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Abstract
Objective: The aim of this study was to evaluate neurological development of infants with transient premature hypothyroxinemia 
(THOP). 
Methods: This prospective study included newborns who were born between 28-36 weeks of gestation (GW) and were admitted to 
the neonatal intensive care unit. Newborns exposed to maternal thyroid disease, or with severe intracranial problems, and congenital 
anomalies were excluded. Infants with THOP were the study group and those without THOP formed the control group. The study group 
was subdivided into those receiving levothyroxine replacement (5 μg/kg/day) and those who were untreated. Neonatal demographics, 
and morbidities, including respiratory distress syndrome, bronchopulmonary dysplasia (BPD) and retinopathy of prematurity (ROP) 
were evaluated. The Ages and Stages Questionnaire (ASQ) and ASQ:Social-Emotional (ASQ:SE) developmental screening tests were 
administered to the entire study population at the corrected age of two years.
Results: Seventy infants were included in this study, 40 of whom had THOP. The mean GW was 34.4±3.8 weeks in the study group and 
37.2±2.3 weeks in controls (p=0.69). Mean overall birth weight was 1640±428 g. Levothyroxine replacement was started in 12/40 
infants (30%). The groups were similar in terms of demographic characteristics. Rates of BPD and ROP were higher in the treated group 
(p=0.01). ASQ and ASQ:SE results did not differ between groups (p=0.75), nor did these scores differ between infants with THOP who 
did or did not receive levothyroxine (p=0.14).
Conclusion: Although levothyroxine replacement therapy was associated with increased rates of BPD and ROP, this treatment did not 
appear to improve long-term neurological outcomes in this small group of infants with THOP. Prospective controlled studies with much 
larger sample sizes are needed to clarify the role of levothyroxine replacement in THOP.
Keywords: Ages and Stages Questionnaire, neurodevelopmental outcome, preterm, transient hypothyroxinemia of prematurity

What is already known on this topic?
Transient hypothyroxinemia of prematurity (THOP) is defined as free thyroxine (fT4) level below the reference values despite normal 
thyroid stimulating hormone level in a preterm infant. THOP occurs in 35-50% of preterm births and preterm births make up 12% of all 
births. The lack of long-term outcome data about infants with THOP presents a challenge for the management of these babies. 

What this study adds?
This study provides objective information on neurodevelopmental outcome of the infants with THOP. Levothyroxine replacement was 
associated with higher rates of steroid use for bronchopulmonary dysplasia, and anti-vascular epithelial growth factor therapy use for 
retinopathy of prematurity without any effect on long-term neurological outcomes in infants with THOP. Depending on the data provided 
by this study, clinicians may avoid prophylactic thyroid hormone use in preterm infants with THOP.
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Introduction

Transient hypothyroxinemia of prematurity (THOP) is 
defined as having a lower free thyroxine (fT4) level than 
age-appropriate reference values, in the context of a 
normal thyroid stimulating hormone (TSH) level in preterm 
infants (1). At present, the preterm birth rate is 12% and 
hypothyroxinemia occurs in 35-50% of all premature 
infants (2,3).

Hypothyroxinemia seen in preterm infants is usually 
temporary, and in these cases recovery may require 4-8 
weeks. Although it is generally thought that this situation 
does not affect postnatal development, there are studies 
suggesting treatment is beneficial in very low birth 
weight (VLBW) premature infants. However, this issue 
is still controversial. Several studies examining whether 
preterm hypothyroxinemia affects development in infancy-
early childhood have reported inconsistent results (4). 
Physiologically lower thyroid hormone levels in preterm 
newborns has been explained by thyroxine (T4) conversion 
into inadequate triiodothyronine (T3) and premature 
cessation of maternal T4 transport, increased thyroid 
hormone requirement (thermoregulation and muscle 
function), iodine metabolism dysregulation, lack of the 
maturity of the hypothalamic-pituitary-thyroid axis, and 
inadequate response of the thyroid gland to thyrotropin-
releasing hormone (TRH) or a combination of these (5,6). 
In a large-scale study on long-term outcomes, when 398 
infants born before the gestational age of 32 weeks and birth 
weight <1500 grams were evaluated at the age of 19 years, 
no negative effect of THOP on intelligence quotient or motor 
functions was observed (7). In a randomized controlled 
study, no positive findings were found in the 36-month 
examinations of infants younger than 28 weeks of gestation 
who were treated (8). In contrast, another study reported 
better language skills, motor and cognitive functions in the 
thyroxine-replacement group (9). It should be kept in mind 
that thyroxine replacement to correct hypothyroxinemia 
may also have side effects in premature infants. Circulatory 
dysfunction was reported following thyroxine treatment in 
VLBW premature infants (10). Hence the recommendation 
about thyroid hormone therapy for premature infants with 
THOP is not clarified yet and it is open to discussion (2). 
There is no published study in which the neurological 
development of infants diagnosed with THOP is compared 
with a control group with a similar gestational week and 
at the same age. Therefore, the aim of this study was to 
evaluate the neurological development of infants with THOP 
compared to a matched control group and to investigate the 
effects of perinatal and neonatal risk factors on outcomes. 

Methods

This prospective study included newborn infants who were 
born at 28-36 gestational weeks and were hospitalized in 
the neonatal intensive care unit between January 2020 
and April 2021. Newborn infants with THOP constituted 
the study group while infants with similar demographic 
characteristics, but without THOP, formed the control 
group. Levothyroxine was started in a sub-group of the 
infants with THOP using the random number assignment 
method following informed consent being obtained from 
the parents. In cases when the parents did not give informed 
consent for randomization, the infants were assigned to 
the group without replacement, if the parents approved. 
Since this simple randomization method was used, group 
numbers were not the same. Levothyroxine was started for 
the replacement group at a dose of 5 μg/kg/day. Due to the 
unavailability of the liquid formulation at the study center, 
an oral suspension with a concentration of 25 mcg/mL is 
prepared using 100 mcg tablets by the pharmacy. Twenty-
five 100 mcg LT4 tablets were crushed in a mortar to obtain 
a fine powder. A small amount of glycerol was added to 
the powder and thoroughly mixed to create a uniform 
suspension. This mixture was then transferred to a 100 mL 
calibrated amber bottle. The mortar was rinsed with 10 mL of 
glycerol, which was then poured into the bottle. This process 
was repeated until all 40 mL of glycerol was used. Finally, 
water was added to bring the total volume up to 100 mL. 
This suspension was well-shaken before use and refrigerated 
for a week. The necessary dose is adjusted weekly (at the 
same day of the week) according to the actual weight of 
the newborn. Besides, TFTs were checked weekly until the 
normal ranges were observed, then monthly measurements 
continued during replacement. Once started, levothyroxine 
replacement was planned to continue until two years of age.

Initial thyroid function tests (TFT) were taken on the 10-20th 
days of life. In addition to the national screening program 
at least two measurements performed at 10th, 17th days and 
more if necesseray. TFTs, including free thyroxine (fT4; ng/
dL) and thyroid stimulating hormone (TSH; mIU/L) were 
performed by electrochemiluminescence immunoassay 
(ECLIA, Cobas e602, Roche Diagnostics, Basel, Switzerland).

Newborns with maternal thyroid disease, severe intracranial 
issues, chromosomal and congenital anomalies, or infants 
older than 36 gestational weeks were not included in the 
study. Normal ranges of TFTs were evaluated according to 
postnatal age and gestational week (2). THOP was defined 
as transient low fT4 levels without elevation in TSH levels 
(11). A TSH level >10 mIU/L detected after the first week 
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was considered elevated/high; fT4 levels were considered 
low if <1.3 ng/dL in 31-36 gestational week-old infants and 
<0.5 ng/dL in 25-30 gestational week-old infants (12). In 
addition to THOP, demographic and clinical data including 
antenatal steroid therapy, inotropic support and the presence 
of respiratory distress syndrome (RDS), retinopathy 
of prematurity (ROP), necrotizing enterocolitis (NEC), 
intraventricular hemorrhage (IVH), bronchopulmonary 
dysplasia (BPD), patent ductus arteriosus (PDA) and 
maternal disease characteristics were recorded in all infants.

Validated Turkish versions of the ‘ASQ‘ and ‘ASQ:SE’ 
developmental screening tests were administered to the 
entire study population at the corrected age of two years.

The Use of the ‘Ages And Stages Questionnaire’ (ASQ) and 
‘ASQ:Social-Emotional’ (ASQ:SE) Developmental Screening Tests 
in the Evaluation of Neurological Development

Neurological development is generally evaluated by 
screening tools and expert assessment, which may also 
include information from parents (13,14,15).

ASQ and ASQ:SE Inventories

The ‘ASQ’ is a screening tool for assessing the development 
of infants and preschoolers in the areas of communication, 
fine motor, gross motor, problem-solving and personal-
social development, and ‘ASQ:SE’ is a screening tool for 
social-emotional development, based on information given 
by parents (16). Küçüker et al. (16) evaluated 608 children 
with the Turkish version of ‘ASQ:SE‘. When all months were 
analyzed, the sensitivity of ASQ was 83.7%, specificity 
was 89.9%, test-retest reliability was 87%, and inter-rater 
reliability was 83.6%.

Ethics

This study was approved by Ordu University Training and 
Research Hospital Local Ethics Committee (file number: 
2021/249, date: 19.11.2021). Informed consent for 
participation was obtained from the parents. This study 
is registered in ClinicalTrials.gov with the number of 
NCT05901623.

Statistical Analysis 

Statistical Package for the Social Sciences (SPSS), version 
21.0 (SPSS Inc., Chicago, IL, USA) was used for statistical 
analysis. Clinical data are presented as means±standard 
deviation for parametric tests and categorical data displayed 
as mean rank for nonparametric tests. The Kolmogorov-
Smirnov test was used to check the distribution of the 

variables. Comparisons were performed by the use of 
the t-test for normally distributed variables, or the Mann-
Whitney U test in the case of non-parametric distribution. 
The chi-square test was used for qualitative data analysis. 
Statistical significance was accepted in case of a probability 
(p) value <0.05. The sample size calculation using a one-
sided McNemar’s test has determined that a total of 42 
participants, with at least 21 in each group, is sufficient to 
detect a clinically significant difference between the groups, 
with 80% power and a 5% level of significance.

Results

A total of 70 newborn infants were included, of whom 40 
had THOP and the remainder were assigned to the control 
group. Of the infants with THOP, 55% (n=22) were male. 
Sex mix in the control group was 63.3% (n=19) male 
and 36.7% (n=11) female. A comparison of demographic 
characteristics between the infants with and without THOP 
is shown in Table 1. There was no significant difference 
between the gestational weeks of the two groups (p=0.69), 
nor was there a difference in birth weight (p=0.87) or birth 
length. There was a significant difference in delivery mode, 
with infants in the THOP group being more likely to have 
been delivered by cesarean section (p<0.001). The mean 
age at which children in the THOP and control groups were 
tested with the ASQ was 14.03±1.67 and 13.73±1.39 
months (p=0.43). The corrected age at the time of ASQ 
test was 20.7±7.68 months in infants with THOP and 
21.8±7.95 months in control group (p=0.56).

Neonatal morbidities, including RDS, BPD, IVH, hsPDA, 
ROP, sepsis, and duration of mechanical ventilation, steroid 
use for BPD or anti-vascular endothelial growth factor (anti-
VEGF) use for ROP did not differ between the THOP and 
control groups (Table 2). 

The day of first TFT was 14.03±1.67 days in infants with 
THOP and 13.73±1.39 days in control group (p=0.43). 
The first value for fT4 was significantly lower in infants 
with THOP (5.02±2.2 ng/dL) than the control group 
(14.99±1.29 ng/dL), as expected (p<0.001). Furthermore, 
the first value of TSH was significantly higher in infants with 
THOP (4.85±2.2 mIU/L) than the control group (2.34±0.66 
mIU/L) (p<0.001). When started, levothyroxine replacement 
was continued to two years of age. Only one infant stopped 
replacement before the age of two years because of TSH 
suppression. 

No difference was found in the comparison of the ‘ASQ and 
ASQ:SE’ results of the THOP and control groups (Table 3).
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Demographic characteristics were similar between the 
infants with THOP who did and did not receive levothyroxine 
replacement, except there was a significantly higher rate 
of antenatal steroid use in infants receiving levothyroxine 
compared to the infants who did not (Table 4). Testing 
time for initial fT4 and TSH level, and corrected age at ASQ 
evaluation time did not differ between the infants with and 
without L-T4 replacement.

There was no difference in rates of RDS, invasive mechanical 
ventilator support, hsPDA, IVH, sepsis, and blood 
transfusions between the infants with THOP who did or did 
not receive levothyroxine replacement (Table 5). However, 
the duration of non-invasive mechanical ventilation, and 
the rates of BPD, steroid use for BPD, ROP, and anti-VEGF 
use for ROP rates were significantly higher in infants with 
THOP who received levothyroxine. Furthermore, ‘ASQ’ 
and ‘ASQ:SE’ results did not differ between those infants 

Table 2. Comparison of neonatal morbidities between infants with and without hypothyroxinemia

 
 

Hypothyroxinemia (-) (n=30) Hypothyroxinemia (+) (n=40) p

Mean±SD/n-% Mean rank Mean±SD/n-% Mean rank

RDS 24 80% 34 85% 0.89

IMV (hours) 36.7 34.6 0.67

NIMV (hours) 83.30±51.03 36.85 76.3±38.32 34.49 0.54

hsPDA 5 17% 8 20% 0.77

IVH (>grade 2) 9 30% 15 37.5% 0.8

Sepsis 10 33.3% 12 30% 0.64

ES tx 18 60% 25 62.5% 0.51

BPD 4 12% 7 28.00% 0.75

Steroid for BPD 4 12% 7 28% 0.75

ROP 10 33.30% 12 30% 0.64

Anti-VEGF for ROP 4 12%     7 28%   0.75

Mann-Whitney U test, t-test, chi-square test.
RDS: respiratory distress syndrome, SD: standard deviation, IVH: intraventricular hemorrhage, BPD: bronchopulmonary dysplasia, ROP: retinopathy of prematurity
IMV: invasive mechanical ventilation, NIMV: non-invasive mechanical ventilation, hsPDA: hemodynamycally significant patent ductus arteriosus, ES: erytrocyte 
suspension, tx: transfusion, VEGF: vascular endothelial growth factor

Table 1. Comparison of demographic characteristics between the infants with and without hypothyroxinemia

  Hypothyroxinemia (-) (n=30) Hypothyroxinemia (+) (n=40) p

Mean±SD/n-% Mean rank Mean±SD/n-% Mean rank

Maternal age 29.4±4.1 28.1±4.2 0.74

Sex Female 11 36.70%   18 45%   0.63

Male 19 63.30%   22 55%  

Delivery mode NSV 2 66.70%   1 33.30%   <0.001

C/S 28 41.80%   39 58.20%  

Birth weight 1394.5±501.6 1359.5±498.1 0.87

Gestational age 37.2±2.3 36.6 34.4±3.8 34.7 0.69

APGAR 1st min 36.93 34.42 0.6

APGAR 5th min 35.3 35.65 0.94

Antenatal steroid 6 20.00% 7 17.50% 0.79

SGA 3 10.00% 5 12.50% 0.94

PPROM 4 13.30% 7 17.50% 0.83

Chorioamnionitis 3 10.00% 4 10.00% 1

Urinary tract infection 4 13.33% 3 8.00% 0.54

GDM 1 0 N/A

Preeclampsia 3 10.00% 4 10.00% 1

Mann-Whitney U test, t-test, chi-square test.
SD: standard deviation, SGA: small for gestational age, PPROM: preterm premature rupture of membranes, N/A: not applicable, C/S: cesarean section, GDM: gestational 
diabetes mellitus
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with THOP who received and did not receive levothyroxine 
replacement (Table 6). 

Discussion

This study illustrated that the replacement of levothyroxine 
did not lead to improved long-term neurological outcomes 

in the infants with THOP in comparision an age-matched 
control group.

Risk factors for THOP include infants with low gestational 
weeks, preeclampsia, intrauterine growth restriction, 
perinatal asphyxia, NEC, PDA, RDS, IVH, BPD, mechanical 
ventilation, and receiving medications such as dopamine 
or dexamethasone (17,18,19,20,21). Various studies have 

Table 3. Comparison of ASQ testing results between the infants with and without hypothyroxinemia 

  Hypothyroxinemia (-) (n=30) Hypothyroxinemia (+) (n=40) p

n-% n-%

ASQ score Normal 5 16.70% 6 15% 0.75

Risk 17 56.70% 22 55%

Follow-up required 8 26.7% 12 30

ASQ emotional Normal 13 43.30% 15 37.50% 0.4

Risk 17 56.70% 25 62.50%

Communication Normal 16 53.30% 21 52.50% 0.57

Risk 14 46.60% 19 47.50%

Gross motor Normal 29 96.70% 38 95% 0.61

Risk 1 3.30% 2 55

Fine motor Normal 5 16.70% 8 20% 0.49

Risk 25 83.30% 32 80%

Problem-solving Normal 16 53.30% 17 42.50% 0.26

Risk 14 46.60% 23 57.50%

Personal-social Normal 16 53.30% 18 45% 0.33

Risk 14 46.60% 22 55%  

Chi-square test.
ASQ: Ages and Stages Questionnaire

Table 4. Comparison of characteristics between the infants diagnosed with THOP with and without levothyroxine replacement

  No levothyroxine (n=28) Levothyroxine (n=12) p

Mean±SD/n-% Mean rank Mean±SD/n-% Mean rank

Maternal age 28.07±4.6 28.25±3.4 0.89

Sex Female 15 53.57%   5 41.67%   0.53

Male 13 46.43%   7 58.33%  

Delivery mode NSV 6 21.43%   2 16.67%   0.8

C/S 22 78.57%   10 83.33%  

Birth weight 1393.57±468.74 1280±574.77 0.52

Gestational age 30.18±2.9 29.42±3.99 0.32

APGAR 1st min 20.04 21.58 0.69

APGAR 5th min 20.96 19.42 0.67

Antenatal steroid 2 7.14% 5 41.67% 0.02

SGA 3 10.70% 2 16.70% 0.46

First TFT (postnatal day of life) 14.04±1.7 14.75±1.8 0.09

First value of fT4 (ng/dL) 5.02±2.2 4.70±1.7 0.66

First value of TSH (mIU/L) 4.74±2.03 5.10±2.63 0.64

Corrected age at ASQ testing (months) 20.36±7.7 21.50±7.88 0.68

Mann-Whitney U test, t-test, chi-square test.
SGA: small for gestational age, THOP: transient hypothyroxinemia of prematurity, ASQ: Ages and Stages Questionnaire, fT4: free thyroxine, TFT: thyroid function test, 
TSH: thyroid stimulating hormone, SD: standard deviation
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shown that some medications, as well as non-thyroidal 
diseases such as RDS, sepsis, IVH, PDA, and NEC, are 
associated with THOP, and the degree of hypothyroxinemia 
correlates with the severity of such diseases (22,23,24). 
Furthermore, thyroid functions may be repressed due to 
commonly used medications including dopamine and 
dexamethasone, as well as by the presence of RDS, sepsis, 
NEC, PDA, malnutrition, and chorioamnionitis (5,22,25,26). 
Serum thyroid hormone levels are partially mediated by 
acute inflammatory cytokines in different pathologies such 
as RDS, PDA, sepsis, IVH, and NEC (27). In recent years, 

studies have shown that the suppression of thyroid functions 
decreases along with the decrease in the severity of RDS 
due to the improvement of antenatal care, particularly the 
rational use of antenatal steroids and the timely surfactant 
application (27).

In the present study and in contrast to previous studies, 
RDS, PDA, sepsis, need for inotropic medications, IVH, and 
blood transfusion were not identified as factors associated 
with THOP. The reason for these different results in our 
study may be that surfactants and antenatal steroids have 
become widespread in recent years, resulting in less need 

Table 5. Comparison of neonatal morbidities between the infants with and without levothyroxine replacement

No levothyroxine (n=28) Levothyroxine (n=12) p

Mean±SD/n-% Mean rank Mean±SD/n-% Mean rank

RDS 24 85.70% 10 83.30% 0.6

IMV (hours) 87.64±66.88 19.27 185.5±44.78 23.38 0.06

NIMV (hours) 66.12±30.01 100.5±45.74 0.03

hsPDA 5 17.86% 3 25.00% 0.39

IVH (>grade 2) 21 75.00% 9 75.00% 0.51

Sepsis 13 46.43% 6 50.00% 0.89

ES tx 16 57.14% 9 75.00% 0.48

BPD 5 17.86% 7 58.33% 0.01

Steroid for BPD 2 7.14% 5 41.67% 0.02

ROP 5 17.86% 7 58.33% 0.01

Anti-VEGF for ROP 2 7.14%     5 41.67%   0.02

Mann-Whitney U test, t-test, chi-square test.
RDS: respiratory distress syndrome, SD: standard deviation, IVH: intraventricular hemorrhage, BPD: bronchopulmonary dysplasia, ROP: retinopathy of prematurity, IMV: 
invasive mechanical ventilation, NIMV: non-invasive mechanical ventilation, hsPDA: hemodynamycally significant patent ductus arteriosus, ES: erytrocyte suspension, tx: 
transfusion, VEGF: vascular endothelial growth factor

Table 6. Comparison of ASQ testing results between the infants diagnsed with THOP who did or did not receive levothyroxine 

  No levothyroxine (n=28) Levothyroxine (n=12) p

n-% n-%

ASQ score Normal 4 14.30% 2 16.70% 0.14

Risk 13 46.40% 9 75.00%

Follow-up required 11 39.30% 1 8.30%  

Emotional Normal 12 43.00% 3 25.00% 0.48

  Risk 16 47.00% 9 75.00%  

Communication Normal 16 57.10% 5 41.70% 0.49

  Risk 12 42.90% 7 58.30%  

Gross motor Normal 27 96.40% 11 91.70% 0.52

  Risk 1 3.60% 1 8.30%  

Fine motor Normal 6 21.40% 2 16.70% 0.55

  Risk 22 78.60% 10 83.30%  

Problem-solving Normal 14 50.00% 3 25.00% 0.18

  Risk 14 50.00% 9 75.00%  

Personal-social Normal 15 53.60% 3 25.00% 0.17

Risk  13 46.40% 9 75.00%  

Chi-square test.
ASQ: Ages and Stages Questionnaire, THOP: transient hypothyroxinemia of prematurity
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for treatments and their temporary effects, and a decrease 
in disease severity in NICU. Tan et al. (28) found no 
relationship between PDA, IVH, antenatal steroid use, ROP, 
APGAR scores, sepsis, and THOP. 

Premature and/or low birth weight infants may exhibit 
clinical features attributable to thyroid dysfunction, such 
as temperature imbalance, immature lung function, and 
inadequate surfactant reserves, as well as apnea, bradycardia, 
severe intestinal motility and slowed feeding, edema, 
and tardy growth and development. Several observational 
studies have demonstrated an association between low 
serum T4 levels and these clinical presentations (14,29).

In a study with preterm infants <1500 g, no significant 
differences were found between infants with and without 
hypothyroxinemia in terms of neurodevelopmental, visual, 
or hearing impairment at five years of age (28). In a double-
blind, randomized, placebo-controlled study in preterm 
infants less than 28 GW from the UK, the thyroid hormone-
treated group had significantly higher scores in language 
and cognitive domains and better motor skills as assessed 
by the Bayley III Mental and Psychomotor Developmental 
Indexes at 42 months (30). Randomized, placebo-controlled 
studies revealed complex results with some potential 
benefit of levothyroxine therapy in infants <28 weeks, but 
potential harm in infants older than 28 weeks (31). TFTs of 
premature infants can be affected by medications, free fatty 
acids, protein concentration, and use of furosemide and 
heparin (32). THOP is an important consideration because 
it occurs during a critical period for brain development, 
despite having a self-limiting course. Long-term studies 
found associations between THOP and mental development 
abnormalities in preterm infants, particularly reaching 
milestones later, lower scores on cognitive tests, increased 
school failure, and cerebral palsy risk (23,33). Yamamoto et 
al. (33) showed that the results of infants with THOP born 
under 30 GW to the TRH stimulation test was similar to that 
of infants with normal thyroid functions, suggesting that 
the hypothalamohypophyseal thyroid axis is functioning 
normally in infants with THOP. Depending on these results 
L-T4 replacement is thought to be non-essential in THOP. 
Furthermore, L-thyroxine replacement to preterm infants 
was thought to be safe, as in term infants. However, a case 
of circulatory disorder related to levothyroxine replacement 
was reported in a VLBW infant from Japan (34,35,36). 
Levothyroxine use is reported to increase the relative adrenal 
insufficiency of prematurity (37). Adrenal insufficiency is 
more evident if infants with panhypopituitarism receive 
levothyroxine replacement without glucocorticoids (37). 
Thus thyroid hormones enhance cortisol turn-over as well as 
the need for glucocorticoids. Also of concern is a probable 

increased risk of NEC due to the L-T4 administration 
(38). Besides, theoretical clinical risks may exist, such as 
unexplained tachycardia or arrhythmias, tremors, weight 
loss or hyperpyrexia, and neurobehavioral abnormalities 
due to excess or unnecessary use of thyroid hormone (39). 
Thyroid hormones are powerful biological triggers that can 
cause unexpected effects when given unnecessarily. Hence, 
the existing evidence suggest that L-T4 replacement brings 
no clinical benefit but can even harm infants with THOP 
(40).

One of the most important advantages of the development 
assessment tools the ‘ASQ’ with the ‘ASQ:SE‘, which are 
filled directly by the parents, is that they benefit from the 
rich experience of the parents about their child and provide 
the opportunity to continuously evaluate the development of 
the child at certain time intervals. Research results support 
that parents can provide accurate information about their 
children‘s development regardless of socioeconomic level, 
region of residence, or mental health (14).

The high agreement between mothers’ or fathers’ 
evaluations of their children‘s developmental skills and 
expert evaluations and the low cost of evaluation triggered 
the development of evaluation tools filled by mothers 
or fathers (13). In 2006, the Council of Children with 
Disabilities outlined tools that can be safely used as a 
general developmental screening test (15).

In the present study, no association was found between the 
‘ASQ’ with the ‘ASQ:SE’ subparameters of THOP in the first 
two years of life and adverse neurodevelopmental outcomes. 
For these studies that revealed associations between thyroid 
hormone abnormalities and adverse neurodevelopmental 
outcomes in preterm infants, we hypothesized that thyroid 
status may only be a confounder, that reflects the severity 
of disease or co-morbidities, such as IVH, which were actual 
risk factors associated with neurodevelopmental disorder. 
The study of Fisher (41) supported this hypothesis by 
showing low T4 levels and low T3 levels in preterm infants, 
were the result of non-thyroidal diseases and mirrored the 
disease severity in those infants. It has been suggested that 
decreased thyroid hormone synthesis, protein catabolism, 
and oxygen consumption in preterm infants may be a 
potentially beneficial adaptive response to the disease state. 
Furthermore, studies by Williams et al. (42) and Carrascosa 
et al. (43) examining the effect of RDS, IVH, NEC, and 
sepsis on thyroid function supported this phenomenon. 
Interestingly, the present study found that anti-VEGF use 
for ROP, and steroid use for BPD rates were higher in 
THOP group that received levothyroxine. Further much 
larger studies are required to elucidate the association with 
levothyroxine replacement and higher rates of steroid use 
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for BPD, and anti-VEGF use for ROP without affecting long-
term neurological outcomes in infants with THOP. However, 
this association may be because those infants were ‘sicker’ 
or had more advanced stage of preterm morbidities than 
the others, then it would not be surprising for them to 
require further therapy for BPD and/or ROP too. Hence, 
these novel results can also be considered supportive 
findings. Ultimately, these data suggest that THOP may be 
an epiphenomenon of non-thyroidal disease but this does 
not appear to lead to long-term adverse outcomes in infants. 
Therefore, we believe that better clinical management 
of risky conditions in preterm infants may reduce the 
prevalence of THOP and the possible negative consequences 
that may develop thereafter, rather than routinely treating 
THOP with levothyroxine replacement (44).

Study Limitations

Although the statistical analysis indicated that the number of 
participants is sufficient to report, it is evident that the strait 
number of participants poses a limitation for this study. The 
other limitations of our study is that we did not question 
parental intelligence, home environment, breastfeeding 
or formula feeding, and post-discharge medication use 
histories.

Conclusion

This study demonstrated that levothyroxine replacement 
did not improve long-term neurological outcomes in 
this population of infants with THOP. However, given 
the limitations of this study, well-designed, much larger, 
prospective, controlled studies are needed to clarify the role 
of levothyroxine replacement in THOP.
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