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INTRODUCTION 

Congenital hypothyroidism (CH), the thyroid hormone deficiency since birth, is the most common 

congenital endocrine disease, which can lead to severe neuropsychomotor development delay and 

growth failure if not treated promptly (A, B, D). The incidence of CH has been indicated as 1:3000-

4000 births but is influenced by the neonatal screening strategy performed in each country (NJ, RR, 

BB). In the last decades the incidence of this condition has grown progressively and the main 

reasons for this increase are related to the reduction of the limit level of thyroid-stimulating 

hormone (TSH) in the neonatal screening strategy and to a higher rate of risk factors for a newborn 

to develop a CH. 

Actually, in Italy each Region has adopted a different neonatal screening strategy; in the Piedmont 

Region in recent years the cut-off limit for TSH on dried blood spots (DBS) has been progressively 

lowered to the current levels of 8 μIU / ml at the first screening (at 48 hours of life) and 6.5 μIU/ml 

at the second one, performed 7-15 days after the first screening, if pathological. On the other hand, 

over the years, newborns born from preterm delivery or multiple pregnancy, at risk for CH, are 

increasing (P, S, RS, VZ, WW). Other factors that can influence the incidence of CH include the 

current changes in population ethnicities, the demographics of the screened population, the iodine 

deficiency in the diet, the presence of genetic alterations in genes responsible for thyroid 

ontogenesis or function or syndromes associated with CH (II,KK;JJ). The main genes known so far 

involved in thyroid development are NKX2-1, FOXE1, PAX8, NKX2-5, GLIS3, JAG1, TBX1, 

NTNT1 and CDCA8, responsible for the gland dysgenesis when mutated, and TSHR, GNAS, 

SLC5A5, SCL26A4, DUOX1/2, DUOAXA2, TPO, TG, IYD/DEHAL associated with thyroid 

dyshormonogenesis (A, B, C, E, J, TH, AB, CD, ËF, IJ, PQ, OO, PP). Thyroid dysgenesis, 

classified as total agenesis, ectopic (single or dual foci) and hemiagenesis or hypoplasia, is 

responsible for 75-85 % of all cases of CH (A, H). The most common diagnostic category is the 

ectopic gland, identified in up to 80% of cases with thyroid dysgenesis, while agenesis and 



hypoplasia occur in 20-30% and 5% of cases, respectively (C, E, G, N). Thyroid 

dyshormonogenesis was classically reported in 15-25% of cases, but in the last years the incidence 

of CH caused by the in situ thyroid gland dyshormonogenesis has increased to 40-50% (A, Ë).  

The definitive diagnosis of CH requires biochemical assessment of thyroid function by TSH, fT4, 

fT3 and thyroglobulin measurement, radiological evaluation through Tc99 pernectate or I123 

scintigraphy and ultrasound assessment to confirm gland agenesis (EE, GG, AA, NO, L, O, V, Y, Z, 

SH, GH, K). Once diagnosed, the substitutive treatment with l-thyroxine has to be started as soon as 

possible at 10-15 μg/kg/d dosage, especially when s-TSH is above 20 μUI/ml (F, I, M, Q, R, GJ, 

LL, ZH, TU, CC).  

Since the late 1980s, a high prevalence of congenital anomalies associated with CH has been 

reported [AAA, BBB, CCC, DDD, EEE, FFF, GGG, QQQ, DH]. The main malformations, reported 

from 10.5% to 59% of all newborns with CH, are cardiac defects, cleft palate and/or cleft lip, 

abnormalities of the urogenital, gastrointestinal and musculoskeletal system, as well as 

chromosomal abnormalities. The most frequently affected system is the cardiovascular system. 

Congenital heart disease (CHD) has been observed in 4.9-14% up to 50% of all newborns with CH 

(U, T, Ç, W, ZZ, LM, TT, QQ). A higher rate of other morphological abnormalities has also been 

recently reported in children with CH (33.1%), especially in patients with ectopic thyroid gland (Ë).  

The aim of this study is to find out the incidence of CH in the last year in the Italian Region of 

Piedmont, to assess the change in the etiology of CH and to analyze the rate of malformations and 

comorbidities in relation to the diagnostic category in a cohort of subjects referring to our tertiary 

regional Center. 

METHODS 

All newborns with diagnosis of primitive CH performed in a single tertiary center of Pediatric 

Endocrinology at Regina Margherita Children’s Hospital of Turin were enrolled in the period 



January 2014 - December 2018. Infants affected by syndromic CH or cromosomopathies, transient 

CH or isolated hyperthyrotropinemia in whom substitutive treatment has not been started, were 

excluded. Confirmation of the diagnosis of CH was based on serum levels of TSH, fT4, fT3 and 

thyroglobulin and on radiological evaluation with Tc99 scintigraphy, including ultrasound 

examination in case of suspected thyroid gland agenesis. Anti-peroxidase (AbTPO) and anti-

thyroglobulin (AbHTG) antibodies have been evaluated in all newborns in case of unknown or 

positive maternal antibodies titre. To exclude neonatal jaundice, liver enzymes and bilirubin were 

evaluated in all subjects. All blood tests were performed in a single laboratory. A thorough clinical 

evaluation was performed in all newborns to assess malformations, comorbidities and symptoms 

related to congenital hypothyroidism. The malformations were identified based on clinical 

examination, echocardiography, X-ray of hand and lumbar spine, and ultrasonography of abdomen 

and pelvis. The clinical examination included the search for malformations or dysmorphisms, i.e. 

spinal defects, heart murmurs and CH-related symptoms. Replacement therapy was started as soon 

as possible with a liquid formulation of L-thyroxine at 10-15 mcg/kg/day administered once in the 

morning. On the basis of the etiology of CH, the cohort was divided into 4 subgroups, the one with  

thyroid gland agenesis, ectopia, hypoplasia and dyshormonogenesis . 

Statistical analysis and graphs were performed by the Graphpad 7 software (GraphPad Software, La 

Jolla, CA, USA) using the chi-quadrate test to compare the rates among the different groups. 

 

 

RESULTS 

Eighty five newborns (48 males and 37 females) affected by CH were identified in the study period. 

The incidence of CH in the Italian region of Piedmont in the years 2014-2018 was 1:1000-1200.  

The demographic, biochemical and clinical data are represented in Table 1.  



  
Agenesis  

N=13 

Ectopia 

N=21 

Hypoplasia 

N=9 

Dyshormonogenesis 

N=42 
p 

 Premature birth 2 (15.4%) 1 (4.7%) 3 (27.3%) 15 (35.7%) p=0.04 

 M/F 6/7 8/9 7/4 27/15 p=0.49 

 
Vaginal delivery/ 

Caesarian delivery 
6/7 12/7 5/6 19/23 p=0.61 

 SGA 3 (23%) 4 (19%) 2 (18.1%) 10 (23.8%) p=0.21 

 Familiarity 3 (23.7%) 6 (28.5%) 3 (27.2 %) 13 (30.9 %) p=0.94 

Biochemical 
data TSH (μUI/ml) 500.9±91.2 349.1±54 321.3±130.4 152.1±31.9 p<0.001 

 fT4 (pg/ml) 3.6±1.45 7.95±0.95 11.2±1.27 8.41±1.23 p<0.001 

 fT3 (pg/ml) 2.13±0.34 2.56±0.2 3.77±0.34 3.62±0.28 p<0.001 

 
Thyroglobulin 

(ng/ml) 
2.1±1.55 260.5±73.5 832.3±638.8 1578.9±406.9 p<0.001 

Clinical data 
Initial LT4 dose 

(μg/kg) 
11.3±0.54 9.7±0.3 8.7±0.94 9±0.4 p<0.001 

 

Mean first year of 
life LT4 

requirement 
(μg/kg) 

6.4±0.19 6±0.18 5.8±0.44 5.5±0.42 p=0.22 

 
CH related 
symptoms 

7 (53.8%) 7 (33.3%) 5 (55.5%) 15 (35.7%) p=0.44 

 Malformations 6 (46.1 %) 3 (14.2%) 2 (22.2%) 17 (40.5%) p=0.11 

 Comorbidities 1 (7.6 %) 0 (0%) 2 (22.2%) 4 (9.5%) p=0.49 

 
Malformations and 

comorbidities 
7 (53.8%) 3 (14.2%) 4 (44.4%) 21 (50%) p=0.03 

 All 9 (69.2%) 8 (38 %) 8 (88.8%) 30 (71.4%) p=0.02 

 

Thyroid scintigraphy revealed a dysgenesis of the gland in 50.6% (43/85) of the analyzed 

population. Thyroid agenesis was observed in 15.3% (13/85) of cases, while thyroid ectopia and 

hypoplasia respectively in 24.7% (21/85) and 10.6% (9/85) of all newborns with CH. Thyroid 

dyshormonogenesis with in situ gland was observed in 49.4% (42/85) of the cases. No difference 

was observed between the groups regarding sex, type of delivery, birth weight and length and 

familiarity for thyroid disease. Statistically significant higher prevalence of premature birth was 



observed in case of dyshormonegenesis (15/42, 35.7%) and gland hypoplasia (3/9, 27.3%) 

compared to  agenesis (2/13, 15.4%) or ectopia (1/21, 4.7%) [p=0.04].  

As expected, serum TSH levels were higher in case of gland dysgenesis. TSH values were 

500.9±91, 349.1±54 and 321.3±130.4 μUI/ml in case of thyroid agenesis, ectopia and hypoplasia 

respectively, while newborns with dyshormonogenesis displayed lower TSH levels (152.1±31.9 

μUI/ml, p<0.001). FT4 levels were higher in case of gland hypoplasia and dyshormonogenesis 

(11.2±1.27 pg/ml and 8.41±1.23 respectively) compared to the agenesis and ectopia (3.6±1.45 and 

7.95±0.95 respectively) [p<0.001]. The same trend was recorded for fT3 levels (3.77 ± 0.34 and 

3.62 ± 0.28 pg/ml compared to 2.13 ± 0.34 and 2.56 ± 0.2 pg/ml respectively, p<0.001). 

Thyroglobulin levels were higher in neonates with dyshormonogenesis (1578.9±406.9 mg/dl) 

compared to all other groups (p<0.001). Newborns with thyroid agenesis, ectopia and hypoplasia 

displayed thyroglobulin levels of 2.1±1.55, 260.5±73.5, 832.3±638.8 mg/dl respectively.  

The initial requirement for L-thyroxine was higher in the case agenesis and ectopia of the gland 

(11.3±0.54 and 9.7±0.3 μg/kg/d respectively, p<0.001). In the case of thyroid hypoplasia, the initial 

dose was 8.7±0.94 μg/kg/d, whereas in neonates with thyroid dyshormonogenesis it was 9±0.4 

μg/kg/d. No difference was observed in the mean daily requirement for the first year of life.  

The symptoms related to CH are represented in Figure 1. The most frequent symptoms observed 

were jaundice and respiratory distress, while hypotonia, hypoglycemia or bradycardia were less 

present. No statistical difference was observed among the different groups.  

 

Figure 1. CH-related symptoms at birth .  

The malformations associated with CH are shown in Figure 2. Extra-thyroid congenital anomalies 

were observed in 30/85 (35.2%) of newborns with CH. The system most affected by the 

malformations is the cardiac system (15/85, 17.6%) followed by the urogenital tract (10/85, 11.7%), 



the gastrointestinal tract (7/85, 8.2%), the musculoskeletal system (5/85, 5.9%), and the 

arteriovenous system (2/85, 2.4%). 

 

Figure 2. Malformations associated with primary CH. 

The highest rate of malformations was observed in the patients affected by thyroid agenesis and 

dyshormonogenesis, respectively 46.1% and 40.5%, while in the subjects with thyroid ectopia and 

hypoplasia the rate was 14.2% and 22.2% respectively, although the difference was not statistically 

significant. 

The  comorbidities observed for each group were epileptogenic encephalopathy in 1 subject with 

thyroid agenesia; stenosis of the lacrimal duct and severe atopic dermatitis in 2 subjects with 

glandular hypoplasia and anemia in 4 infants suffering from dyshormonogenesis. No comorbidities 

were observed among patients affected by thyroid ectopia.   

Considering both malformations and comorbidities, subjects with ectopic thyroid gland showed a 

lower risk (p=0.03). The same trend is observed if CH-related symptoms are also considered 

(p=0.02). 

 

DISCUSSION 

Primary CH is the most frequent congenital endocrine disorder that can lead to severe growth 

failure and delayed neuropsychomotor development when misdiagnosed and untreated. To avoid 

this, the neonatal screening strategy includes the measurement of TSH on dried blood spot (DBS) in 

the first days of life. In Italy this screening was firstly performed in 1984 and since then the cut-off 

level for referring to the Pediatric Endocrinology Departments has been continuously updated in all 

Italian Neonatal Screening Centers. The current cut-off level for TSH in the Piedmont Region are 8 



μUI/ml at the first screening and 6.5 μUI/ml at the second one. This screening strategy has led to an 

increase in the prevalence of CH in the last 4 years from 1:3000-4000 to the actual 1:1000-1200. 

Another important factor influencing the increase in prevalence is the growing population of 

newborns at risk of CH such as preterm infants and babies born from multiple pregnancies. From 

the Regional Neonatal Screening Center, 0.8-1 % of all newborns (about 30.000 newborns/year) are 

re-called for a second screening of which 18-20% (40-50 newborns/year) is referred to the 

endocrinologist for further investigation on thyroid function. In 65-70% of cases a permanent CH is 

confirmed, while 30-35% have a transient hypothyroidism due to an immaturity of the 

hypothalamus-pituitary-thyroid axis, due to maternal factors or other causes that are still unknown, 

or it show a transient isolated mild hyperthyrotropinemia with normal fT4 levels that do not require 

substitutive treatment. The first effect of the increase in prevalence is the variation in the percentage 

of the different causes of CH; the current percentage of defects related to the gland in situ is 40-50% 

compared to 15-25% observed before the lowering of the TSH cut-off at screening and our data 

confirm this trend. This fact may be explained by the fact that this change in the neonatal screening 

strategy allows to diagnose mild forms of CH with thyroid gland in situ previously misdiagnosed. 

The remaining forms include thyroid dysgenesis: agenesis in about 15%, ectopia in 25% and 

hypoplasia in 10%.  

Since the late 1980s, it is well known that CH is associated with a higher risk of other congenital 

abnormalities (10.5-59%), especially congenital heart diseases (CHD) that affect 8-14% up to 50% 

of all newborns with CH (U, AAA, BBB, CCC, DDD, EEE, FFF,  GGG, QQQ, DH).  Gu et al. (Ç) 

reported an extra-thyroid malformation rate of 14.6% in a Japanese series of 1520 subjects with CH, 

showing that the most frequent concomitance was with cardiovascular malformations (8.9%) 

followed by gastrointestinal and respiratory system (2.41%). Zahra et al reported congenital heart 

defects in 4.9% of infants with CH, while Bas et al (TT) detected malformations in 28.2% of all 

cases and the most common abnormalities were cardiovascular malformation (8.0%). (T) Reddy et 

al. (W) indicated extra-thyroid malformations in 10 (59%) of 17 patients, of which 29% of cardiac 



defects and 41% of neural tube defects in the form of spina bifida occulta. Stoll et al. (ZZ) described 

extra-thyroid abnormalities in 15.5 % of cases with primary persistent CH and concluded that in this 

population congenital cardiac abnormality seems to be increased five-folds compared to the normal 

population (6.9%). In an Italian series affected by CH, the risk of congenital anomalies detected was 

higher (8.4%) than in the general population with cardiac defects in 5.5% of cases (LM). 

Conversely, in an Egyptian series, cardiovascular abnormalities were reported in 9.1%, the most 

frequent association represented by minor musculoskeletal anomalies, found in 47.7% of cases (FF) 

(FF). Kumar (DH) reported significant association with renal and urinary tract abnormalities. 

Kreisner et al. [QQ] detected malformations in 13.2% of 76 patients with permanent CH, mainly 

cardiac malformations, but also cleft palate and lip and bifid spine. Kempers at al showed higher 

morphological abnormalities in children with CH (33.1%), especially in patients with ectopic 

thyroid gland (Ë). 

In our series, extra-thyroid congenital abnormalities were observed in 30/85 (35.2%) of infants with 

CH, a higher percentage than many other studies, especially if the previous Italian cohort that 

reported a malformation rate of 8.4% (LM) is considered. The most involved system is the cardiac 

system (15/85, 17.6%) followed by malformations of the urogenital tract (10/85, 11.7%), of the 

gastrointestinal tract (7/85, 8.2%), of the musculoskeletal system (5/85, 5.9%), and of the 

arteriovenous system (2/85, 2.4%).  

In the present paper we also analyzed the rate of malformations for each subtype of CH, thyroid 

gland agenesis, hypoplasia or ectopia and the dyshormonogenesis. A higher rate was observed in 

the patients suffering from agenesis and dyshormonogenesis (46.1% and 40.5%, respectively) 

compared to subjects with hypoplasia or ectopia (22.2% and 14.2%, respectively), although this 

difference is not significant. No comorbidity was observed in the group affected by the ectopic 

thyroid gland; if both comorbidities and malformations are considered, the ectopic gland seems to 

to be less associated with other diseases. This might be explained by the fact that at the base of the 

thyroid agenesis and of the dyshormonogenesis different genes are involved which can lead to a 



greater prevalence of alterations also in other organs in development compared to what happens for 

ectopia or thyroid hypoplasia  

This represents the first study that analyzes the distribution of malformations and comorbidities 

associated with the different subtypes of CH, not only to CH as a whole. The main limit of this 

paper is the lack of genetic analyses, which could help to understand the mechanisms underlying 

CH and help in establishing a phenotype-genotype correlation. For that reason, the hypotheses 

raised here can be confirmed in further studies, which include an extensive genetic analysis on 

larger cohorts. 

CONCLUSIONS 

Primary CH is the most common inborn endocrine disorder, with an increasing prevalence due to 

new neonatal screening strategies and the increase of the newborns at risk for CH. The main effects 

of the  increase in prevalence are the change in the percentage of the different forms of CH, with an 

increase of those with in situ gland, which currently seem to cover 40-50% of all causes of CH, and 

the increase in associated malformations, especially in the presence of agenesis of the gland or 

defects in the hormonogenesis.  

 

 

REFERENCES 

1: Peters C, van Trotsenburg ASP, Schoenmakers N. DIAGNOSIS OF ENDOCRINE DISEASE: 

Congenital hypothyroidism: update and perspectives. Eur J Endocrinol. 2018 Dec 1;179(6):R297 

R317. doi: 10.1530/EJE-18-0383. Review. PubMed PMID: 30324792.  



2: Persani L, Rurale G, de Filippis T, Galazzi E, Muzza M, Fugazzola L. Genetics and management 

of congenital hypothyroidism. Best Pract Res Clin Endocrinol Metab. 2018 Aug;32(4):387-396. 

doi: 10.1016/j.beem.2018.05.002. Epub 2018 May 19. Review. PubMed PMID: 30086865. 

3: Wassner AJ. Congenital Hypothyroidism. Clin Perinatol. 2018 Mar;45(1):1-18. doi: 

10.1016/j.clp.2017.10.004. Review. PubMed PMID: 29405999. 

4: Abu-Khudir R, Larrivée-Vanier S, Wasserman JD, Deladoëy J. Disorders of thyroid 

morphogenesis. Best Pract Res Clin Endocrinol Metab. 2017 Mar;31(2):143-159. doi: 

10.1016/j.beem.2017.04.008. Epub 2017 Apr 21. Review. PubMed PMID: 28648504. 

5: Wang F, Liu C, Jia X, Liu X, Xu Y, Yan S, Jia X, Huang Z, Liu S, Gu M. Next-generation 

sequencing of NKX2.1, FOXE1, PAX8, NKX2.5, and TSHR in 100 Chinese patients with 

congenital hypothyroidism and athyreosis. Clin Chim Acta. 2017 Jul;470:36-41. doi: 

10.1016/j.cca.2017.04.020. Epub 2017 Apr 25. PubMed PMID: 28455095 

6: Kang MJ, Chung HR, Oh YJ, Shim YS, Yang S, Hwang IT. Three-year follow-up of children 

with abnormal newborn screening results for congenital hypothyroidism. Pediatr Neonatol. 2017 

Oct;58(5):442-448. doi: 10.1016/j.pedneo.2017.01.002. Epub 2017 Mar 27. PubMed PMID: 

28412200. 

7: Stoupa A, Kariyawasam D, Carré A, Polak M. Update of Thyroid Developmental Genes. 

Endocrinol Metab Clin North Am. 2016 Jun;45(2):243-54. doi: 10.1016/j.ecl.2016.01.007. Epub 

2016 Apr 13. Review. PubMed PMID: 27241962. 

8: Tucker D, Woods G, Langham S, Biassoni L, Krywawych S, Hindmarsh P, Peters C. The 

Incidence and Clinical Features of Dual Thyroid Ectopia in Congenital Hypothyroidism. J Clin 

Endocrinol Metab. 2016 May;101(5):2063-8. doi: 10.1210/jc.2015-3080. Epub 2016 Mar 18. 

PubMed PMID: 26990941. 



9: Yousefichaijan P, Dorreh F, Rafeie M, Sharafkhah M, Safi F, Amiri M, Ebrahimimonfared M. 

Congenital anomalies of kidney and upper urinary tract in children with congenital hypothyroidism; 

a case-control study. J Renal Inj Prev. 2015 Nov 30;4(4):120-6. doi: 10.12861/jrip.2015.26. 

eCollection 2015. PubMed PMID: 26693499; PubMed Central PMCID: PMC4685982. 

10: Sindhuja L, Dayal D, Sodhi KS, Sachdeva N, Bhattacharya A. Thyroid dysfunction and 

developmental anomalies in first degree relatives of children with thyroid dysgenesis. World J 

Pediatr. 2016 May;12(2):215-8. doi: 10.1007/s12519-015-0061-z. Epub 2015 Dec 18. PubMed 

PMID: 26684308. 

11: Krude H, Kühnen P, Biebermann H. Treatment of congenital thyroid dysfunction: 

Achievements and challenges. Best Pract Res Clin Endocrinol Metab. 2015 Jun;29(3):399-413. doi: 

10.1016/j.beem.2015.04.004. Epub 2015 Apr 26. Review. PubMed PMID: 26051299. 

12: Oren A, Wang MK, Brnjac L, Mahmud FH, Palmert MR. Use of Tc-99 m thyroid scans in 

borderline congenital hypothyroidism. Clin Endocrinol (Oxf). 2016 Mar;84(3):438-44. doi: 

10.1111/cen.12807. Epub 2015 May 29. PubMed PMID: 25920072. 

13: Delvecchio M, Salerno M, Vigone MC, Wasniewska M, Popolo PP, Lapolla R, Mussa A, 

Tronconi GM, D'Acunzo I, Di Mase R, Falcone RM, Corrias A, De Luca F, Weber G, Cavallo L, 

Faienza MF. Levothyroxine requirement in congenital hypothyroidism: a 12-year longitudinal 

study. Endocrine. 2015 Dec;50(3):674-80. doi: 10.1007/s12020-015-0574-1. Epub 2015 Mar 12. 

PubMed PMID: 25762444. 

14: Szinnai G. Clinical genetics of congenital hypothyroidism. Endocr Dev. 2014;26:60-78. doi: 

10.1159/000363156. Epub 2014 Aug 29. Review. PubMed PMID: 25231445 

15: Rather TA, Khan SH, Masoodi S, Alai MS. Thyroid dyshormonogenesis and associated non-

thyroidal anomalies in a tertiary care hospital in India. Horm Res Paediatr. 2014;81(5):314-8. doi: 

10.1159/000357843. Epub 2014 Mar 14. PubMed PMID: 24642829. 



16: Clerc J. Imaging the thyroid in children. Best Pract Res Clin Endocrinol Metab. 2014 

Mar;28(2):203-20. doi: 10.1016/j.beem.2013.04.011. Epub 2013 May 28. Review. PubMed PMID: 

24629862. 

17: Vigone MC, Caiulo S, Di Frenna M, Ghirardello S, Corbetta C, Mosca F, Weber G. Evolution 

of thyroid function in preterm infants detected by screening for congenital hypothyroidism. J 

Pediatr. 2014 Jun;164(6):1296-302. doi: 10.1016/j.jpeds.2013.12.048. Epub 2014 Feb 8. PubMed 

PMID: 24518164. 

18: Baş VN, Ozgelen S, Cetinkaya S, Aycan Z. Diseases accompanying congenital hypothyroidism. 

J Pediatr Endocrinol Metab. 2014 May;27(5-6):485-9. doi: 10.1515/jpem-2013-0282. PubMed 

PMID: 24353135. 

19: Maciel LM, Kimura ET, Nogueira CR, Mazeto GM, Magalhães PK, Nascimento ML, Nesi-

França S, Vieira SE; Brazilian Society of Endocrinology and Metabolism. Congenital 

hypothyroidism: recommendations of the Thyroid Department of the Brazilian Society of 

Endocrinology and Metabolism. Arq Bras Endocrinol Metabol. 2013 Apr;57(3):184-92. English, 

Portuguese. PubMed PMID: 23681264 

20: Olivieri A, Corbetta C, Weber G, Vigone MC, Fazzini C, Medda E; Italian Study Group for 

Congenital Hypothyroidism. Congenital hypothyroidism due to defects of thyroid development and 

mild increase of TSH at screening: data from the Italian National Registry of infants with congenital 

hypothyroidism. J Clin Endocrinol Metab. 2013 Apr;98(4):1403-8. doi: 10.1210/jc.2012-3273. 

Epub 2013 Feb 26. PubMed PMID: 23443814. 

21: Rabbiosi S, Vigone MC, Cortinovis F, Zamproni I, Fugazzola L, Persani L, Corbetta C, 

Chiumello G, Weber G. Congenital hypothyroidism with eutopic thyroid gland: analysis of clinical 

and biochemical features at diagnosis and after re-evaluation. J Clin Endocrinol Metab. 2013 

Apr;98(4):1395-402. doi: 10.1210/jc.2012-3174. Epub 2013 Feb 20. PubMed PMID: 23426615. 



22: Razavi Z, Yavarikia A, Torabian S. Congenital anomalies in infant with congenital 

hypothyroidism. Oman Med J. 2012 Sep;27(5):364-7. doi: 10.5001/omj.2012.92. PubMed PMID: 

23074545; PubMed Central PMCID: PMC3472568 

23: Grüters A, Krude H. Detection and treatment of congenital hypothyroidism. Nat Rev 

Endocrinol. 2011 Oct 18;8(2):104-13. doi: 10.1038/nrendo.2011.160. Review. PubMed PMID: 

22009163. 

24: LaFranchi SH. Approach to the diagnosis and treatment of neonatal hypothyroidism. J Clin 

Endocrinol Metab. 2011 Oct;96(10):2959-67. doi: 10.1210/jc.2011-1175. Review. PubMed PMID: 

21976744. 

25: Rastogi MV, LaFranchi SH. Congenital hypothyroidism. Orphanet J Rare Dis. 2010 Jun 

10;5:17. doi: 10.1186/1750-1172-5-17. Review. PubMed PMID: 20537182; PubMed Central 

PMCID: PMC2903524. 

26: Reddy PA, Rajagopal G, Harinarayan CV, Vanaja V, Rajasekhar D, Suresh V, Sachan A. High 

prevalence of associated birth defects in congenital hypothyroidism. Int J Pediatr Endocrinol. 

2010;2010:940980. doi: 10.1155/2010/940980. Epub 2010 May 4. PubMed PMID: 20454578; 

PubMed Central PMCID: PMC2864451. 

27: Nair PS, Sobhakumar S, Kailas L. Diagnostic re-evaluation of children with congenital 

hypothyroidism. Indian Pediatr. 2010 Sep;47(9):757-60. Epub 2010 Jan 15. PubMed PMID: 

20308767. 

28: Gu YH, Harada S, Kato T, Inomata H, Aoki K, Hirahara F. Increased incidence of 

extrathyroidal congenital malformations in Japanese patients with congenital hypothyroidism and 

their relationship with Down syndrome and other factors. Thyroid. 2009 Aug;19(8):869-79. doi: 

10.1089/thy.2008.0405. PubMed PMID: 19534617. 



29: Kempers MJ, Ozgen HM, Vulsma T, Merks JH, Zwinderman KH, de Vijlder JJ, Hennekam RC. 

Morphological abnormalities in children with thyroidal congenital hypothyroidism. Am J Med 

Genet A. 2009 May;149A(5):943-51. doi: 10.1002/ajmg.a.32777. PubMed PMID: 19367618. 

30: Kumar J, Gordillo R, Kaskel FJ, Druschel CM, Woroniecki RP. Increased prevalence of renal 

and urinary tract anomalies in children with congenital hypothyroidism. J Pediatr. 2009 

Feb;154(2):263-6. doi: 10.1016/j.jpeds.2008.08.023. Epub 2008 Sep 27. PubMed PMID: 18823909; 

PubMed Central PMCID: PMC3749842. 

31: Dimitropoulos A, Molinari L, Etter K, Torresani T, Lang-Muritano M, Jenni OG, Largo RH, 

Latal B. Children with congenital hypothyroidism: long-term intellectual outcome after early high-

dose treatment. Pediatr Res. 2009 Feb;65(2):242-8. doi: 10.1203/PDR.0b013e31818d2030. PubMed 

PMID: 18787501. 

32: Léger J. [Long term outcome of children with congenital hypothyroidism]. Arch Pediatr. 2008 

Jun;15(5):763-5. doi: 10.1016/S0929-693X(08)71903-1. French. PubMed PMID: 18582742. 

33: Topaloglu AK. Athyreosis, dysgenesis, and dyshormonogenesis in congenital hypothyroidism. 

Pediatr Endocrinol Rev. 2006 Aug;3 Suppl 3:498-502. Review. Erratum in: Pediatr Endocrinol Rev. 

2007 Sep;5(1):470. PubMed PMID: 17551472. 

34: Kratzsch J, Pulzer F. Thyroid gland development and defects. Best Pract Res Clin Endocrinol 

Metab. 2008 Feb;22(1):57-75. doi: 10.1016/j.beem.2007.08.006. Review. PubMed PMID: 

18279780. 

35: Garel C, Léger J. Thyroid imaging in children. Endocr Dev. 2007;10:43-61. Review. PubMed 

PMID: 17684389. 

36: Castanet M, Polak M, Léger J. Familial forms of thyroid dysgenesis. Endocr Dev. 2007;10:15-

28. Review. PubMed PMID: 17684387. 



37: Büyükgebiz A. Congenital hypothyroidism clinical aspects and late consequences. Pediatr 

Endocrinol Rev. 2003 Dec;1 Suppl 2:185-90; discussion 190. Review. PubMed PMID: 16444157. 

38: Grüters A, Krude H, Biebermann H. Molecular genetic defects in congenital hypothyroidism. 

Eur J Endocrinol. 2004 Nov;151 Suppl 3:U39-44. Review. PubMed PMID: 15554885. 

39: Polak M, Sura-Trueba S, Chauty A, Szinnai G, Carré A, Castanet M. Molecular mechanisms of 

thyroid dysgenesis. Horm Res. 2004;62 Suppl 3:14-21. Review. PubMed PMID: 15539794. 

40: Trueba SS, Augé J, Mattei G, Etchevers H, Martinovic J, Czernichow P, Vekemans M, Polak 

M, Attié-Bitach T. PAX8, TITF1, and FOXE1 gene expression patterns during human 

development: new insights into human thyroid development and thyroid dysgenesis-associated 

malformations. J Clin Endocrinol Metab. 2005 Jan;90(1):455-62. Epub 2004 Oct 19. PubMed 

PMID: 15494458. 

41: Bubuteishvili L, Garel C, Czernichow P, Léger J. Thyroid abnormalities by ultrasonography in 

neonates with congenital hypothyroidism. J Pediatr. 2003 Dec;143(6):759-64. PubMed PMID: 

14657824. 

42: Marinovic D, Garel C, Czernichow P, Léger J. Ultrasonographic assessment of the ectopic 

thyroid tissue in children with congenital hypothyroidism. Pediatr Radiol. 2004 Feb;34(2):109-13. 

Epub 2003 Oct 28. PubMed PMID: 14586525. 

43: Calaciura F, Miscio G, Coco A, Leonardi D, Cisternino C, Regalbuto C, Bozzali M, Maiorana 

R, Ranieri A, Carta A, Buscema M, Trischitta V, Sava L, Tassi V. Genetics of specific phenotypes 

of congenital hypothyroidism: a population-based approach. Thyroid. 2002 Nov;12(11):945-51. 

PubMed PMID: 12490071. 

44: Olivieri A, Stazi MA, Mastroiacovo P, Fazzini C, Medda E, Spagnolo A, De Angelis S, 

Grandolfo ME, Taruscio D, Cordeddu V, Sorcini M; Study Group for Congenital Hypothyroidism. 



A population-based study on the frequency of additional congenital malformations in infants with 

congenital hypothyroidism: data from the Italian Registry for Congenital Hypothyroidism (1991-

1998). J Clin Endocrinol Metab. 2002 Feb;87(2):557-62. PubMed PMID: 11836285. 

45: Congenital anomalies associated with hypothyroidism. Bamforth JS, Hughes I, Lazarus J, John 

R. Arch Dis Child. 1986 Jun;61(6):608-9 

46: Congenital abnormalities and congenital hypothyroidism. Lazarus JH, Hughes IA. Lancet. 1988 

Jul 2;2(8601):52 

47: New England Congenital Hypothyroidism Collaborative.Congenital concomitants of infantile 

hypothyroidism. J Pediatr. 1988 Feb;112(2):244-7. 

48: Congenital anomalies in infants with congenital hypothyroidism: is it a coincidental or an 

associated finding? Al-Jurayyan NA, Al-Herbish AS, El-Desouki MI, Al-Nuaim AA, Abo-Bakr 

AM, Al-Husain MA.Hum Hered. 1997 Jan-Feb;47(1):33-7. 

49: Congenital hypothyroidism and concomitant anomalies. Chao T, Wang JR, Hwang B. J Pediatr 

Endocrinol Metab. 1997 Mar-Apr;10(2):217-21. 

50: Am J Med Genet. 1997 Jul 11;71(1):29-32. Population study of congenital hypothyroidism and 

associated birth defects, Atlanta, 1979-1992. Roberts HE1, Moore CA, Fernhoff PM, Brown AL, 

Khoury MJ. 

51: A search for the possible molecular mechanisms of thyroid dysgenesis: sex ratios and associated 

malformations. Devos H, Rodd C, Gagné N, Laframboise R, Van Vliet G. J Clin Endocrinol Metab. 

1999 Jul;84(7):2502-6. 


