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ABSTRACT 

Deafness is an invisible disability that may often go undetected until school age, especially in children with no additional 

disabilities. It affects the social, emotional and cognitive development of an individual. However, this can be overcome through early 

identification and intervention, for which a screening programme is mandatory. But choosing any option needs realistic assessment 

of the magnitude of the problem in terms of prevalence as well as the risk factors operating in that specific context. So this study was 

performed to plan future neonatal screening programmes at Medical College Hospital, Thiruvananthapuram. The study was 

conducted on 402 babies born at SAT Hospital, Medical College, Thiruvananthapuram. The prevalence of neonatal hearing loss was 

found to be 0.8%. Craniofacial anomalies, family history of permanent childhood hearing loss and congenital infections were found 

to be the significant risk factors for hearing loss. 
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INTRODUCTION 

Hearing loss is one of the most common congenital defects. 

Approximately one child in 1000 is born with a bilateral 

permanent childhood hearing impairment.[1] When children 

are identified with hearing loss at birth and receive 

intervention before 6 months of age, they catch up with their 

normal hearing peers and develop essentially normal language 

by 5 years of age.[2] Conversely, children who are identified 

with hearing loss later in life and receive intervention after 6 

months of age, especially those with severe to profound 

hearing loss and with multiple handicaps struggle to catch up 

with their normal hearing peers. Yoshinaga Itano C, et al.[3] in 

his study on “Developmental outcomes of children with 

hearing loss born in Colorado Hospital with and without 

universal hearing screening program” found that 84% of 

children born in screening hospitals were identified with 

hearing loss prior to six months of age as compared to 8% of 

children in non-screen group. 

The screening strategies of young infants, specifically 

universal screening versus selective screening (High risk 

targeted approach) is a debate, especially in resource limited 

settings. In a study carried out by Huang LH, et al.[4] in China 

on Cost Effectiveness of Neonatal Hearing Screening 

Programme in China, they concluded that universal screening 

might be considered as the prioritized implementation goal, 

especially in those relatively developed provinces of China as 

it provides the best health and economic effects, while 

targeted screening might be temporarily more realistic than 

universal screening in those relatively developing provinces of 

China. 
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The fact that selective screening may miss considerable 

number of cases is the justification for universal screening in 

less developed countries also.[5] However, choosing any option 

needs realistic assessment of the magnitude of the problem in 

terms of prevalence of specific type of hard of hearing as well 

as the risk factors operating in that specific context. In this 

regard, the present study, a cross-sectional study was carried 

out to study the prevalence of neonatal hearing loss and study 

the association of various risk factors with the hearing loss. 

 

MATERIALS AND METHODS 

The study was conducted at Sree Avittam Thirunal (SAT 

Hospital) and Medical College Hospital (Government Medical 

College, Thiruvananthapuram). 

 

Study Design 

Cross-Sectional Study. 

 

Study Population 

Sample size: Calculated using the formula- 

 

N =Zα2P(1-P) 
d2 

 

Where, 

Z is a constant, Z=1.96 for α=0.05 level 

P is the prevalence of neonatal hearing loss, P= 0.56%.[6] 

d is precision, which is 20% of P. 

 

The sample size obtained with this calculation is 16,455. 

As it is not feasible to study these many subjects in our setup, 

a random sample of all the babies born in two of the six units 

of Department of Obstetrics and Gynaecology were decided to 

be studied; 402 babies born between June 2013 and May 2014 

in SAT Hospital in two (Unit 4 and Unit 6) out of the six units 

under the Department of Obstetrics and Gynaecology 

(Selected by simple random sampling) were included in the 

study. Babies whose parents did not give consent for testing 

were excluded from the study. 
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METHOD 

After obtaining an informed consent from the parents, a 

detailed history was taken and clinical examination carried 

out. A three stage hearing testing protocol was followed with 

TEOAE testing for stage 1 and 2 and BERA for stage 3. Babies 

were screened once with TEOAE testing in the neonatal period, 

24 hours after delivery and prior to discharge in a sound proof 

room at SAT Hospital (by the second author). Babies who 

failed the test in either or both ears were subjected to a repeat 

test, at followup at around 6 weeks. Babies who failed this 

rescreening were subjected to BERA test within 3 months of 

age. The second and third stage testing was carried out by an 

audiologist in a sound proof room in the Audiology 

Department. 

 

Statistical Analysis 

The statistical analysis of the data collected was done with SAS 

9.2, SPSS 15.0, Stata 10.1, MedCalc 9.0.1, Systat 12.0 and R 

environment ver. 2.11.1. 

Descriptive and inferential statistical analysis was 

carried out. Results on continuous measurements are 

presented on Mean±SD (Min-Max) and results on categorical 

measurements are presented in number (%). Significance was 

assessed at 5% level of significance; 95% Confidence Interval 

has been computed to find the significant features. Confidence 

Interval with lower limit more than 50% is associated with 

statistical significance. Chi-square test was used to find the 

significance of study parameters on categorical scale between 

two or more groups. 

 

RESULTS AND OBSERVATIONS 

A total of 402 babies were enrolled in the study. There were 

208 female and 194 male babies; 118 babies failed (‘Refer’) the 

test in the right ear and 122 babies failed (‘Refer’) the test in 

the left ear in the initial screening (Fig. 1). 

 

 

 
 

Fig. 1: First Screening Failures 

 

Out of the 118 babies who failed the test in the right ear, 

4 were lost to followup. In the remaining 114 babies, 109 

passed and 5 babies failed (‘Refer’) the test (Fig. 2). 

Out of the 122 babies who failed the test in the left ear, 7 

were lost to followup. Among the remaining 115, 110 passed 

the test and 5 failed (‘Refer’) (Fig. 3). 

 

 
 

Fig. 2: TEOAE Retest Findings in Right Ear 

 

 

 
 

Fig. 3: TEOAE Retest Findings in Left Ear 

 

Five babies were subjected to BERA. Among them, 3 

babies were diagnosed to have hearing loss (Fig. 4). All the 

babies with hearing loss were female babies. 

 

 

 
 

Fig. 4: BERA Findings 

 

Prevalence of hearing loss was found to be 0.8% (Fig. 5). 
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Fig. 5: Prevalence of Hearing Loss 

 

 

 
 

Fig. 6: Algorithm of Babies Screened for Hearing loss 

 

1) Association with family history of hearing loss 

Out of the 402 babies studied, 5 babies had a family history of 

hearing loss; 1 among the 5 babies with a family history of 

hearing loss was detected to be hearing impaired. The 

association was found to be statistically significant. 

 

Family 
History 

Hearing Loss 
Total No Hearing 

Loss 
Hearing 

Loss 
No 388(99%) 2(66.7%) 390(98.7%) 
Yes 4(1%) 1(33.3%) 5(1.3%) 

Total 392(100%) 3(100%) 395(100%) 
Table 1: Association of Hearing Loss with Family 

 History of Hearing Loss 
 

P<0.001, Significant 

 
2) Association with craniofacial anomalies 

Among the babies studied, 8 babies had craniofacial 

anomalies; 2 babies among them were diagnosed to have 

hearing loss. The association was found to be statistically 

significant. 

 

 

Craniofacial 
Anomaly 

Hearing Loss 
Total No Hearing 

Loss 
Hearing 

Loss 
No 386(98.5%) 1(33.3%) 387(98%) 
Yes 6(1.5%) 2(66.7%) 8(2%) 

Total 392(100%) 3(100%) 395(100%) 
Table 2: Association of Hearing Loss with Craniofacial 

Anomalies 
 

P<0.001, Significant 
 

3) Association with birth weight less than 1.5kg 

There were 36 babies with birth weight less than 1.5kg. None 

of them were detected to have hearing loss. The association 

was not found to be statistically significant. 

 

Birth 
Weight 

(kg) 

Hearing Loss 
Total No Hearing 

Loss 
Hearing 

Loss 
≥1.5 356(90.8%) 3(100%) 359(90.9%) 
<1.5 36(9.2%) 0(0%) 36(9.1%) 

Total 392(100%) 3(100%) 395(100%) 

Table 3: Association of Hearing Loss with 
 Birth Weight Less Than 1.5 kg 

 

P=0.582, Not Significant 
 

4) Association with ototoxic medication 

153 out of the 402 babies had received ototoxic medication. 

One among them had hearing loss. The association was not 

statistically significant. 
 

Administration 
of Ototoxic 
Medication 

Hearing Loss 
Total No Hearing 

Loss 
Hearing 

Loss 
No 241(61.5%) 2(66.7%) 243(61.5%) 
Yes 151(38.5%) 1(33.3%) 152(38.5%) 

Total 392(100%) 3(100%) 395(100%) 

Table 4: Association of Hearing Loss with 
Administration of Ototoxic Medication 

 

P=0.854, Not Significant 
 

5) Association with NICU stay for more than 5 days 

46 of the 402 babies studied were admitted in the NICU for 

more than 5 days. One among them was detected to have 

hearing loss. The association was not found to be statistically 

significant. 
 

NICU 
Stay 

Hearing Loss 
Total No Hearing 

Loss 
Hearing 

Loss 
No 347(88.5%) 2(66.7%) 349(88.4%) 
Yes 45(11.5%) 1(33.3%) 46(11.6%) 

Total 392(100%) 3(100%) 395(100%) 
Table 5: Association of Hearing Loss with NICU 

Stay for more than 5 Days 
 

P=0.240, Not Significant 
 

6) Association with APGAR scores 

15 of the 402 babies had an APGAR score between 0 to 4 at 1 

minute and 0 to 6 at 5 minutes. None of these babies had 

hearing loss. The association was not found to be statistically 

significant. 
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APGAR 
Score 

Hearing Loss 
Total 

(n=395) 
P 

value 
No Hearing 

Loss 
(n=392) 

Hearing 
Loss 

(n=3) 
1 min.     

>4 377(96.2%) 3(100%) 380(96.2%) 
0.730 

0 to 4 15(3.8%) 0(0%) 15(3.8%) 
5 mins.     

>6 387(98.7%) 3(100%) 390(98.7%) 
0.844 

0 to 6 5(1.3%) 0(0%) 5(1.3%) 
Table 6: Association of Hearing Loss with APGAR Scores 

 

7) Association with maternal diabetes mellitus 

63 of the 402 babies studied were born to diabetic mothers. 

None of them had hearing loss. The association was not found 

to be statistically significant. 

 

Maternal 
Diabetes 
Mellitus 

Hearing Loss 
Total No Hearing 

Loss 
Hearing 

Loss 
No 329(83.9%) 3(100.0%) 332(84.1%) 
Yes 63(16.1%) 0 63(15.9%) 

Total 392(100.0%) 3(100.0%) 395(100.0%) 
Table 7: Association of Hearing Loss with 

 Maternal Diabetes Mellitus 
 

P value = 0.45, Not Significant 

 

DISCUSSION 

The prevalence of hearing loss in this study is 0.8%. The 

relatively high value in our study could be because SAT 

Hospital is a tertiary referral centre and has a greater 

proportion of high risk newborns. 

In the present series, out of the 402 babies studied 5 

babies had a family history of hearing loss, that is 1.2% had a 

family history of hearing loss; 1 baby was born to deaf mute 

parents, mother and maternal uncle had hearing loss in 

another, 2 babies had a history of hearing loss in a maternal 

uncle and another a history of hearing loss in older sibling. The 

baby born to deaf mute parents was detected to have hearing 

loss. Association of family history of hearing loss with neonatal 

hearing loss was found to be significant (p value <0.001) in our 

study. This is comparable to the findings of Nie W, et al.[7] In 

another study carried out by Imam S.S. et al.[5] in Egypt, 

consanguinity was the most prevalent risk factor for hearing 

loss comprising 46%. 

Eight out of the 402 (2%) babies had a craniofacial 

anomaly. Three babies had preauricular skin tags and one each 

had low set ears, cryptotia, cleft palate, unilateral choanal 

atresia and retrognathia. The babies with cryptotia and 

retrognathia were detected to have hearing loss. The 

association of craniofacial anomalies with neonatal hearing 

loss was found to be statistically significant (p<0.001). Similar 

findings were found in studies by Nie W, et al.[7] Stilianos E. 

Kountakis, et al.[8] and Lachowska M, et al.[9] 

36 out of the 402 (9%) babies born had a birth weight of 

less than 1.5kg. None of these babies had hearing loss. The 

association with low birth weight was not found to be 

statistically significant (p=0.582). This is against the findings 

of Nie W, et al.[7] Stilianos E. Kountakis, et al.[8] Akinola.[10] and 

John Jewel, et al.[11] and could be due to the smaller sample size 

in the present study. 

153 out of the 402 (38.1%) babies were administered 

ototoxic medication. The medications administered included 

amikacin and vancomycin. Only one of the babies 

administered, these medications was found to have hearing 

loss. The association was not found to be statistically 

significant. However, in a study by Bielecki, et al.[12] in which 

5282 infants were examined, only a small percentage (2.86%) 

of SNHL appeared to be due to the use of ototoxic medications, 

despite the fact that this factor was the most prevalent 

(33.13%) of all analysed risk factors of hearing impairment. 

After ototoxic medications, the frequencies of risk factors in 

their study were as follows: premature birth (16.21%); low 

birth weight (12.04%); intensive care in excess of 7 days 

(10.64%). As the number of coexisting risk factors increases, 

the probability of SNHL in infants is also seen to increase. For 

children with one to four coexisting risk factors, the 

probability of SNHL ranges from 3.15% to 5.56%; for five or 

more risk factors the probability nearly doubles. In our study, 

the baby with hearing loss who had been administered 

ototoxic medication, also had CMV infection, osteopetrosis and 

retrognathia and was admitted in the NICU for 6 days. 

46 of the 402 (11.4%) babies studied were admitted in 

the NICU for more than 5 days. One among them who was 

detected to have hearing loss, was admitted in NICU for 6 days. 

The association with NICU admission in the present study was 

not found to be statistically significant (p=0.24). However, in 

studies by Martínez-Cruz et al.[13] and Lachowska M et al.[9] 

longer stay in NICU and under mechanical ventilation was 

associated with a significant risk of hearing loss. It is possible 

that babies with auditory neuropathy could have been missed 

in our study as the initial screening was carried out with 

TEOAE testing only. 

Fifteen of the 402 (3.7%) babies had an APGAR score of 

0 to 4 at 1 minute and 5 (1.2%) babies had an APGAR score of 

0 to 6 at 5 minutes. The P values were 0.73 and 0.844 and were 

not statistically significant. However, in studies by Meyer C et 

al.[14] and John Eichwald et al.[15] these APGAR scores were 

found to be statistically significant. The lack of association in 

this study is probably due to the smaller sample size. 

Sixty three of the 402 (15.7%) babies studied were born 

to diabetic mothers. Among them, 58 mothers had gestational 

diabetes mellitus and were on diet control; 4 mothers had 

gestational diabetes and were on insulin therapy. One mother 

had type 1 diabetes mellitus and was on insulin therapy from 

7 years of age. None of the babies born to the diabetic mothers 

had hearing loss. There was no significant association of 

maternal diabetes mellitus with hearing loss in the present 

study (p value=0.45). However, in a study by Stilianos E. 

Kountakis, et al.[8] maternal diabetes mellitus was found to be 

significantly associated with neonatal hearing loss. Also, in a 

study by Akeem Olasisi et al.[16] maternal preeclampsia was 

found to be a significant risk factor for hearing loss. Maternal 

diabetes mellitus and preeclampsia are not included as risk 

factors for hearing loss in the JCIH 2007 guidelines.[17] Further 

studies will be needed to determine whether inclusion of these 

additional risk factors in a hearing screening program will be 

necessary. 
 

CONCLUSION 

In our study, the prevalence of neonatal hearing loss is 0.8%. 

Family history of hearing loss, craniofacial anomalies and 

intrauterine infection were found to be the significant risk 
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factors. Very low birth weight, administration of ototoxic 

medication, APGAR score 0 to 4 at 1 minute and 0 to 6 at 5 

minutes, NICU admission for more than 5 days and maternal 

diabetes mellitus were not found to have a significant 

association with neonatal hearing loss. 

Universal Newborn Hearing Screening (UNHS) has 

become a national practice in most developed countries. The 

identification of all newborns with hearing loss before 6 

months of age has now become a realistic and attainable goal. 

Although hearing impairment has an adverse effect on 

language acquisition, communication and cognitive 

development, these can be overcome through early detection 

and intervention. In this pilot study carried out, screening was 

carried out randomly. We could identify hearing loss in ‘at risk’ 

babies only. This is probably due to our limited sample size. 

Further study will be needed to determine whether inclusion 

of additional risk factors in a hearing screening program can 

provide an efficacious alternative to the use of UNHS. The full 

potential of the technological advances that have been made in 

diagnostic audiology and rehabilitation and treatment of the 

hearing impaired can only be rightfully exploited if early 

identification of hearing impaired babies is meticulously 

carried out. 
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