
Introduction 

Congenital hypothyroidism (CH) is the leading cause of prevent-
able physical and intellectual disabilities and is a common endo-
crine disease in pediatric patients [1,2]. Generally, patients with 
CH show no symptoms at birth; however, owing to the critical pe-
riod of thyroid hormone-sensitive neurocognitive development 
during the first 3 years after birth, rapid diagnosis and treatment 
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are required [3-6]. Newborn screening for CH, first introduced in 
1972 in Quebec (Canada) and Pittsburg (United States), has be-
come a routine practice worldwide [7,8]. The global incidence of 
CH is one in 3,000 to 4,000 newborns and has increased to one in 
1,600 to 2,600 newborns in certain regions, such as Quebec and 
Massachusetts (United States) [1,9-11]. 

In South Korea, approximately 3,707,773 newborns underwent 
screening between 1991 and 2005 through the Maternal and 
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Child Health Project implemented by the government. Of these, 
718 newborns were diagnosed with CH, with an incidence of one 
in 5,164 [12]. Since 2004, the Korean government has extended 
the project’s scope to include all newborns. However, to date, no 
study has reported the incidence of CH in South Korea. Thus, this 
study aimed to retrospectively analyze the incidence and clinical 
features of CH in newborns in a South Korean hospital. 

Methods 

Ethical statements: The Institutional Review Board (IRB) of 
Pusan National University Hospital (PNUH) approved this 
study (IRB No: 2106-020-104) and waived the requirement 
for informed consent as this study analyzed anonymized pa-
tient data.

1. Participants 
This retrospective study included 3,722 newborns delivered at 
PNUH between January 2011 and March 2021. 

2. Methods 
Data on gestational age, birth weight, sex, age, neonatal intensive 
care unit (NICU) hospitalization, morbidity, and maternal history 
were collected from the medical records of each patient. According 
to gestational age, patients were categorized into term (≥37 weeks), 
moderate-to-late preterm (32–37 weeks), very preterm (28–31 
weeks), and extremely preterm ( < 28 weeks) infants. Patients were 
also classified by birth weight as follows: normal-birth weight in-
fants ( ≥ 2,500 g), low birth weight infants (LBWIs; 1,500–2,499 
g), very low birth weight infants (VLBWIs; 1,000–1,499 g), and 
extremely low birth weight infants (ELBWIs; < 1,000 g). An infant 
with a birth weight less than the third percentile of the correspond-
ing gestational age based on Korean references for birth weight by 
gestational age and sex was considered small for gestational age 
(SGA) [13]. 

As part of the newborn screening, levels of thyroid-stimulating 
hormone (TSH) and tetraiodothyronine (T4), as well as serum 
TSH and free thyroxine (FT4), were measured. CH was defined 
as TSH of ≥ 20 μIU/mL or T4 of < 11.0 μg/dL on newborn 
screening, or TSH of ≥ 10 μIU/mL or FT4 of < 0.8 ng/dL in a se-
rum thyroid function test (TFT) analyzed by radioimmunoassay 
(Shinjin Medic Inc., Goyang, Korea). Newborn screening results at 
this hospital could only be obtained after 2 weeks; thus, serum 
TFT was additionally performed for preterm infants and new-
borns in the NICU 7 days after delivery. A serum TFT was per-
formed prior to treatment for all infants diagnosed with CH via 

newborn screening. 
Imaging included neck ultrasonography and thyroid scans with 

technetium-99m pertechnetate. The patients with ≥ 3 years of age 
who were prescribed levothyroxine were diagnosed with perma-
nent CH and those who showed spontaneous recovery were diag-
nosed with transient hypothyroidism. Among the patients diag-
nosed with transient hypothyroidism, those who did not require 
levothyroxine treatment but had TSH levels of 5 to 10 μIU/mL 
and normal FT4 concentrations were diagnosed with subclinical 
hypothyroidism. 

3. Statistical analysis 
Categorical variables are presented as counts and percentages. The 
chi-square test was used to compare differences in the incidence of 
CH according to patient groups. Multiple logistic regression analy-
sis was performed to compare the risk of CH according to partici-
pant characteristics. Statistical analyses were performed using the 
IBM SPSS ver. 23 for Windows (IBM Corp., Armonk, NY, USA), 
and statistical significance was set at p < 0.05. 

Results 

A total of 3,722 newborns were delivered at PNUH during the 
study period. Of these, 95 (2.55%) had either an abnormal new-
born screening or abnormal serum TFT results; therefore, they un-
derwent an additional serum TFT. Finally, 40 of 3,722 patients 
(1.07%) diagnosed with CH were included in this study, with an 
incidence of one in 93 newborns (Fig. 1). 

Of the 40 patients with CH, 24 were female (60.0%). There 
were 31 (77.5%) preterm infants, with predominance of moder-
ate-to-late preterm infants (n = 17, 42.5%). Among the 40 patients, 
most were LBWIs (n = 17, 42.5%). Fourteen SGA infants (35.0%) 
and 34 NICU infants (85.0%) were admitted due to premature 
birth or disease. Regarding comorbidities, bronchopulmonary dys-
plasia was the most common (n = 8, 20.0%), followed by intraven-
tricular hemorrhage (n = 4, 10.0%) and sepsis (n = 2, 5.0%). Pre-
eclampsia was the most common maternal history (n = 10, 
25.0%), followed by diabetes mellitus (n = 7, 17.5%) and thyroid 
disease (n = 3, 7.5%). Of the mothers with thyroid disease, two had 
hypothyroidism and one had hyperthyroidism (Table 1). 

Logistic regression analysis was performed to identify factors re-
lated to the incidence of CH. Compared with that in term infants, 
the risk of CH was 2.568, 5.917, and 7.441 times higher in moder-
ate-to-late preterm (32–37 weeks), very preterm (28–31 weeks), 
and extremely preterm ( < 28 weeks) infants, respectively (95% 
confidence interval [CI], 1.141–5.778, p = 0.023; 95% CI, 2.264–
15.464, p < 0.001; 95% CI, 2.617–21.159, p < 0.001, respectively). 
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Normal newborns
(n=52)

Patients lost to follow up
(n=3)

Patients lost to follow up 
(n=4)

CH patients aged <3 years
(n=9)

CH patients aged ≥3 years
(n=31)

Patients with transient 
congenital hypothyroidism

(n=20)

Subclinical hypothyroidism
(n=9)

Fig. 1. Flowchart of patient inclusion and exclusion. Newborns with congenital hypothyroidism (CH) delivered at Pusan National 
University Hospital between January 2011 and March 2021 are included in this study. TFT, thyroid function test.

The incidence of CH was 0.48% (n = 9, one in 208) in term infants 
and 1.68% (n = 31, one in 60) in preterm infants (p < 0.001) (Ta-
ble 2). 

The risk of CH was significantly higher in LBWIs than in those 
weighing ≥ 2,500 g. In particular, LBWIs (1,500–2,499 g), VLB-
WIs (1,000–1,499 g), and ELBWIs ( < 1,000 g) were at 4.664, 
11.076, and 12.544 times higher risk of developing CH, respective-
ly (95% CI, 1.928–11.279, p = 0.001; 95% CI, 4.089–29.999, 
p < 0.001; 95% CI, 4.350–36.176, p < 0.001, respectively). More-
over, the risk of CH was 6.975 times higher in SGA infants than in 
non-SGA infants (95% CI, 3.553–13.692, p < 0.001) (Table 2). 

During the follow-up period for infants with ≥ 3 years of age, 27 
of the 31 patients diagnosed with CH were reexamined, and thy-
roid ultrasonography and thyroid scans were performed in 22 of 
the 27 patients. Based on the ultrasonography results, thyroid hy-
poplasia was detected in three of the 22 patients. Decreased uptake 
was observed in three of the 21 patients who underwent thyroid 
scans; the thyroid scan result of one patient was excluded because 
it was performed on day 19 of levothyroxine administration. Of the 
three patients with decreased uptake, one had normal thyroid ul-
trasonography findings, and thyroid hypoplasia was confirmed in 
the other two patients. Normal thyroid hormone levels after 
levothyroxine discontinuation were maintained in 20 patients, 
nine of whom were diagnosed with subclinical hypothyroidism. 
Seven patients had permanent CH (Table 3). 

Thus, among the 2,658 children who were delivered at PNUH 
during the study period and were ≥ 3 years old, the incidence of 
transient CH was one in 215 term infants (six of 1,291, 0.46%) and 
one in 98 preterm infants (14 of 1,367, 1.02%), whereas the inci-

Newborns diagnosed with CH 
(n=40)

All newborns delivered
(n=3,722)

Table 1. Characteristics of CH patients

Characteristic Data
No. of patients 40
Sex
  Male 16 (40.0)
  Female 24 (60.0)
Gestational age (wk)
  Term, ≥37 9 (22.5)
  Preterm
    Moderate-to-late preterm, 32–37 17 (42.5)
    Very preterm, 28–31 8 (20.0)
    Extremely preterm, <28 6 (15.0)
Birth weight (g)
  Normal, ≥2,500 7 (17.5)
  LBWIs, 1,500–2,499 17 (42.5)
  VLBWIs, 1,000–1,499 9 (22.5)
  ELBWIs, <1,000 7 (17.5)
SGA 14 (35.0)
NICU hospitalization 34 (85.0)
Morbidity
  None 25 (62.5)
  Intraventricular hemorrhage 4 (10.0)
  Bronchopulmonary dysplasia 8 (20.0)
  Sepsis 2 (5.0)
  Othersa) 3 (7.5)
Maternal history
  None 20 (50.0)
  Thyroid disease 3 (7.5)
  Preeclampsia 10 (25.0)
  Diabetes mellitus 7 (17.5)
  Hypertension 1 (2.5)
Values are presented as number only or number (%).
CH, congenital hypothyroidism; LBWIs, low birth weight infants; VLBWIs, 
very low birth weight infants; ELBWIs, extremely low birth weight infants; 
SGA, small for gestational age; NICU, neonatal intensive care unit.
a)Includes persistent pulmonary hypertension of the newborn, hypoxic 
brain damage, and omphalitis.

Normal newborn screening or 
serum TFT results (n=3,627)

Abnormal newborn screening 
or serum TFT results (n=95)

Patients with permanent 
congenital hypothyroidism 

(n=7)
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dence of permanent CH was one in 1,291 term infants (one of 
1,291, 0.08%) and one in 228 preterm infants (six of 1,367, 0.44%), 
with a significantly higher incidence of CH in the preterm infants 
(p= 0.014). 

Discussion 

This study provides new information on the incidence of CH in 
Korea based on the latest data. We identified the following factors 
as being significantly correlated with the incidence of CH: low ges-
tational age, low birth weight, and SGA. According to numerous 
studies, the high incidence of CH in preterm infants and low birth 
weight neonates can be attributed to developmental immaturity 
and various environmental factors [14,15]. Additionally, the in-
crease in the incidence of premature births and survival of preterm 
infants due to improved healthcare access may contribute to this, 
despite the higher incidence of thyroid dysfunction in preterm in-
fants and low birth weight neonates than in term infants [15,16]. 
In this study, the risk of CH was 1.675 times higher in female in-
fants than in male infants, albeit not statistically significant. None-
theless, the risk of CH significantly increases with decreasing gesta-
tional age and birth weight. 

Waller et al. [17] conducted a cross-sectional study of 5,049,185 
infants and reported 1,806 cases of CH. Female infants had a high-
er incidence of CH than did male infants at all birth weights. Fur-
thermore, infants weighing < 2,000 g had a two-fold higher inci-
dence of CH than those weighing 3,000 to 3,499 g. In a meta-anal-
ysis by Zhang and Li [18], low birth weight and preterm birth were 
identified as risk factors for CH in neonates (odds ratio [OR], 
2.674; 95% CI, 1.895–3.772; OR, 2.567; 95% CI, 2.070–3.183, re-

Table 2. Results of logistic regression analysis of the effects of participant characteristics on CH incidence

Characteristic CH, n (%) Non-CH, n OR (95% CI) p-value
Sex
  Male 16 (40.0) 1,933 1 (Reference)
  Female 24 (60.0) 1,749 1.675 (0.877–3.199) 0.118
Gestational age (wk)
  Term, ≥37 9 (22.5) 1,864 1 (Reference)
  Preterm
    Moderate-to-late preterm, 32–37 17 (42.5) 1,371 2.568 (1.141–5.778) 0.023*
    Very preterm, 28–31 8 (20.0) 280 5.917 (2.264–15.464) <0.001*
    Extremely preterm, <28 6 (15.0) 167 7.441 (2.617–21.159) <0.001*
Birth weight (g)
  Normal, ≥2,500 7 (17.5) 2,145 1 (Reference)
  LBWIs, 1,500–2,499 17 (42.5) 1,117 4.664 (1.928–11.279) 0.001*
  VLBWIs, 1,000–1,499 9 (22.5) 249 11.076 (4.089–29.999) <0.001*
  ELBWIs, <1,000 7 (17.5) 171 12.544 (4.350–36.176) <0.001*
Birth weight according to gestational age
  Non-SGA 26 (65.0) 3,404 1 (Reference)
  SGA 14 (35.0) 278 6.975 (3.553–13.692) <0.001*

CH, congenital hypothyroidism; OR, odds ratio; CI, confidence interval; LBWIs, low birth weight infants; VLBWIs, very low birth weight infants; ELBWIs, 
extremely low birth weight infants; SGA, small for gestational age.
*p<0.05, statistically significant difference.

Table 3. Imaging tests results and final diagnosis (n=31)a)

Variable Data
Imaging
  Ultrasonography 22
    Normal 19 (86.4)
    Ectopic 0 (0)
    Hypoplasia 3 (13.6)
    Aplasia 0 (0)
  Thyroid scan 21
    Normal 18 (85.7)
    Ectopic 0 (0)
    Increased uptake 0 (0)
    Decreased uptake 3 (14.3)
Final diagnosis 27
  Transient CH 20 (74.1)
    Subclinical hypothyroidism 9 (45.0)
  Permanent CH 7 (25.9)

Values are presented as number only or number (%).
CH, congenital hypothyroidism.
a)Four patients (12.9%) were lost to follow up.
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spectively). In the present study, we found that the risk of CH was 
6.975 times higher in SGA infants than in non-SGA infants. Nu-
merous studies have recommended a second screening for CH in 
preterm and LBWIs, and our findings indicate that a second 
screening would also be beneficial for infants who are SGA [4, 
15,19,20]. 

Preterm infants and low birth weight neonates have poorer ad-
aptation to the environment and lower levels of thyrotropin-releas-
ing hormone, thyroxine-binding globulin, T4, and triiodothy-
ronine than healthy newborns, which is caused by the premature 
development of the hypothalamus-pituitary-thyroid axis. These 
infants are also prone to transient hypothyroidism caused by io-
dine overload due to the low level of iodine stored in the thyroid 
[21,22]. The 2020 to 2021 guidelines of the European Society for 
Paediatric Endocrinology recommend a second screening be-
tween postnatal days 10 and 14 for sick babies, including preterm 
infants and low birth weight neonates [23]. 

Ford et al. [24] reported that among 197 CH newborns deliv-
ered in Oregon between 2005 and 2011, 29 were diagnosed with 
CH based on a second screening. Among these patients, 24 were 
monitored for follow-up, and 17 were term infants. In our hospital, 
for term infants without any diseases, neither a second screening 
nor a serum TFT is performed if the newborn screening results are 
deemed normal. However, a term infant with a normal first screen-
ing result may have an abnormal second screening result. There-
fore, a mandatory second screening test should be considered for 
preterm infants and neonates with low birth weights. In full-term 
infants, a second screening test is generally not necessary. Never-
theless, a second screening test is highly recommended for full-
term infants with any disease. 

Recent studies have reported an increased incidence of CH in 
newborns. For example, Mitchell et al. [10] investigated trends in 
CH incidence rates in Massachusetts. They found that from 2001 
to 2004, there was an approximately two-fold increase in incidence 
(one in 1,660) compared with that from 1991 to 1994 (one in 
3,010). They suggested that the increasing incidence of CH in 
Massachusetts reflected mild and delayed cases and that this in-
crease was attributed to enhanced detection rather than an abso-
lute increase in numbers. In South Korea, a CH incidence of 0.18% 
(n = 2,133, one in 533) was reported in a single-center study [25]. 
In contrast, the incidence of CH from 2011 to 2021 in this study 
was one in 93, a six-fold increase. 

An increase in the incidence of transient CH with eutopic glands 
has been reported in various countries [26-28]. In a retrospective 
cohort study by Barry et al. [27], the percentages of patients with 
transient CH at the 3-, 5-, and 10-year follow-ups were 19.8%, 
25.3%, and 36.7%, respectively. The authors suggested that prema-

ture birth was statistically related to transient CH. In addition, in a 
single-center study from 2003 to 2015 in South Korea, Park et al. 
[28] reported that 65% of patients had transient CH. In the pres-
ent study, we also found a high proportion of patients (15 of 19, 
78.9%) with transient CH and eutopic thyroid glands. These cases 
may be due to the difference in sample size; however, premature 
birth may also be a contributing factor. 

CH can be classified as transient or permanent. Transient CH is 
a temporary deficiency of thyroid hormones with spontaneous re-
covery through normal thyroid hormone production. In contrast, 
permanent CH requires continuous treatment. The primary caus-
es of permanent CH include abnormal thyroid differentiation, mi-
gration, and function [11,29]. Thyroid dysgenesis accounts for 
80% to 85% of overt CH cases, whereas inborn errors in thyroid 
hormone synthesis (dyshormonogenesis) account for 10% to 15% 
of cases [29,30]. Permanent CH includes central hypothyroidism, 
which was not detected in any patient in our study. Meanwhile, 
seven of the 27 patients with CH were diagnosed with permanent 
CH. Of these seven patients, three had abnormal imaging results: 
one showed bilateral small-sized thyroid lobes on a thyroid ultraso-
nogram and decreased uptake on a thyroid scan, one had normal 
ultrasonography results and decreased uptake, and one had thyroid 
hypoplasia and no thyroid scan data. Notably, more than half of the 
patients with permanent CH (five of seven) had normal sono-
graphic appearance of the thyroid gland. In addition, one patient 
with transient CH maintained a state of subclinical hypothyroid-
ism without medication, despite thyroid hypoplasia and decreased 
uptake. These results indicate that, although imaging studies for 
CH could assist in identifying the causes of hypothyroidism, they 
cannot differentiate between transient and permanent CH. There-
fore, clinicians should be aware of the various imaging techniques 
and their purposes, advantages, and limitations. 

This study has some limitations. First, a large number of new-
borns delivered at PNUH, a tertiary medical institution, were 
preterm infants. Studies have indicated that the number of patients 
with transient hypothyroxinemia or transient CH is much higher 
in preterm infants than in term infants [22,23]. Similarly, we ob-
served a two-fold higher frequency in preterm infants. Term in-
fants born at tertiary medical institutions are likely to have mater-
nal or perinatal problems. In this study, two term infants with CH 
(two of nine infants) had a mother diagnosed with disease; both 
mothers showed hypothyroidism, and one had hypertension as a 
comorbidity. Second, due to the retrospective study design, there 
were cases with missing perinatal data. Thus, to better examine the 
changes in CH incidence rates in South Korea, future prospective 
studies conducted at multiple centers with larger sample sizes are 
warranted. 
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In summary, our findings suggest that the incidence of CH in 
South Korea has increased significantly compared with that in the 
past. In addition, as gestational age, birth weight, and SGA were 
significantly associated with CH incidence, newborns with these 
conditions are recommended to undergo a second screening test. 

Notes 

Conflicts of interest 
No potential conflict of interest relevant to this article was report-
ed. 

Funding 
This work was supported by a 2021 clinical research grant from the 
Pusan National University Hospital. 

Author contributions 
Conceptualization: all authors; Data curation, Investigation: HYJ, 
MJK, EHY, HWY, SJP; Formal analysis: HYJ, MJK, EHY, YMK, 
SHC, KHP; Funding acquisition, Validation: MJK; Methodology: 
HYJ, MJK, SHC, KHP; Project administration: MJK, YMK; Visu-
alization: HYJ, MJK, HWY, SJP; Resources, Software: HYJ, MJK; 
Supervision: MJK, YMK, SHC, KHP; Writing-original draft: HYJ, 
MJK, EHY, KHP, HWY, SJP; Writing-review & editing: HYJ, 
MJK, YMK, SHC. 

ORCID 
Ha Young Jo, https://orcid.org/0000-0001-5934-6733 
Eun Hye Yang, https://orcid.org/0000-0003-4866-7333 
Young Mi Kim, https://orcid.org/0000-0002-4689-8974 
Soo-Han Choi, https://orcid.org/0000-0003-2449-3025 
Kyung Hee Park, https://orcid.org/0000-0002-1028-4225 
Hye Won Yoo, https://orcid.org/0000-0002-5014-3494 
Su Jeong Park, https://orcid.org/0000-0001-7496-7159 
Min Jung Kwak, https://orcid.org/0000-0003-1379-6514  

References 

1. Fisher DA. Second International Conference on Neonatal Thy-
roid Screening: progress report. J Pediatr 1983;102:653–4. 

2. LaFranchi SH. Hypothyroidism. Pediatr Clin North Am 1979; 
26:33–51. 

3. Rovet JF. The role of thyroid hormones for brain development 
and cognitive function. Endocr Dev 2014;26:26–43. 

4. Léger J, Olivieri A, Donaldson M, Torresani T, Krude H, van 
Vliet G, et al. European Society for Paediatric Endocrinology 
consensus guidelines on screening, diagnosis, and management 

of congenital hypothyroidism. J Clin Endocrinol Metab 2014; 
99:363–84. 

5. Horn S, Heuer H. Thyroid hormone action during brain devel-
opment: more questions than answers. Mol Cell Endocrinol 
2010;315:19–26. 

6. Zoeller RT, Tan SW, Tyl RW. General background on the hypo-
thalamic-pituitary-thyroid (HPT) axis. Crit Rev Toxicol 
2007;37:11–53. 

7. Gravdal JA, Meenan A, Dyson AE. Congenital hypothyroidism. 
J Fam Pract 1989;29:47–50. 

8. Fisher DA, Dussault JH, Foley TP Jr, Klein AH, LaFranchi S, 
Larsen PR, et al. Screening for congenital hypothyroidism: re-
sults of screening one million North American infants. J Pediatr 
1979;94:700–5. 

9. Toublanc JE. Comparison of epidemiological data on congeni-
tal hypothyroidism in Europe with those of other parts in the 
world. Horm Res 1992;38:230–5. 

10. Mitchell ML, Hsu HW, Sahai I; Massachusetts Pediatric Endo-
crine Work Group. The increased incidence of congenital hypo-
thyroidism: fact or fancy? Clin Endocrinol (Oxf) 2011;75: 
806–10. 

11. Deladoëy J, Ruel J, Giguère Y, Van Vliet G. Is the incidence of 
congenital hypothyroidism really increasing?: a 20-year retro-
spective population-based study in Québec. J Clin Endocrinol 
Metab 2011;96:2422–9. 

12. Lee DH. Newborn screening of inherited metabolic disease in 
Korea. Korean J Pediatr 2006;49:1125–39. 

13. Lim JS, Lim SW, Ahn JH, Song BS, Shim KS, Hwang IT. New 
Korean reference for birth weight by gestational age and sex: 
data from the Korean Statistical Information Service (2008-
2012). Ann Pediatr Endocrinol Metab 2014;19:146–53. 

14. Murphy N, Hume R, van Toor H, Matthews TG, Ogston SA, 
Wu SY, et al. The hypothalamic-pituitary-thyroid axis in 
preterm infants; changes in the first 24 hours of postnatal life. J 
Clin Endocrinol Metab 2004;89:2824–31. 

15. Chung HR. Screening and management of thyroid dysfunction 
in preterm infants. Ann Pediatr Endocrinol Metab 2019;24:15–
21. 

16. Wassner AJ, Brown RS. Congenital hypothyroidism: recent ad-
vances. Curr Opin Endocrinol Diabetes Obes 2015;22:407–12. 

17. Waller DK, Anderson JL, Lorey F, Cunningham GC. Risk fac-
tors for congenital hypothyroidism: an investigation of infant’s 
birth weight, ethnicity, and gender in California, 1990-1998. 
Teratology 2000;62:36–41. 

18. Zhang J, Li Y. Risk factors for neonatal congenital hypothyroid-
ism: a meta analysis. Zhongguo Dang Dai Er Ke Za Zhi 2021; 
23:505–12. 

35https://doi.org/10.12701/jyms.2022.00059

J Yeungnam Med Sci 2023;40(1):30-36

http://orcid.org/0000-0001-5934-6733
http://orcid.org/0000-0003-4866-7333
http://orcid.org/0000-0002-4689-8974
http://orcid.org/0000-0003-2449-3025
http://orcid.org/0000-0002-1028-4225
http://orcid.org/0000-0002-5014-3494
http://orcid.org/0000-0001-7496-7159
http://orcid.org/0000-0003-1379-6514
https://doi.org/10.1016/s0022-3476(83)80228-5
https://doi.org/10.1016/s0022-3476(83)80228-5
https://doi.org/10.1016/s0031-3955(16)33670-7
https://doi.org/10.1016/s0031-3955(16)33670-7
https://doi.org/10.1159/000363153
https://doi.org/10.1159/000363153
https://doi.org/10.1210/jc.2013-1891
https://doi.org/10.1210/jc.2013-1891
https://doi.org/10.1210/jc.2013-1891
https://doi.org/10.1210/jc.2013-1891
https://doi.org/10.1016/j.mce.2009.09.008
https://doi.org/10.1016/j.mce.2009.09.008
https://doi.org/10.1016/j.mce.2009.09.008
https://doi.org/10.1080/10408440601123446
https://doi.org/10.1080/10408440601123446
https://doi.org/10.1080/10408440601123446
https://www.ncbi.nlm.nih.gov/pubmed/2661716
https://www.ncbi.nlm.nih.gov/pubmed/2661716
https://doi.org/10.1016/s0022-3476(79)80133-x
https://doi.org/10.1016/s0022-3476(79)80133-x
https://doi.org/10.1016/s0022-3476(79)80133-x
https://doi.org/10.1016/s0022-3476(79)80133-x
https://doi.org/10.1159/000182549
https://doi.org/10.1159/000182549
https://doi.org/10.1159/000182549
https://doi.org/10.1111/j.1365-2265.2011.04128.x
https://doi.org/10.1111/j.1365-2265.2011.04128.x
https://doi.org/10.1111/j.1365-2265.2011.04128.x
https://doi.org/10.1111/j.1365-2265.2011.04128.x
https://doi.org/10.1210/jc.2011-1073
https://doi.org/10.1210/jc.2011-1073
https://doi.org/10.1210/jc.2011-1073
https://doi.org/10.1210/jc.2011-1073
https://doi.org/10.3345/kjp.2006.49.11.1125
https://doi.org/10.3345/kjp.2006.49.11.1125
https://doi.org/10.6065/apem.2014.19.3.146
https://doi.org/10.6065/apem.2014.19.3.146
https://doi.org/10.6065/apem.2014.19.3.146
https://doi.org/10.6065/apem.2014.19.3.146
https://doi.org/10.1210/jc.2003-030317
https://doi.org/10.1210/jc.2003-030317
https://doi.org/10.1210/jc.2003-030317
https://doi.org/10.1210/jc.2003-030317
https://doi.org/10.6065/apem.2019.24.1.15
https://doi.org/10.6065/apem.2019.24.1.15
https://doi.org/10.6065/apem.2019.24.1.15
https://doi.org/10.1097/med.0000000000000181
https://doi.org/10.1097/med.0000000000000181
https://doi.org/10.1002/1096-9926(200007)62
https://doi.org/10.1002/1096-9926(200007)62
https://doi.org/10.1002/1096-9926(200007)62
https://doi.org/10.1002/1096-9926(200007)62
https://doi.org/10.7499/j.issn.1008-8830.2011121
https://doi.org/10.7499/j.issn.1008-8830.2011121
https://doi.org/10.7499/j.issn.1008-8830.2011121


19. Hashemipour M, Hovsepian S, Ansari A, Keikha M, Khaligh-
inejad P, Niknam N. Screening of congenital hypothyroidism in 
preterm, low birth weight and very low birth weight neonates: a 
systematic review. Pediatr Neonatol 2018;59:3–14. 

20. Rose SR, Brown RS, Foley T, Kaplowitz PB, Kaye CI, Sundar-
arajan S, et al. Update of newborn screening and therapy for 
congenital hypothyroidism. Pediatrics 2006;117:2290–303. 

21. Fisher DA. Hypothyroxinemia in premature infants: is thyrox-
ine treatment necessary? Thyroid 1999;9:715–20. 

22. Khashu M, Chessex P, Chanoine JP. Iodine overload and severe 
hypothyroidism in a premature neonate. J Pediatr Surg 2005; 
40:E1–4. 

23. van Trotsenburg P, Stoupa A, Léger J, Rohrer T, Peters C, Fugaz-
zola L, et al. Congenital hypothyroidism: a 2020-2021 consen-
sus guidelines update: an ENDO-European Reference Net-
work Initiative endorsed by the European Society for Pediatric 
Endocrinology and the European Society for Endocrinology. 
Thyroid 2021;31:387–419. 

24. Ford GA, Denniston S, Sesser D, Skeels MR, LaFranchi SH. 
Transient versus permanent congenital hypothyroidism after 
the age of 3 years in infants detected on the first versus second 
newborn screening test in Oregon, USA. Horm Res Paediatr 

2016;86:169–77. 
25. Kang SY, Chang YP, Yu J. Reevaluation of the neonatal screening 

test for congenital hypothyroidism. Korean J Pediatr 2005;48: 
387–94. 

26. Parks JS, Lin M, Grosse SD, Hinton CF, Drummond-Borg M, 
Borgfeld L, 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. 

27. Barry Y, Mandereau-Bruno L, Bonaldi C, Cheillan D, Coutant 
R, Léger J, et al. Prevalence and determinants of transient con-
genital hypothyroidism in children with eutopic gland in 
France: a retrospective cohort study. J Clin Endocrinol Metab 
2022;107:e1501-9. 

28. Park IS, Yoon JS, So CH, Lee HS, Hwang JS. Predictors of tran-
sient congenital hypothyroidism in children with eutopic thy-
roid gland. Ann Pediatr Endocrinol Metab 2017;22:115–8. 

29. Devos H, Rodd C, Gagné N, Laframboise R, Van Vliet G. A 
search for the possible molecular mechanisms of thyroid dys-
genesis: sex ratios and associated malformations. J Clin Endo-
crinol Metab 1999;84:2502–6.  

30. Rastogi MV, LaFranchi SH. Congenital hypothyroidism. Or-
phanet J Rare Dis 2010;5:17. 

https://doi.org/10.12701/jyms.2022.0005936

Jo et al.  Incidence of congenital hypothyroidism by gestational age 

https://doi.org/10.1016/j.pedneo.2017.04.006
https://doi.org/10.1016/j.pedneo.2017.04.006
https://doi.org/10.1016/j.pedneo.2017.04.006
https://doi.org/10.1016/j.pedneo.2017.04.006
https://doi.org/10.1542/peds.2006-0915
https://doi.org/10.1542/peds.2006-0915
https://doi.org/10.1542/peds.2006-0915
https://doi.org/10.1089/thy.1999.9.715
https://doi.org/10.1089/thy.1999.9.715
https://doi.org/10.1016/j.jpedsurg.2004.10.028
https://doi.org/10.1016/j.jpedsurg.2004.10.028
https://doi.org/10.1016/j.jpedsurg.2004.10.028
https://doi.org/10.1089/thy.2020.0333
https://doi.org/10.1089/thy.2020.0333
https://doi.org/10.1089/thy.2020.0333
https://doi.org/10.1089/thy.2020.0333
https://doi.org/10.1159/000448658
https://doi.org/10.1159/000448658
https://doi.org/10.1159/000448658
https://doi.org/10.1159/000448658
https://doi.org/10.1542/peds.2009-1975f
https://doi.org/10.1542/peds.2009-1975f
https://doi.org/10.1542/peds.2009-1975f
https://doi.org/10.1542/peds.2009-1975f
https://doi.org/10.1210/clinem/dgab854
https://doi.org/10.1210/clinem/dgab854
https://doi.org/10.1210/clinem/dgab854
https://doi.org/10.1210/clinem/dgab854
https://doi.org/10.6065/apem.2017.22.2.115
https://doi.org/10.6065/apem.2017.22.2.115
https://doi.org/10.6065/apem.2017.22.2.115
https://doi.org/10.1210/jcem.84.7.5831
https://doi.org/10.1210/jcem.84.7.5831
https://doi.org/10.1210/jcem.84.7.5831
https://doi.org/10.1210/jcem.84.7.5831
https://doi.org/10.1186/1750-1172-5-17
https://doi.org/10.1186/1750-1172-5-17



