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Objective: To define the risk factors for hearing loss in infants (aged 3 months) under universal
hearing screening program.
Materials and methods: A total of 3,120 infants (aged 3 months) who underwent hearing
screening using a universal hearing screening program using automated otoacoustic emission test
between November 1, 2010 and May 31, 2012 in Uttaradit Hospital, Buddhachinaraj Hospital,
and Sawanpracharuk Hospital (tertiary hospitals) located in Northern Thailand were included
in this prospective cohort study.
Results: Of the 3,120 infants, 135 (4.3%) were confirmed to have hearing loss with the conventional otoacoustic emission test. Five of these 135 infants (3.7%) with hearing loss showed
test results consistent with auditory brainstem responses. From the univariable analysis, there
were eleven potential risk factors associated with hearing deterioration. On multivariable analysis, the risk factors independently associated with hearing loss at 3 months were birth weight
1,500–2,500 g (risk ratio [RR] 1.6, 95% confidence interval [CI] 1.1–2.6), APGAR score ,6 at
5 minutes (RR 2.2, 95% CI 1.1–4.4), craniofacial anomalies (RR 2.5, 95% CI 1.6–4.2), sepsis
(RR 1.8, 95% CI 1.0–3.2), and ototoxic exposure (RR 4.1, 95% CI 1.9–8.6).
Conclusion: This study concluded that low birth weight, APGAR score ,6 at 5 minutes, craniofacial anomalies, sepsis, and ototoxic exposure are the risk factors for bilateral hearing loss in
infants (aged 3 months) and proper tests should be performed to identify these risk factors. As
an outcome, under the present circumstances, it is suggested that infirmary/physicians/general
practitioners/health action centers/polyclinics should carry out universal hearing screening in
all infants before 36 weeks. The public health policy of Thailand regarding a universal hearing
screening program is important for the prevention of disability and to enhance people’s quality
of life.
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Identification of all the infants (aged 3 months) with hearing loss should be done as
early as possible to enable early treatment. Initial hearing screening has been perceived
as the forecaster of hearing loss in infants.1 The aim of universal hearing screening
was to recognize hearing loss at an early age and provide suitable amplification and
treatment at 3 months of age. Early hearing problem detection is supported in infants
to reduce the effect of hearing loss on learning, social and emotional progression
as it is considered the greatest tool for conversation acquirement2,3 by a multidisciplinary team (otolaryngologists, pediatricians, audiologist, audiology technicians,
and nurses).4,5 This research acts as a primary article for identifying risk factors in
infants (aged 3 months) under the universal hearing screening program from three
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h ospitals, of a tertiary care center located in Northern
Thailand (including Uttaradit Hospital, Buddhachinaraj
Hospital, and Sawanpracharuk Hospital). The infants were
selected, as suggested by the Joint Committee of Infant
Hearing.6 The screening test was the otoacoustic emission
(OAE) test. It is accomplished in a few minutes and can
be performed without an audiologist. The outcomes are a
“pass” or a “refer”, where those who obtained a “pass” are
considered to have a hearing loss no more than 35 dB and
those who obtained a “refer” are referred for more testing.
Hearing loss is verified in three out of 1,000 infants,1–3,6–8
but the frequency extent to influence is 2%–5%1,2 in the
high-risk group that comprises infants with low birth weight,
craniofacial anomaly, sepsis, and in consequences of ototoxic
medication. Among low-risk cases, the frequency of hearing
loss was extremely low. This research was aimed at identifying the risk factors for hearing loss in infants (aged 3 months)
under the universal hearing screening program.

Materials and methods
Study design
This was a prospective cohort study aimed at identifying the
risk factors associated with hearing loss of all infants (aged
3 months) in Uttaradit Hospital, Buddhachinaraj Hospital,
and Sawanpracharuk Hospital, the tertiary hospitals located
in Northern Thailand between November 1, 2010 and May
31, 2012.

Study population
All infants were entered in the study, both the “normal” group
and the high-risk group based on the “high-risk” criteria of
the Joint Committee on Infant Hearing 1994.6

Inclusion criteria
All infants in the three hospitals who passed the three steps
of the hearing test.

Exclusion criteria
1.
2.
3.
4.

Atresia or stenosis of external ear canal – both ears.
Not allowed by parents.
Referred to other hospitals or incomplete follow-up.
Death.

Statistical analysis
The statistical analyses were descriptive statistics, univariate and multivariate risk regression analysis. Descriptive statistics were used to present characteristics of infants
included in this study. Univariate comparison of baseline
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characteristics between high-risk infants group and normal
infants group was performed using frequency and percent
distribution. Exact probability test for categorical variables,
and independent Student’s t-test or Wilcoxon rank sum test,
as appropriate, were used for continuous variables. The risk
factors were analyzed using regression for risk ratio (RR). For
all statistical tests, P-value less than 0.05 were considered as
significant. All analyses were conducted using Stata® version
11.0 (StataCorp LP, College Station, TX, USA).

Study procedure
This study was approved by the Faculty of Medicine Ethics
Council Chiang Mai University Thailand and written informed
consent was obtained in all cases. The hearing test was completed in three steps. The automated and conventional OAE
tests were evaluated in the first two steps and auditory brainstem
response (ABR) was evaluated in the third stage. Newborns
were assessed using the automated OAE test within 2–3 days
before hospital discharge or within 1 month of age. The Madsen
Accuscreen Pro T is the mode for self-operating ascertainment
of transient evoked OAE and gives a “pass” or a “refer” result.
If the result was a “refer”, the infants were rescreened by conventional OAEs at third month of age. If the infant presented
yet another “refer”, then they were retested with ABR. Children’s recognition of, and risk factors of hearing deterioration,
evaluating outcome with automated OAEs, conventional OAEs,
and ABR were grouped and analyzed. Parameters recorded in
this study were: number of infants, sex, maternal age, maternal
disease, type of birth, gestational age, birth weight, APGAR
score, level of hearing loss, cochlear implant, auditory training, hearing aid fitting, counseling, use of breathing machine,
ototoxic exposure, family history of congenital hearing loss,
severe hyperbilirubinemia, sepsis, meningitis, intrauterine
congenital anomaly, OAE test results at first month, OAE test
results at third month, and ABR at third month.

Results
During the study period, 3,120 infants were recruited. There
were 1,534 (49.2%) boys and 1,586 (50.8%) girls. One hundred and thirty five infants (4.3%) failed the conventional
OAE test and five infants’ results (3.7%) were confirmed by
ABR. Table 1 showed the basic characteristic of the infants.
Univariable risk regression of risk factors of the hearing loss
of infants (aged 3 months) were conducted. The risk factors
of these infants were sepsis (RR 27.6, 95% confidence interval [CI] 19.6–38.7), family history of innate sensorineural
hearing deterioration (RR 25.5, 95% CI 14.4–45.1), use of
breathing machine .5 days (RR 25.2, 95% CI 18.0–35.3),
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Table 1 Characteristics of study subjects (n=3,120)
Characteristics

Auditory brainstem
response at 3 months

P-value

Hearing
Normal
loss (n=135) (n=2,985)
N

%

N

%
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Maternal age (years)

,0.001

,20
20–35
.35
Maternal diseases
No
Yes
Intrauterine infection
No
Yes
Family history of congenital
sensorineural hearing loss
No
Yes
Birth weight (g)

5
109
21

3.7
80.7
15.6

59
2,879
47

1.9
96.5
1.6

,1,500
1,500–2,500
.2,500
APGAR score at 5 minutes

11
25
99

8.2
18.5
73.3

58
323
2,604

2.0
10.8
87.2

Normal ($6)
Abnormal (,6)
Craniofacial anomalies
No
Yes
Use of breathing machine
.5 days
No
Yes
Meningitis
No
Yes
Sepsis
No
Yes
Ototoxic exposure
No
Yes
Severe hyperbilirubinemia
(term $18 mg/dL, preterm
$15 mg/dL)
No
Yes

64
71

47.4
52.6

2,909
76

97.5
2.5

,0.001
124
11

91.8
8.2

2,947
38

98.7
1.3

130
5

96.3
3.7

2,981
4

99.9
0.1

,0.001

,0.001
122
13

90.4
9.6

2,985
0

100.0
0.0
,0.001

,0.001

,0.001
105
30

77.8
22.2

2,964
21

99.3
0.7
,0.001

65
70

48.1
51.9

2,927
58

98.1
1.9

120
15

88.9
11.1

2,983
2

99.9
0.1

75
60

55.6
44.4

2,957
28

99.1
0.9

58
77

43.0
57.0

2,899
86

97.1
2.9

,0.001

,0.001

,0.001

,0.001

92
43

68.1
31.9

2,964
21

99.3
0.7

Abbreviations: APGAR, Activity Pulse Grimace Appearance and Respiration.

ototoxic exposure (RR 24.1, 95% CI 17.1–33.9), meningitis
(RR 22.8, 95% CI 13.3–39.0) as shown in Table 2. Multivariable risk regression of risk factors of the hearing loss of
infants (aged 3 months) was analyzed. The risk factors at 3
months were birth weight 1,500–2,500 g (RR 1.6, 95% CI
1.1–2.6), APGAR score ,6 at 5 minutes (RR 2.2, 95% CI
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Table 2 Univariable risk regression of risk factors of the hearing
loss of infants (aged 3 months)
Characteristics

Risk ratio

95% CI

P-value

Intrauterine infection
Family history of congenital
sensorineural hearing loss
Birth weight ,1,500 g
Birth weight 1,500–2,500 g
APGAR score ,6 at 5 minutes
Craniofacial anomalies

13.3
25.5

5.4–32.5
14.4–45.1

,0.001
,0.001

4.3
2.0
22.4
17.2
25.2
22.8
27.6
24.1
22.3

2.3–8.1
1.3–3.0
16.0–31.4
11.4–25.8
18.0–35.3
13.3–39.0
19.6–38.7
17.1–33.9
15.5–32.1

,0.001
0.003
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

Use of breathing machine .5 days
Meningitis
Sepsis
Ototoxic exposure
Severe hyperbilirubinemia (term
$18 mg/dL, preterm $15 mg/dL)

Abbreviation: CI, confidence interval; APGAR, Activity Pulse Grimace Appearance
and Respiration.

1.1–4.4), craniofacial anomalies (RR 2.5, 95% CI 1.6–4.2),
Risk factors for hearing loss sepsis (RR 1.8, 95% CI 1.0–3.2),
and ototoxic exposure (RR 4.1, 95% CI 1.9–8.6) as shown
in Table 3.

Discussion
The aim was to define the risk factors for infants (aged
3 months) with hearing loss within a suitable period of time
and to provide guidelines to prevent the evolution of hearing
loss and its advancement.1,3,6,7 Accurate diagnosis of hearing
loss within the first 3 months of life expands the possibility of
proper auditory processing and conversation and diminishes
neuropsychological obstacles.2 Automated OAE tests, conventional OAE tests, and ABR hearing screening for infants
(aged 3 months) is possible and can assist to identify hearing
Table 3 Multivariable risk regression of risk factors of the hearing
loss of infants (aged 3 months)
Risk factors

Risk ratio

95% CI

P-value

Intrauterine infection
Family history of congenital
sensorineural hearing loss
Birth weight ,1,500 g
Birth weight 1,500–2,500 g
APGAR score ,6 at 5 minutes
Craniofacial anomalies

2.3
1.9

0.8–6.0
0.9–3.7

0.103
0.064

1.4
1.6
2.2
2.5
1.4
0.9
1.8
4.1
1.7

0.7–2.8
1.1–2.6
1.1–4.4
1.6–4.2
0.7–3.1
0.5–1.8
1.0–3.2
1.9–8.6
0.9–3.2

0.288
0.029*
0.029*

Use of breathing machine .5 days
Meningitis
Sepsis
Ototoxic exposure
Severe hyperbilirubinemia (term
$18 mg/dL, preterm $15 mg/dL)

Note: *P,0.05.
Abbreviation: CI, confidence interval; APGAR, Activity Pulse Grimace Appearance
and Respiration.
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,0.001*
0.319
0.838
0.045*
,0.001*
0.068
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loss faster than before.8,9 The frequency of moderate to severe
hearing loss in both normal and high-risk groups is an indication that universal hearing tests should be performed. The
presence of one hearing ear does permit normal auditory and
conversational development.10 On the other hand, automated
OAE tests may present false passes in cases with brain or
central hearing damage. Nevertheless, 20% of normal hearing infants did not pass a conventional OAE test and had to
be re-evaluated with ABR.11 In the study of Valkama et al,
they found the most prevalent risk factors in infants who did
not pass hearing tests were low birth weight and premature
birth,12 ototoxic exposure, and craniofacial anomalies, similar
to what the authors of the current study found. Low birth
weight and premature birth are not necessarily risk factors if
the doctors can provide curative treatment to the newborn in
an intensive care unit so that the possibility of hearing loss
can be decreased. In view of cases with progressive hearing
loss problems, not only signs and symptoms’ follow-up, but
a hearing evaluation is also required to identify cases with
hearing deterioration. Aminoglycosides are a risk factor when
applied in long courses or in conjunction with loop diuretics.
Some studies12,13 recommend that aminoglycosides are not
a significant risk factor for hearing loss when the infant’s
serum levels are uninterruptedly observed. Other highrisk factors8,14–17 considered are ototoxic exposure 41.3%,
severe asphyxia 40%, mechanical ventilation .5 days 40%,
premature infant 34.1%, and severe hyperbilirubinemia
26.4%, similar to the study by Timruangvet performed at the
department of otolaryngology, Roi – Et Hospital, Thailand.18
Vohr et al,19 in their study, discovered the most frequent
high-risk factors for hearing loss are ototoxic exposure
44.4%, very low birth weight 17.8%, assisted mechanical
ventilation .5 days 16.4%, and severe birth asphyxia 13.9%.
There were implications that bacterial meningitis caused
permanent hearing loss in both ears, which was discovered
in 33% of the infants.17,20 Risk factors relating to bilateral
hearing loss were appraised by univariate and multivariate
risk regression analysis. Univariate analysis in this study
showed that high-risk factors related to hearing loss included
intrauterine infection, family history of congenital sensorineural hearing loss, birth weight ,1,500 g, birth weight
1,500–2,500 g, APGAR score ,6 at 5 minutes, craniofacial
anomalies, use of breathing machine for .5 days, meningitis,
sepsis, ototoxic exposure, and severe hyperbilirubinemia
(term $18 mg/dL, preterm $15 mg/dL). Multivariate risk
regression analysis in this study showed that five independent
risk factors at 3 months were related to bilateral hearing
loss, including low birth weight (RR =1.6, 95% CI 1.1–2.6),
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APGAR score ,6 at 5 minutes (RR =2.2, 95% CI 1.1–4.4),
craniofacial anomalies (RR =2.5, 95% CI 1.6–4.2), sepsis
(RR =1.8, 95% CI 1.0–3.2), and ototoxic exposure (RR =4.1,
95% CI 1.9–8.6). For any hearing test program, incorrect
“fail” test outcomes may cause consequences such as parental
misconception and worry, and needless operations or other
treatment in an infant who hears normally. Nevertheless,
the definite analysis of progressive hearing deterioration
must be performed carefully and in collaboration with an
otolaryngologist, pediatrician, audiologist, and expanded
audiological investigation, as well as ABR, and behavioral
assessment at 36 weeks in order to confirm diagnosis.4,21–23
Some children may be diagnosed with deferred onset or
earlier undiagnosed hearing deterioration.23–25 Children with
the deferred onset type had a higher frequency of low birth
weight and premature birth, craniofacial anomalies, and
ototoxic exposure.26–28 Nevertheless, it was confirmed that
the screening criteria from the Joint Committee of Infant
Hearing were able to identify most of the high-risk infants
with hearing loss but that the screening of healthy neonates
must be started.6,29,30
OAE tests and ABR testing are greatly appropriate as screening tests because they can be performed at a very early age.
Nevertheless, when interpreting the results, physicians should
consider all the possible auditory pathway deficiencies. The
definite diagnosis of permanent hearing loss is a combination
of otolaryngological, audiological, and expanded audiological
investigation, as well as diagnostic ABR, and behavioral assessment at 3 months to confirm electrophysiological diagnosis.
The recommended test for all infants was ABR and middle ear
function using acoustical impedance/admittance by the expert
team (otologists, pediatricians, audiologists, audiological technicians, and nurses). Interpretation of otologic and audiologic
results should be performed by an otolaryngologist.

Conclusion
This study concluded that, in Northern Thailand, an APGAR
score ,6 at 5 minutes, low birth weight, craniofacial anomalies, sepsis, and ototoxic exposure are the risk factors of
bilateral hearing loss in infants (aged 3 months). Infants with
these risk factors should receive special attention and proper
treatment should be attained to handle these risk factors. As an
outcome, it is currently suggested that infirmary/physicians/
general practitioners/health action centers/polyclinics carry out
universal hearing screening in all children before 36 weeks of
life. The public health policy of Thailand regarding a universal
hearing screening program is important for the prevention of
disability and to enhance people’s quality of life.
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