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Objective: Previous studies indicated that maternal thyroid dysfunction increase the offspring’s risk for attention deficit/hyperactivity
disorder (ADHD). However, the relationship between thyroid function and symptoms in children with ADHD remains unclear.
Methods: A total of 49 children with ADHD were enrolled. The Conners 3 scale was used to estimate the symptoms associated with
ADHD. Correlation between thyroid hormones and the scores of the Conners 3 scale was evaluated by Pearson correlation analysis.
Then, ADHD children were divided into two groups according to the hyperactivity index (HI) of the Conners 3 scale: ADHD children
with hyperactivity behaviors (HB) (HI > 1.5) and ADHD children without HB (HI < 1.5). The demographic characteristics, thyroid
hormones, and routine laboratory parameters between the two groups were collected. To distinguish HI-related factors, a univariate
analysis and a binary logistic regression predictive model were used. The discriminative ability of thyroid stimulating hormone (TSH)
in predicting ADHD children with HB from ADHD children without HB was investigated using the receiver operating characteristic
(ROC) curve method.

Results: The levels of TSH were positively correlated to the scores of the Conners 3 scale (r = 0.338, P = 0.033) and HI (r = 0.371,
P = 0.019). Moreover, the levels of TSH, serum ferritin, and lactic acid were significantly increased in ADHD children with HB
compared to ADHD children without HB (all P < 0.05). Furthermore, the results of binary logistic regression found that TSH (OR
2.243 (CL 1.052—4.783)) and lactic acid (OR 1.018 (CI 1.003-1.032)) were independently associated with HI. Additionally, ROC
analysis indicated the potential diagnostic value of TSH in discriminating ADHD children with HB from ADHD children without HB
with an AUC of 0.684.

Conclusion: These results suggested that the serum TSH levels may be related to the HB in children with ADHD.

Keywords: thyroid function, children, attention deficit/hyperactivity disorder, thyroid stimulating hormone, lactic acid, hyperactivity
behaviors

Introduction

Attention-deficit/hyperactivity disorder (ADHD), one of the most common neurodevelopmental disorders diagnosed in
children, has emerged as a major global medical and public health concern.'* The incidence of ADHD was estimated to
be between 2-7% globally,® and 6.4% (6.2-7.0%) among children aged 6-16 years old in China was reported to have
ADHD.” It has been demonstrated that ADHD symptoms can persist into adulthood and contribute to a variety of societal
issues, such as lower levels of work performance, higher rates of unemployment, smaller social networks, and higher
rates of crime.” However, excluding some medications used to treat specific symptoms of ADHD, there is presently no
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overall treatment for ADHD.® Thus, improving current preventive measures requires gaining a better knowledge of the
underlying triggers that raise the risk of ADHD.

Thyroid status, which is determined by free triiodothyronine (fT3), free thyroxine (fT4), and thyroid stimulating
hormone (TSH), is crucial for the control of motor, cognitive, and affective activities.” Several lines of evidence indicate
that fetal brain development may be harmed by maternal thyroid dysfunction.® Specifically, the risk of ADHD in the
offspring is increased by maternal (overt) hyperthyroidism,”'® high TSH concentration during pregnancy,'' and maternal
autoimmune thyroiditis'? in the early stages of pregnancy. More recently, it has been reported that in contrast to children
without hyperthyroidism, the prevalence ratio of ADHD in children who have hyperthyroidism is 1.7."> Moreover,
individuals with hyperthyroidism may experience symptoms similar to ADHD including anxiety, nervousness, irritability,
and physical hyperactivity.'* These findings point to a possible relationship between thyroid dysfunction and ADHD in
children.

In the present study, to test this hypothesis that thyroid function may be related to the symptoms in children with
ADHD, a total of 49 children with ADHD were enrolled. The Conners 3 scale was used to estimate the symptoms
associated with ADHD. Correlation between thyroid hormones and the scores of the Conners 3 scale was evaluated by
Pearson correlation analysis. Then, ADHD children were divided into two groups according to the hyperactivity index
(HI) of the Conners 3 scale: ADHD children with hyperactivity behaviors (HB) (HI > 1.5) and ADHD children without
HB (HI < 1.5). The demographic characteristics, thyroid hormones, and routine laboratory parameters between the two
groups were collected and compared to explore potential indicators related to HB. To distinguish Hl-related factors,
a univariate analysis and a binary logistic regression predictive model were used. The discriminative ability of thyroid
stimulating hormone (TSH) in predicting ADHD children with HB from ADHD children without HB was investigated
using the receiver operating characteristic (ROC) curve method.

Materials and Methods

Study Design and Participants

Children with ADHD at Anhui Provincial Children’s Hospital from October 2021 and May 2022 were selected retro-
spectively. According to the standards of the structured clinical interview and the Diagnostic and Statistical Manual for
Psychiatric Disorders-Fifth Edition (DSM-V), all participants were given an ADHD diagnosis. The criteria for joining the
group were as follows: (1) age 6 to 14 years; (2) 1Q scores > 80; (3) receiving no treatment with ADHD. The exclusion
criteria were as follows: (1) patients with nervous system diseases; (2) patients with serious somatic disease; (3) patients
with other mental disorders, such as schizophrenia, mental retardation, and depression; (4) patients with a history of
severe brain trauma. The Ethics Committee of Anhui Provincial Children’s Hospital approved this study. Informed
consent was obtained from each parent/legal guardian of eligible participants prior to enrolment in accordance with the
Declaration of Helsinki.

Clinical Data Collection

Retrospective research was done on the individuals, and electronic medical records were used to get the subjects’ actual
data (clinical and laboratory). The following clinical information was gathered: age, gender, and routine laboratory
parameters including fT3, fT4, TSH, total protein, albumin, globulin, prealbumin (PAB), total bilirubin (TBIL), direct
bilirubin (DBIL), indirect bilirubin (IBIL), anion gap, plasma osmolarity, serum ferritin, lactic acid, aspartate amino-
transferase (AST), alanine aminotransferase (ALT), AST/ALT, alkaline phosphatase (ALP), y-glutamyl transpeptidase (y-
GT), glucose, uric acid, creatinine, blood urea nitrogen (BUN), BUN/creatinine, Na*, Mg?*, Cl", phosphorus, Ca>", K,
CO,, Cystatin C, and cholinesterase.

Measurement of the Conners 3 Scale

The symptoms associated with ADHD was estimated by the Conners 3 scale, a widely used and validated screening
instrument to evaluate behavioral issues associated with ADHD in children between the ages of 3 and 16 years old.'® The
tool’s Chinese translation demonstrated high validity and reliability.'® It has 48 items in total, which are summarized into
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6 subscales: impulsivity-hyperactivity, anxiety, hyperactivity index (HI), learning problems, behavioral problems,
psychosomatic problems. Depending on how true each statement is to the children’s behavior, each item receives
a score between 0 and 3, with O representing never, 1 occasionally, 2 regularly, and 3 representing frequently.
Children’s hyperactivity behaviors (HB) were measured by the HI subscale.'> The HI measure is comprised of 10
items and the average score, with a maximum possible value of 3, was then calculated. The HB measurement was
a continuous variable with a score between 0 and 3, with a higher score indicating a higher level of HB. In order to
distinguish between children with and without HB, a cut-off score of 1.5 was used.'®

Statistical Analysis

SPSS (version 17.0; IBM Corp., Armonk, NY, USA) was used for statistical analysis. The statistical significance level
was set at 0.05, and the data are presented as mean + standard error of the mean (SEM). The one-sample Kolmogorov—
Smirnov test was used to determine whether the distribution of continuous variables was normally distributed.
Correlation between thyroid hormones and the scores of the Conners 3 scale was evaluated by Pearson correlation
analysis. Student’s #-test or Mann—Whitney U-test for independent samples was used to compare the age, thyroid
hormones, routine laboratory parameters between ADHD children with HB and ADHD children without HB. The
gender differences between the groups were examined using the chi-square test. The variable with a P-value of 0.1 or less
in the Student’s ¢-test, Mann—Whitney U-test, or chi-squared test were entered into binary logistics regression model to
evaluate the risk factors related to HI. The discriminative ability of TSH in predicting ADHD children with HB from
ADHD children without HB was investigated using the receiver operating characteristic (ROC) curve method.

Results

Correlation Between Thyroid Hormones and the Scores of the Conners-3 Scale
Figure 1 summarizes the relationship between thyroid hormones and the scores of the Conners-3 scale in ADHD
children. The levels of TSH were positively correlated to the scores of the Conners-3 scale (r = 0.338, P = 0.033) and
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Figure | Correlation between thyroid hormones and the scores of the Conners-3 scale. x: no significance.
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HI (r=0.371, P=0.019). In terms of fT3 and fT4, there was no significant relationship between either fT3 or fT4 and the
scores of the Conners-3 scale.

Comparison of Demographic Characteristics, Thyroid Hormones, Routine Laboratory
Parameters Between ADHD Children with HB and Without HB

Children with and without HB are distinguished between by using HI at a cut-off score of 1.5. In order to explore
potential indicators related to HB, the demographic characteristics, thyroid hormones, and routine laboratory parameters
between the two groups were collected and compared. ADHD children were divided into two groups according to the HI:
ADHD children with HB (HI > 1.5) and ADHD children without HB (HI < 1.5). As shown in Table 1, the levels of TSH,
serum ferritin, and lactic acid were significantly increased in ADHD children with HB compared to ADHD children
without HB (all P< 0.05).

Table 1 Demographic Characteristics, Thyroid Hormones, Routine Laboratory
Parameters Between ADHD Children with HB and without HB

Variables Without HB With HB tZiy’ P

Age 8.17+0.34 7.92+0.44 0.444 0.659
Gender (male/female) 18/5 20/6 0.013 0911
fT3 (pmol/L) 7.32+0.23 6.76+0.19 1.878 0.067
fT4 (pmol/L) 14.27+0.37 14.44+0.35 —0.330 | 0.743
TSH (ulU/mL) 2.32+0.19 2.99+0.24 —2.205 | 0.027
Total Protein (g/L) 73.40+0.84 72.69%1.25 0.477 0.636
Albumin (g/L) 46.40+0.43 47.07+0.74 —0.772 | 0.445
Globulin (g/L) 27.01+0.60 25.66+0.78 1.357 0.182
PAB (mg/L) 226.50%11.74 232.53+8.55 —0.418 | 0.678
TBIL (umol/L) 6.52+0.30 6.83+0.72 —0.393 | 0.697
DBIL (umol/L) 2.28+0.11 2.45+0.28 —0.568 | 0.574
IBIL (umol/L) 4.25+0.21 4.38+0.48 —0.257 | 0.799
Anion gap 15.65+0.58 16.11+0.82 —0.454 | 0.652
Plasma osmolarity (mOsm/kg H,0) 279.23+0.97 278.60+0.72 0.526 0.601
Serum ferritin (umol/L) 12.68+0.71 15.45+1.15 —2.047 | 0.048
Lactic acid (mg/L) 155.46+12.81 197.97+14.74 —2.175 | 0.030
AST (U/L) 28.44+1.34 28.59+1.01 —0.089 | 0.929
ALT (U/L) 15.66+0.74 19.69+2.04 —0.657 | 0.511
AST/ALT 1.90+0.12 1.69+0.13 1.133 0.264
ALP (IU/L) 254.33%£16.97 255.32%13.18 —0.425 | 0.671
y-GT (IU/L) 12.19+0.43 15.23+1.59 —0.597 | 0.551
Glucose (mmol/L) 5.53+0.15 5.53£0.12 0.073 0.942
Uric acid (umol/L) 303.63%19.11 321.22+16.66 —1.070 | 0.285
Creatinine (umol/L) 39.40£1.16 41.45+1.88 -0.912 | 0.367
BUN (mmol/L) 5.10+0.33 4.94+0.21 0.413 0.682
BUN/Creatinine 130.82+8.40 123.96+7.70 0.603 0.550
Na* (mmol/L) 139.57+0.51 139.32+0.40 0.396 0.694
Mg>* (mmol/L) 0.92+0.02 0.92+0.02 —0.241 | 0.811
ClI" (mmol/L) 105.57+0.68 104.95+0.38 —0.518 | 0.605
Phosphorus (mmol/L) 1.62+0.03 1.63+0.04 —0.116 | 0.908
Ca®" (mmol/L) 2.52+0.02 2.56+0.02 —1.283 | 0.207
K* (mmol/L) 4.26+0.07 4.34+0.07 —0.620 | 0.535
CO;, (mmol/L) 22.52+0.53 22.59+0.60 —0.089 | 0.930
Cystatin C (mg/L) 0.76+0.03 0.77+0.02 —0.262 | 0.795
Cholinesterase (U/L) 9611.10+394.86 | 10,022.18+435.09 | —0.698 | 0.489
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Table 2 Binary Logistics Regression Analysis of Factors Associated with HI

Variables B OR P 95% Confidence Interval
fT3 -0.828 0.437 0.083 0.172-1.113
TSH 0.808 2.243 0.037 1.052—4.783
Serum ferritin 0.141 1.151 0.147 0.952—-1.392
Lactic acid 0.017 1.018 0.018 1.003-1.032

Binary Logistic Regression Evaluating the Factors Related to Hl

The variable with a P-value of 0.1 or less in the univariate analysis were entered into binary logistics regression model to
evaluate the factors related to HI. The results of binary logistic regression found that TSH (OR 2.243 (CL 1.052-4.783))
and lactic acid (OR 1.018 (CI 1.003-1.032)) were independently associated with HI (Table 2).

Diagnostic Values of TSH in Discriminating ADHD Children with HB from ADHD

Children Without HB

The diagnostic performance of TSH in discriminating ADHD children with HB from ADHD children without HB was
performed by ROC curve analysis. As shown in Figure 2, the AUC value of TSH was 0.684, with a sensitivity of 65.4%
and a specificity of 78.3%.

Discussion
The purpose of this study was to investigate the connection between ADHD symptoms and thyroid function. Four major
findings emerged in the present study. Firstly, the levels of TSH were positively correlated to the scores of the Conners 3
scale and HI. Secondly, the levels of TSH, serum ferritin, and lactic acid were significantly increased in ADHD children
with HB compared to ADHD children without HB. Thirdly, TSH and lactic acid were independently associated with HI.
Fourthly, TSH achieved a relatively high accuracy in discriminating ADHD children with HB from ADHD children
without HB.

The Conners 3 scale is a questionnaire for parents that is intended to evaluate behavioral issues associated with
ADHD and related disorders.'” The scale consists of six content scales: behavioral problems, HI, hyperactivity/
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Figure 2 ROC curve of serum TSH levels in identification of ADHD children with HB from ADHD children without HB.
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impulsivity, anxiety, somatic symptom disorder. Due to its good reliability and validity, the Conners 3 scale is widely
used to assess ADHD related symptoms in a numerous of studies.'®'® Thus, this scale was selected to evaluate the
symptoms associated with ADHD.

Several studies have evaluated the association between TSH and ADHD. It has been shown that TSH levels, although
within normal limits, were significantly lower in methylphenidate-treated boys with ADHD than in the drug-naive and
control groups.”® Another study has demonstrated that in children, but not in adolescents, increased serum TSH levels
were associated with a decreased risk of ADHD diagnosis.® More recently, no significant correlation was found between
serum TSH levels and the symptoms of ADHD in India.>' This finding is not in concordance with our results. In the
present study, positive relationship was found between the levels of TSH and the scores of the Conners 3 scale and HI,
indicating that TSH may be related to the symptom severity of ADHD, especially HB. The reason for these contradictory
findings is still not entirely clear. There are several possible explanations: (1) these differences could be attributed to the
different populations studied, since Indian populations were included in their study and Chinese populations were
included in the present study; (2) gender ratio difference. There were 28 boys and 2 girls in ADHD group in their
study, while there were 38 boys and 11 girls in the present study. (3) the correlation between TSH and symptoms was
analyzed in the total subjects including ADHD patients and healthy controls in their study, and our study was to analyze
this correlation in ADHD patients.

Children’s HB were measured by the HI subscale. HI at a cut-off score of 1.5 is used to identify the children with and
without HB.'® Therefore, in order to further explore the relationship between thyroid function and symptoms in children
with ADHD, ADHD children were divided into two groups according to the HI of the Conners 3 scale: ADHD children
with HB (HI > 1.5) and ADHD children without HB (HI < 1.5). The demographic characteristics, thyroid hormones, and
routine laboratory parameters between the two groups were compared and the results showed that the levels of TSH were
significantly increased in ADHD children with HB compared to ADHD children without HB. Further results of binary
logistic regression found that TSH was independently associated with HI. We further explored the potential value of TSH
as diagnostic biomarker of HB in ADHD. The AUC value of TSH was 0.684, with a sensitivity of 65.4% and a specificity
of 78.3% in discriminating ADHD children with HB from ADHD children without HB. These findings further link
a close relationship between TSH and the HB of ADHD children.

Iron deficiency (ID) has been proposed as a potential etiopathophysiological component in a subsample of people
with ADHD due to iron’s involvement in neurocognitive and behavioral functioning.> Serum ferritin, a measure of
peripheral iron status, has been the main focus of the majority of investigations evaluating ID in ADHD. Several lines of

D,*2° and one study®’ was unable to

evidence discovered a link between low ferritin levels and the prevalence of ADH
support this finding. To the best of our knowledge, we firstly compared the serum ferritin levels between ADHD children
with HB and without HB. The results showed that the levels of serum ferritin were significantly increased in ADHD
children with HB compared to ADHD children without HB. This finding suggests that ferritin, as a marker for iron
stores, may be included in the baseline evaluations of children with clinical presentation of ADHD.

Higher lactic acid levels were found in ADHD children with HB compared to ADHD children without HB in the
present study. The results of binary logistic regression found that lactic acid was independently associated with HI. It is
well known that ADHD children with HB have an excess of activity, which may lead to accumulation of lactic acid in
serum. Since this study is a single-center study and the sample size is relatively small, this relationship should be
confirmed by multicentric studies.

Several limitations should be highlighted. First, the small sample size and single-center design of the current study
may indicate sampling bias. There are two other reasons that limit the sample size: (1) in order to rule out the effects of
drugs, patients receiving no treatment with ADHD were enrolled; (2) the sample size is limited due to the impact of
COVID-19 epidemic. Second, the causal relationship between TSH and hyperactivity in ADHD children cannot be
examined in this cross-sectional study. Third, due to a retrospective study, the BMI was not included.

In summary, the present study reveals that the serum TSH levels may be related to the HB in children with ADHD. To
validate this potential relationship, multicentric studies are clearly required, and to examined the causal relationship
between thyroid function and symptoms in children with ADHD, longitudinal studies and randomized controlled trials
(RCTs) are warranted.
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