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Abstract

Infants of mothers with Graves’ disease (GD) may develop central hypothyroidism (CH) due to exposure of the foetal 
hypothalamic-pituitary-thyroid axis to higher-than-normal thyroid hormone concentrations, primary hypothyroidism (PH) 
due to transplacental passage of maternal thyroid stimulating hormone receptor antibody (TRAb), antithyroid drugs 
(ATD) or thyroid dysgenesis secondary to maternal uncontrolled hyperthyroidism. We describe two infants with PH and 
four infants with CH born to mothers with poorly controlled Graves’ disease. All infants required levothyroxine and had 
normal developmental milestones. While national guideline consensus for high thyroid stimulating hormone (TSH) on 
neonatal screening is well-established, thyroid function tests (TFTs) should be serially monitored in infants with low TSH 
on screening, as not all mothers with Graves’ disease are diagnosed antenatally. 
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INTRODUCTION 

Graves’ disease in a pregnant woman can lead to either 
hyper- or hypothyroidism in the foetus and neonate, 
depending on the control of hyperthyroidism, the presence 
of maternal stimulatory and/or inhibitory antibodies and 
antithyroid drug effects.1-5 While hyperthyroidism in 
neonates of mothers with Graves’ disease (GD) is well-
described, hypothyroidism is less commonly reported.

Infants born to mothers with Graves’ disease may develop 
central hypothyroidism (CH) or primary hypothyroidism 
(PH).6-10 The most likely cause of central hypothyroidism is 
exposure of the foetal hypothalamic-pituitary-thyroid axis 
to higher-than-normal thyroid hormone concentrations 
impairing physiologic maturation during intrauterine 
life.11 PH can be transient due to transplacental passage of 
maternal thyroid stimulating hormone receptor antibody 
(TRAb) or antithyroid drugs (ATD). However, if maternal 
hyperthyroidism is severe, with high transplacental passage 
of maternal free thyroxine (FT4), permanent thyroid 
dysgenesis may ensue.7

Hypothyroidism is the most common preventable cause of 
mental retardation in children.12 Therefore, it is imperative 
to identify and treat them as early as possible. We describe 
six infants with hypothyroidism born to mothers with 
Graves’ disease.

METHODOLOGY

A retrospective review was conducted on all infants 
referred to Paediatric Department Hospital Putrajaya 
for infants of mothers with Graves’ disease between 1st 
January 2021 until 30th June 2022. Data was extracted 
from the electronic medical record (EMR) system and the 
referral letters from the referring physicians. Demographic 
profile and treatment course of mothers and infants were 
obtained. Additional details such as anthropometrics and 
blood chemistry were also extracted. Informed consent was 
obtained for each patient. 

All samples were analysed with Beckman Coulter UniCel 
DxI 800 Access Immunoassay System with reference 
range for TSH (0.770-5.640) mU/L, FT4 (9.5-16.2) pmol/L 
and FT3 (4.3-6.8) pmol/L .

CASE

Primary hypothyroidism 

Case 1 
A live baby girl was born via lower segment caesarean 
section (LSCS) with birth weight of 2.67 kg. Her mother had 
Graves’ disease (GD) antenatally and was maintained on 
carbimazole with highest dose of 10 mg once daily (OD). 
She was later switched to Propylthiouracil (PTU) in early 
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Case 4
A baby girl was born preterm at 35 weeks and 2 days with 
birth weight of 1.98 kg. Antenatally, mother was diagnosed 
with GD with ophthalmopathy. She underwent radioactive 
ablation therapy (RAI) twice with total cumulative dose of 
50 millicurie (mCi). Last RAI was 1 year and 2 months prior 
to delivery. She was initially hypothyroid post-treatment, 
but she became hyperthyroid again preconception. She 
was on PTU in early pregnancy and was switched to 
carbimazole in the second trimester. She had serially high 
TRAb at 10 IU/L in the first trimester and 5.6 IU/L in the 
second trimester. 

Cord TSH was <0.005 mU/L. TFT at day 5 of life revealed 
low TSH <0.005 mU/L and high FT4 64 pmol/L. Repeat TFT 
on day 7 of life revealed persistently suppressed TSH of 
0.009 mU/L and high free T4 of 54.4 pmol/L. 

She was treated with oral carbimazole 0.4 mg (0.2 mg/kg/
dose) twice daily (BD) and oral propranolol 0.2 mg (0.1 mg/
kg/dose) BD . She was weaned off carbimazole at day 45 
of life when TFT revealed TSH 0.005 mU/L and FT4 16.2 
pmol/L. However, she developed central hypothyroidism 
at day 66 of life when TFT revealed TSH 0.018 mU/L, 
FT4 9.1 pmol/L and FT3 4.9 pmol/L. She was started on 
L-thyroxine at 39 mcg/m2/day the next day. TFT was only 
taken three weeks after cessation of carbimazole due to 
restrictions during the COVID-19 pandemic. No TRAb was 
taken. Developmental milestones were appropriate. Weight 
was below 10th centile and length was on 10th centile on 
the CDC growth charts.

Case 5
A baby boy was born large for gestational age via LSCS at 
38 weeks and 1 day with birth weight of 4.21 kg. Mother 
was para 2 and diagnosed with hyperthyroidism post-
delivery. She was hypertensive maintained on methyldopa 
and aspirin and has been experiencing palpitations for two 
months. TFT showed low TSH at <0.005 mU/L and high 
FT4 at 47.2 pmol/L. She was then started on carbimazole. 
Anti-thyroglobulin (ATG) was high at 307.2 U/ml (normal 
<1.0 U/ml), anti-thyroid peroxidase (ATPO) taken twice 
was elevated at 242.4 to 366 U/ml (normal <10.00 U/ml) 
and TRAb was 21.36 IU/L. Her thyroid USG had features 
suggestive of Graves’ disease or thyroiditis.

Cord TSH was 0.01 mU/L. At day 28 of life, TSH was 
inappropriately low at 0.454 mU/L despite low FT4 at 7.5 
pmol/L. ATG was 1.9 U/ml and ATPO was 42 U/ml. TRAb 
was <0.8 IU/L. He was started on L-thyroxine 96 mcg/m2/
day the next day. Other blood investigations were within 
normal (urea 2.0 mmol/L, sodium 136 mmol/L, potassium 
4.8 mmol/L, creatinine 64 umol/L and random serum 
cortisol 364 nmol/L). 

Developmental milestones were appropriate. Weight was 
at 90th centile and length was at 50th centile on the CDC 
growth charts.

pregnancy until delivery. Thyroid ultrasonography (USG) 
revealed multinodular goiter with no malignant changes. 
Maternal TRAb titre was 2.25 IU/L (normal <1.75 IU/L). 

Cord thyroid stimulating hormone (TSH) was 3.5 mU/L. 
Thyroid function test (TFT) on day 9 of life revealed high 
TSH 56.2 mU/L (reference range 0.770-5.640 mU/L), low 
free thyroxine (FT4) 6.6 pmol/L (reference range 9.5-16.2 
pmol/L), and low-normal free triiodothyronine (FT3) 4.3 
pmol/L (reference range 4.3-6.8 pmol/L). TFT on day 18 of 
life showed high TSH 105.29 mU/L, low FT4 6.3 pmol/L 
and normal FT3 5.12 pmol/L. TRAb was <0.8 IU/L. She 
was started on L-thyroxine 55 mcg/m2/day the following 
day. Her developmental milestones were appropriate. 
Weight was on the 10th centile and her length was between 
25th to 50th centile on the Centers for Disease Control and 
Prevention (CDC) growth charts.

Case 2
A baby boy was born via LSCS with birth weight of 2.5 
kg. His mother had gestational diabetes mellitus, diet-
controlled and GD diagnosed in early pregnancy. She was 
started on PTU with highest dose of 100 mg BD and post-
delivery on carbimazole 5 mg OD. Thyroid USG revealed 
a small cyst at left superior pole measures 0.9 x 0.2 cm. 
Mother’s TRAb was 9.14 IU/L. 

The infant had high cord TSH of 42.18 mU/L and cord 
FT4 of 12.3 pmol/L. TFT at day 4 of life revealed high 
TSH 96.55 mU/L and FT4 of 18.2 pmol/L. He was treated 
with L-thyroxine 49 mcg/m2/day at day 7 of life. As per 
consensus guidelines for hypothyroidism in Malaysia,13 
if venous TSH >40 mIU/L, treatment should be started 
regardless of FT4 concentration. No TRab was taken. His 
developmental milestones were appropriate, and his weight 
and length were on the 10th centile on CDC growth charts.

Central hypothyroidism

Case 3
A baby girl was born term at 38 weeks via spontaneous 
vaginal delivery with birth weight of 3.41 kg. Mother had 
gestational diabetes mellitus and hyperthyroidism for 
5 years prior to delivery. She was on carbimazole with 
highest dose of 30 mg per day throughout pregnancy and 
her TRAb was <0.3 IU/L.

Baby’s cord TSH was 0.07 mU/L. At day 9 of life, TFT 
revealed normal TSH 3.385 mU/L and low FT4 <3.2 pmol/L. 
She was started on L-thyroxine 123 mcg/m2/day. TRAb 
was <0.3 IU/L. Other blood investigations were within 
normal (random serum cortisol 170 nmol/l, random blood 
sugar 5.0 mmol/L, urea 3.4 mmol/L, sodium 136 mmol/L, 
potassium 4.5 mmol/L, insulin like growth factor-1 (IGF-
1) 98.1 ng/ml [NV: 16-148 ng/ml] and prolactin 423 uU/ml 
[NV: 152-1520 uU/ml]). 

Developmental milestones were appropriate. Weight and 
height were within the 50th centile on the CDC growth charts.
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All mothers had elevated TRAb except the mother of 
Case 3. TRAb level in Case 3 may be undetectable due to 
prolonged ATD use, however, TRAb has been reported to 
have a poor correlation with disease activity.14 Although 
4 of the mothers were diagnosed prior to pregnancy, they 
had poorly controlled hyperthyroidism due to lack of 
compliance. At the end of the study, all mothers were on 
carbimazole.

All mothers employed mixed feeding except in Case 6 
who was exclusively formula-fed prior to weaning. After 
weaning was started, all infants were on formula feeding. 
All mothers were from urban residences with presumably 
adequate dietary iodine intake. 

There were four female and two male infants (Table 2). 
During follow-up, none of the infants had palpable goitres. 
Among the infants tested, only one had elevated TRAb 
while two were not tested (Table 3). Two infants developed 
primary hypothyroidism while four infants developed 
central hypothyroidism. Among the infants with central 
hypothyroidism, other pituitary hormones were normal 
for Case 3 and Case 5 while Case 4 and Case 6 were not 
tested. Two infants, (Cases 4 and 6) developed transient 
hyperthyroidism prior to central hypothyroidism at 2 
months and 1 month of age, respectively. Case 4 required 
carbimazole treatment initially, while Case 6 did not require 
ATD. At 2 years old, both infants required levothyroxine.

Case 6
A baby girl was delivered via LSCS at 38 weeks and 3 
days with a birth weight of 2.85 kg. Mother was para 1+1 
and diagnosed with Graves’ disease 3 months prior to 
pregnancy, initially presenting with tachycardia. Her TRAb 
was 23.45 IU/L, ATG 10.12 U/ml and ATPO 4.67 U/ml.

Baby’s cord TSH was 2.28 mU/L. At day 4 of life, TSH 
was normal with high 2FT4 (48.7 pmol/L). TFT at day 
10 revealed FT4 16.4 pmol/l with low TSH of 0.11 mU/L. 
Repeat TFT at day 36 of life revealed FT4 of 11.7 pmol/L 
and TSH of 1.52 mU/L. No other pituitary hormones were 
examined. The child was started on L-thyroxine 60 mcg/m2/
day that same day. Baby’s TRAb was 6.13 IU/L, ATG <10 
U/mL and Anti TPO 5.52 U/mL. The infant’s weight and 
length were at 50th centile on the CDC growth charts, with 
appropriate developmental milestones noted. 

DISCUSSION

Four mothers were diagnosed with Graves’ disease prior 
to pregnancy   – one during pregnancy and one post-
delivery (Table 1). The mother of Case 4 was hypothyroid 
for 3 months after the second RAI treatment but became 
hyperthyroid 10 months before conception. The mother 
of Case 5 was hyperthyroid after delivery and was on 
carbimazole.

Table 3. Laboratory profile and treatment of hypothyroid infants born to mothers with Graves’ disease
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Cord TSH (mU/L) 3.5 42.18 0.07 <0.005 0.01 2.28
Treatment initiation (day of life) Day 19 Day 7 Day 9 Day 67 Day 29 Day 36
TSH at treatment (mU/L) 105.29 96.55 3.385 0.018 0.454 1.52
FT4 at treatment (pmol/L) 6.3 18.2 <3.2 9.1 7.8 11.7
TRAb <0.8 NA <0.3 NA <0.8 6.13
L-thyroxine dosage (mcg/m2/day) 55 49 123 39 96 60
TSH – Thyroid stimulating hormone, FT4 – Free thyroxine, TRAb – Thyroid stimulating hormone receptor antibody, L-Thyroxine – Levothyroxine

Table 2. Demographic characteristics of hypothyroid infants born to mothers with Graves’ Disease
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Gestation 38 weeks 38 weeks 38 weeks 35 weeks 2 days 38 weeks 1 day 38 weeks 3 days
Birth Weight (kg) 2.67 2.5 3.41 1.98 4.21 2.85
Ethnicity Chinese Chinese Malay Malay Chinese Malay
Gender Female Male Female Female Male Female

Table 1. Endocrine profile of mothers with Graves’ disease
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Age 36 42 28 36 34 30
Parity 1 5 2 2 2 1
Graves’ Diagnosis 2 years antepartum pregnancy 5 years antepartum 5 years antepartum postpartum 3 months antepartum
USG Multinodular goitre Cyst left 

superior pole
NA Diffuse goitre 

with features of 
thyroiditis

Suspicious 
Graves’ disease or 

Thyroiditis

NA

TSH Receptor Ab
(normal <1.75 IU/L)

2.25 9.14 <0.3 10 21.36 23.45

ATG (normal <1 U/ml) <0.9 Not done 320.4 21.9 307.2 Normal
ATPO (normal <10 U/ml) 307.0 Not done 266.3 36.4 366 Normal

TSH-Thyroid stimulating hormone, Ab-Antibody, NA-Not Available, ATG-Antithyroglobulin antibodies, ATPO-Anti-thyroid Peroxidase antibodies
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CONCLUSION

In our case series, all infants required levothyroxine at 
the end of the study. Developmental assessment was 
done for at least 1 year and all infants remained under 
follow-up. Re-evaluation with thyroid ultrasonography to 
determine permanent or transient hypothyroidism is done 
at or after 3 years of age when myelination in the central 
nervous system is complete.13 At the end of the study none 
of the infants had reached 3 years of age.

All infants attained normal TSH values (Figure 1) by day 
28 of life and FT4 (Figure 2) by day 45 of life. Apart from 
Case 4, all other infants achieved normal FT4 values by 
day 27 of life.

All infants were followed up for at least 2 years except for 
Case 6 who was 12 months old at the end of the study. 
All infants had appropriate developmental milestones 
as per Paediatric Protocols for Malaysian Hospitals, 4th 
Edition, 2019.15

Figure 1. Primary hypothyroidism. (A) Case 1 and (B) Case 2 shows the start of levothyroxine (LT4) and corresponding 
changes of thyroid stimulating hormone (TSH) and free thyroxine (Free T4).

A B

Figure 2. Central hypothyroidism. (A) Case 3, (B) Case 4, (C) Case 5 and (D) Case 6 shows start of levothyroxine and 
changes in TSH and FT4. Case 4 was started on carbimazole (CBZ) at day 7 of life and was weaned off CBZ at day 45 of 
life when TFT revealed TSH 0.005 mU/L and FT4 16.2 pmol/L. Case 4 was started on levothyroxine at Day 66 of life.

A

C

B

D
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Infants of maternal Graves’ disease (GD) should 
be monitored for both hyperthyroidism and hypo-
thyroidism. Maternal gestational hyperthyroidism causes 
a hyperthyroid foetal environment due to increased 
thyroxine transfer which leads to suppression of the 
foetal hypothalamic-pituitary-thyroid axis and central 
hypothyroidism in newborns. Certainly, the most effective 
management would be the preservation of euthyroid 
status throughout pregnancy.16 Primary hypothyroidism 
could be a result of transplacental passage of antithyroid 
drugs (ATD) during pregnancy, transplacental passage 
of maternal blocking antibodies or thyroid dysgenesis 
secondary to maternal hyperthyroidism.

While the Malaysia national guideline13 consensus on re-
evaluation for high TSH in neonatal screening is established, 
no recommendation exists for low TSH. As illustrated by 
our case series, the presentation of hypothyroidism in this 
group of patients is a spectrum and may be delayed. In 
view of this, it is imperative that TFT be serially monitored 
in infants with low TSH as not all mothers with Graves’ 
disease are diagnosed antenatally. 
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