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ABSTRACT

Background: Congenital hypothyroidism increases the risk of sensorineural hearing loss (SNHL). Children with
hearing impairment are prone to communication disorders. The present study aimed to determine the prevalence of
SNHL in patients with congenital hypothyroidism in Qazvin, Iran.

Methods: This cross-sectional study was conducted on children with transient or permanent congenital
hypothyroidism in Qazvin province, Iran in 2015. The patients were identified through national neonatal thyroid
screening during 2006-2011. Hearing loss was assessed using the auditory brainstem response (ABR). A minimum of
three years of follow-up was carried out to determine the permanency of congenital hypothyroidism. Data analysis was
performed using t-test and Chi-square.

Results: In total, 155 children with congenital hypothyroidism were enrolled in the study, including 67
females (43.2%) and 151 cases of primary congenital hypothyroidism. Abnormal ABR was observed in 10
patients (6.45%) (6.6% in permanent cases and 6.1% in transient cases), seven of whom were female. In
addition, eight patients with primary congenital hypothyroidism and two patients with central congenital
hypothyroidism had abnormal ABR (P=0.165). Mean primary thyroid-stimulating hormone levels
(52.45+39.91 versus 38.23+28.03 IU/l; P=0.355) and T4 (6.07+4.33 versus 6.98+3.40 pg/dl; P=0.307) had
no significant differences in the children with SNHL and other patients. At the beginning of the treatment,
mean age of the children with SNHL was 28.50+£22.13 days, while it was 28.87+30.34 days in the other
subjects (P=0.909).

Conclusion: According to the results, the prevalence of SNHL was lower in the patients with congenital
hypothyroidism compared to the reported rates in other countries. However, the assessment of hearing
loss should be prioritized in the infants with congenital hypothyroidism.
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Introduction

The prevalence of congenital hypothyroidism
is one per 2,000-4,000 live births worldwide
(1-3), while the incidence of congenital
hypothyroidism is 2 per 1,000 live births in Iran
(4-8). Congenital hypothyroidism is one of the
most common treatable causes of mental
retardation in infants (9-11).

Hypothyroidism is caused by reduced thyroid
hormone synthesis or hormone receptor
dysfunction. Hypothyroidism may be congenital or

acquired. Most cases of congenital hypothyroidism
are sporadic, and only 2% of the cases
are reported to be familial. Congenital
hypothyroidism has the female-to-male ratio of
2:1 (12). Insufficient disease control is considered
to be the most significant contributing factor to
the poor school performance of children with
congenital hypothyroidism (13).

In several cases of congenital hypothyroidism,
there is severe and permanent thyroid hormone
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deficiency, and the symptoms manifest since the
first week of life. Reports suggest that 85% of the
permanent cases are due to thyroid dysgenesis. In
addition, some causes of transient congenital
hypothyroidism are caused due to the maternal
use of anti-thyroid drugs during pregnancy,
maternal deficient/increased iodine intake,
and hypothalamic-pituitary = dysfunction (1).
Transplacental passage of maternal thyroxin plays
a key role in fetal brain development, inducing
approximately 33% of normal thyroxin serum
levels in neonates. Maternal hypothyroidism
during pregnancy may lead to permanent defects
in the fetal development process (14, 15).

Most of the neonates with congenital
hypothyroidism (even with thyroid agenesis) are
asymptomatic at birth. Therefore, neonatal
screening is essential to the diagnosis of
congenital hypothyroidism. The prevalence of
congenital abnormalities is only 3% in the general
population and 10% in the patients with
congenital hypothyroidism (13, 16).

Congenital hypothyroidism increases the risk
of sensorineural hearing loss (SNHL). According to
animal studies, thyroid hormones play a pivotal
role in the development of the internal auditory
system. Furthermore, animal studies have
denoted that the absence of thyroid hormones at
the end of pregnancy and after birth could lead to
untreatable hearing loss due to external hair cell
dysfunction and potassium transfer in the inner
ear (17).

The prevalence of SNHL in patients with
congenital hypothyroidism is approximately 20%
(12). Normal hearing is essential to the formation
of lingual skills in children, and children with
hearing impairment are prone to communication
disorders (18). Reports have suggested the higher
prevalence of congenital hypothyroidism in
various regions in Iran compared to other
countries, and limited research has been
conducted in Qazvin province (Iran) in this regard.

The present study aimed to determine the
prevalence of SNHL in patients with congenital
hypothyroidism in Qazvin, Iran.

Methods

This cross-sectional study was conducted on
the children with congenital hypothyroidism in
Qazvin province, Iran in 2015. The study protocol
was approved by the Ethics Committee of Qazvin
University of Medical Sciences. Written informed
consent was obtained from the parents of the
neonates at the beginning of the study.

Inclusion criterion of the study was the
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diagnosis of congenital hypothyroidism (transient
or permanent) in neonatal thyroid screening
during 2006-2011 as confirmed by a pediatric
endocrinologist. In thyroid screening, the levels of
thyroid-stimulating hormone (TSH) and T4 were
210 U/I and <6.5 pg/dl, respectively 28 days after
birth, which was considered as congenital
hypothyroidism. A minimum of three years of
follow-up was performed to determine the
permanency of congenital hypothyroidism in the
subjects. Permanent congenital hypothyroidism
was defined as the need for thyroid hormone
treatment after the age of three years (13).

A datasheet was provided including the
demographic characteristics and medical and
family history of the patients. In addition, the
history of underlying diseases that may affect
hearing was documented. Increased TSH level to
more than 5 U/l during the treatment for >4 times
after the age of six months was defined as
insufficient control, and relative control was
defined in the case of increased TSH levels less
than four times (13).

Hearing loss was assessed using the auditory
brainstem response (ABR) after the age of four
months. ABR is a valid and sensitive method to
evaluate auditory function in the peripheral
nervous system and brainstem, which could be
applied for screening and diagnosis purposes.
Auditory stimulation begins with 30-40 decibel
intensity, decreases gradually to the hearing
threshold (15-20 db), and the responses are
evaluated afterwards. In the presence of
responses, the child has normal or near-normal
hearing sensitivity within the frequency range of
1,000-4000 hertz. This level of hearing is
sufficient for speaking and acquiring lingual skills.
The absence of responses is an indicator of
impaired sensorineural hearing (19).

Data were expressed as mean, standard
deviation, frequency, and percentage. Categorical
data were analyzed using Chi-square, and
continuous variables were compared using t-test.
In all the statistical analyses, P-value of less than
0.05 was considered significant.

Result

In total, 155 children with congenital
hypothyroidism were enrolled in the study, and
67 patients (43.2%) were female. Parents of 23
patients had a familial first-cousin marriage, and
parents of 10 patients (6.5%) had a familial
second-cousin marriage. Among the subjects, 151
cases had primary congenital hypothyroidism, and
four cases (2.58%) had central congenital
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hypothyroidism. Mean age at diagnosis was
28.85+29.88 days.

Isotope scan was available to 79 patients,
73.7% of whom were normal, 10.5% had ectopic
thyroid, 10.5% had thyroid agenesis, and
6.3% were goitrous. Permanent congenital
hypothyroidism was confirmed in 68.5% of the
participants, while 31.5% had transient congenital
hypothyroidism. Disease control was sufficient,
relative, and insufficient in 78.9%, 14.8%, and
6.3% of the patients, respectively.

According to the findings, 10 patients (6.45%)
had abnormal ABR. Among the patients with
permanent congenital hypothyroidism, seven
cases (6.6%) had abnormal ABR, while only three
patients (6.1%) with transient congenital
hypothyroidism had abnormal ABR. Among the
mentioned 10 patients, seven cases were male.

The association of gender and SNHL in the
patients with congenital hypothyroidism was not
statistically significant (P=0.4). Abnormal ABR
was observed in eight patients with primary
congenital hypothyroidism and two patients with
central congenital hypothyroidism; however, the
difference  was not statistically significant
(P=0.165). Among the children with SNHL, eight
cases received sufficient disease control, and two
cases had relative disease control during the
treatment (P=0.724).

Mean primary TSH level was 52.45+39.91 1U/1
in the children with SNHL, while it was
38.23+£28.03 IU/I in the other children (P=0.355).
Mean primary T4 level was 6.07+4.33 pg/dl in the
children with SNHL and 6.98+3.40 pg/dl in the
other children (P=0.307). Mean age at diagnosis
and treatment was 28.50+22.13 days in the
children with SNHL and 28.87+30.34 days in the
other children (P=0.909).

Discussion

Animal studies have confirmed the key role of
thyroid hormones in the development of the
inner ear. In mutated animal models, the absence
of thyroid hormones at the end of pregnancy and
after birth has been reported to cause
untreatable hearing loss (17). The association of
thyroid dysfunction and hearing impairment in
patients with congenital hypothyroidism has
been demonstrated in various studies (20-22).
Such association has also been reported in
children and adolescents with isolated central
hypothyroidism (23, 24). Furthermore, there
have been reports of permanent SNHL in patients
with the delayed diagnosis and treatment of
congenital hypothyroidism (23, 25).
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In the present study, the prevalence of SNHL
was 6.45%. In a case-control study conducted in
Isfahan (Iran) on children aged more than four
months, the prevalence of hearing loss was 2.3%
in the patients with congenital hypothyroidism
and 0.2% in the control group using ABR (26). In
the research by Vanderschueren et al., which was
performed on 45 children with congenital
hypothyroidism receiving long-term treatment,
20% of the cases had SNHL in higher frequencies,
and hearing aid was prescribed for four patients
with severe hearing loss (27).

In this regard, Crifo et al. conducted a study on
46 patients with congenital hypothyroidism, and
severe hearing loss was observed in five cases
(28). In the study by Rovet et al, 14% of the
children with congenital hypothyroidism had
SNHL (29). Bellman et al. assessed hearing loss
in 38 patients with treated congenital
hypothyroidism using ABR, reporting severe
hearing loss in two cases. Additionally, 16 children
were diagnosed with mild SNHL. Based on
the findings of the aforementioned studies,
mild hearing loss is possible in some cases
of congenital hypothyroidism despite early
treatment (30). The discrepancy in this regard
may be due to the different types of screening
tests for hearing acuity, age at hearing screening
test, ethnicity, and genetic factors. On the other
hand, the lower rate of hearing loss in the current
research compared to the previous studies could
be due to the age at hypothyroidism diagnosis and
receiving sufficient treatment.

Despite the early diagnosis and improved
prognosis of congenital hypothyroidism, SNHL
remains a permanent concern in patients,
especially those with the severe form of the
disease (31). Thyroid hormones and the receptors
are believed to play a pivotal role in hearing
development in rats and human (32). The absence
of thyroid hormones for more than three weeks
from the 10t week of pregnancy until two months
after birth could permanently damage the
cochlear and nervous system in rodents (33). The
pattern of inner ear development in humans is
similar to that of rodents (34, 35); therefore,
thyroid hormone deficiency in the neonatal period
may lead to hearing loss, which could be
prevented through early treatment (36).

Although hearing loss is relatively prevalent
in early treated children with congenital
hypothyroidism, it is less severe compared to the
cases diagnosed before performing neonatal
screening programs. It seems that auditory system
development associated with thyroid hormones is
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not limited to the postnatal period, but rather, it
begins in the fetal period (37). In the present
study, no correlation was observed between the
quality of congenital hypothyroidism treatment
and SNHL. Similarly, Crifo et al. (28) and
Wasniewska et al. (24) reported no significant
association between hearing loss and time of
diagnosis and treatment. In the study by Rovet et
al, the age at treatment onset for congenital
hypothyroidism in children with hearing loss was
significantly higher compared to children with
congenital hypothyroidism and normal hearing
(22 versus 14 days). However, there were no
significant differences in the disease severity and
duration between the two groups (29).

Findings of the current research showed no
association between the type of congenital
hypothyroidism and SNHL. In the study by
Wasniewska et al, four patients had bilateral
SNHL among 10 patients with central congenital
hypothyroidism. Therefore, it could be inferred
that SNHL is not limited to primary congenital
hypothyroidism and may occur in central
congenital hypothyroidism (24).

One of the limitations of the present study was
the cross-sectional design. In addition, the
auditory steady state response test was not
available for the study subjects to confirm the
results of screening by ABR. The main strengths of
the research were the larger sample size
compared to the previous studies in Iran and
determining the permanency of congenital
hypothyroidism and quality of disease control.

Conclusion

According to the results, the prevalence of
SNHL in patients with congenital hypothyroidism
was lower compared to the reported rates in other
countries, while it was higher than Isfahan (Iran).
Therefore, assessment of hearing loss should be
prioritized in the infants with congenital
hypothyroidism in order to prevent lingual skill
impairment and communication disorders.
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