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ABSTRACT

Background: This study aimed to determine the prevalence of hearing impairment (HI) in infants of diabetic

mothers (IDM) and to investigate its association with maternal diabetes type and maternal glycemic control.

Methods: In this prospective hospital-based observational cohort study, infants born to mothers with either

pregestational diabetes (PGDM) or gestational diabetes (GDM) were classified as IDM. We screened 474 IDM

over 1 year (January to December, 2021) for HI using Distortion Product Otoacoustic Emissions (DPOAE) in

two steps. The first screening was conducted before the infants were 30 days old, and a second test was

administered two weeks later for those who did not pass the initial screening. Infants who failed both DPOAE

tests underwent further evaluation with Auditory Brainstem Response Audiometry (ABR) at three months to

confirm the presence of HI. All the tests were performed in required ideal environment and with expert technician.

Results: After all the tests, 42 (8.9%) IDM were discovered as having HI. Among them 34 (81%) had

unilateral and 8 (19%) had bilateral HI. The prevalence of HI was significantly higher (p < 0.00) in infants with

pre-gestational diabetic mothers (19, 19.5%) than in GDM (23, 6.1%). Infants of mothers with uncontrolled

(HbA1c >6.1%) blood glucose had a significantly higher rate (p 0.04) of HI than that of well-controlled diabetic

mother (HbA1c <6.1%).

Conclusion: The prevalence of HI in IDM was 8.9% in our study. It was significantly higher in infants of

mothers with pre-gestational diabetes and with uncontrolled blood sugar.
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INTRODUCTION

Hearing is essential for speech and language
development, communication, and learning, so hearing
impairment (HI) in the infantile period can deleteriously
affect a child’s psychosocial, scholastic, and socio-
emotional development. The Centers for Disease Control
and Prevention (U.S.), CDC’s Hearing Screening and
Follow-up Survey (HSFS) estimates that the prevalence
of hearing loss in 2020 was 1.8 per 1,000 babies screened
for hearing loss.1 In one study done in a tertiary care
hospital in Bangladesh, 32.7% of neonates had HI in
the first screening.2 There are some well-accepted risk
factors for HI, defined mainly by the Joint Committee on
Infant Hearing (JCIH).3 Although maternal diabetes
(Type1, Type2, and Gestational) may cause congenital
complications and malformations that also include HI, it
is not generally considered a risk factor for HI. However,
it is expected that these maternal metabolic disturbances
will have the potential to adversely affect the newborn’s
overall health, including the development of the auditory
system. According to the International Diabetes
Federation (IDF) (2021) report, 21.1 million (16.7%) live
births were affected by hyperglycemia due to pre-
gestational and gestational diabetes mellitus (GDM).4

Several conditions and complications common to
diabetic pregnancy are also known risk factors for
neonatal HI, which means infants of diabetic mothers
(IDM) have to face numerous risk factors for HI.5 Given
the high risk of hearing impairment (HI) in infants of
diabetic mothers (IDM), this study was designed to
determine the prevalence of HI in IDM and to examine
its association with the type of maternal diabetes and
maternal glycemic control.

METHODS

This prospective hospital-based observational cohort
included 474 infants of diabetic mothers (IDM) and was
conducted from January 2021 to December 2021 at
BIRDEM General Hospital, Dhaka. BIRDEM is a 600-
bed tertiary care hospital specializing in diabetic care,
with a dedicated 150-bed campus for women and children
that provides comprehensive diabetic pregnancy and
neonatal services. The high prevalence of diabetes
among pregnant women in Bangladesh makes this
setting particularly relevant for the study. Ethical
approval was obtained from the institutional ethics
committee, and written informed consent was secured
from all parents, ensuring adherence to ethical research

standards. An IDM was diagnosed if its mother was
already known to have type 1, type 2, and other specific
types of diabetes or found to have hyperglycemia at
any point of the pregnancy period (GDM). For the
screening for GDM, an oral glucose tolerance test
(OGTT) with 75 gm oral glucose was done for all pregnant
women at the first antenatal visit and/or between the
24th and 28th week of gestation and then again at 32–34
weeks if previous values were normal. The diagnosis
was confirmed if it met the diagnostic criteria advocated
by the International Association of the Diabetes and
Pregnancy Study Groups (IADPSG)/WHO.6  Fasting
Blood Sugar(FBS); 5.1mmol/L or more and/or blood sugar
2 Hours After Glucose drink (2HAG); 8.5 mmol/L or more
were considered GDM. HbA1c defined maternal
glycemic control. According to the NICE guidelines for
Diabetes in Pregnancy (Clinical Guideline 63), an HbA1c
result of 6.1% or more was considered uncontrolled. 7

All the IDM born in our hospital during the study period
were evaluated for any risk factor for HI, like family
history of hereditary childhood hearing loss, intrauterine
infections (TORCHS), craniofacial anomalies, birth
weight <1500 gram, APGAR scores of <4 at 1 min or <6
at 5 min, stigmata or other findings associated with a
syndrome known to include sensorineural and/or
conductive hearing loss. They were also followed up
throughout the hospital course for developing any risk
factor, like hyperbilirubinemia at a serum level requiring
exchange transfusion, getting ototoxic medications,
bacterial meningitis, and needing mechanical ventilation
for more than 5 days. IDM who had multiple or moribund
congenital anomalies or died before completion of
hearing screening were excluded from the study. 

A routine ear, nose, and throat (ENT) examination was
done to inspect the pre- and post-aural regions and the
pinna for any morphological abnormalities. An
otoscopic examination of the external auditory canal
and the tympanic membrane was done using Heine 3000
series Otoscope. Any vernix or fluid in the external ear
canal was removed.

We used Distortion Product Otoacoustic Emissions
(DPOAE) as a screening test for HI, as because, in one
study, it was estimated that the DPOAE is a good
screening test for neonatal hearing screening with high
sensitivity (88.9%) and specificity (92.2%).8 ABR
(Auditory Brain-stem Response Audiometry) was used
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to confirm HI. The machine used for the DPOAE and
ABR test was a GSI AUDIOscreener, Part Number 2205-
0100 Rev A, GrasonStadler, 7625 Golden Triangle Drive,
suite F, Eden Prairie, MN55344, Made in Denmark. The
first stage of screening was employed by the age of 30
days. The result of “Pass” or “Refer” was recorded.
Here, “Pass” indicates normal functioning of outer hair
cells up to the periphery, and “Refer” suggests the baby
may have a HI; further test is warranted. After two weeks,
a second DPOAE was done for those who failed to pass
the first screening. A two steps screening procedure
was applied to minimize the false positive cases. ABR
was performed at three months to confirm the HI for
those who failed to pass both DPOAE. Children with
normal ABR were declared ecologically sound and no
further evaluation was suggested. Infants proven to
suffer substantial hearing impairment in one or both
ears were referred to an ear, nose, and throat specialist
for further evaluation and rehabilitation.

The study was conducted under the guidance of a full-
time qualified audiologist, who was responsible for the
design and implementation of the hearing screening
process, a skilled doctor working in the neonatology
department, who provided medical oversight and
interpretation of the results, and an experienced
audiology technician, who assisted in the technical
aspects of the screening. Their collective expertise and
knowledge in audiology and neonatology, along with
the controlled environment in which the hearing
screening was applied, ensured the accuracy and
reliability of the study’s findings.

Statistical analysis

The data collected were meticulously analyzed using SPSS
software. The prevalence of HI was calculated for all IDM
and separately for mothers with pre-gestational diabetes,
GDM, and controlled and uncontrolled diabetes. The
numerical data were expressed as percentages. The
significance of the association was calculated using the
Chi-square test, a widely accepted statistical method. We
also calculated the known risk factors for HI in our
population and their association with HI. A p-value of 0.05
was considered statistically significant.

RESULTS

A total of 474 IDM were screened for HI (1st DPOAE).
Among them, 216 (45.6%) were males, and 258 (54.4%)
were females. Gestational diabetes was predominant (377,
79.5%) over pre-gestational diabetes (97, 20.5%).
Glycemic control during pregnancy was adequate in

the majority of mothers, with 305 (64.3%) demonstrating
HbA1c levels below 6.1%.

In IDM, the risk factors for hearing impairment observed
in our study included low birth weight (<1500 g) in 96
infants (20.2%), low Apgar scores (<4 at 1 min or <6 at 5
min) in 31 infants (6.5%), hyperbilirubinemia requiring
exchange transfusion in 34 infants (7.2%), exposure to
ototoxic medications (aminoglycosides >5 days) in 152
infants (32.1%), and prolonged mechanical ventilation
(>5 days) in 37 infants (7.8%) (Table I).

Of 474 IDM, 49 (10.3%) had abnormal DPOAE on 1st
screening. 2nd DPOAE reevaluated this 49, and 43 (9.1%)
failed the test. At ABR, 42 (8.9%) were discovered as
having HI. Unilateral HI was found in 34 (81%) infant and
that of bilateral in 8 (19%) infant. (Figure 1) Male infants
(25, 60%) were more affected than females (17, 40%).

Figure 1. Prevalence of HI in the study population
(N=474)

In our study, 168 (35.4%) IDM had at least one known
risk factor for hearing impairment, with some infants
having multiple risk factors. Among these 168 infants,
18 (10.7%) were diagnosed with hearing impairment. Of
all the risk factors analyzed, only prolonged mechanical
ventilation (>5 days) was significantly associated with
hearing impairment (p = 0.02) (Table I).

The prevalence of HI was significantly higher (p 0.00) in
infants with pre-gestational diabetic mothers (19, 19.5%)
than in GDM (23, 6.1%). (Table II)  Uncontrolled blood
glucose (HbA1c >6.1%) during the pregnancy period is
also alarming, as infants of uncontrolled diabetic mothers
had a significantly higher rate (p 0.04) of HI than that of well-
controlled diabetic mothers (HbA1c <6.1%). (Table II)

IDM, which had one or more known risk factors for HI
(168), was the sufferer (18, 10.7%) in comparison with
IDM, which had no risk factors (24, 7.8%). However, it is
not statistically significant (p 0.29). (Table II)
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DISCUSSION

According to the CDC’s Hearing Screening and Follow-
up Survey (HSFS), the prevalence of HI among all babies
screened for HI was only 0.18%.1 But this number was
manifoldly increased in our study, and the prevalence
of HI in IDM was 8.9%. In another study, it was 4.16%.
9 So, it is evident that HI is much more common among
the IDM. There are many studies in which diabetes in
pregnancy is a statistically significant risk factor for the
development of HI. 9, 10, 11

In our study, the prevalence of HI was significantly
higher (p 0.00) in infants with pre-gestational diabetic
mothers than in GDM. Padmadasan et al. and Sharma et
al. also found similar findings.9, 12 This can be explained
by the more prolonged exposure of the fetus to the
more severe hyperglycemic environment in the case of
pre-gestational diabetes, where the mother has
hyperglycemia even before pregnancy. As the ear
development will be completed by the second trimester,

there is less chance of defective organogenesis in the
case of GDM.

In our study, infants of uncontrolled diabetic mothers

had a significantly high rate (p 0.04) of HI. Another

study also concluded that there was a statistically

significant association between diabetic control and

neonatal HI.9 Al Nemri et al., in their research, say that

poor diabetes control during pregnancy is positively

associated with increased perinatal morbidity and

mortality.13

Low birth weight (<1500 grams), perinatal asphyxia,

hyperbilirubinemia, ototoxic medications, and

mechanical ventilation are well-defined risk factors.3 We

also found that these risk factors were prevalent in our

study. It was also observed that needing mechanical

ventilation for more than 5 days was significantly

associated with HI (p 0.02). The same finding was also

observed in one of our previous studies.14 

Table I. Distribution of HI about the known risk factors

Risk factors                      n   HI (%)                p-value

Birth weight <1500 grams                 96    11 (11.4%)              0.31

APGAR (<4 at 1 or <6 at 5 min      31   4 (12.9%)                 0.41

Hyperbilirubinemia                           34    4 (11.7%)                 0.53

Getting ototoxic medications            152 14 (9.2%)                   0.85

Needing mechanical ventilation       37  7 (18.9%)                   0.02

*One infant might have more than one risk factor.

Table II. Distribution of HI about the type of diabetes, the status of glucose control during the pregnancy period
and the presence or absence of known risk factors in association with maternal diabetes (N=474)

Variables n HI (%) p-value

Type of Diabetes

Pre-gestational 97 19 (19.5%) 0.00

GDM 377 23 (6.1%)

Status of Glucose control

Uncontrolled (HbA1c >61%) 169 21 (12.4%) 0.04

Controlled (HbA1c<6.1%) 305 21 (6.9%)

Infants of Diabetic Mother

With known risk factors 168 18 (10.7%) 0.29

Without known risk factors 306 24 (7.8%)



IDM, which had one or more known risk factors for HI,
suffered more (10.7%) than IDM, which had no risk
factors (7.8%). The presence of risk factors in IDM may
create an extra influence to destroy the hearing system.
However, it is statistically insignificant (p 0.29), proving

that only diabetes during pregnancy can rise to HI. Many
other studies also observed the same findings.9-11,15,

16  Lee JA et al. observed that the IDM were at significant
risk for the development of HI (OR 1.66, 95%CI 1.28–

2.17).10  Maternal diabetes was identified as one of the
potential risk factors for HI by Kountakis et al. 15 In a
study by Angeli C. Carlos-Hiceta et al., it was found
that the ‘refer’ result of a baby born to a diabetic mother

is 2 times higher when compared with the results of a
baby born to a nondiabetic mother.16 This finding is
similar to the observations of the present study. Some
other studies also have opposite observations. 17, 18 A

retrospective study by Fatih Mehmet Hanege et al.
showed no difference between the hearing screening
(OAE) results of infants born to healthy women and
women with GDM.17 In a prospective institutional-based

study by Gangadhara K. S. et al., it was observed that
six neonates born out of 44 GDM pregnancies failed the
screening test. However, this result was not significant
statistically when compared to the controls (p-value =

0.181).18 Our present study was conducted in a single-
center that did not represent the whole country. In
addition to maternal diabetes, some known risk factors
for HI were present in 35.4% of IDM. So, there might be

confounding results. However, the difference was not
statistically significant (p 0.29).

Conclusion

The prevalence of HI in IDM was 8.9% in our study. It

was significantly higher in mothers with pre-gestational
diabetes and with uncontrolled blood sugar.
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