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Abstract

Introduction

The association between hypothyroxinemia of prematurity with neurodevelopment was

controversial.

Objectives

To compare 5 year neurodevelopmental outcomes of very low birth weight (VLBW) infants

with hypothyroxinemia of prematurity against those without.

Methods

Retrospective cohort study in a single tertiary neonatal centre of VLBW infants born

between the year 2008 to 2011. Comparisons were made between all abnormal and normal

thyroid function controls using cord thyroid function tests, thyroid function tests during

admission and pre-discharge thyroid function test done at term equivalent age. At 2 years

corrected age, Bayley scales of infant and toddler development–third edition and Vineland II

adaptive behaviour scales (VABS) were collected. At 5 years, Wechsler Preschool and Pri-

mary Scale of Intelligence (WPPSI-III), Bracken School Readiness Assessment, VABS and

Beery Test of Visual-Motor Integration were collected.

Results

110 subjects were studied at 2 years corrected age and 80 subjects at 5 years old. 29 infants

had abnormal thyroid function test (10 infants with hypothyroxinemia of prematurity and 19

infants with transient thyroid abnormalities). There were no significant difference in the 2

years and 5 years developmental outcome between infants with and without hypothyroxine-

mia of prematurity (p-value>0.05); and between infants with and without transient thyroid

abnormalities (p-value>0.05). There were no significant difference in neurological, visual
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and hearing impairment between infants with or without hypothyroxinemia of prematurity (p-

value>0.05).

Conclusions

Hypothyroxinemia of prematurity or transient thyroid abnormalities in VLBW infants were

not associated with poorer neurodevelopment and did not support the need for levothyrox-

ine supplementation.

Introduction

Serum thyroxine (T4) and free T4 levels (fT4) alter in relation to the gestation in preterm

infants in the first days after birth.[1] The concentrations of T4 and fT4 decrease to reach a

nadir between day ten and fourteenth after birth that is more severe at lower gestations and

birth weight.[1]

Transient hypothyroxinemia of prematurity (THOP) is defined as low level of circulating

thyroid hormones, despite normal thyroid stimulating hormone (TSH) level.[2] THOP usually

resolves within 2 to 3 weeks with progressive maturation of the hypothalamic-pituitary-thyroid

axis.[3, 4]

Prevalence rates of THOP vary by study definition, affecting 35% [5] to 85% [6] of very pre-

term infants. Thyroid hormone is important for cerebral neurogenesis during early prenatal

life [7]; neural migration and differentiation, axonal and dendritic growth, synaptogenesis [8,

9]; and gliogenesis.[2]

The relationship between THOP and poor neurodevelopmental outcomes was controver-

sial. Delayed development of motor, cognitive, language, and educational skills were elicited in

some studies.[10–13] However, prospective study by Scratch SE et al demonstrated that low

fT4 levels in very preterm infants were not associated with adverse neuropsychological child-

hood outcomes.[2]

Transient hyperthyrotropinemia with elevated TSH is also common in preterm infants.[14]

Initial hyperthyrotropinemia can bring about persistent hyperthyrotropinemia or permanent

hypothyroidism requiring thyroid hormone replacement, or transient hypothyroidism that is

benign in nature.

Further studies are needed to determine whether transient hypothyroxinemia of prematu-

rity affects neurodevelopmental outcome.

Objective

Our primary outcome is to compare 2 and 5 years neurodevelopmental outcomes of very low

birth weight infants (VLBWIs) with hypothyroxinemia of prematurity against those without.

Our secondary outcome is to compare 2 and 5 years neurodevelopmental outcome of

VLBWIs with transient thyroid abnormalities against those without.

Methods

Study area and population

This was a retrospective cohort study in a single tertiary neonatal centre of VLBWIs, defined

as those with birthweights < 1500 grams, admitted between the years 2008 to 2011. Thyroid

function tests were routinely performed in all infants from the cord blood at birth. Where
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these are insufficient or abnormal, repeat thyroid function tests were done at 1 week of life,

and subsequently at 2 to 4 weekly intervals until normal range is achieved. In addition, a repeat

thyroid function test is done at around term equivalent age, just before the baby was

discharged.

Comparisons were made between subjects with any abnormal thyroid function tests and

those with normal thyroid function controls. Patients who were diagnosed with congenital

hypothyroidism were excluded.

Laboratory confirmation of thyroid dysfunction

Reference ranges for TSH and fT4 was inferred from local Singapore population and based on

thyroid hormone reference ranges published by Williams et al.[15] Normal cord TSH range is

from 2.10mIU/L to 16.8mIU/L. Normal TSH range from day 5 of life to 1 month of life is

between 1.23mIU/L to 11.5mIU/L, whereas normal TSH range from 31 days of life to 5 years

of age is between 0.271 to 7.71mIU/L. Normal cord fT4 range is from 9.9pmol/L to 19.4pmol/

L. Normal fT4 range from day 5 of life to 1 month of life is between 11.4pmol/L to 29.4pmol/L,

whereas normal fT4 range from 31 days of life to 5 years of age is between 8.5pmol/L to

20.4pmol/L.

Disease definition

Cases of THOP were defined based on International Classification of Diseases, Tenth Edition

(ICD10) discharge diagnosis. Transient thyroid abnormalities was defined as isolated

deranged TSH (raised or low) or isolated deranged fT4 (raised) which resolved on subsequent

thyroid function test done before hospital discharge. These were grouped under other tran-

sient thyroid abnormalities.

Demographic factors comprised of gestational age, birth weight, gender, Apgar score at 1

and 5 minutes, antenatal chorioamnionitis and antenatal corticosteroid therapy. Gestational

age was determined by the results of prenatal dating ultrasonography performed on or before

12 weeks of life and if dating ultrasound was not available, postnatal physical assessment was

done using New Ballard score.[16] Morbidity variables included patent ductus arteriosus

(PDA), sepsis, chronic lung disease (CLD), intraventricular hemorrhage (IVH), necrotizing

enterocolitis (NEC), retinopathy of prematurity (ROP) [17] and postnatal steroids therapy.

Sepsis was defined as those with a positive blood culture or infants with clinical signs of sys-

temic infection. CLD was characterised by oxygen dependency for the first 28 days of life.[18]

The presence of IVH was determined by ultrasonographic scanning of the brain based on

Volpe classification.[19] Periventricular leukomalacia (PVL) was characterised by cranial

ultrasound finding of initial periventricular echodensities, followed later by cystic formation.

NEC was classified based on Bell’s criteria (at least stage 1 Bell’s criteria).[20]

Cerebral palsy was defined based on neurologic findings by the attending doctor, with at

least one of the following criteria: the inability to walk five steps unaided by the age of two

years; motor disability requiring physical therapy; motor disorder requiring surgical interven-

tion; or the use of braces or other physical-assistance devices.

Outcome measures

Children were assessed as close as possible to 24 months corrected age and 5 years of age by

paediatricians and clinical psychologists. Assessments included clinical and neurologic exami-

nations, visual assessment, hearing assessment, and developmental assessments using the Bay-

ley Scales of Infant and Toddler Development, Third Edition (Bayley-III) [21, 22], and

Vineland II adaptive behaviour scales (VABS) at 2 years old; and the Wechsler Preschool and
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Primary Scale of Intelligence (WPPSI) test, Bracken School Readiness Assessment, VABS and

Beery Test of Visual-Motor Integration in children aged 5 years.[23]

Neurodevelopmental impairment (NDI) was considered if the patient had any of the fol-

lowing: (1) Bayley-III assessment score�1 SD below the sample mean in any of the subscales

(cognitive, language, or motor) [22]; (2) WPSSI full scale composite IQ score >1 SD below the

population mean [23]; (3) cerebral palsy at a Gross Motor Function Classification System

score�2; (4) any abnormality on neurological examination; (5) any hearing impairment; or

(6) bilateral blindness. Hearing loss with or without a hearing aid was considered abnormal,

but correctable visual impairment such as myopia was considered normal.

Primary clinical outcome measures were neurodevelopmental status at 2 years and 5 years

follow up. The developmental assessment tool (summarised in Table 1) was administrated by

trained and accredited psychologists.

The Bayley Scales of Infant and Toddler Development, third edition (Bayley III), was used

to assess development of children between the ages of 1 month and 42 months.[22] In the Bay-

ley III, cognitive development, expressive and receptive language, and fine and gross motor

development were all evaluated. Composite scores were derived for cognitive, language, and

motor development and scaled to a metric, with a mean of 100, standard deviation of 15, and

range of 40 to 160. Results were also expressed as percentile ranks relative to the standardiza-

tion sample, with a mean and median of 50 and range from 1 to 99.

The WPPSI-III (2002) was an individually administered intelligence test.[24] Full Scale IQ

(FSIQ) (normative mean = 100 and standard deviation = 15) was derived from seven core sub-

tests that provided Verbal, Performance, and Processing Speed scores. It was usually consid-

ered the most representative measure of global intellectual functioning. The Verbal IQ (VIQ)

was a measure of acquired knowledge, verbal reasoning, and comprehension of verbal infor-

mation. The Performance IQ (PIQ) is a measure of a child’s nonverbal reasoning, spatial pro-

cessing skills, attentiveness to detail, and visual–motor coordination skills. The Processing

Speed Quotient (PSQ) provides a measure of child’s ability to quickly and correctly scan,

sequence, and discriminate simple visual information.

Vineland Adaptive Behaviour Scales, Second Edition (Vineland-II) was administered as a

questionnaire that measured general adaptive behaviour, which was the ability to carry out

day-to-day activities necessary to take care of oneself and get along with others.[25] Parents

Table 1. Neuropsychological measures.

Test

battery

Description

WPPSI-III To measure the cognitive ability of children aged 2 years 6 months through 7 years 3 months. It

provides a composite score that represents general intellectual ability (Full Scale IQ score) that is

derived from seven core subtests. Normative mean = 100, SD = 15.

Bayley-III Assesses development of children between the ages of 1 month and 42 months. Cognitive

development, expressive and receptive language, and fine and gross motor development are all

evaluated. Composite scores are derived for cognitive, language, and motor development and scaled

to a metric, with a mean of 100, standard deviation of 15, and range of 40 to 160.

VABS Vineland Adaptive Behaviour Scales, Second Edition (Vineland-II) is a questionnaire that measures

general adaptive behaviour, which refers to the ability to carry out day-to-day activities necessary to

take care of oneself and get along with others. (normative mean = 100, standard deviation = 15).

Bracken The Bracken School-Readiness Assessment evaluates the understanding of foundational concepts in

the categories of colours, letters, numbers, sizing, comparisons, and shapes. The standardised scores

have a normative mean of 100 and a standard deviation of 15.

Beery The Beery Test of visual-motor integration (VMI) assesses the ability to copy geometric forms. Raw

scores were converted to standard scores (mean standard score: 100; SD: 15).

https://doi.org/10.1371/journal.pone.0222018.t001
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were asked to fill in the Vineland-II Parent/Caregiver Rating Form. Adaptive behaviour was

defined as performance of day-to-day activities necessary to take care of oneself and get along

with others. The examiner then checked through the form to ensure that both baselines and

ceilings were met. The Vineland-II was designed to be administered individually (normative

mean = 100, standard deviation = 15). Eleven general subdomains were grouped into four

domains: communication, daily living skills, socialization, and motor skills. The domains were

made up of subdomains in which the scores were added to form the domain composite scores.

The four domain composite scores were then combined to form the adaptive behaviour com-

posite for those individuals aged birth to 6 years 11 months.

The Bracken School-Readiness Assessment evaluated understanding of foundational con-

cepts in the categories of colours, letters, numbers, sizing, comparisons, and shapes to assess

for school readiness.[26] Raw scores were provided for each individual subtest, and were

added together to provide a composite raw score, known as the School Readiness Composite.

The composite raw score was used to produce an age-adjusted standardised composite score.

The standardised scores had a mean of 100 and a standard deviation of 15.

The Beery Test of visual-motor integration (VMI) assessed the ability to copy geometric

forms. Raw scores were converted to standard scores (mean standard score: 100; SD: 15).[27]

Need for a hearing aid made up the criterion for hearing impairment. Children with cor-

rected visual acuity between 20/60 and 20/200 were defined as visually impaired, and children

with visual acuity worse than 20/200 were treated as blind.

Data analysis and ethics approval

Data was retrieved through a review of medical records of eligible patients. Laboratory, micro-

biological, radiological, treatment and outcome data were extracted.

Data were recorded and analysed using statistical software (SPSS version 20; SPSS Inc., Chi-

cago, IL, USA). The categorical variables were compared by chi-square test. Normally distrib-

uted continuous data were compared by one way ANOVA test, and data not conforming to

normal distribution were compared using the independent samples Kruskall-Wallis test. P val-

ues were considered statistically significant at<0.05.

The study was approved by the Singhealth Centralised Institutional Review Board, and

granted waiver of consent.

Results

There were 191 VLBWIs during the study period, with a total of 110 patients and 80 patients

analysed at 2 years and 5 years follow-up respectively. 29 patients out of 110 patients at 2 years

follow up, and 22 patients out of 80 patients at 5 years follow up were not administered devel-

opmental assessment tool by trained and accredited psychologists as parents opt out of the

assessment during the follow up. (Fig 1) Their baseline characteristics were described in

Table 2.

The mean gestational age of infants with hypothyroxinaemia of prematurity (THOP) was

significantly lower at 26.4 weeks (p = 0.001) as compared with those without. The mean birth

weight was lower in infants with THOP (801 grams, p = 0.012) as compared with those with-

out. Infants with THOP had experienced CLD more than infants with normal thyroid function

test (p = 0.005). Otherwise, the different thyroid status groups were comparable in regards to

other comorbidities (including IVH, PVL, PDA, CLD, ROP, sepsis and NEC).

Table 3 summarised the outcomes at 2 years old. There were no increase in cerebral palsy,

epilepsy, visual or hearing impairment in patients with THOP as compared to those without

(p>0.55). Using Bayley-III assessment, the cognitive, language and motor score were similar
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across all thyroid status groups (p>0.2). Patients with THOP had similar adaptive behavioural

score (Vineland) as compared to those without.

Similarly at 5 years follow-up, there were no increase in significant impairment in patients

with THOP as compared to those without (p = 0.787) (Table 4). Using WPPSI-III assessment,

the full scale composite IQ score, verbal IQ score, performance IQ score and processing speed

quotient score were similar across all thyroid status groups (p>0.1). Patients with THOP had

similar adaptive behavioural score (Vineland) as compared to those without (p = 0.311).

Infants with THOP also had similar school readiness composite standard score (Bracken,

p = 0.304) and Beery standard score (p = 0.833) as compared to other thyroid status groups.

Discussion

Gestational age and birthweight were important risk factors for poorer neurodevelopmental

outcomes in VLBWIs, although other morbidities such as IVH, CLD, ROP and NEC were also

Fig 1. Flow chart of the study population.

https://doi.org/10.1371/journal.pone.0222018.g001
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associated with poorer neurodevelopmental outcomes.[28–31] In our study, patients with

THOP had lower gestational age, lower birth weight and higher incidence of CLD, but there

was no significant difference in the neurodevelopmental outcome as compared with patients

without THOP.

The risk factors [32] for transient hypothyroxinaemia in preterm infants included lower

gestational age [1, 6, 33–36], maternal preeclampsia with placental insufficiency [37], fetal

growth restriction [5], perinatal asphyxia [38], respiratory distress syndrome (RDS) [5, 33],

more severe respiratory disease [34], mechanical ventilation [34, 35], low diastolic blood pres-

sure [34] and dopamine infusions [35, 36]. Adverse neonatal outcomes were associated with

transient hypothyroxinaemia, including intraventricular haemorrhage [6, 39], chronic lung

disease [34] and death.[6, 34, 40] The finding of association between chronic lung disease and

THOP was also observed in our study.

Van Wassenaer et. al. revealed that low thyroid hormone levels was associated with neuro-

developmental impairments in preterm infants.[41] They had previously reported that low fT4

levels in the first postnatal month was associated with poorer neurodevelopmental outcome in

premature infants with a gestational age less than 30 weeks.[42]

Table 2. Baseline characteristics of the study population.

Thyroid status Hypothyroxinemia of prematurity

(N = 10)

Other transient thyroid abnormalities

(N = 19)

Normal thyroid function test

(N = 81)

Characteristics No. (%), unless otherwise stated No. (%), unless otherwise stated No. (%), unless otherwise stated p-value

Gender, male; n (%)$ 4 (40) 9 (47.4) 45 (55.6) 0.569

Gestational age at birth (weeks); mean

(SD)�
26.4 ± 1.9 29.6 ± 2.2 28.9 ± 2.2 0.001

Birth weight (gram); mean (SD)� 801 (179) 1053 (297) 1057 (249) 0.012

Race; n (%)$

Malay 1 (10) 4 (21.1) 15 (18.5) 0.989

Chinese 7 (70) 11 (57.9) 50 (61.7)

Indian 1 (10) 2 (10.5) 6 (7.4)

Others 1(10) 2 (10.5) 10 (12.3)

Apgar score, median (IQR)@

1 minute 5 (5, 6) 7 (6. 8) 7 (5, 8) 0.073

5 minutes 8 (7, 8) 9 (8, 9) 9 (8, 9) 0.053

Antenatal steroids; n (%)$ 9 (90) 16 (84.2) 75 (93.8) 0.389

Maternal chorioamnionitis; n (%)$ 1 (10) 2 (10.5) 16 (19.8) 0.516

Singleton birth; n (%)$ 6 (60) 14 (73.7) 63 (77.8) 0.459

Intraventricular haemorrhage; n (%)$ 1 (10) 2 (10.5) 8 (9.9) 0.996

Periventricular leukomalacia; n (%)$ 0 (0) 0 (0) 1 (1.2) 0.835

Patent ductus arteriosus; n (%)$ 6 (60) 11 (57.9) 32 (39.5) 0.205

Chronic lung disease; n (%)$ 7 (70) 2 (10.5) 31 (38.3) 0.005

Postnatal steroids; n (%)$ 3 (42.9) 0 (0) 4 (12.9) 0.136

Necrotising enterocolitis; n (%)$ 0 (0) 1 (5.3) 7 (8.6) 0.57

Retinopathy of prematurity; n (%)$ 5 (50) 3 (17.6) 20 (24.7) 0.158

Sepsis; n (%)$ 8 (80) 8 (42.1) 46 (56.8) 0.146

IQR: interquartile range

$ chi-square

� one way ANOVA, SD: standard deviation

@ Kruskal-Wallis test

https://doi.org/10.1371/journal.pone.0222018.t002
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In our study, we did not find association between THOP or transient thyroid abnormalities

with adverse neurodevelopmental outcomes at 2 or 5 years. We postulated that for those stud-

ies in the literature which found associations between thyroid abnormalities in VLBWIs and

adverse neurodevelopmental outcomes, the thyroid status may be merely a confounder,

namely that they reflected the severity of illness or of comorbities such as intraventricular

haemorrhage, and these were the real risk factors associated with neurodevelopmental

impairment. Our postulation was supported by studies from Fisher et al which found that the

low thyroxine concentrations and low triiodothyronine concentrations typically seen in pre-

term infants were the result of non-thyroidal illness and reflected the severity of illness in pre-

term infants.[43] In such instances, thyroid hormone production falls and protein catabolism

and oxygen consumption may be reduced—a potentially beneficial adaptive response to ill-

ness. In addition, studies by Williams et al on the impact of RDS, IVH, NEC and sepsis on thy-

roid function [44] and on PDA and hypotensive preterm infants on inotropes by Carrascossa

et al. further supported this phenomenon.[45]

A Cochrane review published by Osborn DA et al did not back the use of prophylactic thy-

roid hormones in preterm infants to reduce neonatal mortality, morbidity or ameliorate neu-

rodevelopmental outcomes.[32, 46] Furthermore, it was uncertain whether thyroid hormone

Table 3. Neurodevelopmental outcome at 2 years old.

Neurodevelopmental Follow up at 2 years old Hypothyroxinemia of prematurity

(N = 10)

Other transient thyroid

abnormalities (N = 19)

Normal thyroid function

test (N = 81)

p-

value

Chronological age at follow up (months); mean

(SD) �
25.2 (2) 25.8 (2.5) 25 (2.3) 0.357

Corrected age at follow up (months); mean

(SD)�
20.3 (0.6) 23.7 (3.3) 22.3 (2.9) 0.214

Cerebral palsy (GMFCS>2), n (%)$ 0 (0) 1 (5.3) 3 (3.7) 0.77

Epilepsy, n (%)$ 0 (0) 0 (0) 2 (2.5) 0.694

Visual impairment, n (%)$ 1 (10) 1 (5.3) 6 (7.4) 0.893

Hearing impairment (any), n (%)$ 0 (0) 0(0) 3 (3.7) 0.576

Bayley-III score <85 at 2 y corrected age, n (%)

$ (n = 81)

(n = 8) (n = 12) (n = 61)

Cognitive score <85 1 (14.3) 4 (33.3) 9 (14.8) 0.293

Language score <85 3 (42.9) 4 (40) 22 (38.6) 0.975

Motor score <85 2 (25) 5 (41.7) 11 (19.6) 0.264

Bayley-III score at 2 y corrected age, mean

(SD)� (n = 81)

(n = 8) (n = 12) (n = 61)

Cognitive 93.6 (12.8) 92.5 (19) 96.4 (13.6) 0.646

Language 82.9 (19.1) 84.6 (13.9) 86 (16.1) 0.875

Motor 92.1 (12) 89.1 (15.3) 93.3 (13.8) 0.629

Vineland-II Adaptive Behaviour Scales, mean

(SD) � (n = 81)

(n = 9) (n = 12) (n = 60)

Adaptive behaviour composite score 94 (15.1) 89.8 (12.7) 93.1 (11.7) 0.662

Communication score 92.8 (13.9) 87.1 (14.3) 93.8 (12.2) 0.25

Daily living skills score 98.1 (14.5) 92.6 (13.4) 95.4 (14.3) 0.683

Socialisation score 90.9 (13.7) 88.3 (8.5) 91.6 (10.2) 0.593

Motor skills score 99 (13) 95.6 (10.1) 98.2 (10.5) 0.708

$ chi-square

� one way ANOVA

SD: standard deviation, GMFCS: Gross Motor Function Classification System.

https://doi.org/10.1371/journal.pone.0222018.t003
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treatment for THOP could enhance neurodevelopmental outcome in preterm infants. On the

contrary, delayed replacement of thyroid hormone in infants with congenital hypothyroidism

may cause adverse neurodevelopmental outcome. Going by the results of our study, which did

not show any difference in neurodevelopmental outcomes in those with THOP or transient

thyroid abnormalities, this did not seem to support the need for thyroxine replacement in

these groups of VLBWIs. Hypothyroxinemia caused by non-thyroidal illness reflects the sever-

ity of the underlying illness and this could be protective, therefore thyroid hormone supple-

mentation might not be appropriate.[47]

The strength of our study was that there was a systematic and standardised follow-up proto-

col. Infants with THOP were not treated with thyroid hormone supplement in the study,

which allowed meaningful comparisons of outcomes with the controls. Although there was a

difference of 3 weeks between the THOP group and the controls, our assessment at 2 years was

using corrected age, which essentially accounted for the difference between the groups and

found no significant differences in neurodevelopmental outcomes, and there were no

Table 4. Neurodevelopmental outcome at 5 years old.

Neurodevelopmental Follow up at 5 years old Hypothyroxinemia of prematurity

(N = 10)

Other transient thyroid

abnormalities (N = 19)

Normal thyroid function

test (N = 81)

p-

value

Chronological age at follow up (months); mean

(SD)�
61.9 (3.5) 63.4 (5) 61.9 (8.8) 0.827

WPPSI-III score <85, n (%)$ (n = 58) (n = 8) (n = 7) (n = 43)

Full scale composite IQ score 1 (16.7) 2 (40) 5 (13.9) 0.346

Verbal IQ score 3 (37.5) 1 (14.3) 15 (34.9) 0.534

Performance IQ score 1 (14.3) 2 (28.6) 5 (11.6) 0.489

Processing speed quotient score 1 (14.3) 1 (16.7) 4 (12.5) 0.96

WPPSI-III, mean (SD)� (n = 58) (n = 8) (n = 7) (n = 43)

Full scale composite IQ score 97.8 (17.8) 90.4 (18.5) 93.5 (14.4) 0.714

Verbal IQ score 86.9 (12) 90.5 (10.2) 87.1 (12) 0.762

Performance IQ score 106.1 (20.6) 104.3 (25.6) 102.3 (16.1) 0.856

Processing speed quotient score 108.5 (15.1) 91.8 (11.8) 104.8 (15.4) 0.109

Vineland-II Adaptive Behaviour Scales, mean (SD)�

(n = 6)

(n = 2) (n = 0) (n = 4)

Adaptive behaviour composite score 70 (-) - 66 (2.9) 0.311

Communication score 79.5 (17.7) - 70 (2.4) 0.294

Daily living skills score 88.5 (16.3) - 67 (6.7) 0.068

Socialisation score 85.5 (12) - 67 (6.7) 0.081

Motor skills score 88.5 (19.1) - 72.3 (6) 0.16

Bracken school readiness assessment 3rd edition,

mean (SD)� (n = 55)

(n = 8) (n = 7) (n = 40)

School readiness composite standard score 87.8 (18.7) 82.4 (24.5) 92.9 (15.8) 0.304

Beery VMI 5th edition, mean (SD)� (n = 50) (n = 7) (n = 5) (n = 38)

Beery standard score 107 (6.1) 104.8 (9.9) 107.4 (9.3) 0.833

Significant impairment at 5 years old, n (%)$ 6 (60) 9 (47.4) 44 (54.3) 0.787

$ chi-square

� one way ANOVA

SD: standard deviation, WPPSI-III: Wechsler Preschool and primary scale of intelligence 3rd edition. GMFCS: Gross Motor Function Classification System. Significant

impairment is defined as any composite Bayley-III score <85, WPPSI-III full scale composite IQ score <85, any hearing loss, blindness, or cerebral palsy with GCFMS

score >2. Includes Bayley-III, n = 81; WIPPSI, n = 58.

https://doi.org/10.1371/journal.pone.0222018.t004
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significant differences in other co-morbidities except chronic lung disease. Similarly at 5 years,

no difference was found in neurodevelopmental outcomes.

Our study had limitations because of its retrospective nature and was a single centre analy-

sis with relatively lesser numbers, particularly by the 5 years follow-up.

Conclusion

Hypothyroxinemia of prematurity or transient thyroid abnormalities in VLBWIs were not

associated with poorer neurodevelopment and did not support the need for supplementation.
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