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Abstract

Background Although attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental disorder,
its aetiology remains unclear. We aimed to establish a relationship between ADHD diagnosis and serum levels of
glucose, free thyroxine (FT4), and thyroid stimulating hormone (TSH) in primary school aged boys.

Methods In a cross-sectional study, we enrolled 133 participants aged 6.5-12.5 years, 67 of whom met DSM-5 criteria
for ADHD and 66 healthy age-matched boys. The ADHDT test (ADHDT) was used to assess ADHD symptoms and the
Wechsler Intelligence Scale for Children — Revised was used to exclude participants with cognitive deficits. The ADHD
participants were tested using the lowa Conners'Teacher Rating Scale.

Results The ADHD participants had lower glucose levels, higher TSH values, and significantly lower FT4 values
than the control group. The multiple logistic regression analysis showed that TSH is a parameter that is 2.7% more
likely to occur in the ADHD group. We found a significant correlation between the TSH level and the symptoms of
hyperactivity (r=0.318, p=0.009) and impulsivity (r=0.275, p=0.024) as well as between the glucose level and the
symptoms of hyperactivity (r=0.312, p=0.010).

Conclusions Certain ADHD symptoms may correlate with certain hormonal patterns. Our results suggest that the
likelihood of suffering from ADHD was lower when FT4 levels were elevated. One biochemical parameter that was
significantly and independently associated with the diagnosis of ADHD was the serum TSH level.

Trial registration On June 26, 2018, at its VI session in 2018, the Ethics Committee of the Institute for Mental Health
in Belgrade, Serbia, has considered and unanimously approved the conduct of the research, under the number
1704/1.
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Background

Attention deficit hyperactivity disorder (ADHD) is one of
the most common neurodevelopmental disorders, affect-
ing 5% of children and adolescents and 2.8% of adults
worldwide [1, 2]. ADHD is more common in males than
females, with a 3:1 ratio in population studies [3, 4]. The
phenotypic variability and severity of ADHD is very het-
erogeneous and is categorised into three groups accord-
ing to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition: inattentive, impulsive/hyperac-
tive and combined [5]. The identification of ADHD symp-
toms is usually based on the use of specific tests, such as
the Conners’ Teacher Rating Scale [6] and the Attention
Deficit Hyperactivity Disorder Test (ADHDT) [7].

The aetiology of the disorder is probably multifactorial
and person dependent, which makes it difficult to iden-
tify and describe the underlying biological mechanisms.
ADHD is thought to be caused by an interplay of genetic
susceptibility [8, 9] and exposure to numerous pre- and
postnatal environmental risk factors, including toxins
[10], maternal smoking and alcohol consumption [11],
low birth weight [12] and various socio-psychological
factors [13]. In addition, recent research has suggested
the role of endocrinological factors in the pathogenesis
of ADHD. Although there is ample evidence of a link
between improved mental performance and subjects’
blood glucose levels, the effects of blood glucose levels on
cognition and psychological processes remain enigmatic
[14]. A study by Lindblad et al. [15] found a corellation
between ADHD and blood glucose levels. The authors
found that the average 3-month blood glucose levels were
significantly higher in the ADHD group compared to the
control group, while fasting blood glucose was similar in
the ADHD group and the control group [15]. The link
between ADHD and diabetes mellitus is also recognised
and is attributed to as yet unknown genetic factors [16,
17]. The prevalence of ADHD is 40% higher in children
with type 1 diabetes [18]. In addition, a dual diagnosis
of diabetes and ADHD in childhood is associated with
poorer diabetes control [18].

Thyroid hormones play a vital role in neural develop-
ment by influencing the differentiation and migration of
neurons, synapse formation and myelination [19]. Several
studies have shown that endocrine disorders, especially
thyroid abnormalities, can be associated with ADHD
[20, 21]. Thyroid deficiency during embryonic develop-
ment leads to irreversible impairment of cognitive and
motor functions [22, 23]. In addition, the manifestations
of hyperthyroidism (anxiety, hyperirritability, inatten-
tion and hyperactivity) are very similar to the symptoms
of ADHD. However, some studies investigating this rela-
tionship have come to contradictory conclusions [21, 24].
One of the first studies [21, 22] to explore the relationship
between ADHD and thyroid hormone levels concluded
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that the prevalence of thyroid dysregulation in ADHD
individuals was 5.2%, compared to <1% in the general
population [25]. Zader et al. [25] showed that children
with hyperthyroidism are twice as likely to be diagnosed
with ADHD, while Alvarez-Pedrerol et al. [26] found
no association between thyroid hormone levels and the
underlying neurophysical symptoms of ADHD. There is
also solid evidence that high levels of thyroid stimulating
hormone (TSH) and low levels of free thyroxine (FT4)
are associated with ADHD symptoms, even when levels
are within the normal range [26]. Thyroid hormones are
also responsible for regulating glucose homeostasis and
act as insulin agonists and antagonists [27].

The aim of this study was to investigate the baseline
endocrinological status in a cohort of primary school
boys diagnosed with ADHD using readily available
screening tests such as serum levels of glucose, TSH and
FT4 and their association with the clinical presentation
of ADHD. We hypothesised that children with ADHD
will have higher serum glucose and TSH levels and lower
FT4 levels compared to age-matched children without an
ADHD diagnosis.

Methods

Study design

We conducted a cross-sectional study at the Institute of
Mental Health in Belgrade, Serbia (Fig. 1). Two groups
of boys aged 6.5-12.5 years participated in the study:
an ADHD group and a control group. The groups were
matched based on predictive and sociodemographic
variables. Male subjects were selected to increase the
homogeneity of the data set and to take into account the
prevalence of ADHD in males. The participants came
from the same socioeconomic background and from
families with neurotypical development of other siblings.
Global intellectual level was tested using the Wechsler
Intelligence Scale for Children — Revised (WISC-R) test
[28]. Participants with a below-average intellectual level
were excluded from the study. The diagnosis of ADHD
was made by a psychiatrist, an expert in the field of child
psychiatry. All tests were conducted at the Institute of
Mental Health in Belgrade, Serbia. The IOWA Conners
Teacher Rating Scale was used to determine the pres-
ence of ADHD symptoms [6]. The ADHDT was used to
determine and rate the severity of ADHD symptoms [7].
The total scores of the ADHDT subtests for hyperactivity,
impulsivity and inattention symptoms were obtained for
all participants in both groups and the mean scores were
included and analysed. The ADHD quotient was deter-
mined in both groups. The WISC-R and ADHDT tests
were performed 3-5 days prior to blood sampling. The
ADHDT (Gilliam 1995) was used to assess the severity
of ADHD symptoms. Parents of subjects were instructed
not to administer pharmacotherapeutic medications or
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Fig. 1 Study flow chart illustrates the sequential steps undertaken in the cross-sectional study conducted at the Institute of Mental Health in Belgrade,
Serbia, examining the relationship between ADHD, biochemical parameters, and cognitive assessments in boys aged 6.5-12.5 years

supplements in the two months before testing and blood
sampling, while none of the participants had been diag-
nosed with diabetes or thyroid disease. The participants
were instructed not to consume any food or drink 12 h
before the blood sample was taken. Blood sampling was
performed at the Institute of Mental Health and serum
samples were stored according to standard operating
procedures and transported to the Beo-lab laboratory
for further analysis.The study lasted eight months, from
October 2019 to May 2020.

Participants

The sample size was calculated using G*power
3.1.9.4; with an effect size of 0.3, an «a error probability
of 0.05 and a study power of 0.95. The total sample size
for determining the difference between the groups for
independent samples was 99. This study included 133
boys, 66 in the control group and 67 in the ADHD group.
Participants in both groups had an intelligence quotient
of 290, according to the WISC-R. The inclusion criteria
for the ADHD group are: Age 6 to 12.5 years, presence of
ADD/ADHD, normal cognitive development, consistent
physical activity, balanced diet, willingness to cooperate.
The diagnosis of the disorder is made by a paediatric neu-
ropsychiatrist on the basis of the diagnostic criteria of the
DSM-5 classification. The diagnosis is clinical and based
on a comprehensive medical, developmental, educational

and psychological assessment, which additionally uses
standardised assessment tools such as the Iowa Conners
Rating Scale questionnaire. The exclusion criteria for the
study were: Presence of neurological disorders, other
psychiatric disorders, somatic disorders, developmental
coordination disorders, visual or hearing impairments,
diabetes, motor disabilities, visuospatial dysgnosia, stress
exposure.

ADHD group

The ADHD group consisted of 67 participants diagnosed
with ADHD at the Institute of Mental Health in Belgrade,
Serbia. Boys with comorbidities were excluded from the
study.

Control group

Sixty-six participants from the general population volun-
tarily participated in the study with the written consent
of their parents. Family history showed that no develop-
mental problems, including ADHD, were present.

Procedures

Experimental testing began with a brief interview with
parents and participants and an assessment of the child’s
daily routines, diet and supplementation. All partici-
pants underwent the WISC-R and the ADHDT to deter-
mine intellectual status and assess the type of ADHD.
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The ADHDT (Gilliam 1995) is a 36-item questionnaire
based on the Diagnostic and Statistical Manual of Mental
Disorders (DSM-4) criteria for ADHD. It is divided into
three subtest (hyperactivity, inattention and impulsivity).
Each item is assigned a standardised score (0 — no prob-
lem, 1 — mild problem, 2 — severe problem). The final test
score is compared with a normative table to determine
the severity of ADHD symptoms. The hyperactivity ques-
tionnaire (13 items) assesses the child’s speech and body
movements. The impulsivity questionnaire (10 questions)
describes how the child behaves when waiting for his/her
turn, when playing a game with fixed rules, when talking
or when making decisions. Finally, the inattention ques-
tionnaire (13 questions) examines the child’s concentra-
tion on certain tasks, the completion of tasks, planning
and organising skills. The assessment was conducted in a
single session, with breaks taken to prevent fatigue.

Blood was drawn three to five days after the interview.
On the day of blood sampling, participants were pre-
pared for the procedure by being given relevant informa-
tion to minimise their anxiety. Fasting venous blood was
drawn at 9.00 am. The laboratory materials required for
the collection and storage of the blood were provided and
the blood tests were performed in the same laboratory
using identical methods for all participants.

Measurements

The blood samples were taken in a biochemical test tube
with a minimum gel volume of 4 mL. The blood samples
were allowed to rest for 15 min due to coagulation and
then centrifuged for 10 min at 1800 g (approximately
3000 rpm). After separation, the serum samples were
stored at -20 °C and then analysed. The levels of glucose,
TSH and FT4 were measured in the blood serum.

The quantitative determination of glucose in human
serum, free of haemolysis and bacterial contamination
and without the addition of preservatives, was carried
out using the Beckman Coulter AU400 Chemistry Analy-
ser, Brea California, USA. The glycemic reference values
for children are up to 6.1 mmol/l after fasting.

We used the Immunoassay System Access, Beckan
Coulter, Brea, California, USA, for the quantification
of human TSH and FT4 levels in human serum and
plasma. The expected blood TSH and FT4 levels in chil-
dren’s blood are 0.54—4.53 mIU/L and 12.0-22.0 pmol/L,
respectively.
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Statistical analysis

The Kolmogorov—-Smirnov test was used to assess the
normal distribution of the data. A one-way analysis of
variance (ANOVA) was used to compare the measured
biochemical parameters and symptoms (hyperactivity,
impulsivity and inattention) in the control and ADHD
groups. Pearson’s correlation coefficient was used to
evaluate the association between the test scores (WISC-R
and ADHDT), hyperactivity, impulsivity and inattention
with the biochemical parameters of the ADHD partici-
pants. A multiple logistic regression model was used to
understand the functional relationship between the bio-
chemical parameters and ADHD diagnosis. All statistical
analyses were performed using SPSS statistical software
(version 20.0.0, IBM Corp., Armonk, New York, USA)
and STATISTICA statistical software (version 8.0, Stat-
Soft, Inc., Tulsa, USA).

Results

The 67 participants with ADHD were between 6.5
and12.5 years old and had an average age of 10.13+1.41
years. The 66 participants in the control group aged 6.5—
12.5 years had an average age of 9.94%1.52 years. The
participants in the two groups did not differ significantly
in age (t=—0.756, df=131, p>0.05).

The ADHD T-score of the experimental group ranged
from a maximum value of 126 to a minimum value of
60, while the control group had a range from 121 to a
minimum value of 13. In contrast to the control group,
in which the values for hyperactivity, inattentiveness and
impulsivity were a maximum of 16 and a minimum of 0
the values for hyperactivity ranged from a maximum of
8 to a minimum of 2, for impulsivity from a maximum of
16 to a minimum of 2 and for inattention from a maxi-
mum of 19 to a minimum of 2.

A significant difference between the results of the
ADHD group and the control group was found in the
results of the ADHDT and the WISC-R. The results of
the symptoms measured in the subtests are given as
meanzstandard deviation (SD) and are listed in Table 1.

The scores for hyperactivity, impulsivity and inatten-
tion were twice as high in the participants with ADHD
as in the control group. In addition, the one-way ANOVA
confirmed that hyperactivity, impulsivity and inatten-
tion were significantly higher in the ADHD group than
in the control group (Fy g1, 1, 131 = 63.236; p=7.503E-13.

Table 1 Mean values of the symptoms measured for the control and ADHD groups, ADHDT test results

Control group, n=66

ADHD group, n=67

Hyperactivity, mean +SD (range) 5.05+3.60 (0-16)
Impulsivity, mean+SD (range) 5.00+3.67 (0-14)
Inattention, mean +SD (range) 400+2.88 (0-11)

9.82+333(4-18)
10.31+£3.43 (2-16)
9.00£3.39 (2-19)

ADHD, attention deficit hyperactivity disorder; ADHDT - Attention Deficit Hyperactivity Disorder Test
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. N . oo alc o o|8
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Table 4 Results of the multiple logistic regression model for the ADHD group compared to the control group

B SE Wald ¥ test df p Exp(B)
Glucose (mmol/L) -0.369 0.393 0.880 1 0.348 0.692
TSH (mIU/L) 0.027 0.165 0.027 1 0.870 1.027
FT4 (pmol/L) -0.173 0.085 4113 1 0.043 0.841

ADHD, attention deficit hyperactivity disorder; FT4, free thyroxine; SE, standard error; TSH, thyroid stimulating hormone; df, degrees of freedom; Exp(B),

exponentiation of the B coefficient

Discussion

The results of our study show that FT4 levels are sig-
nificantly lower in children diagnosed with ADHD com-
pared to the control. In addition, a significant positive
correlation was found between serum glucose levels and
hyperactivity, while serum TSH levels were significantly
correlated with hyperactivity and impulsivity.

To the best of our knowledge, this is the first experi-
mental study on hormonal status and ADHD conducted
in Eastern Europe. Although an association between
ADHD and thyroid gland disorders has been established,
there is no strong evidence for a casual relationship [24].
Therefore, in our study, we investigated the association
between glucose, FT4 and TSH levels and ADHD diag-
nosis in children and the association of the hormonal sta-
tus with the sympthoms of hyperactivity, impulsivity and
inattention.

There are no specific biochemical, electrophysiological
or imaging biomarkers for ADHD, which makes diagno-
sis and research into this disorder challenging. Published
research on ADHD has mainly focused on the clinical
profile, the influence of sociodemographic status and
the comorbidities of the disorder [29, 30]. The hormonal
influence on the diagnosis and presentation of ADHD
has been suggested but is still not fully understood [31,
32]. Most studies have attempted to find an association
between ADHD and sugar consumption, but the results
have been conflicting. Studies by Azadbakhy and Esmail-
lzadeh [33] and Lien et al. [34] showed a possible posi-
tive association between ADHD and sugar-rich food
consumption, whereas Kim and Chang [35] did not find
this association. Lindblad et al. [15] reported an associa-
tion between ADHD and impaired blood glucose homeo-
stasis. In our study, serum glucose levels were slightly
lower in participants diagnosed with ADHD and corre-
lated positively only with symptoms of hyperactivity. In
this study, a negative coeflicient value was found in the
multiple logistic regression model for glucose. Given the
positive correlation we found between hyperactivity and
glucose levels, we conclude that further research should
be conducted to investigate the relationship between glu-
cose levels and specific symptoms of ADHD.

The relationship between ADHD and insulin resis-
tance (IR) is the subject of ongoing research and the link
between these two conditions is not yet fully understood.
Our study found a positive correlation between serum

glucose levels and hyperactivity. Other studies suggest a
possible link between ADHD and other factors related
to IR [36, 37]. This may be due to common risk factors
(e.g. obesity, lack of exercise and abnormal dietary hab-
its) or the possible metabolic effects of ADHD stimulants
(such as methylphenidate). While there is some evidence
suggesting a link between ADHD and IR, direct and con-
sistent evidence is limited. The study by di Girolamo et
al. [37] examines the relationship between ADHD and
metabolic syndrome (MS) in adults. The study, con-
ducted in Italy, examines the role of MS components
and IR indices in this population. The results show that
10.8% of the ADHD patients analysed met the criteria for
MS. The study emphasises the importance of considering
individual MS components, with blood triglyceride lev-
els identified as the most important predictor of MS in
adult ADHD patients. This suggests that lifestyle factors,
including unhealthy dietary habits and obesity, may con-
tribute to the prevalence of MS and IR in individuals with
ADHD.

Thyroid hormones regulate systemic glucose metabo-
lism and may also be involved in the regulation of glu-
cose metabolism in the brain [38]. Thyroid hormones are
important for cognitive function in children and adults
[39], and they also modulate memory and attention [40,
41]. Previous studies have indicated that TSH concentra-
tions are significantly lower in children with ADHD than
in children without ADHD [24, 42-44]. However, our
study showed that TSH levels were slightly higher in male
participants diagnosed with ADHD than in controls,
with a 2.7% increase in the odds of an ADHD diagnosis in
participants with higher serum TSH levels.

Some studies indicate a link between low TSH levels
in newborns and the later onset of ADHD and neurode-
velopmental disorders [45-47]. However, several stud-
ies have shown that children with ADHD symptoms do
not have a significantly different thyroid hormone profile
than children without ADHD symptoms [48, 49].

Our results suggest that certain ADHD symptoms
may be associated with the respective hormonal pat-
terns. We found that the prevalence of hyperactive and
impulsive symptoms of ADHD is higher in children
with higher serum TSH levels. The observed associa-
tion between serum TSH levels and ADHD symptoms
in children raises interesting questions about the pos-
sible mechanisms underlying this association. Several
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factors could contribute to the link between high TSH
levels and ADHD symptoms. Thyroid hormones, includ-
ing TSH, play a critical role in neurodevelopment, par-
ticularly in the development of the foetal brain. Previous
studies have shown that maternal thyroid dysfunction
may increase the risk of ADHD in the offspring [50]. The
current findings may suggest that disturbances in thy-
roid function during early development or infancy may
affect the neural pathways associated with ADHD symp-
toms. In addition, TSH influences the regulation of neu-
rotransmitters, including dopamine and norepinephrine,
which play a role in ADHD [51]. Dysregulation of these
neurotransmitters is a key feature of ADHD, and changes
in thyroid function could potentially disrupt the deli-
cate balance and contribute to ADHD symptoms such as
hyperactivity. It is also important to note that TSH affects
metabolism, and disturbances in thyroid function could
contribute to metabolic changes associated with ADHD
behaviours [52]. Finally, thyroid dysfunction, including
autoimmune thyroiditis, is associated with inflammation.
Inflammation and immune system dysregulation have
been suggested as factors in the development of ADHD
[53], and the inflammation mediated by thyroid dysfunc-
tion could potentially contribute to ADHD symptoms.
Further research is needed to decipher the complex
interplay between TSH levels and ADHD symptoms and
to mechanistically validate the findings presented in this
study.

Kuppili et al. [44] and Albrecht et al. [24] showed that
serum T4 and FT4 levels were significantly lower in chil-
dren with ADHD than in children without ADHD. In
our study, we found significantly lower FT4 levels in chil-
dren diagnosed with ADHD than in controls. This result
is consistent with the research of Alvarez-Pedrerol [26]
and co-workers, who found an association between high
levels of FT4 and lower risk of attention deficit symp-
toms. A non-significant negative correlation between
lower serum FT4 levels, higher ADHD symptoms and
intellectual level in subjects with ADHD in this study
showed that the likelihood of having ADHD was lower
when FT4 levels were increased. Interestingly, we also
found that serum levels of TSH and FT4 were signifi-
cantly negatively correlated in the control group but not
in the ADHD group. This additional correlation analysis
was performed to find out whether there are differences
in the relationship between TSH and FT4 in the control
and ADHD groups. The amount of TSH depends on the
amount of FT4, i.e. when the amount of FT4 is low, TSH
increases and the thyroid gland produces more FT4.
The results obtained could indicate that the relationship
between TSH and FT4 tends to be different in the ADHD
group. Significantly lower FT4 levels in participants with
ADHD than in controls could be the result of poor thy-
roid function. Thyroid hormones, including FT4 and T4,
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play a crucial role in the regulation of metabolism and
the development of the nervous system. Hypothyroid-
ism, a condition where the thyroid gland does not pro-
duce enough thyroid hormones, can lead to a variety of
symptoms including fatigue, weight gain and cognitive
impairment. However, the link between hypothyroid-
ism and ADHD is not well established. The present find-
ings suggest a complex relationship between biomarkers
of thyroid function and ADHD. Thyroid hormones play
a crucial role in the development of the nervous system,
including the brain. Disruptions in thyroid function dur-
ing critical periods of brain development can affect cog-
nitive function and behaviour [52]. In addition, shared
genetic factors and the intricate relationship between
thyroid hormones and other hormones involved in brain
development may contribute to the observed associa-
tions [24]. Further research, including longitudinal stud-
ies and additional neuronal and metabolic biomarkers, is
needed to unravel the complex interactions between thy-
roid function and ADHD and to understand the underly-
ing mechanisms.

Limitations

The current study has several limitations. Only two
hormonal parameters were included and measured,
together with blood glucose levels. Therefore, we can-
not completely exclude a possible influence of dietary
intake on the results. In addition, we could not fully con-
trol whether the boys had eaten or drunk anything 12 h
before the blood sample was taken. We recommend
including a larger number of hormonal parameters and
3-month glucose levels in future studies to account for
these limitations. A larger number of participants and the
inclusion of female subjects would increase the generalis-
ability of our results.

Conclusions

The results of this study indicate a significant positive
correlation between serum TSH levels and hyperactivity
and impulsivity and between serum glucose levels and
hyperactivity in boys with ADHD compared to neuro-
typical age-matched controls. The results also showed
that the likelihood of developing ADHD was lower when
FT4 levels were elevated. One biochemical parameter
that was significantly and independently associated with
the diagnosis of ADHD was serum TSH levels. In con-
clusion, our research offers important insights into the
intricate connection between hormone levels, specifically
thyroid function, and ADHD in children. These findings
contribute to the expanding body of evidence highlight-
ing the impact of hormones on ADHD, but it is crucial
to acknowledge the multifaceted nature of this condition.
Despite the challenges of diagnosing ADHD due to the
absence of specific biomarkers, our study underscores
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the importance of conducting further research to iden-
tify reliable indicators. Moreover, the conflicting results
in previous studies regarding the relationship between
sugar intake and ADHD serve as a reminder of the com-
plexity of this disorder. Future research should expand its
focus to include other potential biomarkers and explore
the potential interplay between genetics and environ-
mental factors.

Acknowledgements

The authors are grateful to Muriel R, from Taylor and Francis Editing services,
and SAGE Author Services for her help and suggestions in preparing the
manuscript. We thank the participants and their families for participating in
this study.

Author contributions

Tanja Lukovac, Tatjana Savic and Dragan Pavlovic contributed to conception
and design, drafted manuscript, critically revised manuscript and gave final
approval. Tanja Lukovac wrote the main manuscript. Olivera Aleksic Hil and
Milka Popovic drafted the manuscript. Tatjana Savic did statistical analysis, and
interpretation. Aleksandra M. Pavlovic gave final approval.

Authors’ information

Tanja Lukovac is a speech and language therapist and pathologist, founder

of Higia Logos, Speech and Language Center in Belgrade. Currently a PhD
student at the faculty of Biology, in the field of Neuroscience — Experimental
Neurobiology.

Dragan Pavlovic MD, PhD, neuropsychiatrist, is a retired professor of neurology
and neuropsychology at the University of Belgrade, Serbia. His work is focused
on behavioural neurology, dementias, neuropsychology and micronutrient
substitution in neurology and psychiatry.

Tatjana Savi¢ Principal Research Fellow, Department of the genetics of
populations and ecogenotoxicology, Institute for Biological Research “Sinisa
Stankovic” - National Institute of the Republic of Serbia, University of Belgrade.
As an author and co-author, she has numerous publications in prestigious
international journals in the area of population and ecological genetics and
animal behaviour within fundamental research.

Milka Popovic graduated from King's College and PhD degree at UCL,
University of London. Nutritional Therapy post graduate degree awarded
from CNELM, Middlesex University. Currently working at Beo-Lab Medicover,
Belgrade. Main interests are ASD, gastrointestinal health and prevention.
Olivera Aleksi¢ Hil is a child psychiatrist, Primarius, Master of Medical Sciences
in the field of neuropsychology, Head of the Department for specialist-
consultative examinations for children and youth at the Institute for Mental
Health.

Aleksandra M. Pavlovi¢ MD, PhD, is an assistant professor of neurology,
development neurology and neuropsychology at the University of Belgrade,
Serbia, with a special interest in behavioural neurology, stroke neurology and
dementia.

Funding

This work was supported by the Department of Scientific Research of
Company Lane Team with whom the Center of Language Pathology Higia
Logos (grant number 2-12-18) has signed a contract; The Ministry of Science,
Technological Development and Innovation of the Republic of Serbia
(contract number 451-03-66/2024-03/200007).

Data availability
Available at the Institute of Mental Health in Belgrade, Serbia (approval
number 1704/1).

Declarations

Ethics approval and consent to participate

Ethical approval for this study was obtained on June 26th, 2018, from the
Ethics Committee of the Institute of Mental Health, Belgrade, Serbia (approval
number 1704/1), in accordance with the Declaration of Helsinki (the last
addition from 2000 — World Health Organisation. Operational guidelines for
ethics committees that review biomedical research. Geneva: WHO; 2000). All

Page 8 of 9

parents signed the “Informed consent form for patients given by the parent/
guardian’, at the Institute of Mental Health, in Belgrade, Serbia. Parents

were informed about the research itself and informed that participation is
completely voluntary and that the child has the possibility to voluntarily
withdraw consent at any time without giving a reason and that this will not
affect the further course of treatment.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 15 July 2023 / Accepted: 5 February 2024
Published online: 26 February 2024

References

1. Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA. The worldwide
prevalence of ADHD: a systematic review and metaregression analysis. Am J
Psychiatry. 2007;164:942-8.

2. Weiss M, Worling D, Wasdell M. A chart review study of the inattentive and
combined types of ADHD. J Atten Disord. 2003;7:1-9.

3. Roehr B. American psychiatric association explains DSM-5. BMJ.
2013;346:f3591.

4. Thapar A, Cooper M. Attention deficit hyperactivity disorder. Lancet.
2015;387:1240-50.

5. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders: DSM-5™. 5th ed. Arlington, VA, US: American Psychiatric Publishing;
2013.

6. Conners CK. A teacher rating scale for use in drug studies with children. Am J
Psychiatry. 1969;126:884-8.

7. James EG. Attention deficit hyperactivity disorder test -

ADHDT (complete kit). 2014. https://www.wpspublish.com/
adhdt-2-attention-deficithyperactivity-disorder-test-second-edition.

8. Asherson P, Gurling H. Quantitative and molecular genetics of ADHD. Curr
Top Behav Neurosci. 2012,9:239-72.

9. Skoglund C, Chen Q D'Onofrio BM, Lichtenstein P, Larsson H. Familial con-
founding of the association between maternal smoking during pregnancy
and ADHD in offspring. J Child Psychol Psychiatry. 2014;55:61-8.

10.  Chang CH, Yu CJ, Du JC, Chiou HC, Chen HC, Yang W, et al. The interactions
among organophosphate pesticide exposure, oxidative stress, and genetic
polymorphisms of dopamine receptor D4 increase the risk of attention
deficit/hyperactivity disorder in children. Environ Res. 2018;160:339-46.

11.  Schwenke E, Fasching PA, Faschingbauer F, Pretscher J, Kehl S, Peretz R, et al.
Predicting attention deficit hyperactivity disorder using pregnancy and birth
characteristics. Arch Gynecol Obstet. 2018;298:389-95.

12. Thapar A, Cooper M, Jefferies R, Stergiakouli E. What causes attention deficit
hyperactivity disorder? Arch Dis Child. 2012;97:260-5.

13.  Pheula GF, Rohde LA, Schmitz M. Are family variables associated with ADHD,
inattentive type? A case-control study in schools. Eur Child Adolesc Psychia-
try. 2011;20:137-45.

14.  Mergenthaler P, Lindauer U, Dienel GA, Meisel A. Sugar for the brain: the role
of glucose in physiological and pathological brain function. Trends Neurosci.
2013;36:587-97.

15.  Lindblad F, Eickhoff M, Forslund AH, Isaksson J, Gustafsson J. Fasting blood
glucose and HbATc in children with ADHD. Psychiatry Res. 2015,226:515-6.

16.  Demontis D, Walters RK, Martin J, Mattheisen M, Als TD, Agerbo E, et al.
Discovery of the first genome-wide significant risk loci for attention deficit/
hyperactivity disorder. Nat Genet. 2019;51:63-75.

17.  Mazor-Aronovitch K, Pinhas-Hamiel O, Pivko-Levy D, Modan-Moses D, Levek
N, Miller S, et al. Dual diagnosis of type 1 diabetes mellitus and attention
deficit hyperactivity disorder. Pediatr Diabetes. 2021,22:649-55.

18. Kapellen TM, Reimann R, Kiess W, Kostev K. Prevalence of medically treated
children with ADHD and type 1 diabetes in Germany - Analysis of two repre-
sentative databases. J Pediatr Endocrinol Metab. 2016;29:1293-7.

19.  Bernal J. Thyroid hormones and brain development. Vitam Horm.
2005;71:95-122.

20. Thapar A, Cooper M, Eyre O, Langley K. What have we learnt about the causes
of ADHD? J Child Psychol Psychiatry. 2013;54:3-16.


https://www.wpspublish.com/adhdt-2-attention-deficithyperactivity-disorder-test-second-edition
https://www.wpspublish.com/adhdt-2-attention-deficithyperactivity-disorder-test-second-edition

Lukovac et al. BMC Neurology

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.
33.

34.

35.

36.

37.

38.

39.

(2024) 24:76

Weiss G, Hechtman LT. Hyperactive children grown up: ADHD in children,
adolescents, and adults. 2nd ed. New York, NY, US: The Guilford; 1993.

de Escobar GM, Ares S, Berbel P, Obregén MJ, del Rey FE. The changing role
of maternal thyroid hormone in fetal brain development. Semin Perinatol.
2008,32:380-6.

Zoeller RT. Transplacental thyroxine and fetal brain development. J Clin
Invest. 2003;111:954-7.

Albrecht D, Ittermann T, Thamm M, Grabe HJ, Bahls M, Volzke H. The associa-
tion between thyroid function biomarkers and attention deficit hyperactivity
disorder. Sci Rep. 2020;10:18285.

Zader SJ, Williams E, Buryk MA. Mental health conditions and hyperthyroid-
ism. Pediatrics. 2019;144:¢20182874.

Alvarez-Pedrerol M, Ribas-Fito N, Torrent M, Julvez J, Ferrer C, Sunyer J. TSH
concentration within the normal range is associated with cognitive func-
tion and ADHD symptoms in healthy preschoolers. Clin Endocrinol (Oxf).
2007;66:890-8.

Vyakaranam S, Vanaparthy S, Nori S, Palarapu S, Bhongir AV. Study of insulin
resistance in subclinical hypothyroidism. Int J Health Sci Res. 2014;4:147-53.
Franzen MD. The wechsler intelligence scales for children—the WISC-R, WISC-
Ill, and WPPSI-R. Reliability and validity in neuropsychological assessment.
Boston, MA, US: Springer; 2002. pp. 71-89.

Mirza H, Al-Huseini S, Al-Jamoodi S, Al-Balushi N, Al-Hosni A, Chan MF, et al.
Socio-demographic and clinical profiles of adult attention deficit hyperactiv-
ity disorder patients in a university hospital in Oman. Sultan Qaboos Univ
Med J. 2022;22:206-11.

van Emmerik-van Oortmerssen K, van de Glind G, Koeter MW, Allsop S,
Auriacombe M, Barta C, et al. Psychiatric comorbidity in treatment-seeking
substance use disorder patients with and without attention deficit hyperac-
tivity disorder: results of the IASP study. Wiley Online Libr. 2014;109:262-72.
Przybylak M, Grabowski J, Bidzan L. Cognitive functions and thyroid hor-
mones secretion disorders. Psychiatr Pol. 2021;55:309-21.

Weiss RE, Stein MA, Trommer B, Refetoff S. Attention-deficit hyperactivity
disorder and thyroid function. J Pediatr. 1993;123:539-45.

Azadbakht L, Esmaillzadeh A. Dietary patterns and attention deficit hyperac-
tivity disorder among Iranian children. Nutrition. 2012;28:242-9.

Lien L, Lien N, Heyerdahl S, Thoresen M, Bjertness E. Consumption of soft
drinks and hyperactivity, mental distress, and conduct problems among
adolescents in Oslo, Norway. Am J Public Health. 2006;96:1815-20.

Kim'Y, Chang H. Correlation between attention deficit hyperactivity disorder
and sugar consumption, quality of diet, and dietary behavior in school
children. Nutr Res Pract. 2011;5:236-45.

Dehnavi AZ, Zhang-James Y, Draytsel D, Carguello B, Faraone SV, Weinstock
RS. Association of ADHD symptoms with type 2 diabetes and cardiovascular
comorbidities in adults receiving outpatient diabetes care. J Clin Transl Endo-
crinol 32:100318.

di Girolamo G, Bracco IF, Portigliatti Pomeri A, Puglisi S, Oliva F. Prevalence
of metabolic syndrome and Insulin Resistance in a sample of adult ADHD
outpatients. Front Psychiatry. 2022;13:891479.

JahagirdarV, McNay EC. Thyroid hormone’s role in regulating brain glucose
metabolism and potentially modulating hippocampal cognitive processes.
Metab Brain Dis. 2012;27:101-11.

Bauer M, Whybrow PC. Thyroid hormone, neural tissue and mood modula-
tion. World J Biol Psychiatry. 2001;2:59-69.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 9 of 9

Gould E, Allan MD, McEwen BS. Dendritic spine density of adult hippocampal
pyramidal cells is sensitive to thyroid hormone. Brain Res. 1990;525:327-9.
Yen PM. Physiological and molecular basis of thyroid hormone action. Physiol
Rev. 2001;81:1097-142.

Cakaloz B, Akay AP, Bober E, Yulug B. Thyroid function and oppositional
defiant disorder: more than a coincidence in prepubertal boys with
attention-deficit hyperactivity disorder? J Neuropsychiatry Clin Neurosci.
2011;23:E9-10.

El Baz F, Hamza RT, EI-Din MAS, Hassan MA. Study of thyroid function in
children with attention deficit hyperactivity disorder and aggressive behavior.
Egypt J Med Hum Genet. 2008;9:93-104.

Kuppili PP, Pattanayak RD, Sagar R, Mehta M, Vivekanandhan S. Thyroid and
cortisol hormones in attention deficit hyperactivity disorder: a case-control
study. Asian J Psychiatr. 2017;28:73-7.

Berg V, Ngst TH, Skeie G, Thomassen Y, Berlinger B, Veyhe AS, et al. Thyroid
homeostasis in mother-child pairs in relation to maternal iodine status: the
MISA study. Eur J Clin Nutr. 2017;71:1002-7.

Korada SM, Pearce M, Ward PMP, Avis E, Turner S, Wastell H, et al. Difficulties in
selecting an appropriate neonatal thyroid stimulating hormone (TSH) screen-
ing threshold. Arch Dis Child. 2010;95:169-73.

Villanger GD, Drover SSM, Nethery RC, Thomsen C, Sakhi AK, @vergaard

KR, et al. Associations between urine phthalate metabolites and thyroid
function in pregnant women and the influence of iodine status. Environ Int.
2020;137:105509.

Abd El Rahman S, Abd El Mawella SM, Hussein HA, El Mosalmy M. Thyroid
dysfunction in attention-deficit hyperactivity disorder and effect of comor-
bidity. Egypt J Psychiatry. 2014;35:89.

Abdallah M, Taha EM, Soliman HK, Mostafa ZAH. Thyroid hormones profile
among children with attention deficit hyper activity disorder. Al-Azhar J
Pediatr. 2019;22:21-36.

Drover SSM, Villanger GD, Aase H, Skogheim TS, Longnecker MP, Zoeller RT,
Reichborn-Kjennerud T, Knudsen GP, Zeiner P, Engel SM. Maternal thyroid
function during pregnancy or neonatal thyroid function and attention deficit
hyperactivity disorder: a systematic review. Epidemiology. 2019;30(1):130-44.
da Silva BS, Grevet EH, Silva LCF, Ramos JKN, Rovaris DL, Bau CHD. An over-
view on neurobiology and therapeutics of attention-deficit/hyperactivity
disorder. Discov Ment Health. 2023;3(1):2.

Chen G, Gao W, Xu'Y, Chen H, Cai H. Serum TSH levels are Associated with
hyperactivity behaviors in children with attention Deficit/Hyperactivity
disorder. Neuropsychiatr Dis Treat. 2023;19:557-64.

Li DJ, Tsai CS, Hsiao RC, Chen YL, Yen CF. Associations between allergic and
autoimmune diseases with Autism Spectrum disorder and Attention-Deficit/
Hyperactivity disorder within families: a Population-based Cohort Study. Int J
Environ Res Public Health. 2022:19(8):4503.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Serum levels of glucose, thyroid stimulating hormone, and free thyroxine in boys diagnosed with attention deficit hyperactivity disorder: a cross-sectional pilot study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Participants
	﻿ADHD group
	﻿Control group
	﻿Procedures
	﻿Measurements
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Limitations

	﻿Conclusions
	﻿References


