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Abstract 

Background 
Congenital hypothyroidism (CH) may cause alterations in the child's global development. The current 
study aimed to screen the global development of children with and without congenital 
hypothyroidism, focusing on communication, and cognitive abilities and to investigate the influence 
of illness severity, clinical history, and treatment factors in the evaluated results.  

Materials and Methods 

A case control study was conducted on 20 children with early-treated congenital hypothyroidism 
(CH), and controls without CH (n=100), both groups were matched for age and sex. Patients were 
subjected to a protocol of assessment applied in Pediatric and Phoniatrics Unit Sohag, Egypt. 

Assessments included detailed history and medical data, language development testing, intelligence 
quotient (IQ). According to TSH and T4 levels, case group was divided into controlled group and 
uncontrolled group.  99m pertechnetate scintigraphy of thyroid (Tc-99m TS) was recommended for 
all CH children.   

Results 

Children’s ages ranged between 3-7 years with a mean age of (4.6 ±1.9year). There were statistically 
significant differences between study and control group in presence of middle ear effusion, delayed 
language development, IQ scores (p<0.001). Interestingly, there was a negative correlation between 
IQ test and total language age with TSH level (r = -0.06, p= 0.004; r =-0.4, p=0.06), respectively. Tc-
99m pertechnetate scintigraphy of thyroid confirmed transient CH diagnosis in three cases.  

Conclusion 

Despite early treatment in the studied CH children, language and cognitive skills impairments were 

detected. The magnitude of these impairments related significantly to TSH values and regularity of 
hormone replacement therapy. TS confirmed transient CH diagnosis in three cases, replacement 
therapy stopped in those children. 
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1- INTRODUCTION 

      Congenital hypothyroidism (CH) is the 

most common preventable cause of mental 

retardation worldwide. Corresponding to 

worldwide data obtained from neonatal 

thyroid screening programs, CH occurs 

with an incidence of 1/2000 to 1/4000 (1, 

2). However, the incidence changes 

according to geographic location, ethnicity 

(3, 4), and environmental factors (5). The 

most important biologic factor is gender; 

there is evidence of girls being at higher 

risk (6, 7). However, the role of gender as 

a risk factor for congenital hypothyroidism 

remains unclear. CH is classified into two 

main categories; permanent and transient. 

Permanent CH refers to a persistent 

shortage of thyroid hormone that 

necessitates life-long treatment. In most 

cases, permanent hypothyroidism causes 

are thyroid agenesis (absence of thyroid 

gland), thyroid hypoplasia (defects in 

thyroid gland development), ectopic 

thyroid gland (thyroid gland located in 

place other than the normal site), or defects 

in hormone synthesis.  

While transient CH means a short-term 

lack of thyroid hormone that later returns 

to normal thyroid hormone level. The 

underlying causes of transient functional 

impairment are less clear. It can be caused 

by maternal factors such as iodine 

deficiency, perinatal exposure to excess 

iodine or fetal exposure to either 

maternally derived thyroid blocking 

antibodies or anti-thyroid drugs taken by 

pregnant women with autoimmune thyroid 

disease (8, 9). In fetus and newborn 

thyroid hormones are essential for normal 

central nervous system (CNS) maturation, 

myelination and normal neuronal 

connections (10, 11). Thyroid hormone 

deficiency can cause developmental delays 

of different areas in the brain. It could 

affect the posterior parietal cortex, 

responsible for spatial awareness; the 

inferior temporal lobes, responsible for 

identification of objects; the caudate 

nucleus, associated with attention (11-13). 

A recent study by Lucia et al., (2018) 

showed that early postnatal 

hypothyroidism affects Anterior 

Commissure (AC) maturation that may 

affect the transfer of information through 

the AC (14). Many studies have defined 

the vulnerability of the different areas of 

the hippocampus to developmentally 

induced hypothyroidism. Hippocampus is 

concerned with diverse memory processes 

that are essential for learning and memory 

(15-17). Hearing losses related to CH are 

related to maturation dysfunction of inner 

ear structures, VIII cranial nerve 

myelination, and impaired middle ear 

ossicles development (18, 19). In fact, 

thyroid hormone effects on brain cells 

would certainly be limited to the period of 

cellular proliferation. This period is 

different from one area to another in the 

brain. Because the period when thyroid 

hormone is required varies for different 

brain regions, there may be different types 

of deficits depending on when the 
hormone levels were insufficient (20).  

Rovet and Ehrlich (1995) have proposed 

that the sensitive periods for THs differ for 

verbal and nonverbal skills. The thyroid 

hormones critical period for verbal and 

memory skills seems to be in the first two 

months of life, whereas for visuospatial or 

visuomotor skills it is prenatal (21). There 

is no doubt that with the advancement of 

programs of neonatal screening, diagnosis 

of CH can be established earlier and its 

treatment initiated during the first few days 

of life. This could dramatically improve 

the neuropsychological prognosis in 

affected children. However, it has been 

documented that  persistent deficits may 

still occur in early-treated children, such as 

defective language abilities, impaired 

neuro-psychomotor development, 

visuospatial defects, hearing impairment, 

as well as selective attention and memory 

deficits (19, 22-25).  
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Thus, while some effects can be improved 

by better treatment and management 

approaches, others caused by prenatal and 

perinatal thyroid hormone insufficiency 

may persist. Song et al. showed that 

neuropsychological function of children 

with congenital hypothyroidism in the post 

neonatal screening era was affected by 

factors associated with etiology and 

severity of the disease along with the 

timing of TSH normalization by thyroxin 

replacement therapy (26). Language 

development is important for children’s 

success later in life as it provides a central 

role in learning and social relationships, 

children with language delays are at 

increased risk for different types of 

learning disabilities, emotional, social, and 

behavior problems (27).  

Early identification and intervention of a 

child’s language disorders are 

internationally well acknowledged, as they 

markedly decrease and as they prevent the 

negative impact and offer better quality of 

life for the children and their parents, 

which ultimately results in less cost for the 

government. Bargagna et al. (2000) stated 

that the language performances are at 

particular risk in CH children. 

Accordingly, language development 

assessment and follow up are mandatory in 

the congenital hypothyroidism children to 

achieve better outcomes (28). Therefore, 

the aim of the current study was to 

evaluate language and cognitive function 

in children with treated congenital 

hypothyroidism, compare them with those 

without the disease, and to associate 

language and cognitive findings with 
illness severity and treatment factors. 

2- MATERIALS AND METHODS 

2-1. Research design 

      The current study is a case-control 

study where confirmed cases of congenital 

hypothyroidism that were identified 

through newborn screening and treated 

from early infancy aged between 3-7 years 

compared to age and sex matched controls 

of children with normal thyroid function as 

regards presence of language and cognitive 

delay. Cases and controls included in the 

study were residents of the same region.    

2-2. Setting  

The study carried out in the Phoniatric 

unit, pediatric endocrinology and general 

pediatric clinics, Sohag University 

hospital, Sohag, Egypt. 

2-2-1. Participants 

Case groups were any child less than 7 

year-old with previously confirmed 

diagnosis of congenital hypothyroidism 

and early treated who referred to the 

pediatric endocrinology clinic for follow 

up were included in the current study. 

Control group were age and sex matched 

children with normal thyroid function who 

were randomly chosen from children 

attending the general pediatric outpatient 

clinic for diagnosis and treatment of 

common mild childhood infection such as 

diarrhea or common cold or any disease 

that did not interfere with the assessments 

values. Exclusion criteria in both groups 

included lack of cooperation during the 

evaluation; history of impairment in 

neurological and psychological 

development; diagnosis or suspicion of 

genetic syndromes; any other diseases or 

other endocrine disorders; history of 

prenatal and perinatal or post-natal 

complications, positive family history of 

language disorders, speech problems, or 

learning problems. Accordingly, 20 cases 

of congenital hypothyroidism and 100 

normal children were included in the 

study. The number of subjects in the 

control group is preferred to be double or 

more of the number of cases to allow 
proper statistical significance assessment. 

2-3. Study instrument 

All children underwent thorough routine 

language evaluation protocol used in 
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Phoniatrics unit, Sohag University, Sohag, 

Egypt. The first section included socio-

demographic data of the children and their 

parents (i.e., age, gender, maternal age and 

job, similar condition, parental 

consanguinity, etc.). The second section 

included detailed prenatal, natal, and 

postnatal history especially the potential 

risk factors for language disorders, 

illnesses of early childhood. Moreover, 

developmental history with a special focus 

on age of acquisition of the first word, the 

first sentence, milestone of development. 

The third section included specific medical 

information for CH collected about (the 

age at onset of CH diagnosis and starting 

treatment; Thyroid function tests [total T4, 

and TSH levels]), Doses, and Quality of 

the treatment. Thyroid Scintigraphy and 

Sonography data about etiology of CH 
were collected if available. 

In order to determine the etiology of CH, it 

was recommended that all infants perform 

99m pertechnetate scintugraphy of thyroid 

(Tc-99m TS) before treatment. However, 

this test is not accepted by parents or even 

by some of the pediatricians to be used, 

especially before treatment, in our region. 

According to our nuclear unit screening 

strategy, CH children should be evaluated 

at 3-4 years of age, after interruption of 

treatment for at least 4 weeks. Based on 

Tc-99m TS, the thyroid gland is classified 

as normal scan, ectopic, goiter and 

athyrosis. Athyrosis was diagnosed in 

infants whose thyroid scans did not show 

any radionuclide uptake. Patients’ 

examination includes general examination, 

neurological examination, vocal tract, and 

ENT examination to exclude cases with 

any disorders. The fourth section included: 

(i) cognitive performance was routinely 

evaluated by Stanford Binnet Intelligence 

Scale 4th Arabic version for determination 

of intelligence quotient (IQ) (scores are 

given for verbal, performance, and global 

IQ (29), and Social age: using the 

Vineland Social Maturity Scale (30), (ii) 

Language performance was assessed by 

the Arabic Language Test for language 

scale and quantitative measures of 

communication difficulties, determined by 

age (31). The child’s language 

performance is considered normally 

developed if the language ages of the 

language parameter in the test matches the 

chronological age of the child. When the 

obtained language age of a test parameter 

was less than the child’s age by 6 months 

or more, the child was considered to 

manifest a language delay in this 

parameter. Total language age and 

language age deficits in years were used 

for statistical analysis. The language age 

deficit was calculated as the difference 

between the chronological age at the time 

of evaluation and the corresponding 

language age scores obtained at that time, 

(iii) Audiological evaluations were carried 

out to ensure normal hearing sensitivity: 

To evaluate hearing sensitivity through 

pure tone audiometry, Auditory Brain, 

Stem Evoked Response (ABR) and 
tympanometry were performed. 

2-4. Ethical considerations 

This study complies with regional and 

institutional ethical guidelines and with the 

declaration of Helsinki. A written 

informed consent in the study was 

obtained from the parents/caregivers of the 

children to participate in the study. 

Approval of Faculty of Medicine Ethical 

Committee of Sohag University was also 

obtained prior to data collection. 

2-5. Statistical analysis 

The data were analyzed using the 

Statistical Package for the Social Sciences 

(SPSS) version 20.0. Sample 

characteristics mean and standard 

deviation (SD) were used in summarizing 

variables while percentages were used for 

categorical variables. The effects of TSH 

and T4 level on the language and 

neuropsychological test/task scores in the 

patient group were evaluated with the t-test 
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for independent samples. P-value less than 

0.05 were considered statistically 

significant. Correlation between the 

severity of the hypothyroidism at the 

moment of diagnosis with the language 

and cognitive skills was done using 

Pearson correlation coefficient test. 

3- RESULTS 

      Twenty early-treated congenital 

hypothyroidism children were compared to 

100 age and sex matched control group 

children. The children’s ages ranged 

between 3-7 years with a mean age of (4.6 

±1.9 years). Forty-five percent of the 

studied CH were males (9 cases). In the 

comparison between case and control 

group, history of delayed millstone (sitting 

and walking) was detected in 15% of CH 

and 8% of control children; from language 

examination, cases that have delayed 

language  were 70% CH and 7% for 

control, and tympanometry results (50% 

CH  have type B tympanometry and 5% 

only for control, respectively). As regards 

the intelligence quotients (IQs) mean IQ 

for the CH group was 66.95 ±22 while for 

control group it was 94.98 ±10. There 

were highly statistically significant 

differences between the study and the 

control group in the presence of family 

history of thyroid disease, middle ear 

effusion, delayed language development, 

IQ scores, age of the first sentence 

acquisition (P<0.01). The results are 
summarized in Table.1. 

 

  
 
 

Table-1: Comparison between the congenital hypothyroidism group and the control group regarding 
tympanometry, milestone of development, detailed language development and family history of 

thyroid diseases. 

   IQ:  Intelligence Quotient. 
 

 
 
 

P-value Control (n=100) Cases (n=20) Characteristic 

˂0.001 93 (93%) 

5 (5%) 

2 (2%) 

9 (45%) 

10 (50%) 

1(5%) 

Type A 

Type B 

Type C 

Tympanometry (%) 

0.4 
8 (8%) 3(15%) Delayed Milestone (%) 

 
92 (92%) 17(85%) Normal 

˂0.001 
8(8%) 14 (70%) Delayed Language (%) 

92 (92%) 6 (30%) Normal 

˂0.001 
0 (0%) 3(15%) Yes Family history of 

thyroid disease (%) 
100 (100%) 17 (85%) No 

˂0.001 94.98 ±10 66.95 ±22 IQ scores 

Mean ± SD 

 

0.04 15.8±6.8 19.5±7.2 First word (month) 

˂0.001 22.7±4 32.2±10.3 First sentence (month) 

0.2 5.6±1.3 6±1.7 Sitting (month) 

0.1 12.5±2.7 13.6±3.9 Walking (month) 
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The detailed data about CH children 

showed their age range at CH diagnosis 

was 3 days to 7 months with mean 65.7 

(64.2) days. Sixty percent of children 

stated an irregular use of l-Thyroxine 

substitution. At the time of the language 

and cognitive evaluation, seven children 

showed abnormal total T4 and 12 (60%) 

had abnormal TSH values: four with 

values between 6.74 µIU/mL and 10.0 

µIU/mL; six between 26.4µIU/mL and 

59.72µIU/mL, and two patients 

≥100.0µIU/mL[100.0 mU/L]. The mean 

language age of the CH children was 3.6 

±1.6 years (range: 2–7) (Table.2). 

 

                   

                 Table-2: Distribution of the studied cases of congenital hypothyroidism. 

Summary statistics Characteristics 

 
0.3-8.4 

3.5( 3) 

T4 level  

     Range 

     Mean (SD) 

 

1.4- 111 

24.5 (3.2) 

TSH  

     Range 

     Mean (SD) 

12 (60%) 

 

Regularity in treatment 

irregular 

 

2-7 years 
3.6 (1.6) 

Language age 

       Range 

       Mean (SD) 

 

5 (25%) 

5 (25%) 

3 (15%) 

7 (35%) 

language age deficit (year) 

No deficit 

<1 

1- 

2-3 

                   SD: Standard Deviation. 

 

Regarding the etiology, of the 20 children 

with CH, TC-99m TS was performed for 

nine children (45%) only because the 

parents of the remaining children did not 

accept TS being performed. This 

examination revealed thyroid ectopia in 

one (5%), thyroid dysgenesis in two 

(10%), and thyroid hypoplasia in three 

cases (15%). In addition, three cases (15%) 

which were confirmed to be transient CH 

had normal thyroid gland (Figure.1). The 

CH study group was divided according to 

the level of thyroid stimulating hormone 

(TSH) and T4 into two groups; group1 

subgroup included children with controlled 

CH (n=8) and subgroup group 2 included 

children with uncontrolled hypothyroidism 

(n=12). As shown in Table.3, there were 

statistically significant differences between 

the controlled and uncontrolled CH groups 

in  the age of acquisition of the first word 

and first sentence, IQ  scores and language 

age (P<0.05), highly statistically 

significant differences in language age 
deficit  (P<0.01). 
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Fig.1: Thyroid Scintigraphy thyroid finding in Children with Congenital Hypothyroidism. 
 

 

Table-3: Comparison between controlled and uncontrolled CH group as regards IQ score, language 
age, language age deficit, first word and first sentence. 

Variables Controlled (Mean ± SD) Uncontrolled (Mean ± SD) P-value 

IQ scores 83±18 56.6±18.7 0.01 

Language age 4.6±1.5 3±0.6 0.01 

Language age deficit 0.4±0.8 1.5±0.6 0.005 

First word (month) 16±8.6 21.7±5.4 0.01 

First sentence (month) 27.6±9 35.6±10.7 0.03 

    SD: Standard Deviation. 

Correlation between language parameters 

and intelligence quotient scores with the 

levels of TSH level in the CH group was 

observed. A highly positive significant 

correlation was found between the 

language deficit, age of first word and age 

of first sentence with the level of TSH (r = 

0.7, P <0.001; r = 0.5, P = 0.007; r = 0.8, P 

<0.001), respectively. There is a very 

strong positive correlation with age of first 

sentence, strong positive correlation with 

language deficit, and moderate positive 

correlation with age of first word. While 

there was a negative correlation between 

IQ test and total language age with the 

TSH level (r = -0.06, P = 0.004; r = -0.4, P 

= 0.06), respectively, increases in TSH 

level led to lower IQ,  and total language 

age as shown in Table.4. This indicates 

Moderate negative correlation with 

language age and weak negative 

correlation with IQ are indicated. 
 

 

Table-4: Correlation between language parameters and intelligence quotient score and the 
levels of TSH in the CH group 

Parameters P-value Pearson correlation coefficient 

IQ 0.004 -0.06 

Language age 0.06 -0.4 

Language deficit  age <0.001 0.7 

Language percentage <0.001 -0.7 

Age of first word 0.007 0.5 

Age of first sentence <0.001 0.8 
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4- DISCUSSION 

      The current study aimed to assess the 

language development in early treated CH 

children and to identify the related risk 

factors that could hinder the better 

outcomes of those children. The result 

revealed a highly statistically significant 

difference between children with 

hypothyroid function and children with 

normal thyroid in the presence of middle 

ear effusion, delayed language, IQ values 

even with early starting of replacement 

therapy. This is similar to previous studies 

that reported subtle but statistically 

significant neurological and language 

deficits in children with early treated CH 

when compared to unaffected individuals 

(23, 25, 28, 32-34). Hrytsiuk et al. (2002) 

reported behavioral disorders in 23%, 

language disorders in 20%, learning 

disorders in 26% in CH children starting 

replacement therapy before the age of 2 

years (35). Moreover, Bargagna et al.’s 

study (2009) indicated 20% of early 

treated CH children showed a generalized 

learning disorder. They stated that, low IQ 

scores and poor language performances 

were associated with learning problems. 

Thus, prompt initiation of language and 

speech assessment and early rehabilitation 

is recommended in order to prevent 

consequent learning disorders (36).  

A long-term follow up study of CH 

children by Rovet and Ehrlich (1995) 

indicted that early identification and 

treatment of CH is associated with almost 

complete prevention of mental retardation 

and significantly improved intellectual 

functioning. While considerable and 

persistent impairments may occur in 

language, non-verbal and visuospatial 

skills are markedly lower than that of their 

siblings, and the differences increase with 

age (21). In spite of earlier therapy for CH 

there are still residual deficits seen in some 

children that could be related to 
intrauterine thyroid deficiency.  

Thus, applying alternative diagnostic 

actions for earlier identification of CH 

even in utero would diminish the risk of 

any consequent impairment and markedly 

improve development of affected fetuses 

(37). Furthermore, in the present study 

there was a significant difference between 

the controlled and uncontrolled CH even 

with the early diagnosis and early starting 

of replacement therapy. 60% of children 

stated an irregular use of L-thyroxine 

substitution that can explain the 

considerable gap/the large gap between the 

case and the control group results as well 

as between controlled and non-controlled 

case groups. Besides, there were highly 

positive significant correlations between 

language deficits, age of first word, age of 

first sentence with TSH concentration, and 
there were negative correlations between  

IQ test, total language and TSH values. 

These results indicate the significance of 

regular treatment as well as early starting 

of the therapy for these children. Similar to 

our finding, previous studies noted that 

there is another variable thought to be an 

important prognostic factor for intellectual 

outcome that is compliance to L-thyroxine 

treatment (38-40). Thus, children of poor 

compliance families are at higher risk for 

manifesting long-term sequelae, especially 

if they are not effectively treated during 

the first three years of life until brain 

development is complete. Children’s IQs 

are generally normal if the postnatal 

treatment is sufficient to restore the serum 

thyroid-stimulating hormone (TSH) to 

normal levels (41). The New England 

Congenital Hypothyroidism Collaborative 

reported normal IQ scores up to the age of 

14 years in CH children except in certain 

circumstances (42). These are consistent 

with previous studies that stated that 

greater frequency of increased serum TSH 

is associated with normal serum T4 

concentrations in patients with lower IQ. 

Those findings indicated that poor 

compliance to treatment might be another 
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factor affecting intellectual outcome (43). 

Accordingly, the actual outcome of 

children with congenital hypothyroidism is 

generally good. However, several factors 

such as the severity of congenital 

hypothyroidism at diagnosis, poor 

compliance to replacement therapy might 

affect the developmental outcome (26, 32, 

39). Therefore, early identification and 

strict surveillance of the therapy will 

probably assure a normal or near normal 

outcome in all patients with congenital 

hypothyroidism. In agreement with 

previous studies showing that middle ear 

effusion (OME) incidence was higher in 

CH than in the control group, even if they 

receive adequate replacement therapy (44, 

45). In the current study, it was noticed 

that there are highly statistically significant 

differences between the study and the 

control group in the presence of OME 

while there are no detected differences 

between the controlled and uncontrolled 

hypothyroidism group. However, the 

possible explanation of CH susceptibility 

to ME dysfunction or otitis media is not 

yet clarified. Previous researches noted 

that middle ear maturation is dependent on 

thyroid hormone (46). Two major 

misconceptions were noted among CH 

children’s parents in the current study.  

First, many of them do not fully 

understand the seriousness of the disease, 

and show poor compliance in treatment 

and follow-up. Second, others believe that 

the thyroid scan is carcinogenic for a 

young child and refuse to have the test 

conducted. Even clinicians believe that 

presence, absence, or abnormal location of 

a thyroid does not alter the situation. Even 

though they know the underlying etiology 

of CH is important in determining disease 

severity, outcome and treatment schedules. 

Patients with athyrosis have the greatest 

hormonal alteration and need for higher 

treatment doses and closer monitoring, 

particularly early in life (47-49). 

Additionally, diagnosis of transient 

hypothyroidism is important to avoid 

lifelong unnecessary therapy with its 

possible side effects; the governmental 

financial burden for this unnecessary 

therapy could be spent on other purposive 

health services. Moreover, the 

psychological benefit to the children and 

families who are relieved of the concern 

about the disorder is crucial and invaluable 

(50-52). Usage of both thyroid 

scintigraphy and ultrasound results in a 

more complete depiction of neonatal 

congenital hypothyroidism than either test 

alone (53). Thyroid scintigraphy is fast, 

easy, inexpensive, well tolerated, safe and 

clinically relevant in babies.  

It helps confirm normal glands in patients 

with false-positive screening and it is 

especially important in differentiating the 

three subgroups of patients with CH 

(hypoplasia-ectopia, non-visualization, and 

dyshormonogenesis). It identifies those 

patients who should be given lifelong 

replacement therapy (hypoplastic ectopic 

thyroid), and indicates those patients who 

need re-evaluation (non-visualization or 

dyshormonogenesis). Ultrasound is less 

sensitive in detecting ectopic thyroid as it 

is absent thyroid gland. However, thyroid 

scintigraphy revealed ectopic foci of 

thyroid tissue (54). Bekhit and Yousef 

(2013), studied cases detected by Fayoum 

neonatal screening program (NSP) 

between January 2003 and December 2011 

and showed that 44 patients (17.7%) did 

not need treatment to maintain normal 

hormone concentrations, and thus have 

transient hypothyroidism (52). In the 

current study, three cases out of 9- cases 

who accepted TS examination were 

confirmed to be a transient CH.  

5- CONCLUSION 

     The findings of this study showed that 

despite early detection and treatment in the 

studied CH children, there was a highly 

statistically significant difference between 

children with hypothyroid function and 
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children with normal thyroid in the 

presence of middle ear effusion, delayed 

language, IQ values. Moreover, there were 

significant differences between the 

controlled and uncontrolled CH children 

results in the overall language profile, IQ 

scores. The magnitude of the deficits 

depends on TSH current levels and 

regularity of hormone replacement 

therapy. Thus, irregular use of hormonal 

replacement has a great impact on CH 

children’s language and cognitive 

development outcomes. This emphasizes 

the importance of increasing the parents’ 

awareness of treatment adequacy and 

regularity in preventing such 

complications. There is greater importance 

in incorporating TS in the assessment 

protocol of CH to detect and confirm the 

underlying etiology. This could determine 

the disease severity, affect the treatment 

doses, and follow up schedules. The role 

of Phoniatrics specialty team in congenital 

hypothyroidism children is still poorly 

discussed and deserves attention. 

Therefore, the inclusion of this 

professional in inter-disciplinary teams 

that follow CH children should be 
considered.  

6- CONFLICT OF INTEREST: None. 

7- ACKNOWLEDGEMENT 

We are deeply indebted to the patients and 

their parents/caregivers for participating in 

the current research. This research did not 

receive any specific grant from funding 

agencies in the public, commercial, or not-

for-profit sectors. 

8- REFERENCES  

1. Hinton CF, Harris KB, Borgfeld L, 
Drummond-Borg M, Eaton R, Lorey F, et al. 
Trends in incidence rates of congenital 
hypothyroidism related to select demographic 
factors: data from the United States, 

California, Massachusetts, New York, and 
Texas. Pediatrics 2010; 125(Suppl 2):S37-S47. 

2. Rastogi MV, LaFranchi SH: 
Congenital hypothyroidism. Orphanet J Rare 
Dis 2010; 5:17. Orphanet J Rare Dis. 2010, 10; 
5:17. doi: 10.1186/1750-1172-5-17. 

3. Chen CY, Lee KT, Lee CT, Lai WT, 
Huang YB. Epidemiology and clinical 
characteristics of congenital hypothyroidism in 
an Asian population: a nationwide 
populationbased study. J Epidemiol. 2013; 
23(2):85-94.  

4. Rezaeian S, Poorolajal J, Moghimbegi 
A, Esmailnasab N. Risk factors of congenital 

hypothyroidism using propensity score: a 
matched case-control study. J Res Health Sci. 
2013; 13(2):151-6.  

5. Abdelmoktader AM. Risk factors for 
congenital hypothyroidism in Egypt: results of 
a population case-control study (2003-2010). 
Ann Saudi Med. 2013; 33(3):273-6.  

6. Hassanzadeh J, Moradi N, 
Esmailnasab N, Rezaeian S, Bagheri P, 
Armanmehr V. The Correlation between 
Gender Inequalities and Their Health Related 
Factors in World Countries: A Global 

CrossSectional Study. Epidemiology Research 
International. 2014; 2014: 521569. 

7. Rezaeian S, Salman Khazaei, Elham 
Hooshmand, Nader Esmailnasab, Gender and 
Risk of Congenital Hypothyroidism: A 
Systematic Review and Meta-Analysis. Int J 
Pediatr 2017; 5(12): 6703-12. 

8. Maruo Y, Takahashi H, Soeda I, 
Nishikura N, Matsui K, Ota Y, et al. Transient 
congenital hypothyroidism caused by biallelic 
mutations of the dual oxidase 2 gene in 
Japanese patients detected by a neonatal 

screening program. J Clin Endocrinol Metab. 
2008; 93(11):4261–7. doi: 10.1210/jc.2008-
0856. [PubMed: 18765513].  

9. Satoh M, Aso K, Katagiri Y. Thyroid 
Dysfunction in Neonates Born to Mothers 
Who Have Undergone Hysterosalpingography 
Involving an Oil-Soluble Iodinated Contrast 
Medium. Horm Res Paediatr.2015; 84(6):370-
5. doi: 10.1159/000439381. Epub 2015 Sep 
25. 

10. Morreale de Escobar G, Obregon MJ, 
Escobar del Rey F. Role of thyroid hormone 

during early brain development. Eur J 
Endocrinol 2004; 151: U25-37. 



Elrabie Ahmed et al. 

Int J Pediatr, Vol.7, N.6, Serial No.66, Jun. 2019                                                                                             9641 

11. Koromilas C, Tsakiris S, Kalafatakis 
K, Zarros A, Stolakis V, Kimpizi D, et al. 
Experimentally-induced maternal 
hypothyroidism alters crucial enzyme 
activities in the frontal cortex and 
hippocampus of the offspring rat. Metab Brain 
Dis. 2015; 30(1):241–46. 

12. Blasi V, Longaretti R, Giovanettoni 
C, Baldoli C, Pontesilli S, Vigone C, et al. 

Decreased parietal cortex activity during 
mental rotation in children with congenital 
hypothyroidism. Neuroendocrinology 2009; 
89: 56–65. 

13. Ahmed RG. Chapter 1: 
Hypothyroidism and brain development. In 
advances in hypothyroidism treatment. Avid 
Science Borsigstr. 9, 10115 Berlin, Berlin, 
Germany. Avid Science Publications level 6, 
Melange Towers, Wing a, Hitec City, 
Hyderabad, Telangana, India. (2015) pp. 1-40.  

14. Lucia FS, Pacheco-Torres J, 

González-Granero S, Canals S, Obregón MJ, 
García-Verdugo JM, et al. Transient 
Hypothyroidism during Lactation Arrests 
Myelination in the Anterior Commissure of 
Rats. A Magnetic Resonance Image and 
Electron Microscope Study Front Neuroanat. 
2018; 27; 12: 31.  

15. Gong J, Dong 
J, Y. Wang, H. Xu, W. Wei, J. Zhong, W. Liu, 
Q. Xi, Chen J. Developmental iodine 

deficiency and hypothyroidism impair neural 
development, up-regulate caveolin-1 and 
down-regulate synaptophysin in rat 
hippocampus. J. Neuroendocrinol., 22 (129–
139) (2010), p. 2010. 

16. Zhang 
HM , N. Lin, Y. Dong, Q. Su, M. LuoEffect of 
perinatal thyroid hormone deficiency on 
expression of rat hippocampal conventional 
protein kinase C isozymes. Mol. Cell 
Biochem.2011; 353: 65-71.  

17. Wheeler SM, McLelland VC, Sheard 

E, McAndrews MP, Rovet JF. Hippocampal 
Functioning and Verbal Associative Memory 
in Adolescents with Congenital 
Hypothyroidism. Front Endocrinol 
(Lausanne). 2015 Oct 19; 6:163. doi: 
10.3389/fendo.2015.00163. eCollection 2015. 

18. Ahmed RG, Incerpi S. Gestational 
doxorubicin alters fetal thyroid-brain axis. Int 
J Dev Neurosci. 2013; 31: 96-104. 

19. Muñoz MB, Dassie-Leite AP, Behlau 
M, Lacerda Filho L, Hamerschmidt R, Nesi-
França S. Speech language pathology 
disorders in children with congenital 
hypothyroidism: Critic review of literature. 
Rev. CEFAC. 2014; 16(6), 1-9.  

20.  Zoeller TR,  Dowling ALS,  Herzig 
CTA,  Iannacone EA,  Gauger KJ,  Bansal R. 
Thyroid hormone, brain development, and the 

environment. Environ Health Perspect. 2002; 
110(Suppl 3): 355–61. 
doi: 10.1289/ehp.02110s3355. 

21. Rovet JF, Ehrlich RM. Long-term 
effects of L-thy - roxine therapy for congenital 
hypothyroidism. J Pediatr. 1995; 126: 380-86. 

22. França SN, Domingos MT. Neonatal 
screening of congenital hypothyroidism: new 
achievements ... new challenges ... Arq Bras 
Endocrinol Metabol. 2008; 52(4):579-80.  

23. Rovet JF. “Long-term 
neuropsychological sequelae of earlytreated 
congenital hypothyroidism: effects in 
adolescence”. Acta Paediatrica 1999; 88(432): 
88–95. 

24. Maniquéz MO, Lilianette BN, Ximena 
WV. Evolución neurológica em pacientes com 

hipotireoidismo congênito disgnosticado por 
rastreo neonatal. Rev Chil Pediatr. 2008; 
69(2):56-9.  

25. Dassie-Leite AP, Behlau M, Nesi-
França S, Lima MN, Lacerda L. Phonological 
acquisition in children with early-treated 
congenital hypothyroidism: association with 
clinical and laboratory parameters. Codas. 
2018; 30(6):e20180013. doi: 10.1590/2317-
1782/20182018013. 

26. Song S, Daneman D, Rovet J. The 
influence of etiology and treatment factors on 

intellectual outcome in congenital 
Hypotyroidism. J Dev Behav Pediatr 2001; 
22(6):376-84. 

27. Kan PF, Windsor J. Word learning in 
children with primary language impairment: a 
meta-analysis. J Speech Lang Hear 
Res. 2010;53(3):739-56. doi: 10.1044/1092-
4388(2009/08-0248). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Blasi%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Longaretti%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giovanettoni%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giovanettoni%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baldoli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pontesilli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigone%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zoeller%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=12060829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dowling%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=12060829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herzig%20CT%5BAuthor%5D&cauthor=true&cauthor_uid=12060829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iannacone%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=12060829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gauger%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=12060829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bansal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12060829
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1241183/
https://dx.doi.org/10.1289%2Fehp.02110s3355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kan%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=20530386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Windsor%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20530386
https://www.ncbi.nlm.nih.gov/pubmed/20530386
https://www.ncbi.nlm.nih.gov/pubmed/20530386


Developmental Outcomes in Early-Treated CH 

Int J Pediatr, Vol.4, N.5, Serial No.29, May 2016                                                                                             9642 

28. Bargagna S, Canepa G, Costagli 
C, Dinetti D, Marcheschi M, Millepiedi S, et 
al. Neuropsychological follow-up in early-
treated congenital hypothyroidism: a problem-
oriented approach. Thyroid. 2000; 10(3):243-
9. 

29. Melika L. The Stanford.Binet 
Intelligence scale. 4th ed. ArabicExaminer’s 
Handbook. Egypt, Cairo: Dar El-Maref 
Publishing, 1998. 

30. Doll EA. The measurement of social 
competence: a manual for the Vineland social 

maturity scale. Educational Test Bureau, 
Educational Publishers, 1953. Available at: 
http://dx.doi.org/10.1037/11349-000.  

31. Kotby MN, Khairy A, Baraka M, 
Rifaie N, El Shobary A. Language testing of 
Arabic speaking children. Proceeding of the 
XXIII world congress of International 
Association of Logopedics and Phoniatrics; 
Cairo; 5 August 1995; pp. 6–10. 

32. Rovet JF. In search of the optimal 
therapy for congenital hypothyroidism. J 
Pediatr. 2004;144(6):698-700. 

33. Oerbeck B, Sundet K, Kase 
BF, Heyerdahl S. Congenital hypothyroidism: 

influence of disease severity and L-thyroxine 
treatment on intellectual, motor, and school-
associated outcomes in young adults. 
Pediatrics. 2003;112(4):923-30. 

34. Alvarez M, Carvajal F, Renon A, 
Perez C, Olivares A, Rodriguez G, et al. 
Differential effect of fetal, neonatal and 
treatment variables on neurodevelopment in 
infants with congenital hypothyroidism. Horm 
Res. 2004; 61(1):17-20. PMid: 14646397. 

35. Hrytsiuk I, Gilbert R, Logan S, 
Pindoria S, Brook CG. Starting dose of 
levothyroxine for the treatment of congenital 

hypothyroidism: a systematic review. Arch 
Pediatr Adolesc Med 2002; 156:485–91.   

36. Agrawal P, Ogilvy-Stuart A, Lees C. 
Intrauterine diagnosis and management of 
congenital goitrous hypothyroidism. 
Ultrasound Obstet Gynecol. 2002;19(5):501-5. 

37. Bargagna S, Canepa G, Costagli 
C, Dinetti D, Marcheschi M, Millepiedi S, et 
al. Neuropsychological follow-up in early-
treated congenital hypothyroidism: a problem-

oriented approach. Thyroid. 2000; 10(3):243-
9. 

38. Grüters A, Liesenkötter KP, Zapico 
M, Jenner A, Dütting C, Pfeiffer E, et al. 
Results of the screening program for 
congenital hypothyroidism in Berlin (1978-
1995). Exp Clin Endocrinol Diabetes. 1997; 
105 Suppl 4:28-31.  

39. Bongers-Schokking JJ, Koot 
HM, Wiersma D, Verkerk PH, de Muinck 
Keizer-Schrama SM. Influence of timing and 
dose of thyroid hormone replacement on 

development in infants with congenital 
hypothyroidism. J Pediatr. 2000;136(3):292-7. 

40. Bongers-Schokking JJ1, Koot 

HM, Wiersma D, Verkerk PH, de Muinck 

Keizer-Schrama SM. “Influence of timing and 

dose of thyroid hormone replacement on 

development in infants with congenital 

hypothyroidism. J Pediatr. 2000 Mar;136(3): 

292-7. 

40.  Simoneau-Roy J1, Marti S, Deal 
C, Huot C, Robaey P, Van Vliet G. Cognition 
and behavior at school entry in children with 
congenital hypothyroidism treated early with 
high-dose levothyroxine. J 
Pediatr. 2004;144(6):747-52. 

41. Cognition and behavior at school entry 

in children with congenital hypothyroidism 
Simoneau-Roy J., S.Marti, C. Deal, C. Huot, 
P. Robaey, G. Van Vliet. “Treated early with 
high-dose levothyroxine,” Journal of 
Pediatrics, vol. 144, no. 6, pp. 747–52, 2004. 

42. Ilicki A, Larsson A. Psychological 
development at 7 years of age in children with 
congenital hypothyroidism. Timing and 
dosage of initial treatment. Acta Paediatr 
Scand. 1991; 80(2):199– 204. [PubMed: 
2035311]. 

43. New England Congenital 
Hypothyroidism Collaborative. Correlation of 

cognitive test scores and adequacy of 
treatment in adolescents with congenital 
hypothyroidism. Journal of Pediatrics 1994 
124 383–87. 

44. Kemper AR1, Ouyang L, Grosse SD. 
Discontinuation of thyroid hormone treatment 
among children in the United States with 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bargagna%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canepa%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costagli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costagli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dinetti%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marcheschi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Millepiedi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/10779139
http://psycnet.apa.org/doi/10.1037/11349-000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rovet%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=15192611
https://www.ncbi.nlm.nih.gov/pubmed/15192611
https://www.ncbi.nlm.nih.gov/pubmed/15192611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oerbeck%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14523187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sundet%20K%5BAuthor%5D&cauthor=true&cauthor_uid=14523187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kase%20BF%5BAuthor%5D&cauthor=true&cauthor_uid=14523187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kase%20BF%5BAuthor%5D&cauthor=true&cauthor_uid=14523187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heyerdahl%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14523187
https://www.ncbi.nlm.nih.gov/pubmed/14523187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bargagna%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canepa%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costagli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costagli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dinetti%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marcheschi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Millepiedi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10779139
https://www.ncbi.nlm.nih.gov/pubmed/10779139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gr%C3%BCters%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9439911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liesenk%C3%B6tter%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=9439911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zapico%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9439911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zapico%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9439911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jenner%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9439911
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%BCtting%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9439911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pfeiffer%20E%5BAuthor%5D&cauthor=true&cauthor_uid=9439911
https://www.ncbi.nlm.nih.gov/pubmed/9439911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bongers-Schokking%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koot%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koot%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiersma%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verkerk%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Muinck%20Keizer-Schrama%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Muinck%20Keizer-Schrama%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bongers-Schokking%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koot%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koot%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiersma%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verkerk%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Muinck%20Keizer-Schrama%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Muinck%20Keizer-Schrama%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=10700683
https://www.ncbi.nlm.nih.gov/pubmed/10700683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simoneau-Roy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15192621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marti%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15192621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deal%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15192621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deal%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15192621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huot%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15192621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robaey%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15192621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Vliet%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15192621
https://www.ncbi.nlm.nih.gov/pubmed/15192621
https://www.ncbi.nlm.nih.gov/pubmed/15192621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kemper%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=20156344
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ouyang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20156344
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grosse%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=20156344


Elrabie Ahmed et al. 

Int J Pediatr, Vol.7, N.6, Serial No.66, Jun. 2019                                                                                             9643 

congenital hypothyroidism: findings from 
health insurance claims data. BMC 
Pediatr. 2010;10:9.  

45. Bellman SC, Davies A, Fuggle PW, 
Grant DB, Smith I.  Mild impairment of neuro-
otological function in early treated congenital 
hypothyroidism. Arch Dis Child. 1996; 74(3): 
215–218. 

46. Koçyiğit M, Çakabay T,  Örtekin SG, 
Akçay T, Özkaya G, Bezgin S Ü, et 
al.Association Between Endocrine Diseases 
and Serous Otitis Media in Children. J Clin 
Res Pediatr Endocrinol. 2017; 9(1): 48–51.  

47. Cordas EA, Lily Ng, Hernandez A, 

Kaneshige M, Cheng SY, ForrestD. Thyroid 
hormone receptors control developmental 
maturation of the middle ear and the size of 
the ossicular bones.  Endocrinology. 2012; 
153(3): 1548–1560.doi: 10.1210/en.2011-
1834. 

48. Van Vliet G. Treatment of congenital 
hypothyroidism. Lancet 2001; 358: 86–7. 

49. Hanukoglu A, Perlman K, Shamis I, 
Brnjac L, Daneman D. Relationship of 
etiology to treatment in congenital 
hypothyroidism. J Clin Endocrinol Metab 
2001; 86:186–91. 

50. Iranpour R, Hashemipour M, Amini 
M, Talaei SM, Kelishadi R, Hovsepian S, et al. 

[Tc]-99m thyroid scintigraphy in congenital 
hypothyroidism screening program. J Trop 
Pediatr. 2006; 52(6):411-5.  

 

 

 

 

 

 

 

 

 

 

 

 

51. Sfakianakis GN, Sfakianaki 
E, Georgiou M, Serafini A, Ezuddin S, Kuker 
R, et al. A renal protocol for all ages and all 
indications: mercapto-acetyl-triglycine 
(MAG3) with simultaneous injection of 
furosemide (MAG3-F0): a 17-year experience. 
Semin Nucl Med. 2009; 39(3):156-73.  

52. Parks JS, Lin M, Grosse SD, Hinton 
CF, Drummond-Borg M, et al. The Impact of 

Transient Hypothyroidism on the Increasing 
Rate of Congenital Hypothyroidism in the 
United States. Pediatrics. 2010;125 Suppl 
2:S54-63. doi: 10.1542/peds.2009-1975F.  

53. Bekhit OE, Yousef RM. Permanent 
and transient congenital hypothyroidism in 
Fayoum, Egypt: a descriptive retrospective 
study. PLoS One. 2013; 8(6):e68048. doi: 
10.1371/journal.pone.0068048. Print 2013. 
Fisher DA. Fetal thyroid function: diagnosis, 

and management of fetal thyroid disorders. 
Clin Obstet Gynecol. 1997; 40(1):16–31. 
[PubMed: 9103947] 

54. Chang YW, Lee DH, Hong YH, Hong 
HS, Choi DL, Seo DY. 
Congenital hypothyroidism: analysis of discor
dant US and scintigraphic findings. 
Radiology. 2011; 258(3):872-9.  

55. Schoen EJ, Clapp W, To TT, Fireman 
BH. The Key Role of Newborn Thyroid 
Scintigraphy with Isotopic Iodide (123I) in 
Defining and Managing Congenital 

Hypothyroidism.Pediatrics. 2004;14(6):e683-
8. 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/20156344
https://www.ncbi.nlm.nih.gov/pubmed/20156344
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iranpour%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16943215
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hashemipour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16943215
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16943215
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16943215
https://www.ncbi.nlm.nih.gov/pubmed/?term=Talaei%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=16943215
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelishadi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16943215
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hovsepian%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16943215
https://www.ncbi.nlm.nih.gov/pubmed/16943215
https://www.ncbi.nlm.nih.gov/pubmed/16943215
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sfakianakis%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=19341836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sfakianaki%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19341836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sfakianaki%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19341836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Georgiou%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19341836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serafini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19341836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ezuddin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19341836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuker%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19341836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuker%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19341836
https://www.ncbi.nlm.nih.gov/pubmed/?term=George+N.+Sfakianakis+%2B+congenital+hypothyrodism
https://www.ncbi.nlm.nih.gov/pubmed/20435718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20YW%5BAuthor%5D&cauthor=true&cauthor_uid=21339351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=21339351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=21339351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=21339351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=21339351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=21339351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=21339351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Congenital+Hypothyroidism%3A+Analysis+of+Discordant+US+and+Scintigraphic+Findings
https://www.ncbi.nlm.nih.gov/pubmed/15574601

