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Perinatal

Asphyxia; Background: Perinatal asphyxia remains a leading cause of neonatal morbidity
Thyroid and mortality, particularly in low- and middle-income countries like India. While
Hormones; its neurological and systemic sequelae are well recognized, its endocrine effects—
Hypoxic- especially on the hypothalamic-pituitary-thyroid (HPT) axis—are less explored.
Ischemic Thyroid hormones are essential for early neurodevelopment, and hypoxia may

Encephalopathy; | impair their regulation, contributing to further neonatal complications.
Neonatal
Screening; TSH. | Objectives: To compare thyroid hormone levels (T3, T4, TSH) between term
neonates with and without perinatal asphyxia and to assess their association with
hypoxic-ischemic encephalopathy (HIE) staging and neonatal outcomes in a
tertiary care setting.

Methods: A cross-sectional, hospital-based study was conducted at Dr. Sushila
Tiwari Hospital, Haldwani, including 130 term neonates—65 with perinatal
asphyxia and 65 healthy controls. Blood samples were collected at 72 hours of life
for thyroid hormone analysis. Clinical data including birth weight, mode of
delivery, Apgar scores, and multi-organ function parameters were recorded. HIE
was staged using Sarnat and Sarnat criteria. Statistical analysis was done using
SPSS; p<0.05 was considered significant.

Results: Mean T3 and T4 levels were significantly lower, while TSH was
markedly elevated in asphyxiated neonates (p<0.001). Thyroid dysfunction
severity correlated with HIE stage and low birth weight. Multi-organ dysfunction
and need for ventilatory support were significantly associated with altered thyroid
status. Logistic regression identified low T3, severe HIE, and low maternal
education as predictors of mortality.

Conclusion: Perinatal asphyxia significantly alters thyroid function, with
prognostic implications. Routine screening for thyroid dysfunction may guide
timely intervention.

Introduction

Perinatal asphyxia, characterized by impaired gas exchange resulting in neonatal hypoxemia and
hypercapnia, remains one of the most critical causes of neonatal morbidity and mortality worldwide.'
It contributes to nearly 23% of neonatal deaths in India, posing a substantial public health challenge in
low- and middle-income countries due to insufficient perinatal surveillance and delayed obstetric
interventions.? The incidence in developing nations ranges between 36 per 1,000 live births,
compared to <1 per 1,000 in developed countries.>*
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While the neurological consequences of perinatal asphyxia, particularly hypoxic-ischemic
encephalopathy (HIE), have been well established, growing attention is now being directed to its
endocrine sequelae, notably the suppression of the hypothalamic-pituitary-thyroid (HPT) axis.>®
Thyroid hormones, especially triiodothyronine (T3) and thyroxine (T4), are essential for neuronal
growth, myelination, metabolic regulation, and thermogenesis during the neonatal period.”® Hypoxia-
induced suppression of the HPT axis leads to decreased T3 and T4 levels and variable TSH alterations,
often described under non-thyroidal illness syndrome (NTIS).’

India contributes to nearly 40% of global low birth weight deliveries, of which a significant proportion
are small-for-gestational-age (SGA) babies born at term. These neonates are under chronic intrauterine
stress, often resulting in underdeveloped thyroid glands, which compromises thyroid hormone synthesis
and affects neurodevelopmental outcomes.!®!! Embryogenesis of the thyroid and HPT axis completes
by 12 weeks of gestation, but functional maturity with thyroxine secretion begins mid-gestation. Until
then, fetal thyroid hormone levels depend on transplacental maternal transfer, highlighting the
vulnerability of the fetus to maternal and perinatal factors.'?

Multiple studies have demonstrated an inverse relationship between the severity of HIE and thyroid
hormone levels, suggesting their potential role as biomarkers for prognosis and indicators of multi-
organ dysfunction.!>!* T3 in particular has emerged as a critical determinant of neonatal recovery, with
reduced levels linked to adverse neurodevelopmental outcomes.'® Birth asphyxia, by reducing oxygen
perfusion to vital organs, can disrupt thyroid metabolism at multiple levels—including synthesis,
conversion, and receptor response—thereby worsening clinical outcomes. Several studies have reported
conflicting thyroid hormone patterns in asphyxiated neonates, with some showing reduced T3, T4 and
elevated TSH, while others found inconsistent trends with gestational age.!'¢!8

Furthermore, maternal and neonatal risk factors such as low socioeconomic status and birth weight also
appear to influence thyroid profiles.!*?° Hence, this study compared thyroid hormone levels (T3, T4,
TSH) in term neonates with and without perinatal asphyxia, and examined their association with HIE
severity and early neonatal outcomes.

Materials and Methods

This was a hospital-based cross-sectional study conducted in the Department of Pediatrics, Government
Medical College, Haldwani. The institution’s neonatal unit, equipped with advanced diagnostic and
monitoring facilities, served as the setting for evaluating thyroid function in term neonates with and
without perinatal asphyxia.

Study Population

The study included 130 term neonates (>37 weeks gestation), divided into two groups: 65 neonates
diagnosed with perinatal asphyxia and 65 healthy controls without any birth complications. Neonates
with congenital anomalies, preterm birth, known endocrine disorders, or incomplete records were
excluded. Diagnosis of asphyxia was based on clinical criteria, including Apgar scores <7 at 5 minutes
and need for active resuscitation.'?

Sample Size and Sampling Technique

The sample size was determined using the formula:

n=(Z*xPxQ)

d2

2|Page



Comparative Study Of Thyroid Hormone Levels In Newborns With And Without Perinatal
El‘PH Asphyxia In Dr Sushila Tiwari Hospital
g & SEEJPH Volume XXVI, §9, 2025, ISSN: 2197-5248; Posted:02-09-2025

where Z = 1.96 (95% CI), P = 8%, Q = 92%, and d = 10%. The calculated minimum was 113, which
was rounded to 124 and adjusted to 130 to account for possible dropouts. A convenience sampling
method was adopted, enrolling eligible neonates based on inclusion criteria during the study period.!?

Data Collection and Methodology

Detailed maternal and neonatal histories were obtained, including gestational age, mode of delivery,
Apgar scores, and resuscitation details. For all neonates, blood samples were collected at 72 hours of
life to measure serum levels of T3, T4, and TSH using standard laboratory techniques. Serum was
separated and stored at —20°C until analysis. Reference ranges were based on neonatal norms. In
asphyxiated neonates, additional investigations included serum calcium (S.Ca), random blood sugar
(RBS), complete blood count (CBC), liver function tests (LFT), and kidney function tests (KFT) to
assess multi-organ dysfunction. Hypoxic-ischemic encephalopathy (HIE) was staged using the Sarnat
and Sarnat criteria. Clinical outcomes such as need for ventilatory or inotropic support, neurological
status, complications, and discharge outcome were recorded.

Ethical Considerations

Ethical clearance for this study was obtained from the Institutional Ethics Committee (IEC) of
Government Medical College, Haldwani, under Letter No. 775/GMC/IEC/2023 / Reg. No. 730/IEC/R-
01-05-2023. Written informed consent was obtained from the parents or legal guardians of all
participating neonates prior to enrollment. Confidentiality and anonymity of patient data were strictly
maintained throughout the study, in accordance with institutional and national ethical guidelines.

Statistical Analysis

Data were analyzed using SPSS. Descriptive statistics included means, SDs, medians, and percentages.
Chi-square and t-tests were used for categorical and continuous variables, respectively. Shapiro-Wilk
tested normality; Mann-Whitney U was applied for non-normal data. A p-value <0.05 was considered
significant. Multivariate logistic regression identified predictors of thyroid dysfunction and outcomes.

Results

Among all the participants, no significant difference was observed in sex distribution, maternal age, or
residence between groups. However, maternal illiteracy was significantly higher in the asphyxiated

group (40% vs 12.3%, p=0.002), indicating maternal education as a potential risk factor. (See Table 1)

Table 1: Sociodemographic Profile of Study Participants

Parameter Category Asphyxiated (n=65) Controls (n=65) | p-value
Sex Distribution Male 38 (58.5%) 35 (53.8%)
Female 27 (41.5%) 30 (46.2%) ne
Maternal Age (years) Mean + SD 23.8+3.2 245+29 0.18
<20 10 (15.4%) 7 (10.8%)
20-25 40 (61.5%) 38 (58.5%) 0.43
>25 15 (23.1%) 20 (30.7%)
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Socioeconomic Status Upper Class 3 (4.6%) 6 (9.2%)
(Kuppuswamy Scale)
Upper Middle | 9 (13.8%) 14 (21.5%)
Lower Middle | 26 (40.0%) 29 (44.6%) 0.30
Upper Lower 22 (33.8%) 15 (23.1%)
Lower Class 5(7.7%) 1 (1.5%)
Residence Urban 22 (33.8%) 30 (46.2%)
0.15
Rural 43 (66.2%) 35 (53.8%)
Maternal Education Illiterate 26 (40.0%) 8 (12.3%)
0.002
Primary/Secon | 39 (60.0%) 57 (87.7%)
dary

Asphyxiated neonates had significantly lower birth weight (p=0.001) and were more often delivered
vaginally (p=0.008), possibly reflecting intrapartum-related hypoxia. Gestational age difference was
not significant. (See Table 2)

Table 2: Neonatal Characteristics & Mode Of Delivery

Parameter Asphyxiated (mean £ SD or N) Controls (mean = SD or N) p-value
Gestational Age 38.1 £ 1.2 weeks 38.4 £ 0.8 weeks 0.11
Birth Weight 2.7+03kg 3.0+ 04 kg 0.001*
Mode of Delivery

0.008
- Vaginal 47 (72.3%) 32 (49.2%)
- LSCS 18 (27.7%) 33 (50.8%)

Figure 1 shows asphyxiated neonates had significantly lower T3 and T4 levels and higher TSH
compared to controls, indicating transient hypothyroidism likely due to hypoxic stress, warranting early
thyroid evaluation.
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Thyroid dysfunction (low T3, T4, and elevated TSH) worsened with increasing HIE stage, showing a
statistically significant inverse relationship between hormone levels and HIE severity (p=0.001). (See
Table 3)

Table 3: HIE Severity vs Thyroid Hormone Status (Normal vs Abnormal Counts)

HIE T3 T3 T4 T4 TSH TSH P-Value
Stage Normal | Abnormal | Normal | Abnormal | Normal Abnormal

™) (N) (mean | (N) (N) (mean | (N) (N) (mean =

(mean = | £SD) (mean £+ | £SD) (mean* | SD)

SD) SD) SD)
Stage I | 20(109.3 | 7(87.6 £ 2293+ | 5(74+ 21 (11.7+ | 6(17.9+
27 +10.7) 9.3) 1.2) 1.1) 3.2) 4.5)
StageIl | 10 (91.4 |16 (748 + |12 (81 + |14 (5.8 +£|13(17.8+ |13 (22.3 +|0.001
(26) + 8.8) 7.9) 0.9) 1.3) 4.8) 5.1)
Stage 3979 (612 £|4 (6.7 £|8(4.9+0.8) |5 (199 £|7 (25.1 =+
{2y | 6.2) 5.7) 0.7) 5.5) 6.9)

Renal, hepatic, and cardiac dysfunctions were significantly more frequent in asphyxiated neonates.
Higher need for ventilation and inotropic support, with mortality (12.3% vs 0%, p=0.003), was seen
only in the asphyxiated group. (See Table 4)
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Table 4: Multi-Organ Dysfunction, Organ-Specific Clinical Findings, and Clinical Outcomes

Variable Category Asphyxiated (n=65) Controls (n=65) | p-value
Organ Affected | Renal 20 (30.8%) 1 (1.5%) 0.001*
Hepatic 16 (24.6%) 0 (0%) 0.001*
Cardiac 14 (21.5%) 0 (0%) 0.001%*
Organ-Specific | Required 14 (21.5%) 0 (0%) -
Clinical Inotropic Support
Findings Hepatic 16 (24.6%) 0 (0%) -
Dysfunction
Ventilation 22 (33.8%) 1(1.5%) -
Requirement
Clinical Mortality 8 (12.3%) 0 (0%) 0.003*
Outcomes
Ventilation 22 (33.8%) 1(1.5%) 0.001%*
Needed
Seizures 15 (23.1%) 0 (0%) 0.001*

Figure 2 shows that ventilation need increased with HIE severity—only 11.1% of Stage I neonates
required ventilation compared to 26.9% in Stage II and 100% in Stage III—highlighting a strong
correlation between advancing HIE stage and respiratory compromise.
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Figure 2: Ventilation Requirement by HIE Stage
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Low birth weight neonates (2.5-3.0 kg) had significantly higher rates of abnormal T3, T4, and TSH
values, suggesting birth weight as a predictor of thyroid dysfunction in asphyxiated neonates (p<0.005
for all). (See Table 5)

Table S: Birth Weight vs Thyroid Levels

Birth Low T3 Low T3 Low T4 Low T4 TSH TSH
Weight Present Absent Present Absent Present Absent
Category | (n,%) (n,%) (n,%) (n,%) (n,%) (n,%)
Abnormal | Normal Abnormal | Normal Abnormal

Normal
2.5-3.0 kg 10 (50.0%) | 10 (50.0%) | 12 (60.0%) | 8 (40.0%) 11 (55.0%) | 9 (45.0%)
3.0-3.5kg 7 (28.0%) 18 (72.0%) | 9 (36.0%) 16 (64.0%) | 8 (32.0%) 17 (68.0%)
>35kg 3 (15.0%) 17 (85.0%) | 4 (20.0%) 16 (80.0%) | 5 (25.0%) 15 (75.0%)
p-value T3:0.001* T4: 0.002* TSH: 0.001*

Out of all the participants, 66.2% of asphyxiated neonates had Apgar <3, and none had Apgar >7,
whereas all controls had Apgar >7. This was highly significant (p=0.001) and confirms poor neonatal
adaptation in the asphyxiated group. (See Table 6)

Table 6: Apgar Scores at 5 Minutes

Apgar Score Category Asphyxiated (n=65) Controls (n=65) | p-value
<3 43 (66.2%) 0 (0%)

4-6 22 (33.8%) 0 (0%) 0.001*
=7 0 (0%) 65 (100%)

Figure 3 shows that Stage III HIE (OR: 6.5), low T3 (<80 ng/dL; OR: 4.2), and low socioeconomic
status (OR: 3.1) were independently associated with increased mortality, highlighting these as
significant predictors of poor neonatal outcomes.
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Logistic Regression: Factors Associated with Mortality
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Figure 3: Logistic Regression for Mortality

Discussion

The study assessed and compared thyroid hormone profiles—T3, T4, and TSH—among term neonates
with and without perinatal asphyxia. A significant association was observed between perinatal asphyxia
and altered thyroid function, with lower T3 and T4 levels and elevated TSH in the asphyxiated group,
indicating central hypothyroidism. These findings align with recent literature, including Gutta et al.
(2023)!* and Haris et al. (2022)°%, who also reported significant thyroid hormone dysregulation in
asphyxiated neonates.

A marked decline in T3 and T4 levels with increasing hypoxic-ischemic encephalopathy (HIE) severity
was noted, with Stage III HIE neonates showing the most profound hormonal abnormalities. This trend
matches the results of Tam et al. (2022)" and Gutta et al.', reinforcing the prognostic value of thyroid
hormone monitoring. Moreover, low birth weight was associated with higher rates of thyroid
dysfunction, echoing findings by Sadeghi et al. (2022)".

The study also demonstrated a strong correlation between thyroid dysfunction and multi-organ
impairment. Renal, hepatic, and cardiac dysfunctions were more prevalent in asphyxiated neonates,
particularly those with low T3 levels. A significant portion required ventilatory or inotropic support.
These complications were consistent with recent evidence from Haris et al.® and Fikri et al. (2021)°.
Furthermore, logistic regression revealed low T3 (<80 ng/dL), Stage III HIE, and lower socioeconomic
status as independent predictors of mortality, reaffirming the multifactorial impact of asphyxia on
neonatal outcomes.

Maternal education emerged as another critical determinant, with neonates born to illiterate mothers
showing significantly higher mortality. This observation is supported by recent studies like Gutta et
al.'*, which emphasized maternal literacy’s role in neonatal health.

Conclusion

Perinatal asphyxia significantly alters thyroid hormone levels in neonates, with a clear association
between low T3 and increased severity of HIE and multi-organ dysfunction. These hormonal
disturbances correlated with adverse clinical outcomes, including higher mortality. Early identification
of thyroid dysfunction through routine screening in asphyxiated neonates may serve as a valuable
prognostic tool and guide timely therapeutic interventions to improve survival and neurodevelopmental
outcomes in affected infants.
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