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Abstract

Objectives
Indicatively, phenobarbital can impair thyroid function in adults and 
children. The present research aims to evaluate the thyroid hormone 
levels in preterm neonates who had received phenobarbital treatment.

Materials & Methods
This study was conducted on preterm neonates who weighed less 
or equal to 2500 g when phenobarbital was prescribed for treatment 
in the first 15 days of life. TSH and total T4 measurements were 
performed before and three months after initiation of phenobarbital. 

Results
In this study, the sum of preterm neonates stood at 94, of which 
53 were girls, with a mean birth weight of 2004.41 ± 315.41g. 
Weight of 8.5% were under 1500 g. The mean gestational age 
was estimated at 33.64 ± 2.01 weeks. Mean T4 levels were 12.24 
± 1.96 and 12.07 ± 1.95 (p=0.334), and mean TSH levels were 
5.34 ± 2.14 and5.15 ± 2.15 (p=0.376) before and after prescribing 
phenobarbital, respectively. The same results were compared based 
on sex, gestational age, birth weight, and height for T4 and TSH 
and T4 based on head circumference. The only significant difference 
was TSH in preterm infants with head circumference <32 cm before 
and after prescribing phenobarbital (p=0.030).

Conclusion
In preterm newborns that had less than 2500 g birth weight, 
phenobarbital did not significantly alter the serum thyroid hormone 
levels. 
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Introduction
In preterm births, intraventricular hemorrhage 
(IVH) is a significant problem; extensive 
hemorrhages linked to parenchymal brain lesions 
have a high propensity for disabling effects and a 
high fatality rate (1). The postnatal phenobarbital 
administration for prevention of IVH in low 
birth weight infants is governed by suggestions 
and traces of evidence that in premature infants, 
phenobarbital treatment is capable of dampening 
fluctuations in systemic blood pressure and can 
further partially safeguard the brain from any kind 
of hypoxic-ischemic damage (2-6). However, 
recent evaluation and research established that 
phenobarbital treatment as prophylaxis to prevent 
IVH in preterm neonates is not recommended (7). 
When comparing the risk of seizures in full-term 
infants and premature neonates, the severity is 
higher in premature neonates. This severity is 
characterized by its timing and a unique profile 
of etiologies. For newborns under32 weeks of 
gestational age, the common cause of the seizure 
is IVH, attributed to physiologic susceptibility 
(8, 9). Despite consolidated efforts to enhance 
neonatal care, seizures in preterm infants remain 
high. Consequently, these infants face an increased 
risk of abnormal neurodevelopment outcomes. 
Accordingly, newborns are more vulnerable to 
seizures compared to alternatives. 
One of the critical challenges associated with 
using anti-seizure medications in premature 
neonates includes concerns over the drug's safety, 

effectiveness, and pharmacokinetics, all of which 
remain largely unexplored. . There is an urgent 
need to carefully plan clinical trials that investigate 
and validate the medications' safety, the drug's 
effectiveness, and the results of seizure therapy 
in premature neonates. Currently, no drug with 
a defined indication exists in preterm neonates, 
despite improvements in managing seizure in term 
neonates, except that phenobarbital treatment is 
the most common and widely acknowledged first-
line intervention in full-term infants and is most 
commonly used in preterm neonates (10-12). 
In central nervous system development, thyroid 
hormones are considered to play a vast and 
significant role in normal physiological brain 
function and repair mechanisms. Furthermore, 
impairment in thyroid function is common in 
preterm neonates because of their unique thyroid 
and the hypothalamic-pituitary-thyroid axis 
immaturity (13). Even though it is well known 
that anti-epileptic drugs (AED) can cause impaired 
thyroid function in older people (14), there have 
been few studies about the role of phenobarbital 
on thyroid function among pediatric patients. 
Some authors emphasized that in contrast to the 
significant effects of valproate on the thyroid 
hormone levels, phenobarbital had minimal effect 
on it (15). Furthermore, it has minimal evidence 
of the challenging population of preterm neonates.
In actuality, periventricular leukomalacia, low 
birth weight, and immature central nervous system 
development are significant characteristics of 
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preterm neonates, providing seizure risks (16). 
Nonetheless, due to age-specific pharmacokinetic 
and pharmacodynamic characteristics, preterm 
babies are more likely to experience severe problems 
and exhibit decreased receptivity to traditional 
pharmaceutical treatment (17). An increasing 
sense of urgency exists in recognizing the need for 
evidence-based, specialist care for preterm infants 
with seizures due to an increased understanding of 
this population's distinct neurologic and metabolic 
characteristics (10, 18).
The present study aimed to examine the changes 
in preterm infants' serum thyroid hormone levels 
caused by phenobarbital monotherapy. Through 
previews of various kinds of literature, this is the 
first study of its kind in this era that we are aware 
of that involved preterm children. 

Materials & Methods
This study's inclusion criteria were all preterm 
neonates with birth weights equal to or less than 
2500 g who need to be prescribe phenobarbital 
treatment around their 15th day of life (day 14, 15, 
or 16) at Rasht 17th Shahrivar Pediatric Hospital. 
This study excluded all patients with abnormal 
imaging, such as neurological, hepatic, renal, and 
thyroid diseases or other endocrinopathies, and 
uncontrolled seizures with several anti-epileptic 
drugs.
Collected data included demographic and clinical 
data comprised gestational age, birth weight, sex, 
head circumference, and body height on birth. 
Serum total T4 and TSH concentrations were 
measured by chemiluminescent immunoassay 
before and three months after initiation of 
phenobarbital (20 mg/kg intravenous loading dose, 
then 2.5 mg/kg/dose per 12 hours).
The normality of data distribution of quantitative 

variables was done using the Kolmogorov-
Smirnov test. All data had a normal distribution; 
therefore, this study used a paired T-test to compare 
mean levels. Discrete variables were expressed as 
counts (%) and compared using the Chi-square 
tests. Continuous variables were expressed as 
mean ± standard deviation (SD). Computation 
was done using the SPSS program from Windows 
version 19.0. P<0.05 was considered statistically 
significant.
Moreover, the institutional research committee's 
ethical guidelines, the 1964 Helsinki Statement, 
and its later amendments, or a comparable ethical 
standard, were all followed in all data collection 
procedures. Human rights were adhered to by all 
participants involved in the study. Besides, each 
participant had their parents or other legal guardians 
involved in giving their informed consent.

Results
A sum of 94 preterm neonates were qualified to be 
part of the study. There were 53 (56.4%) females 
and 41 (43.6%) males, with a mean birth weight 
of 2004.41 ± 315.41 g (1235 – 2490 g). 91.5% 
of all neonates were in the 1500-2500 g range 
of weight, and only 8.5% were under 1500 g. In 
48.9% of cases, gestational age was between 28-
34 weeks, and 51.1% between 34-37 weeks (mean 
gestational age was 33.64 ± 2.01 weeks). Most 
cases (62.8%) had a head circumference less than 
32 cm, and only 37.2% had more than 32 cm, with 
a mean of 32.08 ± 1.97 cm (28-39 cm). 51.1% 
of cases had more than 45 cm height and 48.9% 
less than 45 cm, with a mean height of 45.32 ± 
2.03 cm (38 – 50 cm). The Kolmogorov-Smirnov 
test was also used to determine whether the data 
distribution proved normal. Evidently, all T4 and 
TSH data had normal distribution before and after 
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prescribing phenobarbital, so a paired T-test was 
performed (Table 1). 

Discussion
Evidently, AEDs, through various mechanisms 
such as changes in the biosynthesis and secretion 
of hormones and their transport, the metabolism 
processes, and the excretion of thyroid hormones, 
significantly affect thyroid hormone levels. Most 
of these factors alter the clearance of thyroid 
hormones. This is achieved by increasing the 
induction of an enzyme referred to the hepatic 
microsomal system or via the hypothalamic-
pituitary axis (19). However, the significant side 
effects of AEDs on the endocrinological systems 
are subclinical and clinical hypothyroidism. 
Phenobarbital can be described as an anti-epileptic 
drug with strong enzyme-inducing and weak 
protein-binding activity (20). 
According to a systematic review conducted by 
Rochtus et al. on the articles published between 
January 1990 and early 2021 about thyroid 
hormone function and AEDs (20), only four studies 
were cross-examined to provide information on the 
effect of phenobarbital on thyroid function among 
children (20-24). In a network meta-analysis, Han 
et al. (25)  reviewed 35 studies, including 4135 
participants, revealed that 25 studies concentrated 
on children and adolescents and only five on 
phenobarbital (20, 23, 26-28). No study was 
available study on the effect of phenobarbital on 
thyroid function tests in preterm infants. 
Research conducted by Castro-Gago et al. on 
five epileptic children who were receiving 
phenobarbital treatment and had a mean age of 
9.1 ±2.5 years and therapy lasting 6.8 ± 3.1 years, 
elaborated that TSH levels remained stable, but free 
T4 levels considerably decreased (20). In addition, 

Tanaka et al. demonstrated the same outcomes 
on 63 kids whose T4 was reduced after receiving 
phenobarbital treatment for more than six years 
(29). A significant decrease in T4 (p<0.01) and 
free T4 (p<0.05) was established by Yüksel et al. 
in research on ten kids with a mean age of 4 years 
and ten months and a mean length of therapy with 
phenobarbital of 20 months (30).
The thyroid hormone levels are significantly 
influenced by enzyme induction of cytochrome 
P450. On the other hand, phenobarbital treatment 
usually causes only minimal induction of T4 
and has fragile protein-binding properties (19). 
Generally, the impact of phenobarbital treatment 
on thyroid hormone metabolism can be described 
as mild. 
On the other hand, in different research on 17 kids 
who had a mean age of 3.7 years, no discernible 
difference was found in serum-free T4 and TSH 
levels between the phenobarbital-treated patients 
and the control group in the third, sixth, and ninth 
months of treatment (22).
Furthermore, in another case study that involved 
69 children who also had a mean age of 17.1 ± 3.7 
months, undergoing phenobarbital treatment, it 
was evaluated that serum-free T4 levels in patients 
receiving phenobarbital treatment were not found 
to be significantly reduced in the 12th month. Still, 
a significant increase was detected in TSH levels 
(p < 0.001) (26). 
Therefore, this study concluded some controversy 
regarding how phenobarbital treatment affects 
children's thyroid function.
The results of the current research could not be 
compared with those from other studies since, as 
previously stated, no published research on the 
effects of phenobarbital medication on the thyroid 
function of preterm infants is currently available, 
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Table 1. Comparison of mean of T4 and TSH levels before and after phenobarbital prescription. 

No. of 
patients

Total T4 TSH
before after P-value before after P-value

Total 94
12.24 ± 
1.96

12.07 ± 
1.95

0.334
5.34 ± 
2.14

5.15 ± 
2.15

0.376

Sex
Male 41

12.39 ± 
1.88

12.02 ± 
2.12

0.212
5.20 ± 
2.07

5.28 ± 
2.23

0.817

Female 53
12.13 ± 
2.02

12.11 ± 
1.81

0.936
5.45 ± 
2.21

5.04 ± 
2.08

0.147

Gestational age
28-34 weeks 46

11.89 ± 
1.75

11.96 ± 
1.81

0.845
4.89 ± 
2.01

4.66 ± 
1.94

0.443

34-37 weeks 48
12.59 ± 
2.09

12.07 ± 
2.08

0.112
5.77 ± 
2.19

5.61 ± 
2.24

0.621

Birth weight
<1500g 8

12.14 ± 
2.55

11.68 ± 
1.51

0.562
5.15 ± 
2.59

5.25 ± 
2.91

0.839

1500-2500g 86
12.26 ± 
1.91

12.05 ± 
1.98

0.407
5.36 ± 
2.11

5.14 ± 
2.08

0.349

Head 
circumference

<32cm 59
12.30 ± 
2.02

11.74 ± 
1.77

0.060
5.37 ± 
2.06

4.83 ± 
2.00

0.030

>32cm 35
12.16 ± 
1.86

12.49 ± 
2.14

0.393
5.29 ± 
2.30

5.68 ± 
2.29

0.333

Height
<45cm 46

11.89 ± 
1.79

11.91 ± 
1.95

0.950
5.06 ± 
2.11

4.89 ± 
2.03

0.586

>45cm
48

12.59 ± 
2.06

12.12 ± 
1.94

0.131
5.61 ± 
2.16

5.39 ± 
2.23

0.489

and we must emphasize the paucity of literature in 
this era. This study's mean was T4 (p=0.334), and 
the mean TSH levels were (p=0.376). Therefore, 
there were no significant differences before and 
after the phenobarbital prescription. In addition, 
the same results were compared based on sex, 
gestational age, birth weight, and height for T4 and 
TSH and for T4 based on head circumference. The 
only statistically significant variation was the TSH 
level in preterm infants with a head circumference 
smaller than 32 cm before and after the prescribed 
phenobarbital (p=0.030). Possibly, confounding 
factors can play a role in this result because it 
is the only statistically significant result in this 
study. Further studies with bigger sample sizes, 

multivariate analyses, and backward stepwise 
logistic regression analysis are recommended.
This study had some limitations: The main 
drawback of this study was that it only looked at 
a small number of patients and did not examine 
whether different patient populations varied 
in terms of epilepsy syndrome or severity. 
Phenobarbital's long-term consequences were not 
also examined. Another limitation of the current 
study was the absence of a control group and the 
assessment of free T4 measurements. 
In conclusion, phenobarbital did not majorly 
alter the serum thyroid hormone levels in preterm 
infants with birth weights less than 2500 g. 
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