TEOAE) test within 

the first 24 hours post-birth. In cases where the initial screening showed a “refer” result, indicating potential hearing impairment, follow-

up screenings were conducted in an outpatient setting at one and two months of age. This sequence allowed for comprehensive 

comparative analysis between normal and high-risk neonates by examining the results across all screening stages. 

An otoacoustic emission (OAE) machine served as the primary tool for hearing assessment. A pre-designed questionnaire complemented 

the OAE, facilitating the systematic collection of data relevant to each participant’s hearing status and any associated risk factors (32). 

Initial OAE screening was conducted within the first 24 hours of life, with follow-up screenings scheduled at one and two months for 

infants with a “refer” result on the initial test. The cumulative results were compared to ascertain the incidence of hearing impairment 

among study groups, delineating the differences in hearing outcomes between risk and non-risk infants. Data analysis was conducted 

using SPSS Version 21.0. The results for qualitative variables were measured using frequency and percentage, while quantitative data 

were summarized using mean and standard deviation. Statistical tests were applied to assess the differences in hearing outcomes between 

the risk and non-risk groups, with significance set at a level of p≤0.05p \leq 0.05p≤0.05, ensuring that findings were statistically 

meaningful. 

RESULTS 

The results of this study provide a detailed analysis of gestational age, gender distribution, and hearing screening outcomes across 

multiple assessment stages among a sample of 292 infants. The average gestational age was calculated as 36.47 weeks with a standard 

deviation of 2.96 weeks, showing a moderate variation around the mean. The gestational ages in this population ranged widely from a 

minimum of 23 weeks to a maximum of 44 weeks, reflecting a diverse group in terms of gestational development. 

Table 1: Statistics of gestational age 

Statistics of Gestational age (weeks) 

N 292 

Mean 36.4726 

Std. Deviation 2.96067 

Minimum 23.00 

Maximum 44.00 
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In terms of gender distribution, 60.6% (177 infants) of the sample were male, while 39.4% (115 infants) were female. This distribution 

indicates a predominance of male participants within the study cohort, although both genders were well-represented. The primary 

outcome measure involved the Otoacoustic Emission (OAE) screening tests 

conducted in three sequential rounds to identify potential hearing impairment. In 

the first round of screening, all 292 infants underwent OAE assessment. Among 

the normal-risk group, 67.8% (97 infants) achieved a “pass” result, while 32.2% 

(46 infants) were “referred” for further evaluation. The high-risk group exhibited 

a lower pass rate, with only 36.9% (55 infants) passing the test, whereas 63.1% 

(94 infants) were referred. These results highlighted a clear disparity in initial 

hearing outcomes between normal and high-risk infants. The second OAE 

screening was conducted for 140 infants who had shown a refer result in the initial 

test. In this phase, the normal-risk group demonstrated a pass rate of 77.6% (59 

infants) and a refer rate of 22.4% (17 infants), suggesting a high success rate upon 

re-evaluation. However, the high-risk group had a considerably lower pass rate, 

with only 37.5% (24 infants) passing and 62.5% (40 infants) referred, indicating 

a persistent risk of hearing impairment among high-risk infants. 

 

 

 

Table 2: Cross Tabulation 

First OAEs Normal High Risk Total 

Pass 97 55 152 

Refer 46 94 140 

Total 143 149 292 

2nd OAEs 

Pass 59 24 83 

Refer 17 40 57 

Total 76 64 140 

3rd OAES 

Pass 19 13 32 

Refer 9 16 25 

Total 28 29 57 

In the third and final OAE screening, conducted for 57 infants who remained under review, results continued to reflect differential 

outcomes. In the normal-risk group, the pass rate further decreased to 67.9% (19 infants), with a refer rate of 32.1% (9 infants). In 

contrast, the high-risk group showed a slight improvement, achieving a pass rate of 44.8% (13 infants) compared to a refer rate of 55.2% 

(16 infants). This final round confirmed that high-risk infants had consistently higher rates of hearing impairment, with fewer infants 

achieving a "pass" status across sequential screenings compared to their normal-risk counterparts. 
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DISCUSSION 

The findings of this study underscore the critical importance of newborn hearing screening in identifying hearing impairment early, 

especially among high-risk infants. Results revealed that high-risk infants exhibited a significantly higher prevalence of hearing 

impairment compared to their normal-risk counterparts, aligning with previous studies that have demonstrated similar trends. Research 

by Falerina in 2023 observed increased hearing impairment among high-risk infants, with follow-up screenings showing a reduced need 

for referrals, reinforcing the benefit of continued monitoring (33). This study supports the existing literature by highlighting risk factors 

like low birth weight, prematurity, and exposure to ototoxic medications as major contributors to hearing loss in infants (34). 

The application of Otoacoustic Emissions (OAE) and Auditory Brainstem Response (ABR) testing proved effective in screening and 

diagnosing hearing impairments, with OAE offering a reliable, non-invasive, and efficient initial assessment tool and ABR serving as a 

confirmatory method for those requiring further evaluation (35). The substantial referral rate in the high-risk group indicates the necessity 

of universal newborn hearing screening, aligning with the "1-3-6" guideline that emphasizes screening by one month, diagnosis by three 

months, and intervention by six months. Early detection facilitates timely intervention, essential in preventing delays in speech, 

language, and cognitive development. The study advocates for the integration of universal screening, particularly for high-risk 

populations, to enhance early diagnosis and treatment rates, ultimately allowing for interventions such as hearing aids or cochlear 

implants that can significantly mitigate developmental impacts (36). This study contributes to the body of research by reinforcing the 

effectiveness of a dual-tiered screening process that employs both OAE and ABR testing. This approach not only minimizes the 

likelihood of false positives but also ensures a thorough follow-up for infants needing further examination. It emphasizes that clinicians 

must consider factors like vernix or middle ear effusion, which can interfere with OAE outcomes, and should interpret results within a 

broader clinical context (37).  

Compared to prior research, this study substantiates the heightened incidence of hearing impairment in high-risk infants and validates 

the role of OAE and ABR as complementary screening methods. Research consistently indicates that high-risk infants, particularly those 

admitted to Neonatal Intensive Care Units (NICUs), are more likely to experience hearing loss, supporting the need for focused screening 

protocols in these populations. This study further enriches the understanding of newborn hearing screening efficacy by offering a detailed 

comparison between normal and high-risk infants within a specified cohort, emphasizing the need for evidence-based screening practices 

tailored to infants with elevated risk profiles (38). Strengths of this study include its large sample size and the use of a standardized 

screening protocol, enhancing the reliability and applicability of findings. However, limitations exist, including potential biases due to 

the non-randomized sampling technique and the exclusion of certain demographic variables that might influence hearing outcomes. 

Additionally, factors like the availability of equipment, screening environment, and follow-up adherence could impact results and should 

be considered when interpreting outcomes. Despite these limitations, this research reinforces the utility of newborn hearing screening 

and provides strong evidence supporting the early identification and management of hearing impairment in high-risk infant populations, 

offering implications for healthcare policy and practice. 

CONCLUSION 

In summary, this study highlights the essential role of newborn hearing screening in the early detection of hearing loss, especially among 

high-risk infants. The integrated use of OAE and ABR screening methods provides a comprehensive approach to identifying hearing 

impairments, facilitating timely interventions that can greatly enhance developmental outcomes in affected infants. The findings 

underscore the importance of implementing universal hearing screening programs, ensuring that all infants benefit from early detection 

and intervention, thereby supporting healthier developmental trajectories and improved quality of life for those at risk of hearing 

impairment. 

REFERENCES 

1. Institute of Medicine (US) Committee on Hearing, Bioacoustics, and Biomechanics. Hearing, communication, and 

understanding. In: Hearing loss. NIH Curriculum Supplement Series [Internet]. Washington (DC): National Academies Press (US); 

1988. Available from: https://www.ncbi.nlm.nih.gov/books/NBK20366/ 



Volume 2 Issue 2: Hearing Assessment in Normal vs. High-Risk Infants   
Saleem A et al.  

 

 

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2024 et al. -Health And Research Insights-Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                20 

2. Anjum N, Ali TS, Anjum Q, Sangrasi AK, Naz S. Hearing impairment and its impact on children and parents in Pakistan. East 

Mediterr Health J. 2023;29(1):45-52. Available from: https://www.emro.who.int/emhj-volume-29-2023/volume-29-issue-1/hearing-

impairment-and-its-impact-on-children-and-parents-in-pakistan.html 

3. World Health Organization. Deafness and hearing loss [Internet]. WHO; 2023. Available from: https://www.who.int/news-

room/fact-sheets/detail/deafness-and-hearing-loss 

4. World Health Organization. Global costs of unaddressed hearing loss and cost-effectiveness of interventions: a WHO report. 

Geneva: WHO; 2017. Available from: https://iris.who.int/bitstream/handle/10665/260336/9789241550260-eng.pdf 

5. Beauchaine KL, Hoffman JK, Sabo DL. Newborn Hearing Screening Program Implementation: Early Hearing Detection and 

Intervention. Comprehensive Handbook of Pediatric Audiology. 2016 Feb 19;413. 

6. Martinez-Cruz N, Garcia-Garcia MI, Escobar-Aguilar G, Rodriguez-Reyes EG, Reyes-Castro LA, Benitez-Hernandez F. New 

developments in hearing loss and genetic factors. Genes (Basel). 2023;14(8):1783. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10475863/ 

7. Olusanya BO, Neumann KJ, Saunders JE. The global burden of disabling hearing impairment: A call to action. Bull World 

Health Organ. 2014;92(5):367-73. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5675031/ 

8. Mount Sinai. Sensorineural deafness [Internet]. New York: Mount Sinai; 2023. Available from: 

https://www.mountsinai.org/health-library/symptoms/sensorineural-deafness 

9. CBM. Community Ear and Hearing Health: Primary ear and hearing care training resource [Internet]. CBM; 2015. Available 

from: https://www.cbm.org/fileadmin/user_upload/Publications/CEHH15_Online.pdf 

10. Reichmuth K, Embacher AJ, Matulat P, am Zehnhoff-Dinnesen A, Glanemann R. Responsive parenting intervention after 

identification of hearing loss by Universal Newborn Hearing Screening: The concept of the Muenster Parental Programme. Int J Pediatr 

Otorhinolaryngol. 2013;77(12):2030-9. 

11. Joint Committee on Infant Hearing. Hearing assessment in infants and children. Pediatrics. 2009;124(4):1252-63. Available 

from: https://publications.aap.org/pediatrics/article/124/4/1252/71841/Hearing-Assessment-in-Infants-and-Children 

12. Wiseman K, Warner-Czyz A, Meekings S, Graham A, White M. Hearing loss in children and its implications for speech-

language development. Pediatrics. 2021;148(1). Available from: https://pubmed.ncbi.nlm.nih.gov/34308486/ 

13. Roland PS. Sensorineural hearing loss overview. Medscape [Internet]. 2023. Available from: 

https://emedicine.medscape.com/article/835943-overview 

14. Nationwide Children’s Hospital. Auditory Brainstem Response (ABR) Testing [Internet]. Available from: 

https://www.nationwidechildrens.org/specialties/audiology/abr-testing 

15. Alzahrani M. Performance of hearing-impaired children with hearing aids and cochlear implants in auditory-verbal therapy. 

Otolaryngol Open Access J. 2023;4(2):140. Available from: https://lupinepublishers.com/otolaryngology-journal/fulltext/performance-

of-hearing-impaired-children-with-hearing-aid-and-cochlear-implant-in-auditory-verbal-therapy.ID.000140.php 

16. Al-Momani MO, Al-Ashqar S, Darawsheh W, Khader YS. Cochlear implants and quality of life in children: A longitudinal 

study. BMC Pediatr. 2017;17(1):176. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5598959/ 

17. Purnami N, Palandeng RW, Nugroho PS, Falerina R, Wiyadi HM, Arifianto D, Moon IS. Screening for hearing loss using the 

electronic whisper test: A prospective cross-sectional study. Int J Crit Illn Inj Sci. 2023;13(4):173-7. 

18. Nayak S, Bhanuprakash PN, Shariff MA, Nivedita N. Comparative Study of Hearing Assessment in Normal and High Risk 

Infants by Newborn Hearing Screening Methods in A Tertiary Care Institute. Int J Health Sci. 2023;(II):10354-9. 

19. JS, Gowda PRP, Naik SM, Somashekhar A. Hearing Screening in High-Risk Neonates Using Distortion Product Oto-Acoustic 

Emission. Indian J Otolaryngol Head Neck Surg. 2023;76(1):620-5. 

20. Kaveh M, Mirjalali SN, Shariat M, Zarkesh MR. Perinatal factors influencing the neonatal hearing screening results. BMC 

Pediatr. 2021;21(1):1-6. 



Volume 2 Issue 2: Hearing Assessment in Normal vs. High-Risk Infants   
Saleem A et al.  

 

 

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2024 et al. -Health And Research Insights-Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                21 

21. Sabbagh S, Amiri M, Khorramizadeh M, Iranpourmobarake Z, Nickbakht M. Neonatal Hearing Screening: Prevalence of 

Unilateral and Bilateral Hearing Loss and Associated Risk Factors. Cureus. 2021;13(6). 

22. Nishad A, Somayaji KG, Mithun HK, Sequeira N. A study of incidence of hearing loss in newborn, designing a protocol and 

methodology to detect the same in a tertiary health-care center. Indian J Otol. 2020;26(2):85-8. 

23. Aldè M, Di Berardino F, Ambrosetti U, Barozzi S, Piatti G, Consonni D, et al. Hearing outcomes in preterm infants with 

confirmed hearing loss. Int J Pediatr Otorhinolaryngol. 2022;161:111262. 

24. Raposo D, Orfão J, Menezes M, Trindade-Soares M, Guimarães A, Freire F. Auditory brainstem response in preterm infants in 

the neonatal intensive care unit. Otolaryngol Head Neck Surg. 2021;164(4):884-8. 

25. Han JH, Shin JE, Lee SM, Eun HS, Park MS, Park KI. Hearing impairments in preterm infants: factors associated with 

discrepancies between screening and confirmatory test results. Neonatal Med. 2020;27(3):126-32. 

26. Downing KF, Oster ME, Klewer SE, Rose CE, Nembhard WN, Andrews JG, et al. Disability among young adults with 

congenital heart defects: Congenital heart survey to recognize outcomes, needs, and well-being 2016–2019. J Am Heart Assoc. 

2021;10(21) 

27. Plack CJ. The sense of hearing. Routledge; 2018. 

28. Hearing impairment [Internet]. ScienceDirect. Available from: https://www.sciencedirect.com/topics/social-sciences/hearing-

impairment 

29. Olusanya BO, Ruben RJ, Parving A. Reducing the burden of communication disorders in the developing world: An opportunity 

for the Millennium Development Project. JAMA. 2006;296(4):441-4. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3139414/ 

30. Interacoustics. Otoacoustic emissions (OAE) training [Internet]. 2023. Available from: 

https://www.interacoustics.com/academy/oae-training/otoacoustic-emissions 

31. Polin RA, Committee on Fetus and Newborn, Papile LA, Baley JE, Bhutani VK, Carlo WA, et al. Management of neonates 

with suspected or proven early-onset bacterial sepsis. Pediatrics. 2012;129(5):1006-15. 

32. Simhadri M, Mundhe ST, George S, Bhise RS, Rad M. Audiologists' perspective on newborn hearing screening in a developing 

nation: a questionnaire-based survey. Egypt J Otolaryngol. 2024;40(1):6. Available from: 

https://ejo.springeropen.com/articles/10.1186/s43163-024-00617-1 

33. Yucel E, Derim D. The effect of hearing aids on speech perception in children with severe hearing loss. Int J Pediatr 

Otorhinolaryngol. 2016;80:16-23. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4710879/ 

34. Halliday LF, Tuomainen O, Rosen S. Auditory processing deficits are symptom-specific but not disorder-specific in children: 

a systematic review. Front Psychol. 2016;7:647. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4899359/ 

35. Olusanya BO, Bamigboye BA, Somefun AO. The Burden and Management of Infants with Life-long and Irreversible Hearing 

Impairment in Nigeria. Niger J Med. 2011;20(3):310-21. 

36. Lee S, Lee J, Lim J. The impact of hearing impairment on social participation: A systematic review. Disabil Rehabil. 

2024;46(1):45-54. Available from: https://www.tandfonline.com/doi/full/10.1080/03036758.2024.2399340 

37. Ferrer V, Gutierrez P, Galdon C, Galera M, Esteban C. The role of family-centered care in the quality of life of children with 

hearing impairment. Child Care Health Dev. 2021;47(3):367-73. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8160434/ 

38. Xu H, Jiang Y, Wu D, Zhang W. Early intervention and family support for children with hearing loss: A systematic review and 

meta-analysis. Int J Audiol. 2021;60(1):12-20. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9411478/ 

 

 


