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The relationship between serum thyroid hormone levels
and symptoms severity in young children with autism
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Objective. Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized
by impaired social interaction and communication, restrictive and repetitive patterns of behavior,
interests and activities. The aim of this study was to determine the postnatal levels of thyroid hor-
mones and investigate their association with the severity of ASD symptoms.

Methods. The study included 56 children (46 boys and 10 girls) with ASD aged 24-42 months.
For ASD diagnostics the Autism Diagnostic Observation Schedule - second version (ADOS-2) and
the Autism Diagnostic Interview-Revised (ADI-R) - interview with the child’s parents or guard-
ians were used. Venous blood was drawn right after the diagnostic procedures to analyze serum
thyroid-stimulating hormone (s-TSH), free triiodothyronine (s-fT3), and free thyroxine (s-fT4)
levels. Linear regression analysis was conducted to assess the relationship between the concentra-
tions of thyroid hormones and ASD symptoms severity.

Results. Serum concentrations of measured hormones were within normal reference ranges in
almost all children. Decline of s-TSH was significantly associated with an increase in the severity
of impaired social interaction and impaired communication as rated by parents (ADI-R) and with
a higher prevalence of stereotyped behavior as observed in the diagnostic examination (ADOS-2).
A decrease in s-fT3 was associated with higher frequency of stereotyped behavior as assessed by
parents (ADI-R). Neither sex nor age were significant predictors.

Conclusion. Although thyroid hormone levels were normal, we demonstrated an association of

thyroid hormones with ASD symptoms.

Keywords: Autism spectrum disorder, children, serum, thyroid hormones

Autism spectrum disorders (ASD) are neurode-
velopmental disorders characterized by difficulties
in social interaction and communication, as well
as restrictive and repetitive behaviors and interests
(WHO 2022). The prevalence of ASD has been
increasing, with current estimates approximately
1-2% of children globally (Zeidan et al. 2022). While
the precise causes and diagnostic markers of ASD
remain unclear, research indicates a combination of

genetic and environmental factors contributes to its
development.

Alterations in the regulation of various hormones,
including oxytocin, testosterone, and estradiol, have
been implicated in the pathogenesis of ASD (Carter
2007; Jansakova et al. 2020; Lakatosova et al. 2022;
Havranek et al. 2024). However, probably more
complex neuroendocrine alterations, along with
changes in neurotransmitter systems, significantly
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contribute to the etiology of ASD, particularly during
early developmental stages. Thyroid hormones
belong to the factors that play a significant role in
various physiological processes. Upon release from
the thyroid gland, tetraiodothyronine (T4) and triio-
dothyronine (T3) primarily bind to plasma proteins.
The protein-bound hormones are referred to as
bound T4 and T3, while the unbound fractions of
the hormones are known as free T4 (fT4) and free T3
(fT3), with thelatter being the more biologically active
form. Thyroid hormones play a fundamental role in
brain development both prenatally and postnatally,
including neurogenesis, gliogenesis, synaptogenesis,
and myelination (Bernal 2005; Moog et al. 2017).

Abnormal concentrations of thyroid hormones
during the prenatal period may potentially be
associated with an increased risk of ASD development
(Berbel et al. 2014; Levie et al. 2018). However, few
studies have investigated the association between
postnatal thyroid hormone levels and ASD. Hoshiko
etal. (2011) have found that very low blood T4 concen-
trations within a few hours of birth were linked to
a higher risk of ASD development. An association
between low T4 in newborns and risk of ASD has also
been demonstrated by Lyall et al. (2017). In contrast,
Soldin et al. (2003) have reported no significant
differences in neonatal T4 concentrations between
infants later diagnosed with ASD, ADHD, learning
disabilities, and those without any diagnosis.

Interms of regulatory factors for thyroid hormones,
Singh et al. (2017) have found significantly lower
serum thyroid-stimulating hormone (TSH) concen-
trations in boys aged 2-8 years with ASD. This study
has also reported that decreased TSH levels were
significantly associated with higher rates of impaired
social interaction and increased stereotyped behavior,
as measured by the Autism Diagnostic Observation
Schedule (ADOS). Similarly, Blazewicz et al. (2016)
have observed significantly lower serum fT3 and
T4 levels alongside the higher TSH levels, in autistic
boys aged 2-17 years compared to controls, although
thyroid hormones were within the normal reference
ranges in both groups. However, studies examining
the correlation between the severity of autistic
symptoms and thyroid hormone levels are quite
scarce. Moreover, there is a lack of research exploring
how thyroid hormone levels specifically relate to
different domains of social interaction, communica-
tion, and restricted repetitive behavior.

This study was aimed 1) to determine the serum
levels of TSH, fT3, and fT4 in children with ASD and
2) to investigate their association with the severity of
ASD symptoms.

Subjects and Methods

Subjects. The total research sample consisted of 56
children (46 boys and 10 girls) with ASD diagnosis
ranging in age from 2.13 to 3.56 years (Mean=2.92
years). All of the children were nonverbal or used
only a few isolated words. Only 4 children (7.11%)
had mild symptoms (Calibrated Severity Score 4 or
5). The rest of the group (52 children) had moderate
to severe symptoms (Calibrated Severity Score 6-10).

ASD diagnosis. The ADOS-2 (Autism Diagnostic
Observation Schedule - second version) (Lord et
al. 2000; Gotham et al. 2009) is a “semistructured
interview”, it is a standardized instrument for
assessing communication, social interaction, play,
and creative use of materials in individuals who are
suspected of having ASD or another developmental
disorder. Administration of the ADOS-2 involves
the administrator-child’s interactions providing the
child with stimuli and creating precise situations for
observation of the child’s spontaneous responses.
The administrator evaluates these on the basis of
their quality and frequency of occurrence during the
administration. The output incorporates 3 scores:
social affect (SA), restricted and repetitive behavior
(RRB), and total score Calibrated Severity Scores
(CSS). Scores for each scale range from 0 to 10, with
0 representing absence of symptoms and 10 repre-
senting the highest level of symptom severity.

The Autism Diagnostic Interview-Revised
(ADI-R) (Lord et al. 1994) is a structured interview
with the child’s parents or guardians. Depending on
the child’s level of speech competency, it contains
80-90 questions that are grouped into three
categories. Qualitative abnormalities in reciprocal
social interaction (ADI-R_A), in communica-
tion (ADI-R_B) and narrowly defined, repetitive
and stereotyped patterns of behavior and activities
(ADI-R_C) are evaluated. The sum of the responses on
each scale reveals whether the child being assessed has
reached the cut-off score and whether it is reasonable
to consider ASD. In the case of ADI-R_C, there is
one additional question for 3-year-old children. To
correct for this difference, we converted the total
score into percentages - the raw score divided by
the number of items. To make the scale the same for
both ADI-R_A and ADI-R_B, we recalculated those
as well. The score for each scale thus expands from
0 to 1, with 1 being the maximum score (maximum
symptoms severity).

Data were collected during 04/2022 to 01/2023 at the
Academic Research Centre for Autism, at the Faculty
of Medicine, Comenius University in Bratislava.



KorcIkova, et al. 261

Hormone analysis. The measurement of serum
free triiodothyronine (s-fT3), free thyroxine (s-fT4),
and thyroid-stimulating hormone (s-TSH) is widely
considered the most thorough set of diagnostic
tests for evaluating thyroid function. The venous
blood samples were collected in serum gel tubes
(BD Vacutainer® SST™ II Advance 8.5 ml serum
tubes) immediately after the diagnostic procedures,
between 10:00-10:30 a.m., and thereafter, sent to
the laboratory. After separation of blood serum by
centrifugation 10 min at RCF = 2000, i.e. 2000 x g
at laboratory temperature (20-25°C), s-TSH, s-fT3,
s-fT4 were determined on the day of collection by
electrochemiluminescence immunoassay (ECLIA),
by a Roche Cobas® 8000 (Elecsys TSH, Elecsys FT3
ITI, Elecsys FT4 IV) (Roche Diagnostics GmbH,
Mannheim, Germany) closed analytical system (e801
module). The concentrations of each parameter were
calculated from the calibration curve generated by the
2-point calibration and using the baseline calibration
curve. This analysis was provided by the commercial
laboratory Medirex in Slovakia.

Statistical methods.  Multivariable linear
regression analysis was conducted to assess the
contributions of thyroid hormones on ASD symptoms
severity by ADOS-2 and ADI-R. In addition to
hormones, we considered age and sex as the possible
independent variables. The final model was selected
by the backward elimination method. Probability
values (p) less than 0.05 were considered to be statisti-
cally significant. All statistical analyses together with
the associated assumptions checking was performed
using IBM SPSS Statistics for Windows, Version: 29.0
Armonk, NY: IBM Corp.

Ethics. The study was realized as a part of a
larger research project (psychological and biological
correlates of adaptive behavior in children with
autism spectrum disorders in a multidisciplinary
perspective), approved by the Ethical Committee of
the Comenius University Faculty of Medicine and
the University Hospital in Bratislava. All participants
provided written informed consent before study
participation.

Results

Serum concentrations of all monitored hormones
were within the normal reference ranges in almost all
children (Table 1). Decline of s-TSH was significantly
associated with increased severity of impaired social
interaction and impaired communication as rated
by parents (ADI-R) and with a higher prevalence of
stereotyped behaviors as observed in the diagnostic

examination (ADOS-2). A decrease in s-fT3 was
associated with the higher rates of stereotyped
behavior as assessed by parents (ADI-R). Neither
gender nor age were significant predictors. The coeffi-
cients of the final models are summarized in Table 2.
The initial multiple linear regression models for each
dependent variable, subject to backward elimination,
are presented in Tables 3-7.

Discussion

To the best of our knowledge, this is the first
study analyzing the relationship between the thyroid
hormones and the non-verbal ASD children who
used only a few isolated words. It was found that
s-TSH, s-fT3, and s-fT4 levels in children with ASD
were within the reference ranges. A significant
association was revealed between a decline in s-TSH
and the increased severity of impairments in social
interaction and communication, as assessed by
parents through the ADI-R questionnaire. Addi-
tionally, a decline in s-TSH was associated with a
higher frequency of stereotyped behavior observed
during diagnostic examinations using the ADOS-2.
A decline in s-fT3 was associated with higher rates of
stereotyped behavior as assessed by parents.

Thyroid hormones levels remain relatively high
during early childhood to support rapid growth
and brain development. T4 and T3 levels gradually
decrease over time, although some studies have
observed elevations during puberty and early
adulthood (Morreale de Escobar et al. 2004; Lem
et al. 2012; Walsh 2022). In the present study, s-fT3
and s-fT4 were found to be within the physiological
ranges. These findings correspond with the results of
the Blazewicz et al. (2016), who have also reported
that these thyroid hormones were within the normal
reference range in autistic boys with respect to age.

Table 1
Descriptive statistic of thyroid hormone concentrations
(N=56). In addition, reference values are also provided for
comparison (1-6 years age) (Roche Diagnostics GmbH 2009).

Reference values
Median
(2.5-97.5 percentile)

2.58 (0.70-5.97)

Sample values
Median
(2.5-97.5 percentile)

2.60 (1.05-6.04)
s-fT3 (pmol/l) 6.35 (4.03-7.96) 6.27 (3.69-8.46)
s-fT4 (pmol/l)  16.60 (11.96-22.06)  16.90 (12.30-22.80)

Abbreviations: s-fT3 - serum free triiodothyronine; s-fT4
- serum free thyroxine; s-TSH - serum thyroid-stimulating
hormone.

Thyroid
hormone

s-TSH (mIU/1)
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Table 2

Thyroid hormones as predictors of ASD symptom severity. A summary of the final multiple linear regression models, obtained
through backward elimination.

gil;:l‘)ll‘: ent Predictor B SAE B p-value if)‘:/::il %i:i:ecrl ﬁ:i jisied

ADIR (A) (Constant) 0.698 0.061 0.000 0.575 0.821 0.130
s-TSH -0.058 0.019 -0.382 0.004 -0.096 -0.020

ADI-R (B) (Constant) 0.804 0.064 0.000 0.675 0.933 0.096
s-TSH -0.052 0.020 -0.335 0.012 -0.092 -0.012

ADIR (C) (Constant) 0.690 0.179 0.000 0.330 1.049 0.085
s-TSH 0.031 0.018 0.234 0.082 -0.004 0.067
s-fT3 -0.067 0.029 -0.307 0.024 -0.124 -0.009

ADOS-2 (RRB)  (Constant) 5.623 1.551 0.001 2512 8.734 0.119
Age 0.963 0.497 0.245 0.058 -0.035 1.960
s-TSH ~0.360 0.155 -0.294 0.024 ~0.672 ~0.049

Abbreviations: ADI-R - autism diagnostic interview-revised; ADI-R (A) - degree of impairment of social interaction; ADI-R (B) -
degree of communication impairment; ADI-R (C) - restricted and repetitive behavior severity score; ADOS-2 - autism diagnostic
observation schedule-second version; ADOS-2 (RRB) - restricted and repetitive behavior severity score; ASD - autism spectrum

disorders; B — unstandardized beta; p - standardized beta; p - statistical significance; S.E. - standard error; s-fT3 - serum free triiodo-
thyronine; s-TSH - serum thyroid-stimulating hormone.

Thyroid hormones, age and sex as predictors of social i:?el:aec?ion impairment evaluated by parent interview (ADI-R)
Predictor B S.E. B p-value t ?vaecrl 95:?;331 Adjllif &
(Constant) 0.805 0.303 0.011 2.654 0.196 1.415 0.070
s-TSH -0.055 0.020 -0.362 0.010 -2.675 -0.096 -0.014
s-fT3 -0.023 0.035 -0.092 0.518 -0.650 -0.092 0.047
s-fT4 0.003 0.014 0.031 0.823 0.225 -0.024 0.031
Age -0.007 0.065 -0.015 0.911 -0.112 -0.137 0.123
Sex -0.004 0.061 -0.010 0.942 -0.073 -0.127 0.118

Abbreviations: ADI-R - autism diagnostic interview-revised; B — unstandardized beta; B - standardized beta; p - statistical signifi-
cance; S.E. - standard error; s-fT3 — serum free triiodothyronine; s-fT'4 — serum free thyroxine; s-TSH - serum thyroid-stimulating

hormone.

Thyroid hormones, age and sex as predictors of commIi?izt?on impairment evaluated by parent interview (ADI-R)
Predictor B S.E. B p-value t 91"5(:/;7;1 93:)/‘;2 Adjﬁfted
(Constant) 1.071 0.314 0.001 3.415 0.441 1.702 0.059
s-TSH -0.050 0.021 -0.322 0.022 -2.368 -0.093 -0.008
s-fT3 -0.014 0.036 -0.055 0.700 -0.387 -0.086 0.058
s-fT4 0.002 0.014 0.020 0.883 0.148 -0.026 0.030
Age -0.082 0.067 -0.165 0.225 -1.230 -0.217 0.052
Sex 0.027 0.063 0.057 0.672 0.426 -0.100 0.154

Abbreviations: ADI-R - autism diagnostic interview-revised; B — unstandardized beta; § - standardized beta; p - statistical signifi-
cance; S.E. - standard error; s-fT3 - serum free triiodothyronine; s-fT4 - serum free thyroxine; s-TSH - serum thyroid-stimulating

hormone.
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Thyroid hormones, age and sex as predictors of restricted?féergpetitive behaviors evaluated by parent interview (ADI-R)
Predictor B S.E. [} p-value t 9LS:/:V§;I 95;23 Adjﬁfted
(Constant) 0.681 0.274 0.016 2.487 0.131 1.231 0.040
s-TSH 0.032 0.018 0.240 0.087 1.746 -0.005 0.069
s-fT3 -0.065 0.031 -0.299 0.042 -2.085 -0.128 -0.002
s-fT4 -0.002 0.012 -0.020 0.885 -0.146 -0.027 0.023
Age -0.001 0.058 -0.003 0.985 -0.019 -0.118 0.116
Sex 0.039 0.055 0.094 0.487 0.701 -0.072 0.150

Abbreviations: ADI-R - autism diagnostic interview-revised; B — unstandardized beta; B - standardized beta; p - statistical signifi-
cance; S.E. - standard error; s-fT3 - serum free triiodothyronine; s-fT4 - serum free thyroxine; s-TSH - serum thyroid-stimulating

hormone.
Table 6
Thyroid hormones, age and sex as predictors of social affect evaluated by direct observation (ADOS-2)

Predictor B S.E. [} p-value t f:fvg 93;;/;3[ Adjﬁfted
(Constant) 11.341 2.551 <0.001 4.445 6.216 16.465 0.005
s-TSH 0.119 0.172 0.097 0.491 0.693 -0.226 0.465

s-fT3 -0.344 0.291 -0.172 0.243 -1.181 -0.928 0.241

s-fT4 0.009 0.115 0.011 0.939 0.077 -0.222 0.240

Age -0.752 0.544 -0.191 0.173 -1.382 -1.846 0.341

Sex -0.390 0.515 -0.104 0.452 -0.758 -1.424 0.643

Abbreviations: ADOS-2 - autism diagnostic observation schedule-second version; B — unstandardized beta; p - standardized beta;
p - statistical significance; S.E. - standard error; s-fI'3 - serum free triiodothyronine; s-fT4 - serum free thyroxine; s-TSH - serum

thyroid-stimulating hormone.

Thyroid hormones, age and sex as predictors of restricted a?(llbrl:;(etitive behaviors evaluated by direct observation (ADOS-2)
Predictor B S.E. B p-value t 95:/;21 951(;/';)5: Adjﬁfted
(Constant) 3.546 2.422 0.150 1.464 3.546 2.422 0.096
s-TSH -0.383 0.163 -0.312 0.023 -2.342 0.906 0.517
s-fT3 0.183 0.260 0.092 0.511 0.662 -0.383 0.163
s-fT4 0.080 0.109 0.100 0.466 0.735 0.183 0.276
Age 0.906 0.517 0.231 0.086 1.753 0.080 0.109
Sex -0.219 0.489 -0.058 0.656 -0.448 -0.219 0.489

Abbreviations: ADOS-2 - autism diagnostic observation schedule-second version; B - unstandardized beta; - standardized beta;
p - statistical significance; S.E. - standard error; s-fI'3 - serum free triiodothyronine; s-fT4 - serum free thyroxine; s-TSH - serum

thyroid-stimulating hormone.

Although it should be noted that Blazewicz et al.
(2016) have found significantly lower free T3 and T4
levels in the autistic group compared to controls. It
is generally accepted that T4 levels, particularly in
mothers during pregnancy, play important roles and
recent meta-analyses confirm that lower maternal T4
levels can be related to the later onset of autistic traits
in offspring (Levie et al. 2018).

A notable finding of this studyis that despite normal
s-TSH values, lower s-TSH levels were associated with
increased severity of social interaction and communi-
cation impairments, as well as increased stereotyped
behavior, in ASD children. The observation of normal
s-TSH levels aligns with the findings of Blazewicz
et al. (2016) and Desoky et al. (2017). However, in
contrast to our results, Desoky et al. (2017) have found
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no significant association between serum TSH and
symptoms severity. Our findings partially align with
those of Singh et al. (2017), who have reported that
decreased TSH levels were significantly associated
with higher rates of impaired social interaction and
stereotyped behavior in ASD children. Although
turther confirmation of our findings in larger patient
cohorts is needed, measuring TSH levels in children
with ASD at various developmental stages could
provide valuable insights for future research. In this
context, it is interesting to note that in a study where
TSH was measured in pregnant mothers, higher TSH
levels were associated with lower social responsive-
ness scores in their offspring aged 3-8 years (Zhong
et al. 2024). In contrast, a different study, where TSH
levels were examined, found no link to psychomotor
development impairments in offspring at preschool
age (Trumpftf et al. 2016).

In conclusion, thyroid hormones changes may be
linked to specific social-communication alterations
only during specific developmental stages. Previous
research has often included a wider age range, which

however, made more difficult to see the link between
the hormone levels and the severity of autism. To
the best of our knowledge, this is the first study
analyzing the relationship between the thyroid
hormones and the non-verbal ASD children in a
more narrow young age. Moreover, different ways of
autism diagnosis in the past studies made difficult
to compare their findings with our ones. Larger
cohort studies are needed for definitive conclusions,
but current evidence suggests that lower thyroid
hormones levels and hypothalamic-pituitary-
thyroid axis dysregulation may be involved in
autism pathogenesis.
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