
INTRODUCTION
Perinatal asphyxia is a medical condition resulting from deprivation 
of oxygen to a newborn during the birth process, which is long 
enough to cause signi�cant functional and biochemical changes.  
The effects of perinatal asphyxia mimic 'diving re�ex' wherein, the 
blood perfusion is shunted to heart, adrenal gland and brain, 
thereby resulting in hypoxic-ischemic insult to other  organs like 
kidney, lungs, GIT etc. 

Worldwide perinatal asphyxia is a major clinical problem [1-3] with 
an incidence of approximately four million per year. It is one of the 
leading causes of perinatal and neonatal morbidity and mortality 
especially in developing countries [1,2,4,5]. As per the WHO 
statistics,  3% of infants (3.6 million babies) suffer from moderate to 
severe asphyxia in developing countries resulting in nearly 1 million 
neonatal deaths per year   [6].

In India, the incidence reported from community-based studies is 2 
to 16.2% [7] and in hospital-based studies it is nearly 12.8% cases of  
moderate to severe asphyxia have been reported [8]. Many of the 
perinatal asphyxia cases tend to develop hypoxic ischemic 
encephalopathy (HIE), which is described as an abnormal 
neurobehavioral state consisting of decreased level of 
consciousness, brain stem and/or motor dysfunction. HIE is of 
foremost concern in an asphyxiated neonate because of its 
potential to cause serious long-term neuromotor sequelae among 

 survivors [9]. 

The hypothalamo-hypophyseal axis is believed to be affected in HIE. 
Few of the recent studies have evaluated thyroid hormones in 

 perinatal asphyxia cases and the results have been con�icting [10-
12]. The alterations in pituitary and thyroid hormones may have a 
prognostic signi�cance because of the primary role of these 
hormones in growth and development.
 
The objective of the present study was to evaluate the levels of 
pituitary (Growth Hormone, Prolactin and TSH) and thyroid  

hormones (Free T3 and Free T4) in patients with perinatal asphyxia 
and to correlate these levels with short term prognostic signi�cance 
in this particular condition.

METHODOLOGY
This case control study was conducted in a tertiary care hospital in 
New Delhi  after approval by the Institute Ethics Committee. Thirty 
eight term neonates with evidence of perinatal asphyxia (APGAR 
score  <6 at 5 minutes, need for assisted ventilation at birth for >3 
minutes or clinical evidence of HIE)  were enrolled as cases. For the 
control group, thirty-eight healthy term neonates (APGAR score >6 
at 5 minutes, no assisted ventilation at birth, clinically well and 
neurologically normal) born within 24 hours of the index case were 
selected.  The cases and controls were enrolled in the study after 
obtaining informed consent. Neonates with congenital 
malformations, intrauterine growth retardation, with history of 
thyroid dysfunction in mother, and chorio-amnionitis in mother 
were excluded from the study.  

Sample of umbilical cord blood (3-4 ml) was obtained in plain tube 
from all cases and controls at the time of delivery, immediately after 
cord clamping. A second venous sample (3-4 ml) was collected from 
cases only at 48-72 hrs of life . There were ethical concerns for 
collecting samples at 48-72 hours from healthy controls and hence it 
was not taken. Serum was separated by centrifugation and stored at 
– 80°C till further analysis. 

The clinical parameters like sex, gestational age, birth weight, mode 
of delivery, need of resuscitation, fetal heart rate status before 
delivery, presence or absence of meconium-stained liquor, APGAR 
score, presence of gestational diabetes, pregnancy-induced 
hypertension, were noted at the time of birth. 

Classi�cation of HIE was done using Sarnat and Sarnat scoring and 
HIE was classi�ed as mild (Grade I), Moderate (Grade II) and severe 
(Grade III). The scoring was based on the consciousness level, tone of 
muscles, seizures, pupil size , duration/ respiration in neonates [13].
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All the subjects (cases and controls) were followed till admission in 
the hospital  (discharge in healthy state/ discharge with 
neurological complications /death). Worst HIE during the stay was 
recorded. Cord blood and venous blood samples were evaluated for 
following hormones- TSH, Free T3, Free T4 and Prolactin by 
Electrochemiluminiscence and growth hormone by commercially 
available ELISA method.

STATISTICAL ANALYSIS
Statistical analysis was carried out on SPSS 17.0. Kolmogorov- 
Smirnov test was used to detect parametric nature of data. Results 
are presented as Mean  ± S.D. Comparison of data was done by 
Student 't' test for parametric data and Mann- Whitney 'U' test for 
non-parametric data. Spearman's correlation coefficient was used 
for correlation analysis. ROC (receiver operating characteristics) 
curve was drawn to determine the optimum cut-off limit of the 
parameters for predicting their prognostic signi�cance. A p value of 
less than 0.05 was considered as signi�cant.

RESULTS
 MATERNAL CLINICAL AND DEMOGRAPHIC PROFILE 
The neonates enrolled as cases and control were comparable with 
respect to maternal age (25.66 ± 4.9 vs 25.4 ± 4.5 years ) , gestational 
age (38.5 ± 1.1 vs 38.7 ± 1.3 weeks) , distribution of parity. However, 
the difference in mode of delivery  (Cesarean versus vaginal), 
presence of maternal medical illnesses (diabetes, hypertension, 
severe anemia, heart disease and infection) and obstetric problems 
(Gestational diabetes mellitus, Pregnancy-induced hypertension 
and oligohydramnios) between the two groups was statistically 
signi�cant (p=0.01). 

CLINICAL AND DEMOGRAPHIC PROFILE OF CASES AND 
CONTROLS
Mean birth weight (2.79 ± 5.6 kg vs 2.81 ± 4.5 kg, p=0.867), head 
circumference (33.5 ±1.78 cm vs 34.73 ± 4.06 cm) and sex 
distribution (22 (M)/16 (F) vs 20 (M)/18 (F)  between the controls and 
cases were comparable.

Overall 84.2 % (32 out of 38) cases had evidence(s) of fetal distress. 
The mean APGAR score of the cases  at 1 minute was 2.6  ± 0.99 (1-5) 
which was signi�cantly lower than healthy controls (9.0 ± 0.1). Even 
at 5 and 10 minutes, the APGAR score continued to be signi�cantly 
low in cases [median value 4 (1-6) and 6 (3-9)] respectively. In cases 
with perinatal asphyxia, Twenty eight subjects developed HIE 
[fourteen patients presented in HIE stage 3 (36.8%) followed by 
stage 1 (26.3%) and stage 2 (10.5%)]. 

Among the cases, 26.3%  (stage I ) did not show any features of 
encephalopathy.  63.1 % cases with perinatal asphyxia  (Stage I and 
Stage II) were discharged from the hospital, out of which  52.6% had 
normal neurological function and 10.5 % had neurological 
abnormalities at the time of discharge. All patients presenting in HIE 
Stage III had an adverse outcome and could not survive.

PITUITARY FUNCTION TESTS 
The mean growth hormone levels of controls and cases at birth were 
17.28  ± 12.93 ng/ml (range: 1.92-52.29 ng/ml) and 26.25 ± 13.74 
ng/ml (range: 3.59-48.18 ng/ml) respectively and at 48-72 hours 
after birth it was 26.0 ± 14.3 ng/ml (range: 0.5-49.1 ng/ml) in  
perinatal asphyxia cases.. The growth hormone levels at birth were 
signi�cantly higher in cases as compared to the controls (p=0.014). 
(Table 1). Elevated levels of growth hormone were seen in majority 
of cases (37/38) and controls (29/38).  However, there was no 
signi�cant change in growth hormone levels after 48-72 hours of 
birth. (p=0.947)

The mean prolactin levels of controls and cases at birth were 368.6 ± 
137.5 ng/ml (range: 49.7- 570.9 ng/ml) and 517.7 ± 265.9 ng/ml  
(range: 64.7 -1257.9 ng /ml) respectively ( p=0.012).  At 48-72 hours 
after birth, prolactin levels in cases were 406.1 ± 250.4 ng/ml (range: 
18.6 -1015.7 ng /ml). The decrease in prolactin levels at 48-72 hours 
in perinatal asphyxia cases was not found signi�cant. (Table 2). 

THYROID FUNCTION TESTS 
The mean serum TSH levels of controls and cases at birth were 10.76 
± 8.65 mIU /L (range: 3.22-32.48 mIU /L) and 20.08 ± 22.94 mIU /L 
(range: 2.09-98.4 mIU /L) respectively  (p=0.047) (Table 1). At 48-72 
hours after birth, it was 8.5 ± 9.89 mIU /L (range: 0.382-41.34 mIU /L) 
in cases. The decrease in TSH levels at 48-72 hours after birth was 
statistically signi�cant (p=0.002) (Table 2). 

The mean Free T  levels of controls and cases at birth were 2.8 ± 0.59 3

pmol/L (range: 1.87-4.2 pmol/L) and 3.49 ± 0.9 pmol/L (range: 2.17-
5.89 pmol/L) respectively (p=0.001) . At 48-72 hours after birth it was 
4.3 ±1.9 pmol /L (range: 2.08-9.76 pmol /L) in cases.  The increase in 
FT3 levels at 48-72 hours after birth was found to be signi�cant 
(p=0.046).

The mean Free T  levels of controls and cases at birth were 16.6 ±2.4 4

pmol/L and 17.3±4.4pmol /L respectively (p=0.479) and at 48-72 
hours after birth for cases, it was 19.96 ±7.2pmol /L. (Table 2).

Table 1: Comparison Of Cord Blood Pituitary And Thyroid 
Function Tests Between Cases And Controls At Birth

Table 2: Comparison Of Pituitary And Thyroid Function Tests  At 
Birth And At 48-72 Hours In Perinatal Asphyxia Cases

The APGAR score (at 5 minutes) in perinatal asphyxia cases did not 
show any signi�cant correlation with any of the pituitary or thyroid 
hormones.  However, the duration of assisted ventilation showed a 
signi�cant negative correlation with cord blood prolactin levels                   
(r = -0.386,p=0.045). 

Prognostic signi�cance of pituitary function and thyroid function 
test parameters in perinatal asphyxia was evaluated by ROC curve 
(Table 3). Only serum free T3 level from cord blood was found to be 
predictive of prognosis in perinatal asphyxia. At an optimum cut-off 
level of 2.62 pmol/l, serum free T3 level was found to have 91% 
sensitivity with 89% speci�city in predicting death/ HIE stage 3 in 
this condition. It was also found that none of these parameters are 
suitable for discriminating stage 2 and 3 HIE from stage 0 (no 
encephalopathy) and stage 1(Figure 1).

Table 3: Roc Curve Analysis Of Pituitary Function And Oxidative 
Stress Parameters In Predicting Death/severe Brain Damage 
(hie Stage 3) In Cases Of Perinatal Asphyxia.

Controls 
(n=38)

Perinatal 
asphyxia Cases
(n=38) 

p-value

 Growth Hormone 
(ng/ml)

17.28 ± 12.93 26.25 ± 13.74 0.014

Prolactin levels (ng/ml) 368.6 ± 137.5 517.7 ± 265.9 0.012
 TSH levels (mIU/L) 10.76 ± 8.65 20.08 ± 22.94 0.047
 FT3 levels (pmol/L) 2.8 ± 0.59 3.49 ± 0.9 0.001
 FT4 levels (pmol/L) 16.6 ± 2.4 17.3 ± 4.4 0.479

Cord blood 
values at 
birth  (n=38) 

Venous blood 
values at 48-72 
hours  (n=38) 

p-value

Growth Hormone 
(ng/ml)

26.25 ± 13.74 26.0 ± 14.3 0.947

Prolactin levels (ng/ml) 517.7 ± 265.9 406.1 ± 250.4 0.120
 TSH levels (mIU/L) 20.08 ± 22.94 8.5 ± 9.89 0.002
FT3 levels (pmol/L) 3.49 ± 0.9 4.3 ± 1.9 0.046
FT4 levels (pmol/L) 17.3 ± 4.4 19.96  ± 7.2 0.179

Parameter                 AUC          p value Optimum 
cut-off value

Sensitiv
ity

Speci�
city

Cord   Blood FT3 0.743 0.02 2.62 pmol/l 91% 89%
FT3 (48-72 hrs) 0.6 0.3 ----- ----- -----
TSH (cord blood) 0.62 0.2 ----- ----- -----
TSH (48-72 hrs) 0.5 0.9 ----- ----- -----
FT4 (cord blood) 0.6 0.1 ----- ----- -----
FT4 (48-72 hrs) 0.5 0.6 ----- ----- -----
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Figure 1: Cord Blood Free T3 Levels In Cases Predicting Death 
Due To Perinatal Asphyxia

DISCUSSION
The present study evaluated the effect of perinatal asphyxia on 
endocrine parameters (pituitary and thyroid hormones) and their 
short term prognostic signi�cance on. The maternal and neonatal 
clinico-demographic pro�le was comparable in both the groups 
except for the mode of delivery and presence of maternal medical 
illnesses in the study group.

 Growth hormone  and prolactin levels were signi�cantly higher at 
birth in cord blood of perinatal asphyxia cases in comparison to that 
of controls. Even after 48-72 hours, the levels of growth hormone 
continued to be high in asphyxia cases whereas prolactin levels 
decreased.

Similar results for growth hormone and prolactin in perinatal 
asphyxia were reported by Varvarigou et al [14]. However, one of the 
recent studies evaluating Serum Growth Hormone and IGF-1 levels 
in neonates admitted with various grades of HIE did not show any 
signi�cant differences in growth Hormone levels between cases and 
controls [15]. The metabolic acidosis resulting from perinatal 
asphyxia may result in prolonged half-life and diminished metabolic 
clearance of Growth Hormone [16].  In a recent study by Tani etal, 
CSF prolactin levels were found to be raised in deaths associated 
with ischemia/ hypoxia [17]. Usually in a term neonate, serum GH 
and prolactin levels fall in the immediate neonatal period because 
of rise in free fatty acids secondary to onset of non-shivering 
thermogenesis. The rise in cord blood prolactin and GH levels in 
perinatal asphyxia might be due to stress consequent to 
dysfunction of the hypothalamic opiate-like peptidergic pathways 
[18,19].  Interestingly in the current study, only serum GH levels 
remained high till 48-72 hours. The cause of this differential kinetic 
pattern in these two hormones is worth investigating.  
 
Cord blood prolactin levels showed a signi�cant negative 
correlation with the duration of assisted ventilation in asphyxiated 
subjects . Some of the recent studies provide evidence to the role of 
prolactin hormone in lung maturation [20,21] and association of low 
levels of prolactin with respiratory distress, which supports our 
observation in this study. 

Cord blood TSH levels showed a signi�cant difference (p<0.05) 
between the neonates with perinatal asphyxia and control group.  
Similar results were seen in several recent studies   where low 
APGAR score at 1 minute and requirement for resuscitation was 
associated with raised cord blood TSH levels [22-24]. After 48-72 
hours a signi�cant decline was observed in serum TSH levels as 
compared to cord blood levels at birth.  Borges etal in their study 
also demonstrated elevated TSH levels in asphyxiated babies 5 
minutes after birth which declined progressively to baseline levels 
after 48 hours [25]. 

No signi�cant difference was observed in cord blood free T4 levels 
between the asphyxiated subjects and controls. The levels of free T4 
were found to be increased at 48-72 hours after birth but the 
difference was not found signi�cant. The increase in free T4 may be 
associated with the decline in TSH levels.

Cord blood Free T3 level was signi�cantly higher in cases as 
compared to controls at birth. Serum free T3 levels showed a 
signi�cant increase over next  2-3 days as compared to levels at 
birth. These �ndings are in contrast to the �ndings of Hemasundar 
etal (2018) where decreased levels of free T3 , free T4 and TSH were 
observed to be lower than healthy subjects [11].The higher free T3 
level in our cases may be explained by increased peripheral 
conversion of T4 to T3 by deiodinase or increased release of stored 
thyroid hormones from thyroid gland due to damage induced by 
perinatal asphyxia or increased release of FT3 from its protein 
bound form or decreased thyroid hormone binding proteins or a 
combination of these factors [26,27 ].

The current study has some limitations. Due to time constraints and 
limited sample size, individual stages of HIE could not be evaluated 
separately. For ethical issues there were no control values for serum 
levels of hormones at 48-72 hours of life. 

REFERENCES
1. Lawn JE, Cousens S, Zupan J (2005). 4 million neonatal deaths: When? Where?    

Opportunities for Africa’s Newborns. Why? Lancet 365: 891-900. 
2. Sepeku A, Kohi TW (2011) Treatment outcomes of neonatal asphyxia at a national 

hospital in dar es salaam, Tanzania. Afr J Nurs Midwifery 13: 43-56.
3. WHO (2000) The World Health Report 2000 Health Systems: Improving performance. 

Geneva: World Health Organization.
4. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ (2006) Global and Regional 

Burden of Disease and Risk Factors, 2001: Systematic Analysis of Population Health 
Data. Lancet 367: 1747-1757.

5. Lopez AD, Mathers CD (2006) Measuring the Global Burden of Disease and 
Epidemiological Transitions: 2002-2030. Ann Trop Med Parasitol 100: 481-499.

6. Federal democratic republic of Ethiopia Ministry of Health, BEmONC-LRP (2013) Best 
practice in maternal and newborn care Maternal Death Surveillance and Response.

7. Daga SR, Daga AS, Dighole RV, Patil RP, Dhinde HL (1992) Rural neonatal care: Dahanu 
experience. Indian Pediatr  29(2): 189–193.

8. Anuradha D, Rajesh Kumar S, Aravind MA< Jayakumar M, Ganesh J (2018). A pro�le on 
the spectrum of neonatal mortality and morbidity pattern of extramural neonates in 
the Specialised Neonatal care Unit (SNCU) in a tertiary care hospital. Int J Contemp 
Paediatr 5(2): 427-431.

9. Aurora S, Snyder E Y (2004). Perinatal Asphyxia. In: Cloherty J P, Stark Ann R, 
Eichenwald Eric C, editors. Manual of Neonatal Care. 5th edition. Philadelphia: 
Lippincott, Williams and Wilkins. p. 536-55.

10. Pereira DN, Procianoy RS (2003). Effect of perinatal asphyxia on thyroid- stimulating 
hormone and thyroid hormone levels. ActaPaediatr 92: 339-45.

11. Hemasundar M, Kishore VRVK, Dash S.K (2018). A comparative study on serum 
thyroid hormone level in asphyxiated preterm and term newborn in cord blood at 
birth and 72 hrs of life, in a tertiary care center . IP International Journal of Medical 
Paediatrics and Oncology 4(1):7-8 .

12. Prabhakar N, Agrawal A, Jain N, Ahirwar AK (2016). Effect of perinatal asphyxia on 
level of thyroid hormones in term neonates.  Int J Contemp Med 3: 882-886.

13. Sarnat HB, Sarnat MS. Neonatal encephalopathy following fetal distress: a clinicaland 
electroencephalographics study. Arch Neurol 1976; 33 (10): 696-705.

14. Varvarigou A, Vagenakis AG, Makri M, Frimas C, Beratis NG (1996). Prolactin and 
Growth Hormone in Perinatal Asphyxia. Biol Neonate  69: 76-83.

15. Liu G, Wu HW, Li ZG. Study on the correlation of changes of IGF-1, GH and NGB levels 
and NBNA scores in neonates with hypoxic ischemic encephalopathy. European 
Review for Medical and Pharmacological Sciences 2018; 22: 3173-3181.

16. Wiederkehr MR, Kalogiros J, Krapf R. Correction of metabolic acidosis improves 
thyroid and growth hormone axes in haemodialysis patients. Nephrology Dialysis 
transplantation 2004; 19 (5): 1190-1197.

17. Tani N, Ikeda T, Watanabe M, Toyomura J, Ohyama A, Ishikawa T. Prolactin selectively 
transported to cerebrospinal �uid from blood under hypoxic/ischemic conditions. 
PLoS  One 2018; 13(6):e0198673. doi: 10.1371/journal.pone.0198673. eCollection 
2018.

18. Gluckman PD, Mueller PL, Kaplan SL, Rudolph AM, Grumbach MM. Hormone 
ontogeny in the ovine fetus I. Circulating growth hormone in mid and late gestation. 

Prolactin (cord 
blood)

0.4 0.7 ----- ----- -----

Prolactin (48-72 
hrs)

0.3 0.1 ----- ----- -----

GH (cord blood) 0.6 0.3 ----- ----- -----
GH (48-72 hrs) 0.46 0.7 ----- ----- -----

186 X GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-8, ISSUE-2, FEBRUARY-2019 • PRINT ISSN No 2277 - 8160



Endocrinology 1979; 104: 162-8.
19. Koritnik DR, Humphrey WD, Kaltenbach CC, Dunn TG. Effects of maternal 

undernutrition on the development of the ovine fetus and the associated changes in 
growth hormone and prolactin. Bio lReprod 1981; 24: 125-37.

20. Saharan S, Kumar M, Swati. A comparison of fetal cord Serum prolactin levels in 
Normal and High risk pregnancies. Int J Med Res Prof.2016; 2(2); 216-20. 

21. Padvi NV, Narkhede HR, Pawar AP, Mhatre PN. Prolactin levels in umbilical cord blood 
of newborn and its relation to respiratory distress syndrome. Int J Reprod Contracept 
Obstet Gynecol. 2017 Feb;6(2):433-438 .

22. Herbtsman J, Apelberg B, Witter F, Panny S ,Goldman L. Maternal ,infant and delivery 
factors associated with neonatal thyroid hormone status. 2008.Thyroid ;18(1): 67-76. 

23. Gupta A, Srivastava S, Bhatnagar A. Cord Blood Thyroid Stimulating Hormone Level – 
Interpretation in Light of Perinatal Factors. Indian Pediatr. 2014;51:32-6 . 

24. Durga D, Rudrappa S, Kumar R, Manjunath SN. Prenatal factors in�uencing the 
interpretation of cord blood TSH levels. International Journal of Scienti�c Study. 
2015;2(12):104-9. 

25. Borges M, Lanes R, Moret LA, Balochi D, Gonzalez S. Effect of asphyxia on free thyroid 
hormone levels in full term newborns. Pediatr Res 1985; 19: 1305–7.

26. Fisher DA, Nelson JC, Carlton EI Wilcox RB. Maturation of human hypothalamic 
pituitary thyroid function and control. Thyroid 2000; 10: 229-234.

27. Moshang T Jr, Chance KH, Kaplan MM, Utiger RD, Takahashi O. Effects of hypoxia on 
thyroid function tests. J Pediatr 1980;97: 602–4.

  X 187GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-8, ISSUE-2, FEBRUARY-2019 • PRINT ISSN No 2277 - 8160


