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Abstract


Background: Few studies report prevalence rates of hearing loss in newborns for nationwide populations. The Dutch well-baby newborn hearing screening covers almost all eligible children and has high participation rates for follow-up screening rounds and diagnosis. This allows calculating reliable prevalence rates of permanent neonatal hearing loss specified by severity. Methods: Results from the well-baby newborn hearing screening program and diagnostic follow-up of referred children from 2015 to 2019 were included in calculating prevalence rates. Hearing loss was classified according to the degree of severity. Results: A total of 99.7% of 833,318 children eligible for screening were included. A total of 0.3% were referred for audiological diagnostics. Permanent bilateral hearing loss of ≥40 dB was diagnosed in 23.7% of them and unilateral hearing loss in 14.4%. A prevalence rate of 1.23 per 1000 children was found, 0.46 for unilateral hearing loss and 0.76 for bilateral hearing loss. Moderate hearing loss is most common in children with bilateral hearing loss (0.47), followed by profound (0.21) and severe (0.06) hearing loss. In children with unilateral hearing loss, prevalence rates are the highest for profound hearing loss (0.21), followed by moderate (0.16) and severe (0.09) hearing loss. A total of 87.5% of the children were diagnosed within the age of 3 months. Conclusions: Because of the high quality of the Dutch well-baby hearing screening program, reported results approximate true prevalence rates of permanent hearing loss by severity.
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1. Introduction


Prior to establishing newborn hearing screening programs, children with permanent hearing loss showed to have significantly lower language, literacy, and social-emotional outcomes than children without hearing loss [1]. The introduction of newborn hearing screening programs resulted in early identification and early start of intervention and improved developmental outcomes in children with hearing loss [1,2]. Early enrollment to early intervention services leads to better language, literacy, and social-emotional outcomes than later enrollment [1,3,4,5].



In the Netherlands, the youth health care services have been performing newborn hearing screening since its nationwide implementation in 2006 [6,7]. Newborn hearing screening was implemented in line with the European Consensus Statement on Neonatal Hearing Screening [8]. Most children are screened in a three-stage screening program. They are referred to a speech and hearing center for an audiological assessment after not passing the screening for the third time. There is a separate screening program for children in neonatal intensive care units (NICU) in the Netherlands, which concerns 2% of all newborns. In the current study, results from the well-baby hearing screening by the youth health care are reported. To calculate the prevalence of uni- and bilateral hearing loss among all newborns in the Netherlands results from the well-baby and NICU populations are combined.



The aim of newborn hearing screening is to identify children with a permanent hearing loss with a minimum of 40 dB in one or both ears in order to ensure that intervention can start early. The Joint Committee on Infant Hearing has recommended that newborn babies should receive a hearing screening by 1 month of age, a definitive diagnosis of hearing loss by 3 months of age, and enrollment in early intervention by 6 months of age [9]. These recommendations are commonly referred to as the 1-3-6 guidelines. These guidelines are also followed in the Netherlands, except for completion of screening within the first month of life. In the Netherlands, most children are born at home or in a maternity ward from which they are usually discharged within 24 h. Therefore, approximately 75% of all children are screened in the home environment [10]. For the other children, screening takes place at a well-baby clinic, during a special visit for hearing screening when babies are about 3 weeks old. Therefore, the one-month goal that is set in the international guidelines is extended to 6 weeks in the Netherlands. Since its implementation, the Dutch newborn hearing screening program is very stable and of high quality, with high coverage for each stage of screening and diagnostic testing, low referral rates, and timely screening and diagnosis [10,11,12,13,14,15]. This enables reliable statements about prevalence rates of hearing loss. Nationwide studies on the prevalence of permanent hearing loss specified by the severity of hearing loss are scarce. The current study aims at reporting the prevalence of permanent uni- and bilateral hearing loss specified by the severity of hearing loss in a well-baby population. The results from screening to the diagnosis of the well-baby hearing screening program in the Netherlands from 2015 to 2019 will be presented.




2. Materials and Methods


2.1. Screening Protocol


Two screening methods are used in the Netherlands: the otoacoustic emission (OAE) method and the automated auditory brainstem response (A-ABR) method. Both the OAE and the A-ABR screening devices use a threshold of 40 dB to detect hearing loss. Children are screened in three stages: if a child does not pass the first OAE screening, a second OAE screening follows. If a child does not pass the second OAE screening for one or both ears, a third screening with A-ABR is carried out. In rare cases, this screening path is shortened. There is a 4-to-7-day period between each screening session. If, after the A-ABR screening, satisfactory results for one or both ears have not been obtained, the child is referred to a speech and hearing center for further audiological diagnostics. This screening procedure should be completed within 42 days of birth. Children who are hospitalized (but not in the NICU) for a long period after birth follow a separate hearing screening protocol. This is also carried out by youth health care. The quality of the newborn hearing screening program is closely monitored, on a regional level by the youth health care organizations themselves as well as on a national level by The Netherlands Organization for Applied Scientific Research (TNO) at the commission of the National Institute for Public Health and the Environment, Center for Population Screening Program (RIVM-CvB), and discussed regularly.




2.2. Diagnostics


At the speech and hearing center, diagnostic audiological tests are performed in accordance with a national diagnostic protocol for neonates. Currently, there are 27 centers in the Netherlands where neonatal diagnostics are performed. The aim is to have completed all diagnostic hearing testing before the age of 3 months. The results of the diagnostic tests are reported to the Dutch Foundation for the Deaf and Hard of Hearing Child in order to monitor the well-baby hearing screening program. To classify children by degree of hearing loss, we used a classification based on the 1991 classification system of the World Health Organization [16], with exception of the boundary values. These were classified as indicated in Table 1.




2.3. Data Collection


Data on audiological diagnosis, degree of hearing loss, and timeliness of the diagnosis are extracted from the diagnostic results of the speech and hearing centers, which are stored in the national register of well-baby hearing screening diagnostics. Data on the screening program were obtained from national monitoring reports on neonatal hearing screening from TNO (2015–2019) [10,12,13,14,15]. Informed consent was obtained from the parents of all subjects involved in the study.





3. Results


From 2015 to 2019, 833,318 well-babies within the Dutch population were eligible for the newborn hearing screening, and 830,696 (99.7%) participated. A total of 0.3% of this population (2835 children) did not pass the hearing screening. These children were referred to a speech and hearing center for further audiological diagnostics. Diagnostic results are known for 94.6% of these children (2682 children). Reasons for missing data on the diagnostic results of the 153 children are: missing reports from the speech and hearing center (57.5%), not visiting the speech and hearing center for diagnostic testing (32.7%), no parental permission for using the diagnostic results (7.2%), diagnostic testing was not possible because of severe medical problems (1.3%) and children who passed away (1.3%). From the 2682 children with complete diagnostic results, 23.7% are diagnosed with bilateral hearing loss of at least 40 dB and 14.4% with unilateral hearing loss. This leads to a prevalence rate within well-babies of 0.46 per 1000 for unilateral hearing loss and 0.76 for bilateral hearing loss. An overall prevalence rate of 1.23 per 1000 children was detected for a permanent hearing loss in one or both ears. In 61.9% of the children, no permanent hearing loss was found, although temporary conductive hearing losses or hearing losses just below 40 dB were often present. An overview of these results is presented in Figure 1. In Table 2, the results are presented for each year separately.



3.1. Severity of Hearing Loss


For children with unilateral hearing loss, a moderate hearing loss was diagnosed in 35.0% of the children, a severe hearing loss in 18.0% of the children, and a profound hearing loss in 44.8% of the children. Within the group of children with bilateral hearing loss, most of the children were diagnosed with moderate hearing loss (62.0%). A severe hearing loss was diagnosed in 8.5% of the children and profound hearing loss in 28.0% of the children. Results are presented in Table 3.




3.2. Timeliness of Diagnosis


Diagnostic testing after the hearing screening should be completed before the child is 3 months of age. In the period from 2015 to 2019, 87.5% of the referred children received their diagnosis in time. For 87.2% of the children without permanent hearing loss, the diagnostic trajectory was finished before the age of 3 months. In Table 4, data on the timeliness of diagnosis are presented, categorized by severity of hearing loss. In the group of children with a profound bilateral hearing loss, 98.3% of the children were diagnosed before they were 3 months old. For children with moderate bilateral hearing loss, this percentage is slightly less, and 82.1% of these children received their diagnosis on time. A timely diagnosis for children with a profound unilateral hearing loss was found in 93.0% of the children, compared to 84.3% of children with a moderate unilateral hearing loss.





4. Discussion


In order to determine the prevalence rate of hearing loss of newborns in the Netherlands, all Dutch well-babies born in 2015–2019 were investigated. A total prevalence rate of 1.23 per 1000 newborns was found for a permanent hearing loss of ≥40 dB in one or both ears. The prevalence for permanent bilateral hearing loss was 0.76 per 1000 newborns, and for unilateral hearing loss, 0.46 per 1000. The current study reported on the data of the well-baby hearing screening program, which includes 98% of all newborns. The remaining 2% of the newborns are screened within the NICU program. Annual reports of the NICU hearing screening program of the same time period as the current study (2015–2019) reveal a prevalence of permanent hearing loss of ≥40 dB in one or both ears of 20.92 per 1000 NICU babies [17,18,19,20,21]. Combining our findings with the NICU results over the same time period leads to a prevalence rate of bilateral hearing loss in the complete Dutch newborn population of 1.22 per 1000 children and 0.63 per 1000 for unilateral hearing loss. This number is comparable to other studies reporting the prevalence of permanent hearing loss in newborns [22,23,24,25,26]. Recently, two meta-analyses reported on the prevalence of permanent hearing loss in newborns worldwide [22,23]. Bussé, Hoeve, Nasserinejad, Mackey, Simonsz and Goedegebure [23] reported a prevalence of bilateral hearing loss of 1.33 per 1000 and a prevalence of unilateral hearing loss of 0.78 per 1000 newborns. Butcher, Dezateux, Cortina-Borja and Knowles [22] reported a prevalence of bilateral permanent hearing loss ≥ 26 dB of 1.1 per 1000 newborns. Included studies were not nationwide and varied in sample size, the definition of hearing loss, quality of audiometric testing, and number of newborns that were lost to follow-up.



The present study indicates that bilateral hearing loss is more prevalent than unilateral hearing loss in newborns. Nevertheless, there is a considerable number of newborns with unilateral hearing loss. In the Netherlands, family-centered early intervention is only provided to children with a permanent bilateral hearing loss of ≥40 dB. However, research shows that children with unilateral hearing loss are also at risk for difficulties in their speech and language development and social-emotional development [27,28]. The Joint Committee on Infant Hearing, therefore, recommends early intervention for children with hearing loss as well [9]. The current data reveal that there is a substantial group of children with unilateral hearing loss in the Netherlands who might benefit from family-centered early intervention.



In the literature, only a few studies reported on the prevalence of hearing loss by severity [24,25,29,30]. In line with these previous studies, the current findings showed that moderate hearing loss was more prevalent than severe and profound hearing loss. Within the group of children with hearing loss, a moderate hearing loss was even more prevalent than severe and profound hearing loss put together. Despite this, research on children with moderate hearing loss has been less frequent in comparison to severe and profound hearing losses [31]. Fortunately, in the last years, more research has been conducted on children with moderate hearing loss [32,33,34], which contributes to our knowledge on the development of this group of children and the interventions needed.



While many newborn hearing screening programs worldwide are dealing with high percentages of lost to follow-up during screening and diagnostic testing [22,23], follow-up rates within the Dutch well-baby program are high. Participation is 99.5%–99.8% per screening round, and diagnostic results were lacking for only 5.4% of the children. Even among these, most children did visit the speech and hearing center, but data on their diagnosis were missing, or parents did not provide permission to share the results. For only 50 children (1.8%), it is known that they were truly lost to follow-up. This indicates that the current prevalence data approximate the true prevalence of permanent hearing loss in newborns. Still, as the aim of the screening program is to identify all children with hearing loss, it remains important to obtain insight into the reasons why parents do not visit the speech and hearing center for diagnostic testing of their child.



In order to provide children with hearing loss with the best developmental opportunities, it is important to diagnose them timely (before the age of 3 months), so intervention can start early. Of all children with permanent bilateral hearing loss in the current study, 86.9% received their diagnosis timely. The current findings indicate that completion of the diagnosis for children with a moderate hearing loss is slightly delayed compared to more severe hearing losses. This is in line with the results of a previous study on the Dutch newborn hearing screening population from 2014 [35]. According to Bosman and Goedegebure [35], a conductive component within the hearing loss is one of the main reasons for a delay in diagnosing a permanent hearing loss. Future research could examine the reasons for a delay in diagnosing hearing loss in a larger population. Furthermore, it would be interesting to investigate the start of intervention for the current study population. That would provide us with more insight about meeting the 1-3-6 goal in the Netherlands.



A limitation of the current study is that only data from the well-baby population were used to report on the severity of the hearing loss. While these data were combined with results from children screened in the NICU to calculate Dutch national prevalence rates of uni- and bilateral hearing loss of at least 40 dB, the information on the severity of hearing loss in the NICU population was not available. With these data, nationwide prevalence rates by the severity of hearing loss in the complete Dutch neonatal population could be provided. Presumably, hearing loss in children from the NICU is more severe than in the general population due to possible additional disabilities or syndromes.



Because of the high follow-up rates of the Dutch well-baby hearing screening program, we were able to report results that approximate true prevalence rates of permanent hearing loss. Prevalence rates were 0.76 and 0.46 per 1000 well-babies for bilateral and unilateral hearing loss, respectively. Including children from the NICU, national prevalence rates can be provided. These are 1.23 and 0.63 for bilateral and unilateral hearing loss of ≥40 dB, respectively.
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Figure 1. An overview of the results of the national well-baby hearing screening from 2015 to 2019. 
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Table 1. Classification of hearing loss in the better ear.
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	Grade of Impairment
	Hearing Loss





	Normal hearing
	<40 dB



	Moderate impairment
	40–60 dB



	Severe impairment
	60–80 dB



	Profound impairment
	>80 dB
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Table 2. Annual diagnostic results after well-baby hearing screening from 2015 to 2019.
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2015

	
2016

	
2017

	
2018

	
2019

	
Total




	

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%






	
Normal hearing/HL < 40 dB

	
311

	
61.5

	
319

	
61.9

	
358

	
65

	
325

	
58.5

	
348

	
62.8

	
1661

	
61.9




	
Unilateral HL

	
82

	
16.2

	
68

	
13.2

	
74

	
13.4

	
85

	
15.3

	
77

	
13.9

	
386

	
14.4




	
Bilateral HL

	
113

	
22.3

	
128

	
24.9

	
119

	
21.6

	
146

	
26.3

	
129

	
23.3

	
635

	
23.7




	
Total

	
506

	

	
515

	

	
551

	

	
556

	

	
554

	

	
2682
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Table 3. Prevalence of hearing loss ≥ 40 dB by severity in the well-baby population of the Netherlands in 2015–2019 (n = 833,318 children, number (n) and prevalence (‰) per 1000 eligible children).
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Severity

	
Unilateral HL

	
Bilateral HL

	
Total




	

	
n

	
‰

	
n

	
‰

	
n

	
‰






	
Moderate

	
135

	
0.16

	
394

	
0.47

	
529

	
0.63




	
Severe

	
72

	
0.09

	
54

	
0.06

	
126

	
0.15




	
Profound

	
173

	
0.21

	
178

	
0.21

	
351

	
0.42




	
Unknown

	
6

	
0.00

	
9

	
0.00

	
15

	
0.01
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Table 4. Timeliness of diagnosis categorized by severity of hearing loss 1.
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Unilateral HL

	
Bilateral HL






	

	
n

	
% Diagnosed within 3 Months

	
n

	
% Diagnosed within 3 Months




	
Moderate

	
134

	
84.3

	
391

	
82.1




	
Severe

	
72

	
91.7

	
54

	
85.2




	
Profound

	
172

	
93.0

	
178

	
98.3




	
Unknown

	
6

	
100.0

	
9

	
77.8




	
Total

	
384

	
89.8

	
632

	
86.9








1 Data from 5 children are missing because the date of diagnosis is lacking.
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