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Presentation Overview

• Study background and aims

• Methodology

• Results and discussion

• Limitations

• Conclusion and future studies



Study Background
Introduction and study aims
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Congenital Hearing Loss 

• One of the most prevalent chronic childhood 
conditions (Korver et al., 2017).

• Local prevalence (Low et al., 2005): 
• 4 in 1000 born with CHL
• 1.7 in 1000 with severe to profound CHL

• Crucial in the first 3.5 years for speech and 
language development (Dorman et al., 2007; Sharma et al., 
2015).
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The Need for UNHS 

• Early diagnosis  reading and communication 
abilities 
(McCann et al., 2009; Pimperton et al., 2016; Worsfold et al., 2010).

• Early intervention  speech and language 
(Ching et al, 2013; Cupples et al., 2018; Yoshinaga-Itano et al., 2018).

• Joint Committee on Infant Hearing (2007):
• 1-3-6 rule
• Important challenge: Lost to follow-up
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UNHS information
Hi-Track database and SAP software

Retrospective Study
NUH-born infants: 2004-2014

Hearing Diagnosis and Intervention
CPSS and Noah software system

UNHS-referred Infants
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LTF data from 
CPSS!

Language Outcomes (1.5 – 7 yrs old) and 
Education Pathway 

CPSS and physical records of routine 
language assessments

Intervened Infants
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Results and Discussion
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Figures: 2004 to 2014

434,105 live births in Singapore 
(Registry of Births and Deaths)

29,972 (6.9%) infants
born in NUH

29,671 (99.0%) infants
eligible for UNHS
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Aim 1: Performance Assessment


		Performance                                                         criteria

		Number of infants (%)

		         JCIH Recommendations

Criteria                                Met



		Coverage rate 

		29,489 of 29,671 (99.4)

		-

		-



		Referral rate

Similar to reported literature (Low et al., 2005)

		157 of 29,671 (0.5)

		Less than 4%

		✓



		Screened by 1 month of age

		 Estimated ~90.0% of 29,671

		More than 95% 

		✗



		Diagnosed by 3 months of age

		48 of 127 (37.8)

		At least 90%

		✗



		Intervened by 6 months of age

		15 of 74 (20.3)

		-

		-



		Follow-up rate

		763 of 886 (86.1)

		At least 70%

		✓
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Prevalence of CHL
4 per 1000 newborns

Similar to reported 
studies

(Low et al., 2005; 
Wroblewska-Seniuk et al., 2018)
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Degree

23.1%

11.1%

12.8%19.7%

33.3%

Hearing Profiles (n = 117)
Type

Sensorineural
Conductive
Mixed
Sensorineural + mixed
ANSD
Unconfirmed

43.6%
11.1%
2.6%
0.9%
5.1%
36.7%

Mild

Moderate Severe

Profound

Unspecified
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Degree of Hearing Loss on Early 
Diagnosis/Intervention?

Via Logistic Regression:
 Degree of HL was a significant predictor of early

intervention (p-value = 0.0023)
• In line with other studies (Ching et al., 2013) though

some contradict as well (Holte et al., 2012; Spivak et
al., 2009)

✗ But not for early diagnosis (p-value = 0.13)
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Aim 3: Lost to Follow-up
1st screening

2nd screening

Diagnosis of CHL

Intervention

Follow-up

4.2% (n = 896)

9.5% (n = 147)

35.0% (n = 117)

31.1% (n = 74)
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Aim 3: Lost to Follow-up
Observed reasons:

• Pressing medical conditions

• Additional disabilities

• Complicated family 
dynamics

• Parents: no concerns with 
their child’s hearing

• Seeking intervention 
elsewhere

1st screening

2nd screening

Diagnosis of CHL

Intervention

Follow-up

9.5% (n = 147)

31.1% (n = 74)
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Aim 3: Lost to Follow-up
Observed reasons:

• Pressing medical conditions

• Parents: no concerns with 
their child’s hearing

Also reported in other 
literature (Lam et al., 2018; 
Ravi et al., 2016; Barker et 
al., 2013).

1st screening

2nd screening

Diagnosis of CHL

Intervention

Follow-up

9.5% (n = 147)

31.1% (n = 74)
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Degree of Hearing Loss on LTF?
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• Trend was not observed: LTF rates did not 
increase with lesser degrees of hearing loss.

• Logistic regression: degree of hearing loss was 
not a predictor of LTF (p-value = 0.573).

• Unilateral CHL (n = 20): minority (40%) were LTF 
cases

Degree of Hearing Loss on LTF?
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Aim 4: Language and Education 
Outcomes
Case study of 3 infants:

Controlled for:
age  gender  audiological profile  audiological

intervention  no additional disabilities

• All went to mainstream primary schools
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Aim 4: Language Outcomes




		CELF P-2 scores

		Infant 1

		Infant 2

		Infant 3



		

		

		

		



		Age of HA fitting/CI switch-on (months)

		10.3/46.1

		3.5/12.7

		4.5/33.8



		Age of language assessment/ post CI switch-on (months)

		79.8/33.4

		75.3/62.6

		86.9/53.2



		Receptive Language 

		85 (mild)

		97 (no delay)

		73 (moderate)



		Expressive Language 

		85 (mild)

		75 (moderate)

		71 (moderate)



		Core Language 

		84 (mild)

		85 (mild)

		70 (severe)
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CELF P-2 Percentile Ranks

?
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Aim 4: Language Outcomes
Highlight:

• Infant 2: Better language results with earlier CI 
intervention vs Infant 3. 

• CI implanted between 12-18 months: significantly 
better CELF assessment scores vs implant ages of 
Infants 1 and 3 (Dettman et al., 2016).

• Early diagnosis and intervention: optimal window 
for CI implantation.
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Limitations
• Retrospective study:
 incomplete data
 unable to contact parents: LTF 

reasons, maternal education etc.

• Language assessments:
 small sample
 norms may not be appropriate

• Speech assessments not routinely 
done.
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Conclusion and future 
studies
• Two of the JCIH recommendations 

were met:
focus on barriers to early diagnosis 
and intervention.

• Prevalence of CHL: 4 in 1000
• Degree of hearing loss: predictor of 

early intervention.
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• LTF rates highest following 
diagnosis: further study of LTF 
reasons (via parental interviews).

• Early diagnosis and intervention 
play a role for early CI implantation.

• Future longitudinal studies: 
predictors for speech, language and 
education outcomes.

Conclusion and future 
studies



29

Acknowledgements

• Dr Jenny Loo
• Prof. Roy Joseph
• A/Prof. Loh Woei-Shyang
• Mdm Ng Pick Gate
• Ms Guo Tong and NUH speech therapists
• Ms Chen Yuqing
• NUS Audiology faculty members
• NUS Audiology Classmates



30

References
Barker, M. J., Hughes, E. K., & Wake, M. (2013). NICU-only versus universal screening for newborn

hearing loss: Population audit. Journal of Paediatrics and Child Health, 49(1), E74-79.
Ching, T. Y. C., Dillon, H., Marnane, V., Hou, S., Day, J., Seeto, M., … Yeh, A. (2013). Outcomes of

Early- and Late-identified Children at 3 Years of Age: Findings from a Prospective Population-
based Study. Ear and Hearing, 34(5), 535–552.

Cupples, L., Ching, T. Y., Button, L., Seeto, M., Zhang, V., Whitfield, J., … Marnane, V. (2018). Spoken
language and everyday functioning in 5-year-old children using hearing aids or cochlear implants.
International Journal of Audiology, 57(sup2), S55–S69.

Dettman, S. J., Dowell, R. C., Choo, D., Arnott, W., Abrahams, Y., Davis, A., … Briggs, R. J. (2016).
Long-term Communication Outcomes for Children Receiving Cochlear Implants Younger Than 12
Months: A Multicenter Study. Otology & Neurotology: Official Publication of the American
Otological Society, American Neurotology Society [and] European Academy of Otology and
Neurotology, 37(2), e82-95.

Dorman, M. F., Sharma, A., Gilley, P., Martin, K., & Roland, P. (2007). Central Auditory Development:
Evidence from CAEP Measurements in Children Fit with Cochlear Implants. Journal of
Communication Disorders, 40(4), 284–294.

Holte, L., Walker, E., Oleson, J., Spratford, M., Moeller, M. P., Roush, P., … Ou, H. (2012). Factors
Influencing Follow-up to Newborn Hearing Screening for Infants who are Hard-of-Hearing.
American Journal of Audiology, 21(2), 163–174.



31

References
Joint Committee on Infant Hearing. (2007). Year 2007 Position Statement: Principles and Guidelines

for Early Hearing Detection and Intervention Programs. Pediatrics, 120(4), 898–921.
Korver, A. M. H., Smith, R. J. H., Van Camp, G., Schleiss, M. R., Bitner-Glindzicz, M. A. K., Lustig, L. R.,

… Boudewyns, A. N. (2017). Congenital hearing loss. Nature Reviews Disease Primers, 3, 16094.
Lam, M. Y. Y., Wong, E. C. M., Law, C. W., Lee, H. H. L., & McPherson, B. (2018). Maternal knowledge

and attitudes to universal newborn hearing screening: Reviewing an established program.
International Journal of Pediatric Otorhinolaryngology, 105, 146–153.

Low, W. K., Pang, K. Y., Ho, L. Y., Lim, S. B., & Joseph, R. (2005). Universal newborn hearing screening
in Singapore: the need, implementation and challenges. Annals of the Academy of Medicine,
Singapore, 34(4), 301–306.

McCann, D. C., Worsfold, S., Law, C. M., Mullee, M., Petrou, S., Stevenson, J., … Kennedy, C. R. (2009).
Reading and communication skills after universal newborn screening for permanent childhood
hearing impairment. Archives of Disease in Childhood, 94(4), 293–297.

Pimperton, H., Blythe, H., Kreppner, J., Mahon, M., Peacock, J. L., Stevenson, J., … Kennedy, C. R.
(2016). The impact of universal newborn hearing screening on long-term literacy outcomes: a
prospective cohort study. Archives of Disease in Childhood, 101(1), 9–15.

Ravi, R., Gunjawate, D. R., Yerraguntla, K., Lewis, L. E., Driscoll, C., & Rajashekhar, B. (2016). Follow-
up in newborn hearing screening - A systematic review. International Journal of Pediatric
Otorhinolaryngology, 90, 29–36.



32

References
Sharma, A., Campbell, J., & Cardon, G. (2015). Developmental and cross-modal plasticity in deafness:

Evidence from the P1 and N1 event related potentials in cochlear implanted children. International
Journal of Psychophysiology : Official Journal of the International Organization of Psychophysiology,
95(2), 135–144.

Spivak, L., Sokol, H., Auerbach, C., & Gershkovich, S. (2009). Newborn hearing screening follow-up:
factors affecting hearing aid fitting by 6 months of age. American Journal of Audiology, 18(1), 24–
33.

Worsfold, S., Mahon, M., Yuen, H. M., & Kennedy, C. (2010). Narrative skills following early
confirmation of permanent childhood hearing impairment. Developmental Medicine and Child
Neurology, 52(10), 922–928.

Wroblewska-Seniuk, K., Dabrowski, P., Greczka, G., Szabatowska, K., Glowacka, A., Szyfter, W., &
Mazela, J. (2018). Sensorineural and conductive hearing loss in infants diagnosed in the program of
universal newborn hearing screening. International Journal of Pediatric Otorhinolaryngology, 105,
181–186.

Yoshinaga-Itano, C., Sedey, A. L., Wiggin, M., & Mason, C. A. (2018). Language Outcomes Improved
Through Early Hearing Detection and Earlier Cochlear Implantation. Otology & Neurotology: Official
Publication of the American Otological Society, American Neurotology Society [and] European
Academy of Otology and Neurotology, 39(10), 1256–1263.



Thank you!

Any questions?
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