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ABSTRACT

Introduction: The objectives of this study are to compare thyroid hormone levels in term asphyxiated newborns 
versus healthy controls and to determine potential correlations between the severity of birth asphyxia and the thyroid 
hormone levels. Materials and methods: A prospective case- control study was performed by comparing cases of 
birth asphyxia with the healthy controls. The primary outcomes included cord blood Thyroid Stimulating Hormone 
(cTSH), TSH and Free Thyroxine 4 (FT4) levels at 24-36 hours after birth. Correlations were sought between the 
severity of birth asphyxia with the thyroid hormone levels for the cases. Results: The study included 20 cases and 
21 controls. Demographic data were similar for the two groups except for a significantly higher Caesarean section 
rate in the control group. There were no significant differences between the groups in the cord TSH and the 24-36 
hours FT4 levels, but the median (IQR) TSH level at 24 to 36 hours was significantly lower in the case group than in 
the control group, (8.3 mIU/L(9.2) versus 14.1 mIU/L(7.6); p<0.05). The highest Thompson scores within the first six 
hours after birth was significantly correlated with lower TSH levels (r = -0.468; p<0.05). There was also a significant 
correlation between the Apgar score at 10 minutes and the level of FT4 at 24-36 hours after birth (r = 0.501; p<0.05). 
Conclusion: This study showed that TSH at 24-36 hours after birth was significantly lower in asphyxiated new-
borns. Selected parameters of the severity of birth asphyxia correlated with thyroid hormone levels at 24-36 hours. 
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INTRODUCTION

Birth asphyxia remains one of the leading causes of 
neonatal morbidity and mortality in developing and 
developed countries. It is graded as the fifth cause of 
under five years old child deaths after pneumonia, 
diarrhoea, neonatal infections, and complications of 
preterm birth. Throughout the world, each year, an 
estimated 23% of 4 million neonatal deaths and 8.5% 
of all deaths < 5 years old are associated with signs of 
asphyxia at birth. (1) Birth asphyxia may affect multiple 
organ systems, including the brain, the respiratory 
system, the cardiac system, the kidneys and others.(2) 
Little is known about the impact of birth asphyxia on 
thyroid hormone levels.

Earliest study on the effect of birth asphyxia to the 
level of thyroid hormone was done in year 1985 by 
Marietta Borges in Venezuela. This study showed 
the level of thyroid hormone (consisted of FT4, FT3 
and TSH) significantly decreased in newborn with 
transient low Apgar score compared to healthy control 
newborn with p value < 0.05. (3) Later, in year 1994, 
H.F Tahivoric from University of Tuzla, Bosnia and 
Herzegovina did a study comparing thyroid hormone 
level taken at birth and at day 5 of life, between 
asphyxiated term newborn delivered via emergency 
Caesarean Section with healthy term newborn delivered 
via elective Caesarean Section. The study showed 
significantly lower thyroid hormone level in cord 
blood among asphyxiated newborn but normalised 
at day 5 of life, demonstrating existence of transient 
hypothyroxinaemia at birth in asphyxiated newborn. (4) 

Another study, done by DN Pereira in Brazil in year 
2003, looking at the difference in Thyroid Hormone 
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level at birth and between 18 to 24 hours after birth in 
asphyxiated versus healthy term newborn. This study 
showed no significant difference in Thyroid Hormone 
level at birth between two group, but all FT3, FT4 and 
TSH were lower in asphyxiated group in blood test 
taken between 18 to 24 hours after birth. This study also 
looked at the correlation between the severity of birth 
asphyxia and mortality rate with the level of Thyroid 
Hormone. They found that the newborn with severe 
degree the asphyxia or passed away, had significantly 
lower Thyroid Hormone Level. (5) Nishant Prabhakar 
from India did a similar study in year 2016, comparing 
Thyroid Hormone level at birth and between 18-24 
hours after birth in term asphyxiated newborn versus 
term healthy control. It found that asphyxiated newborn 
had significantly lower Thyroid Hormone level in blood 
test taken at 18-24 hours after birth but no significant 
difference in cord blood. (6) Up to this date, there is 
no study have been done in Malaysia to look at the 
effect of birth asphyxia to the level of Thyroid Hormone. 

Part of the management for newborns with birth asphyxia 
is to reduce the metabolism of the brain. Therapeutic 
cooling of the brain and whole-body cooling have 
been shown to effectively reduce brain metabolism and 
decrease the incidence of neurological sequelae of birth 
asphyxia. (2) This signifies that the energy provision to the 
brain cells may be impaired. Secondary energy failure in 
birth asphyxia occurred approximately at 6 to 48 hours 
after initial brain injury and was believed to be related 
to oxidative stress, excitotoxicity, and inflammation.
(7) Thyroxine is essential for providing energy to the 
cells by its action on acid phosphatases, stimulating the 
intracellular Adenosine Triphosphate (ATP) production. 
Measuring thyroid hormone level in between 24- 36 
hours after birth is done for study purposes because 
that is right within the period of secondary energy 
failure occurred in asphyxiated newborns, in which 
this is critical timing to have adequate thyroid hormone 
for a developing brain recovers from asphyxia. We 
choose blood taking to be coincided with clinical 
indication to reduce vulnerability of participants. 

There is limited evidence that the administration of 
thyroxine in the cases of pending acute tubular necrosis 
(ATN) in asphyxiated newborns would be beneficial to 
the compromised renal cell. (8) Unfortunately, there 
is no study done yet to look at the effect of thyroxine 
treatment to the brain cell in asphyxiated newborn.
 
The objectives of this study were 1) to compare the 
level of thyroid hormones (cord TSH and serum FT4 
and TSH levels at 24- 36 hours after birth) between term 
newborns with birth asphyxia and healthy controls and 
2) to determine whether there was a correlation between 
the severity of birth asphyxia and the thyroid hormone 
levels.

MATERIALS AND METHODS

A prospective case-control study was conducted 
in the neonatal ward of Hospital Universiti Sains 
Malaysia (Hospital USM), Kubang Kerian, Kelantan, 
Malaysia, from January 2022 to November 2022. 

The inclusion criteria for the case group were:
1.Born in Hospital USM, within the study period.
2.Born at term (37- 42 weeks of gestation), with birth 
weight of more than 2.5 kg.
3.Presence of asphyxia, defined as having at least one of 
the following:

i.Apgar score < 5 at 10 minutes after birth; (10)
ii.Requiring mechanical ventilation or bag
valve mask resuscitation up to 10 minutes of life;
iii.Cord blood gas - or if cord blood gas not available,
blood gas within 1 hour of life- showing a pH < 7.1
or Base excess < negative 12.

4.Evidence of encephalopathy according to Sarnat 
staging. (9)

The inclusion criteria for the control group were similar 
but without any evidence of asphyxia or hypoxic 
ischaemic encephalopathy. To avoid excessive 
venepuncture and focusing on study purposes, the 
controls were mainly newborns admitted at birth 
for suspected sepsis, with investigations results of 
their routine work-up showing no evidence of sepsis. 

Newborns whose mothers had thyroid disease during 
pregnancy, and newborns with syndromic features or 
major congenital abnormalities were excluded from the 
study. Newborns, who initially included in the control 
group, showing proven evidence of infection, were 
excluded from the study. Written consent was obtained 
from the parents of each newborn.
 
We used convenience- based sampling for both case 
and control group. During the study period, we tried 
to include a maximum number of asphyxiated babies 
and for each asphyxiated baby, we selected the 
control that was admitted within the same week and 
fulfilled the inclusion criteria. There was no planned 
matching of the birth weight or sex of the babies. 

For every case, the Thompson score (11) was recorded 
by the most senior Trainee Paediatrician responsible 
for the care of the newborns, within 6 hours after birth. 

The results of the cord TSH, which were part of the 
universal screening at birth in Malaysia, were recorded. 
Subsequently, thyroid function tests, consisting of TSH 
and FT4, were taken between 24 to 36 hours after 
birth for the purpose of this study. This blood-taking 
coincided with venepunctures for clinical reasons. 
TSH and FT4 were analysed using COBAS e411 
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analyser with electrochemiluminescence immunoassay 
(ECLIA) in Endocrine Laboratory Hospital USM. 

The results of the thyroid function tests were compared 
between the case and control groups. For the case 
group, a correlation was sought between the severity 
of asphyxia (cord blood gas pH, Apgar score at 10 
minutes of life and highest Thompson score) and 
the thyroid function tests. Lower cord Blood pH 
and Apgar score at 10 minutes of life, and higher 
Thompson score indicating more severe birth asphyxia. 

Sample size was calculated using the application, 
PS Power And Sample Size Calculation version 
3.1.6 based on the previous study by Nishant 
Prabhakar as a reference. (6) The minimum number 
required for this study was 20 participants per group. 

Statistical and descriptive analyses were performed 
using IBM SPSS version 26. The demographic and 
characteristic data between the two groups were 
analysed using Mann- Whitney U Test for continuous 
data and Fisher Exact Test for categorical data. Median 
(Interquartile Range IQR) was used instead of Mean 
(Standard Deviation SD) for continuous data in view 
of small sample size and skewed data. Frequency (n) 
and percentage (%) was used for categorical data. For 
comparison of the levels of thyroid hormone in the 
case and control group, Mann-Whitney U Test was 
used to compare two independent groups that are 
not normally distributed, and data were expressed in 
Median (IQR) for cord TSH and TSH. The FT4 data 
were normally distributed; hence, the Independent 
T-Test was used, and the results were expressed in 
Mean (SD). For the correlation between the severity of 
asphyxia (cord blood pH, Apgar score at 10 minutes, 
and highest Thompson score) with the level of thyroid 
hormone, Spearman’s correlation was used because 
criteria for bivariate normal distribution were not met. 
The level of significance was set at a p-value of < 0.05. 

This study was approved by the University’s ethical 
committee, Jawatankuasa Etika Penyelidikan Manusia 
Universiti Sains Malaysia (JEPeM-USM) (USM/ 
JEPeM/21050351)

RESULTS

Table I shows the baseline characteristics of both 
groups. There was a total of forty- one newborns 
involved in this study. Twenty newborns were in the 
case group, whereas twenty-one newborns were in the 
control group. There were no statistically significant 
differences between the 2 groups in the anthropometric 
measurement, race, sex, gestational age at delivery 
and gravida number of the mother. However, there 
was a statistically significant difference for the mode 
of delivery between the cases and control group, with 
more Caesarean deliveries in the control group than 

in the cases group (9 out of 21 versus 1 out of 20). 

Table I: Baseline Characteristics of Study Population for 
Each Group.

Characteristic Frequency, n (%) or median (IQR)
p-value 

Case Control

Birth weight (kg) b 3.1 (0.7) 3.2 (0.7) 0.81

Length (cm) b 51.0 (3.0) 51.0 (2.0) 0.82

Head circumfer-
ence (cm) b 34.0 (2.8) 33.0 (2.0) 0.47

Race a 
Malay 
Others

 
19 (95.0) 
1 (5.0)

 
21 (100.0) 

0 (0.0)

 
0.49

Gender a 
Boy 
Girl

 
11 (55.0) 
9 (45.00

 
11 (52.4) 
10 (47.6)

 
1.00 

Gestation (week) b 39.0 (2.0) 39.0 (2.0) 0.40

Mode of delivery a 

SVD 
Instrumental 
LSCS

 
12 (60.0) 
7 (35.0) 
1 (5.0)

 
11 (52.4) 
1 (4.8) 
9 (42.8)

 
0.006

APGAR (1) b 5.0 (2.0) 9.0 (0) <0.005

APGAR (5) b 7.0 (2.0) 10.0 (0) <0.005

APGAR (10) b 8.0 (3.0) 10.0 (0) <0.005

Age of mother b 26.5 (6.0) 29.0 (8.0) 0.058

Gravida b 1.0 (1.0) 1.0 (2.0) 0.12

CTG a 

Reactive 
Non-reactive

 
8 (40.00) 
12 (60.0)

 
17 (81.0) 
4 (19.1)

 
0.01

Length of stay b 7 (10) 4 (2) 0.001
a Categorical data expressed in frequency n (%) and p-value calculated using Fisher Exact 
Test  
b Continuous data expressed in median (IQR) and p-value calculated using Mann-Whitney 
Test 

Table II shows the comparison of thyroid hormone 
levels between the 2 groups. Compared to the 
control group, the asphyxiated newborns had a 
significantly lower TSH level at 24-36 hours after 
birth with a difference in median level of close to 
6 mIU/L (p-value:0.014). There was no significant 
difference between the groups for cord TSH and FT4. 

Table II:  Level of Thyroid Hormone in Case and Control 
Group Taken at birth and  24-36 Hour After Birth

Variables 

Median (IQR) U statistics/ 
Mean 
difference 
(df)

p-value
Case Control 

Cord TSH 
(mIU/L)

8.2 (6.4) a 6.7 (4.9) a 166.00 b 0.251

TSH 
24-36H 

(mIU/L)
8.3 (9.2) a 14.1 (7.6) a 102.00 b 0.014

FT4 
24-36H

 
(pmol/L)

33.7 (10.4) c 36.1 (7.2) c 2.38 (37) d 0.406

Cord TSH/ TSH not normally distributed; use Mann-Whitney U test; a Median (IQR); b u 
statistics 
FT4 is normally distributed; use Independent t-test;  c Mean (SD); d t statistic; df = degree of 
freedom. 

Tables III to V show the correlations of birth asphyxia 
to the levels of thyroid hormones. The correlation 
between each of the asphyxia severity parameters and 
the level of cord TSH was weak (Table III). There was 
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cord blood at birth, as part of the Malaysia Universal 
Birth Screening, while FT4 analysis was not done at birth. 

For the thyroid hormone taken at 24-36 hours after 
birth, TSH level was significantly lower in asphyxiated 
newborns compared to the control group. The reduced 
TSH level in asphyxiated newborns was expected and 
could explained by central suppression of TSH secretion 
due to hypoxia. The finding of reduced TSH is consistent 
with the previous study by Nishant Prabhakar, DN Pereira 
and Sunil Kumar. (5,6,12) While these studies found 
lower FT4 in asphyxiated babies than in controls (5,6,12), 
our study did not confirm a similar finding. This may be 
due to the inclusion of several milder cases of asphyxia, 
but more likely, it may have been too early for the FT4 
to drop in response to the central suppression of TSH. 

There was a significant negative correlation found 
between the severity of asphyxia to the level of thyroid 
hormone at 24- 36 hours after birth. Lower cord Blood 
pH, lower Apgar score at 10 minutes of life, and higher 
Thompson score, indicating more severe birth asphyxia. 
A higher Thompson score on day one after birth had a 
statistically significant correlation with lower TSH values. 
In addition, lower Apgar scores at 10 minutes of life 
had a statistically significant correlation with lower FT4 
levels. While not all parameters of severity of asphyxia 
correlated well with the abnormal thyroid function tests, 
perhaps due to the relatively small sample size and a 
relatively small number of severe cases of asphyxia, 
these findings may suggest that more severe asphyxia 
may have more severe consequences for derangement 
of thyroid function tests in asphyxiated neonates. 

DN Pereira’s study, (5) which looked at the correlation 
between the severity of birth asphyxia with the level of 
thyroid hormone, found that asphyxiated newborns with 
moderate to severe hypoxic-ischemic encephalopathy 
presented with significantly lower mean levels of 
TSH, T4, T3 and FT4 at 18 to 24 hours of life than 
in controls group. A study by G. Umesh, (13) found 
a significant difference in the mean value of FT4 in 
HIE when comparing mild, moderate, and severe 
hypoxic-ischemic encephalopathy. For the TSH level, 
the difference was significant only when compared 
between mild HIE and severe HIE. Akira Kobayashi et al 
done in Japan and was published in 2018, looked into 
correlation between severity of birth asphyxia based on 
normal or abnormal brain Magnetic Resonance Imaging 
(MRI) with the level of thyroid hormone. They found 
that asphyxiated newborn with abnormal brain MRI had 
significantly lower level of FT3 and FT4 at 72 hours and 
96 hours after birth compared to asphyxiated newborn 
with normal brain MRI, but there was no significant 
difference in the level of TSH between the two group. (14) 
 
There is limited information regarding potential 
implications of lower thyroid hormone in asphyxiated 
newborns. If other studies can confirm that FT4 is low 

a significant negative correlation between the highest 
Thompson score and the TSH level at 24 – 36 hours after 
birth with an r-value correlation coefficient of -0.468 
(p<0.05). However, there was no statistically significant 
correlation between the other two parameters of asphyxia 
severity and TSH at 24-36 hours after birth (Table IV). 

There was a significant positive correlation between the 
Apgar score at 10 minutes and with FT4 level at 24-
36 after birth with an r-value correlation coefficient of 
0.501 (p<0.05). There was also a moderate negative 
correlation between the highest Thompson score with 
the FT4 level, but it did not reach statistical significance 
(Table V).

Table III: Correlation between Severity of Birth Asphyxia 
with cord TSH at Birth

Asphyxia severity 
parameter

Cord TSH

r (correlation coefficient) p-value*

Cord blood pH 0.259 0.27

Apgar score at 10 
min

-0.142 0.55

Highest Thomson 
score

-0.251 0.29

*Spearman Correlation 

Table IV: Correlation between Severity of Birth Asphyxia 
with TSH at 24-36 Hour After Birth

Asphyxia severity 
parameter

TSH 
24-36H

r (correlation coefficient) p-value*

Cord blood pH -0.171 0.50

Apgar score at 10 min 0.366 0.136

Highest Thomson 
score

-0.468 0.05

*Spearman Correlation

Table V: Correlation between Severity of Birth Asphyxia 
with FT4 at 24-36 Hour After Birth

Asphyxia severity 
parameter

FT4 
24-36H

r (correlation coefficient) p-value*

Cord blood pH -0.350 0.15

Apgar score at 10 min 0.501 0.034

Highest Thomson 
score

-0.417 0.085

*Spearman Correlation

DISCUSSION

This study did not find statistically significant differences 
in cord TSH between the asphyxiated newborns and 
the control group. The finding is consistent with most 
of the previous research including study by Nishant 
Prabhakar conducted in India in 2016, and by DN 
Pereira conducted in Brazil in 2003.(5,6) This result was 
expected because of close proximity of the asphyxiated 
event to the blood taking. There was only one study by 
Tahivoric done in Bosnia Herzegovina in 1994, that 
showed reduced thyroid hormone in cord blood for 
asphyxiated newborns. (4) Due to limited resources, 
only Thyroid Stimulating Hormone was tested from the 
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in severely asphyxiated newborns, randomised control 
trials administering thyroxine treatment to asphyxiated 
newborns receiving cooling therapy may be conducted 
to demonstrate presence of potential benefits or harms 
on the neurological outcome. The extra energy provision 
to the ailing brain cell by administrating thyroxine may 
help to improve outcome, while an increased cell 
metabolism may constitute a risk.
 
The limitation of this study is that it includes a relatively 
small sample size and a high proportion of relatively 
mild asphyxia in the case group.

CONCLUSION

This study showed that asphyxiated neonates may have 
depressed levels of TSH at 24- 36h after birth and that 
certain parameters of the severity of asphyxia correlated 
with lower TSH and FT4 levels. Stronger evidence is 
needed in which to involve matching between control 
and case group, and higher number of newborns with 
moderate to severe asphyxia to confirm the relationship 
between perinatal asphyxia and thyroid function. 
Another recommendation is to conduct a randomised 
control trial on administrating thyroxine to asphyxiated 
newborn receiving cooling therapy to assess potential 
benefit or harm on the neurological outcomes. 
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