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ABSTRACT
Introduction. Children with congenital 
hypothyroidism (CH) detected by newborn 
screening and adequately treated may have mild 
cognitive deficits.
Objectives. To assess the intelligence quotient 
of children with CH and identify the presence 
of specific cognitive deficits.
Population and methods. A group of 60 children 
with CH detected by newborn screening, who 
were aged 9-10 years old and received adequate 
treatment since their first month of life was 
selected and compared to a control group of 
60 children without CH in the same age range. 
Inclusion criteria: children without concurrent 
diseases, who were attending school in a single 
shift, and whose parents had at least completed 
secondary education.
The following tests were administered during 
individual interviews: the Wechsler Intelligence 
Scale for Children (third edition), the Rey complex 
figure test, the Woodcock-Muñoz revised test, 
the Conners Continuous Performance Test II, 
the Illinois Test of Psycholinguistic Abilities, 
the verbal fluency test, the Knox Cube Test, the 
Trail Making Test, the faces test, and the 5 digit 
test. The statistical analysis was done using 
Student’s t tests (for independent samples) with 
Bonferroni’s correction (p < 0.002).
Results. Even within the normal average range, 
significant differences were observed between 
both groups in terms of total intelligence quotient 
and performance intelligence quotient (small and 
moderate effect sizes, respectively). In terms of 
performance, children with hypothyroidism had 
a significantly poorer performance in processing 
speed, reaction times, attention, cognitive 
flexibility, visuoconstruction, and long-term 
memory. No significant differences were found 
between both groups in the verbal area.
Conclusions .  Children with congenital 
hypothyroidism and without mental disability 
had mild cognitive deficits, which should be 
taken into account for a comprehensive patient 
care.
Key words: congenital hypothyroidism, cognitive 
functions, screening, mild cognitive deficit.
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INTRODUCTION
P r i m a r y  c o n g e n i t a l 

hypothyroidism (CH) is defined as 
the condition resulting from thyroid 
hormone def ic iency present  a t 
birth and caused by abnormalities 
in  thyro id  g land  format ion  or 
function.1 Thyroid hormones are 
essential since the early stages of life 
for the development of the central 
nervous system (CNS) because 
they play a role in neurogenesis, 
n e u r o n a l  m i g r a t i o n ,  n e u r o n a l 
axon and dendrite development, 
synaptogenesis, myelination, and 
specific neurotransmitter regulation.2 
Thyroid hormones act as a “biological 
clock” that organizes and coordinates 
the processes defining CNS area 
differentiation. The absence of thyroid 
hormones in the perinatal period may 
predominately affect the cerebellum, 
the hippocampus, the frontal lobes, 
and the visual cortex.3

Since their mass implementation 
in the 20th century, newborn screening 
programs have become one of the 
most widely accepted aspects of 
present pediatric preventive medicine, 
and are basically targeted at the 
early identification and treatment 
of children with hypothyroidism, 
which is mostly unapparent at birth. 
There is extensive written evidence 
on the importance of early newborn 
screening programs and the initiation 
of a timely and adequate treatment 
to prevent any mental retardation 
inherent to the untreated disease.4

The goal of screening programs is 
to allow affected subjects to achieve, 
by means of an early and adequate 
detection and treatment, their highest 
growth and cognitive development 
potential. For this reason, children in 
whom the condition has been detected 
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are periodically monitored, and there is evidence 
that most subjects adequately identified using this 
strategy have a normal cognitive development.

However, at present, it has been proposed that 
early detection and treatment –which prevent 
severe mental disability– may not rule out certain 
mild cognitive deficits associated with the impact 
of the disease in itself, which may persist even 
once the patient has undergone detection and 
timely treatment.

Some examples include attention deficits,2,3,5-11 
memory deficits,3,5-7,9-13 cognitive flexibility and 
working memory deficits,6,14,15 problems with 
visuospatial skills,3,5-7,9,12,13,15-17 and difficulties with 
processing speed and reaction times.5,6,11

However, no studies have been conducted in 
our population to analyze mild cognitive deficits 
that may be potentially present in CH.

This study proposed to assess the intelligence 
quotient in this child population and identify 
specific cognitive deficits.

POPULATION AND METHODS
This was a descriptive, comparative study 

with an ex post facto ,  cross-sectional,  and 
prospective design conducted in the 2010-2011 
period in children with CH (group G1) aged 9-10 
and children without CH in the same age range 
that were included as the control group (G2).

Age for assessment was selected to examine 
executive functions because the frontal lobes and, 
specifically, the prefrontal areas, involved in self-
regulation reach their maximum development 
between 6 and 9 years old. It was also established 
to avoid the confounding effect caused by puberty, 
which leads to a certain imbalance in the brain, 
cognitive, and motivational circuit, and results in 
vulnerability due to the increased impulsiveness 
and risk-taking behaviors typical of this stage.

The sample size was estimated at 60 children 
in each group to obtain a 95% confidence level, an 
80% statistical power, and a 5% absolute accuracy 
on both sides of the proportion (non-probability 
accidental sample).

G1 subjects were recruited among 200 children 
with CH seen at the Department of Endocrinology 
of Hospital de Niños Ricardo Gutiérrez of the 
Autonomous City of Buenos Aires (Argentina). 
Within this population, an intentional sample that 
met the following inclusion criteria was selected: 
a) having an early CH diagnosis (< 30 days 
old); b) having received an early and adequate 
treatment; and c) receiving follow-up care with 
successful adherence to medical checkups and 

with adequate periodic biochemical controls that 
confirm such adherence.

G2 subjects were recruited from private and 
public schools from Greater Buenos Aires and 
the Autonomous City of Buenos Aires. School 
authorities were asked for permission in advance, 
and parents gave their consent.

The sample was selected in 2010, and data 
were collected between 2010 and 2011. 

The inclusion criteria for both groups were 
that children had no concurrent disease, were 
attending a private or public school in a single 
shift in the Autonomous City of Buenos Aires and 
Greater Buenos Aires, and whose parents had at 
least completed secondary education.

The single shift school and the parental 
level of education criteria were implemented to 
homogenize environmental stimulation factors 
that may influence on cognitive development.

All children were assessed using the following 
battery of psychometric and neuropsychological 
tests: the Wechsler Intelligence Scale for Children, 
third edition (WISC III);18 the Rey complex 
figure test (copying and drawing from memory 
a complex geometric figure);19 the Woodcock-
Muñoz revised test (retention and recall tasks 
of short- and long-term verbal stimuli, and 
graphic stimulus cancellation tasks with execution 
time);20 the Conners Continuous Performance 
Test II (CPT II) (stimulus cancellation tasks with 
different presentation times); 21 the Illinois Test 
of Psycholinguistic Abilities (ITPA) (words to 
recall based on semantic criteria);22 the verbal 
fluency test (words to recall based on phonological 
criteria);23 the Knox Cube test (visuospatial stimulus 
repetition task);24 the Trail Making Test (continuous 
processing of two simultaneous stimulus);25 the 
differences in perception of faces test (cancellation 
task based on visual analysis and discrimination);26 
the 5 digit test (stimulus selection activity with 
resistance to interference from secondary stimuli).27

The tests were administered during four 
individual outpatient interviews inside the office. 
Children in the control group were interviewed 
inside a classroom decorated to look like a 
doctor’s office. Individual results were delivered 
in written during a feedback interview. Also 
during this interview, guidelines were provided, 
if necessary.

The study was approved by the Ethics, 
Teaching, and Research Committee of Hospital 
de Niños Ricardo Gutiérrez. A written informed 
consent was obtained from the parents of all 
study children, and children gave their oral assent 
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for study participation.
The effect of CH on studied cognitive functions 

and differences from the control group were 
assessed using Student’s t tests for independent 
samples. The effect size was analyzed for all results 
using the partial Eta squared (ηp²) statistics. Given 
that multiple tests were administered (compared 
outcome measures), analysis was completed using 
Bonferroni’s correction; an adjusted significance 
level of 0.00227 was considered significant for 
the null hypotheses of cognitive functions. The 
Statistical Package for Social Sciences (SPSS), 
version 11.5, was used for statistical data processing.

RESULTS
The sample was selected using a purposive 

method; G1 was made up of 60 children (girls: 
57%) aged 9.4 ± 0.5 years old, and G2 included 
60 children without CH (girls: 55%) aged 9.5 ± 0.5 
years old.

All G1 children had been diagnosed and 
treated before 30 days old. Their L-thyroxine 
dose was always 10-15 µg/kg/day. Athyreotic 
hypothyroidism was diagnosed in 22 children, 
and an ectopic thyroid gland was observed in 16.

All assessed children were attending the 
corresponding school grade for their age, none 
had repeated the school year, and all completed 
the test battery.

Children in both groups showed an average 
normal total intelligence quotient (TIQ), verbal 
intelligence quotient (VIQ), and performance 
intelligence quotient (PIQ). TIQ of G1: 94 ± 8 
versus TIQ of G2: 102 ± 7. VIQ of G1: 100 ± 9 
versus VIQ of G2: 104 ± 8. PIQ of G1: 85 ± 7 
versus PIQ of G2: 98 ± 8. Significant differences 
were observed between both groups in terms of 
TIQ and PIQ with a small and moderate effect 
size, respectively. No significant differences were 
observed in relation to VIQ (Table 1).

The assessment of cognitive function in both 
groups is described in Table 2.

G1 children showed a decreased cognitive 
profile in terms of processing speed, reaction 
times, and long-term semantic memory, with 
a moderate effect size. The performance in 
focused, divided, and sustained attention, 
visuoconstruction, and cognitive flexibility was 
also reduced in relation to children without 
CH, but the effect size was small. No significant 
differences were observed in tasks related to the 
attention span with auditory and visuospatial 
stimuli or in the visual processing tests.

DISCUSSION
Our results confirm that children with 

congenital hypothyroidism detected at birth 
and adequately treated during childhood have a 
normal intelligence quotient. However, consistent 
with previous publications, we observed in 
these children a significant difference in the TIQ 
exclusively at the expense of the PIQ, and the 
same performance in the verbal area.28,29

In terms of performance, children with 
hypothyroidism had a significantly poorer 
performance in terms of processing speed, 
reaction times, attention, cognitive flexibility, 
visuoconstruction, and long-term memory.

In relation to processing speed and reaction 
times, defined as a delay in response times and 
in the total execution of a task in the absence of 
a specific motor or sensory disability that would 
warrant such delay, the effect size was moderate, 
which explains the possible incidence of CH on 
these results.5,6,11,15,16

The neurological basis responsible for 
p r o c e s s i n g  s p e e d  i s  w h i t e  m a t t e r ;  a n d 
thyroid hormones may play a critical role in 
the differentiation of myelin-forming cells: 
oligodendrocytes. In the case of CH, myelination 
is qualitatively and quantitatively altered. Thus, 
damage in axonal myelination may result in a 
deceleration of processing speed and a change 
in the conductivity of nerve impulses.2 The 
mechanisms likely involved in such damage may 
be a reduction in the number of myelinated axons, 
subtle ultrastructural myelin alterations, and a 
lower axon diameter in the absence of thyroid 
hormones, given that myelination starts from a 
specific axon size.30

Table 1. Intelligence quotient of 60 children with congenital 
hypothyroidism early detected and treated, and 60 children 
from the control group (mean ± standard deviation)

Intelligence	                 G1	                               G2
quotient	                 (n= 60)	                      (n= 60)
	 Mean	 SD	 Mean	 SD	 p

Total	 94.4	 8.6	 102.7	 7.1	 0.000*

Performance	 85.3	 7.2	 98.8	 8.2	 0.000*

Verbal	 100	 9.1	 104.8	 8.4	 0.009

* Adjusted significance level = p < 0.00227.
SD: standard deviation.
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In turn, the executive function depends on 
an adequate myelination, which helps both in 
the maturation of the prefrontal cortex and its 
connections to cortical and subcortical areas.31

Also consistent with previous studies, our 
results indicate that children with CH have a 
poorer performance compared to their healthy 
counterparts in the semantic long-term memory 
tests,5-7,9-11,13 with a moderate effect size.2,13

Rovet6 proposes that semantic memory deficit 
may be associated with a smaller left hippocampal 
volume, an essential structure for semantic 
memory and learning, which is dependent on 

thyroid hormones since the early gestation stage 
until early childhood.13

Children with CH had a poorer performance 
in visuospatial skills, probably in relation to the 
absence of thyroid hormones during the postnatal 
development of the primary motor cortex, which 
is a critical period.6

Prenatal thyroid failure may predominately 
affect the development of the occipital striate 
pathway into the superior parietal pathway, 
which processes spatial location, more than the 
development of the visual perception pathway, 
which may be preserved (occipital striate pathway 

Table 2. Cognitive functions assessed in 60 children with congenital hypothyroidism and 60 children from the control group

	 Cognitive function
	 Assessed area	 Test	                G1 (n= 60)	                        G2 (n= 60)

			   Mean	 SD	 Mean	 SD	 p	 ηηηp²

	 Processing	 WM-R 
	 speed	 processing speed	 43.5	 8.4	 56.5	 7.3	 0.000*	 0.40

		  WISC III  
		  processing speed	 48.4	 11.1	 66.2	 10.5	 0.000*	 0.40

		  Rey copying speed	 272.1	 66.5	 214.5	 54.2	 0.000*	 0.20

		  Rey memory speed	 197.1	 59.2	 141	 51.9	 0.000*	 0.19

	 Reaction times	 CPT II	 489.8	 95.6	 405.	  62.9	 0.000*	 0.22

	 Attention span	 Knox	 10.1	 1.64	 11.82	 1.66	 0.006	 0.07

		  Digits (direct)	 8.07	 0.93	 8.13	 1.06	 0.716	 0.00

	 Focused, divided,	 Lack of distractibility	 29.2	 3.5	 28.4	 2.5	 0.000*	 0.01

	 and sustained	 CPT II omissions	 17	 12.9	 9.2	 6.8	 0.000*	 0.16

	 attention	 5 digit test

		  Inhibition	 57.2	 22.1	 35.4	 12.5	 0.000*	 0.18

		  Faces	 24.5	 6.3	 30.3	 6.1	 0.000*	 0.22

		  Trail Making B	 75.9	 24.8	 53.8	 15.1	 0.000*	 0.22

	 Visuoconstruction	 Object composition	 25.1	 5.6	 28.4	 4.1	 0.000*	 0.11

		  Cube construction	 29.3	 9.6	 38.1	 10.1	 0.000*	 0.17

	 Visual	 Wechsler	 17.70	 2.60	 18	 3.03	 0.563	 0.00
	 processing	 Drawing completion

	Long-term memory	 WM-R	 179.9	 22.9	 229.2	 22.3	 0.000*	 0.54

		  Information	 13.1	 2.8	 14.7	 2.7	 0.002*	 0.07

	Cognitive flexibility	 5 digit test	 41.5	 14.1	 28.2	 10.1	 0.000*	 0.01

		  Semantic	 48.95	 9.91	 54.9	 11.9	 0.000*	 0.07

		  Phonological	 16.15	 15.52	 20.6	 4.3	 0.000*	 0.18

		  Trail Making	 75.9	 24.87	 53.8	 15.1	 0.000*	 0.22

* Adjusted significance level = p < 0.00227.
ηp²: effect size.
WM-R: Woodcock-Muñoz revised test;
WISC III: Wechsler Intelligence Scale for Children, third edition;
CPT II: Conners Continuous Performance Test II.
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into inferior temporal pathway).17

In his argumentative model of the syndrome 
of nonverbal learning disabilities, characterized 
by visuospatial alterations, Rourke considers 
that children with hypothyroidism are carriers of 
most of the symptoms typical of such syndrome,32 
as a result of an abnormal myelinogenesis or 
synaptogenesis.

Consistent with Ramirez et al.,15 our results 
confirm that patients with CH have a briefer 
attention span.2,3,5-7,9-11,33,34 In the CPT II, our group 
of children with CH had a higher number of 
omissions and a longer stimulus reaction time 
(observed in the increase occurred across the 
entire test). Such difference from controls was 
also observed in the activities where focused 
and divided attention was necessary. However, 
no differences were observed between both 
groups in their attention span or range when 
using auditory-verbal stimuli (digit test) or 
visuospatial stimuli (Knox test), which may 
be explained by the different modalities of 
presentation and stimulus input, and the different 
storage subsystems.

The prefrontal cortex has been associated 
with attention and, given that thyroid hormones 
are necessary for an ordered cerebral cortex 
cell distribution, thyroid hormone deficiency 
during the prenatal period may result in a poorer 
definition of frontal cortical layers,2,3 which may 
explain alterations in its functioning.

Cognitive flexibility consists of a mental 
process dependent on age, and which makes 
demands on inhibition processes and working 
memory. Cognitive flexibility was poorer among 
children with CH. Coincidentally, working 
memory deficits have been described in these 
children.6,14,15,35 The prefrontal cerebral region 
supports both the working memory and cognitive 
flexibility.

Our results, translated into practice, would 
help us understand why parents and some 
teachers ask about why some children with CH 
have trouble completing their school homework, 
and require more control and time to finish it, and 
also about their tendency to become distracted 
or why they require more time to complete 
graphomotor (paper and pencil) activities. In 
addition, it is worth understanding that these are 
mild deficits, and this is evident by the fact that 
these children have a normal education and do 
not need to repeat the school year.

It is important to consider that the findings 
made in relation to the cognitive profile of 

patients with CH may result in a greater or lower 
discomfort and even go unnoticed, depending 
on their family and school environment, the 
level of parental and school demands, and the 
learning methodology used. Patients who develop 
compensatory strategies once they notice their 
problems achieve results in an adequate manner 
by skipping the difficulties they may perceive 
while working.

The main strength of this study is that it is 
representative of a population of children with 
and without CH from Buenos Aires who were 
selected to make up a homogeneous sample 
subjected to similar assessments. However, other 
factors inherent to CH should be considered 
in future studies to establish a relationship to 
neurocognitive performance.

Our findings will help to provide improved 
care and more accurate counseling to patients 
with the implementation of strategies in their 
school system and everyday activities or, in some 
cases, with health care provider interventions 
targeted at patient stimulation, e.g., prevention 
and care in relation to performance within the 
patient’s school and family setting. n
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