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Introduction
Congenital hypothyroidism (CH) is one of the most common 

endocrine diseases in the pediatric population. Thyroid dysgenesis and 
less frequently, dyshormonogenesis account for the majority of cases 
of CH, therefore infants with these underlying causes require lifelong 
hormonal replacement. However, some of them diagnosed with CH 
during the neonatal period have a transient thyroid dysfunction and 
thus can stop taking medication after a trial off-therapy at around 
age of 3 years. The incidence of this transient hypothyroidism varies 
throughout studies, ranging from 35 to 65% [1-5]. 

Compared with term neonates, premature infants have a 
higher incidence of various types of thyroid dysfunction including 
hypothyroxinemia, hyperthyrotropinemia and CH [6-8]. Especially, 
transient thyroid dysfunction is more commonly observed in preterm 
infants [9,10]. Therefore, more many infants are subjected to thyroid 
hormone supplementation than full term infants and a considerable 
portion of these prematurity can stop the thyroxine medication. A 
variety of diagnostic modalities can be used in the newborn infants 
with a diagnosis of CH, with the thyroid imaging studies such as thyroid 
ultrasound and thyroid scans. However, these studies are not easily 
accessible to small premature infants under critical care and they do 
not usually influence the decision of starting treatment. Thus, thyroid 
hormone replacement therapy is generally started only based on the 

results of thyroid function tests (TFTs) without confirmative imaging 
studies. Therefore, re-evaluation of thyroid function for determining 
the permanence of hypothyroidism is recommended in all infants in 
whom the underlying cause of permanent thyroid dysfunction is not 
identified. However, there are limited data with respect to the incidence 
of permanent CH in children who were treated with thyroid hormone 
after preterm delivery. 

The aim of our study is to address the incidence and the risk factor 
of permanent CH in preterm infants who were treated with thyroid 
hormone and had trial off therapy with medical supervision at 36 
months of age.

Method
Subjects and study design

We performed a retrospective review of medical records in all 
premature infants (gestational age (GA)<35 weeks) who were admitted 
to the neonatal intensive care unit (NICU) of Haeundae Paik Hospital 
between March 2010 and October 2013.

We collected the patients’ basic demographics including GA, 
birth weight (BW), sex, Apgar score, mode of delivery and small for 
gestational age (SGA). Information about morbidities including the 
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use of surfactants, patent ductus arteriosus (PDA) requiring ligation 
surgery or additional therapeutic doses of ibuprofen or indomethacin, 
bronchopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC), 
sepsis, retinopathy of prematurity (ROP) requiring laser surgery or 
intra-vitreal bevacizumab injection were also collected. NEC was 
defined as stage 2 or greater under the Bell’s criteria. BPD was defined 
by oxygen requirement at 36 weeks of postmenstrual age or 28 days after 
birth. Culture-proven and clinical sepsis was included. Data regarding 
the use of thyroid-suppressing medications including metoclopramide, 
dopamine and aminophylline were collected. In addition, we also 
collected information about the maternal clinical characteristics and 
perinatal complications including thyroid disease, medication history, 
pregnancy-induced hypertension, premature membrane rupture and 
prenatal steroid treatment. 

Subgrouping based on thyroid function tests and trial off-
therapy

All admitted infants were assessed thyroid function according 
to our protocol. The initial thyroid stimulating hormone (TSH) and 
free thyroxine (FT4) levels were measured in all neonates within the 
first week after birth. If the result was normal, routine follow-up tests 
were performed at 4 weeks of age and prior to discharge. If the result 
was abnormal, the tests were repeated at 1 to 2 weeks intervals. The 
reference value for TSH was <20 µU/mL and that for the free T4 level 
was >0.7 ng/dL at the initial screening, and TSH levels >9.0 µU/mL 
after 4 weeks were considered abnormal at the follow up tests [11-13]. 
The infants who exhibited TSH and free T4 levels within the normal 
reference ranges in repeated tests and those who exhibited abnormal 
TSH and free T4 levels but ultimately normalized without medication 
during the follow-ups were assigned to the “Normal thyroid group”. The 
“Hypothyroid group” included those with hypothyroidism (HT, high 
TSH and low free T4) and hyperthyrotropinemia (HTT, high TSH and 
normal free T4) and hypothyroxinemia (normal TSH and low free T4). 
Our institute administered thyroid hormone to the infants with HT 
and HTT. The initial thyroxine dosage was 10-15 mcg/kg/day and was 
adjusted according to the follow-up TFT results. 

At 36 months of age, all thyroxine-treated infants underwent color 
Doppler thyroid ultrasonography and a technetium (Tc-99 m) thyroid 
scan. If, the radiologic work-ups revealed no evidence of permanent 
hypothyroidism (PHT), thyroid hormone replacement was stopped. 
Subsequently, the patients were monitored and TFTs were performed 
at 1and 2 months after the discontinuation of thyroxine medication. 
According to the results of trial off- therapy at around 36 months of age, 
PHT was defined by requirement of thyroxine therapy again beyond 
this period. Likewise, transient hypothyroidism (THT) was defined as 
no more long-term requirement of thyroxine therapy after the trial off-
therapy.

Statistical analysis

The statistical analyses were performed with SPSS/WIN program 
version 18.0 (IBM, Amonk, NY, USA). The results were expressed as the 
mean and median values, and variability is indicated by the standard 
deviations and/or ranges of values. Continuous data were analyzed 
using the Student’s t-test and Mann-Whitney test, and categorical 
variables were analyzed using the chi-square test or the Fisher’s exact 
test. Result was considered significant when p<0.05. 

Results
A total of 644 preterm infants were admitted to our NICU during 

the study period. Twenty-two infants were lost to follow up TFTs or 

expired or transferred to other hospital. 622 infants had completed 
the repeated thyroid function tests and 87 infants were diagnosed as 
hypothyroidism. HT, hypothyroxinemia and HTT were diagnosed in 
46, 6 and 35 infants, respectively. Except for hypothyroxinemia, 81 
infants were treated with thyroxine. Four infants were lost to follow 
up, and two infants were excluded because they were diagnosed with 
persistent CH caused by agenesis of the thyroid gland, as confirmed by 
thyroid ultrasound and 123I radionuclide imaging. And 26 infants were 
excluded because of earlier trail off-therapy or stopping medication by 
self without medical suspension [9]. Finally, 49 infants were eligible 
for trial off-therapy at 36 months of age. Among the 49 infants who 
were eligible for the trial off-therapy, CH and HTT were 29 and 20 
cases, respectively. After the trial off-therapy, PHT was diagnosed in 
12 (24.5%) infants and THT was diagnosed in 37 (75.5%). Infants with 
transient hypothyroidism had lower GA and birth weights, but it was 
not significant. There were no differences in basic demographics and 
clinical characteristics including medications that may affect thyroid 
function between the two groups (Table 1). Maternal factors also were 
not different between the two groups (data not shown).

Table 2 shows the results of TFTs and thyroid imaging studies 
during follow-ups. PHT infants showed a higher incidence of transient 
hypothyroidism than CH (p<0.05). Infants with PHT had a significant 
high TSH and low FT4 levels at initial test (p-value<0.05) However, 
other levels of TSH and FT4 were not different follow-up TFTs except 
for initial test (data not shown). The average thyroxine dosage during 
follow up is significantly higher in infants with PHT than THT 
(p-value<0.05). In addition, PHT infants had a higher incidence of 
abnormal thyroid imaging findings and positive anti-thyroid antibody. 
Abnormal thyroid sonographic finding or thyroid scan were separately 
associated with the increased risk of PHT (p-value<0.05). Especially, 
abnormal thyroid radiologic findings were a single most significant risk 
factor on permanency of hypothyroidism in this present study (Odds 
ratio: 8.96 with 95% CI: 2.029-39.561).

Permanent (n=12) Transient (n=37) P-value

Gestational age (weeks) 31.38 ± 2.54 29.96 ± 2.51 0.09

Birth weight (g) 1,513.33 ± 464.61 1,362.97 ± 388.99 0.27

Sex, male 3/9 (25.0/75.0) 19/18 (51.4/48.6) 0.11

Delivery type, NSVD 5 (41.7) 11 (29.7) 0.44

SGA 4 (33.3) 9 (24.3) 0.54

RDS 5 (41.7) 24 (64.9) 0.16

Significant PDA 0 (0.0) 5 (13.5) 0.18

BPD 2 (16.7) 16 (43.2) 0.1

NEC, Bell’s stage ≥ 2 2 (16.7) 3 (8.1) 0.39

HUS 1 (8.3) 9 (24.3) 0.23

ROP need treatment 5 (41.7) 25 (67.6) 0.11

Sepsis 3 (25.0) 16 (43.2) 0.26

Cholestasis 5 (41.7) 16 (43.2) 0.18

Metoclopramide 3 (25.0) 16 (43.2) 0.38

Dopamine 3 (25.0) 9 (24.3) 0.96

Aminophylline 2 (16.7) 0 (0.0) 0.16

Values are presented as n (%) or mean ± SD
NSVD: Normal Spontaneous Vaginal Delivery; SGA: Small for Gestational Age; 
RDS: Respiratory Distress Syndrome; PDA: Patent Ductus Arteriosus; BPD: 
Bronchopulmonary Dysplasia; NEC: Necrotizing Enterocolitis; HUS: Head 
Ultrasonography; ROP: Retinopathy of Prematurity

Table1: Clinical characteristics.
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Discussion
Outcomes of infants with congenital hypothyroidism had 

remarkably improved after the introduction of nationwide screening 
program [14,15]. In addition to positive effect on prognosis, newborn 
screening program had allowed identifying transient disorders of 
thyroid function in infancy [16]. Thus, if permanent underlying cause 
of hypothyroidism has not been revealed in the newborn period, a 
confirmation of the diagnosis should be performed about 3 years of 
ages. However, the incidence of this transient hypothyroidism is varied 
according to the studies [2-6]. The wide range in reported incidence 
across the studies might be due to the different diagnostic criteria 
including cut-off values, endemic load of iodine, re-evaluation policy 
following initial diagnosis and the enrolled patient’s characteristics. 

Of the total 49 enrolled infants, 37 (75.5%) were able to stop the 
thyroid hormone therapy after a trial off-therapy at 3 years in this study. 
This result revealed that preterm neonates had a higher incidence of 
transient thyroid dysfunction compared with full-term infants, and 
it is consistent with previous reports [17,18]. However, lower GA or 
lower BW did not affect the permanency of thyroid dysfunction, and 
other clinical factors did not indicate the need for lifelong thyroxine 
therapy. Among 29 infants diagnosed with congenital hypothyroidism, 
10 infants (34.5%) had PHT. In contrast, only two infants (10.0%) 
had PHT in 20 infants with diagnosed with persistent HTT (Table 
2, p-value<0.05). This result indicates that these two distinct thyroid 
dysfunctions including CH and persistent HT have a different clinical 
course. Previous reports also suggests the possibility that HTT might 
be caused by clinical conditions associated with the preterm birth 
rather than the abnormality of the thyroid gland itself and therefore 
infants with persistent HTT showed a higher incidence of transient 
hypothyroidism after re-evaluation [19-21].

Several imaging studies including thyroid ultrasonography and 
thyroid scan can determine the underlying causes of hypothyroidism 
and we can expect the natural course of the thyroid function [5,22]. In 
addition, it can permit parents to be counseled on either the certainty 
of lifetime therapy. These work ups for etiology of hypothyroidism are 

more important in preterm infants because transient hypothyroidism 
is common due to more frequent exposure to non-thyroidal illness and 
medications that can suppress the thyroid function. However, prompt 
initiation of thyroxine therapy in neonates with either CH or persistent 
HTT often prevents the performance of functional studies of thyroid 
gland. Etiologic work up for underlying cause of hypothyroidism is thus 
postponed until after infancy. Moreover, thyroid function test results 
or thyroid radiologic work-up findings could not alone distinguish 
the PHT from the THT. Therefore, all infants who were treated with 
thyroid hormone should receive a trial off- therapy except for those 
with confirmed thyroid agenesis after 3 years of age. However, 36- 
months-long which is recommended in current guidelines for CH is 
too long for parent to follow up routinely and force to take medicine for 
infant. According to the report by Kemper et al. [23], more than one-
third of children treated for congenital hypothyroidism discontinued 
medication before 36 months of age in the United States. Of course, it 
is not known how many of these children required continued treatment 
or experience adverse effects from discontinuation. Therefore, in the 
meantime, there have been many efforts to predict the permanence of 
thyroid dysfunction [24-28]. This study suggests that abnormal thyroid 
imaging study, needs to escalate the thyroxine dosage for adjusting 
normal TFT during follow up, positive anti-thyroid antibody, high TSH 
and low FT4 levels at initial test ( the exact value is not determined, yet), 
CH rather than persistent HTT are the significant risk factor for PHT. 
Some of our study’s findings are consistent with the previous studies 
[24-27]. Moreover, it is possible that infants who had no or fewer risk 
factors mentioned before are candidates for early trial off-therapy 
[29,30]. 

Limitations
This study has several limitations. First, this study is retrospective 

study. Therefore, there are lots of people who had lost to follow-
up and laboratory and radiologic work ups were not uniformly 
applied in enrolled infants. Second, other outcomes including 
neurodevelopmental achievement was not evaluated. And currently, 
there is no specific guideline in whether treatment is needed or when 
to start the medication of persistent HTT of preterm infants. Therefore, 
our unit protocol for diagnosis, treatment and re-evaluation was not 
fully evidence-based.

Conclusion
This study shows the high incidence of THT and determines several 

risk factors for permanency of thyroid dysfunction in preterm infants. 
Therefore, earlier re-evaluation for considering of stopping thyroxine 
medication can be feasible in low-risk premature infants. And finally, 
specified guidelines for the diagnosis, treatment and follow-up for 
prematurity can be expected in the future. 
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