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A B S T R A C T   

Objective: The pathophysiology of attention deficit hyperactivity disorder (ADHD) are still not fully elucidated. 
Immune system dysregulation has emerged as a major etiological focus as a result of the high comorbidity of 
allergic disease, inflammatory biomarkers, and genetic research. The present study aimed to evaluate peripheral 
lymphocyte subpopulations and regulatory T cells (Tregs) in children with ADHD. 
Methods: This single-center cross-sectional case-control study assessed 49 children with ADHD and 35 age- and 
gender-matched healthy children aged 7–12 years (9.10 ± 2.37 and 9.45 ± 2.13, respectively). The participants 
were screened for psychopathology using the Kiddie Schedule for Affective Disorders and Schizophrenia for 
School-Age Children–Present and Lifetime Version, while the severity of ADHD symptoms was measured by 
means of the distracted-Continuous Performance Test. Peripheral lymphocyte subpopulations and Tregs were 
analyzed with flow-cytometry. 
Results: There is no significant difference in peripheral blood lymphocyte subsets between ADHD and control 
groups The children diagnosed with ADHD exhibited significantly higher levels of CD3+ CD4+ CD25+ Foxp3+

(Tregs) than the healthy control subjects (8.23 ± 2.09 vs. 6.61 ± 2.89; z = 2.965, p = .004). The Tregs cell (Exp 
(B) = 1.334; p = .042; CI = 1.011–1.761) levels were determined to be statistically significant according to 
regression analysis and were associated with an increased probability of ADHD. 
Conclusion: Elevated Treg levels were linked to an increased likelihood of ADHD. This study suggested that 
changes in immune regulatory cells represent an important part of research in treatment of ADHD.   

1. Introduction 

Attention deficit hyperactivity disorder (ADHD), a neuro-
developmental disorder commonly occurring in children, negatively 
affects the quality of life and overall welfare, both personally and pro-
fessionally, due to the inattention, hyperactivity, and/or impulsivity 
that characterizes it (Edition, 2013; Danckaerts et al., 2010). Its preva-
lence among children and adolescents on a global scale is 5.3%; among 
school-age children in Turkey, its prevalence was determined to be 
12.4% based on a multicenter study (Ercan et al., 2019; Polanczyk et al., 
2007). The heritability of ADHD, in which the mutual interaction of 
genetic and environmental factors constitutes the main etiological fac-
tor, is in the range of 70–80% (Faraone et al., 2005; Knopik et al., 2005). 

In this context, for ADHD with moderate heritage, factors such as the 
disturbance of micro-nutrient and breastfeeding are also important in 
the etiology. Specifically, in a meta-analysis study including 12 studies, 
children with ADHD were found to have lower levels of both serum and 
hair magnesium than controls (Huang et al., 2019). In a study in which 
100 children with ADHD and 100 healthy controls were included, it was 
reported that children with ADHD consumed more simple sugar, while 
their consumption of protein, vitamin B1, vitamin B2, vitamin C, zinc 
and calcium was lower (Salvat et al., 2022). Studies showed that man-
ganese which has a neurotoxic effect by affecting the dopaminergic 
system, is higher in children with ADHD than controls (Shih et al., 
2018), also in children with ADHD the serum ferritin level was lower 
than the controls, the severity of ADHD was higher in the group with 
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iron defiency compared to the group without iron defiency, and iron 
defiency increased the risk of ADHD by 1.63 times (Tseng et al., 2018). A 
systematic review by Granero et al., which included 9 studies, reported 
that iron and zinc supplementation may improve ADHD symptoms. Zinc 
contributes to DNA synthesis, cell division, dopamine and melatonin 
function. Iron is involved in dopamine and noradrenaline synthesis, 
DNA synthesis and electron transport (Granero et al., 2021). In addition, 
in a meta-analysis including eleven articles, it was stated that the 
breastfeeding duration of children with ADHD diagnosis was 2.44 
months shorter than the control group, and there was a high correlation 
between non-breastfeeding and ADHD (Odds ratio: 3.71) (Tseng et al., 
2019). The structural differences and functional hypoactivation of spe-
cific cortical and subcortical areas with catecholaminergic dysfunction 
represent the primary consequences of multifactorial etiology (Del 
Campo et al., 2011; Hoogman et al., 2017; Hart et al., 2013). Although 
the underlying pathophysiological mechanism remains unclear, there is 
increasing evidence that neuroinflammation may be a cause of this 
neuro-cortical dysmaturity (Dunn et al., 2019). 

A number of pathophysiological mechanisms, such as glial activation 
(Réus et al., 2015), increased oxidative stress (Guney et al., 2015), 
neuronal degeneration (Allan and Rothwell, 2001), and disruption of the 
blood-brain barrier have been studied as possible neuroinflammatory 
processes that could lead to neuropsychiatric disorders. A sufficient 
amount of data has emerged to focus this immuno-neuropsychiatric lens 
on ADHD (Pape et al., 2019). Supporting evidence on the possible role of 
neuroinflammation in the pathophysiology of ADHD can be grouped 
under three headings: comorbidity with inflammation and autoimmune 
disorders, biochemical markers, and genetic studies (Leffa et al., 2018; 
Corona, 2020). 

Biomarkers, including specific antibodies, cytokines, and neuro-
trophic factors, have been evaluated in children with ADHD on 
numerous occasions (Leffa et al., 2018; Corona, 2020). Some studies 
investigating anti-Purkinje autoantibodies, such as anti-Yo, anti-Hu, and 
anti-Ri, to determine cerebellar neuroinflammation showed increased 
seropositivity, while others exhibited no difference (Cetin et al., 2019; 
Donfrancesco et al., 2020). In addition, increased anti-dopamine trans-
porter antibodies and anti-basal ganglia antibodies have been observed 
in patients with ADHD, corroborating the role of autoimmunity (Giana 
et al., 2015; Toto et al., 2015). In studies of pro- and anti-inflammatory 
cytokines, different cytokines from both groups were revealed to in-
crease or decrease in children, or no difference was detected compared 
to the control group (Darwish et al., 2019; Smith et al., 2014; Oades 
et al., 2010; O'Shea et al., 2014). As an indirect sign of neuro-
inflammation, oxidative stress was found to be higher in children with 
ADHD than in healthy control subjects, a situation that improved with 
treatment (Guney et al., 2015). The biomarker research thus supports 
the hypothesis that specific immune system problems may occur in pa-
tients with ADHD. 

The relationship between immune-related diseases and both ADHD 
and other psychiatric disorders has been demonstrated in many studies. 
The prevalence of asthma is higher in patients with bipolar disorder 
compared to patients without bipolar disorder, and the prevalence of 
bipolar disorder is higher in patients with asthma compared to patients 
without asthma (Wu et al., 2016), eczema is associated with both 
depression (Odds ratio: 1.64) and anxiety (Odds ratio: 1.68) (Long et al., 
2022), being diagnosed with allergic rhinitis during pregnancy increases 
the risk of postpartum depression approximately 1.5 times (Yang et al., 
2021). To assess the relationship between ADHD and allergic diseases, a 
systematic review and meta-analysis of more than 61,000 children (of 
whom approximately 8000 had been diagnosed with ADHD) found that 
those with ADHD had a greater likelihood of asthma, allergic rhinitis, 
atopic dermatitis, and allergic conjunctivitis (Miyazaki et al., 2017). 
Another systematic review and meta-analysis revealed the coexistence 
of ADHD and atopy; in addition, ADHD patients were found to have 
higher rates of asthma, eczema, and rhinitis than the control group (van 
der Schans et al., 2017). In a prospective cohort study on the 

relationship between ADHD and autoimmune diseases and/or history of 
maternal autoimmune disease, which incorporated more than 23,000 
patients, individual autoimmune diseases such as juvenile arthritis, type 
1 diabetes, and autoimmune thyroiditis and a history of maternal 
autoimmune diseases, including type 1 diabetes and ankylosing spon-
dylitis, were linked to an increased likelihood of ADHD (Nielsen et al., 
2017). Genetic studies in which cytokine gene polymorphisms were 
examined as candidate genes revealed a relationship between the pres-
ence of ADHD and symptom severity (Segman et al., 2002; Smith et al., 
2014). 

The next step toward understanding the pathogenesis of psychiatric 
disorders in which neuroinflammation is clearly manifested is to 
determine the peripheral immune cell profile and disruptions. In one 
study, the percentage of regulatory T cells (Tregs) was significantly 
reduced and the Th17/Treg balance was skewed toward a Th17 response 
in children with autism spectrum disorder (ASD) compared to healthy 
control subjects (Moaaz et al., 2019). Another study found that although 
Th17 and myeloid dendritic cells were present at significantly greater 
levels in children with ASD than in controls, the proportion of regulatory 
T cells, B lymphocytes, monocytes, and natural killer (NK) cells did not 
differ significantly (Basheer et al., 2018). In terms of ADHD treatment, 
methylphenidate provides improvement in ADHD symptoms (Sun et al., 
2019) and has beneficial effects on neurocognitive functions (Vertessen 
et al., 2021). In addition, methylphenidate induced anxiety-like 
behavior, promoted the permeability of the blood-brain barrier and 
increased the infiltration of peripheral immune cells into the prefrontal 
cortex at high doses in an ADHD rat model. (Coelho-Santos et al., 2018). 
Despite the strong evidence accumulated to date regarding the potential 
role of neuroinflammation in the etiopathogenesis of ADHD, a 
comprehensive assessment of peripheral immune profiles and aberra-
tions in children with ADHD is lacking. Thus, the current study was 
designed to investigate alterations in peripheral lymphocyte sub-
populations and Tregs in children with ADHD versus control subjects 
using the flow cytometry method. We hypothesized that immunophe-
notyping would reveal the distribution of immune cells, which could 
indicate possible inflammation in children with ADHD in comparison 
with their healthy peers. As an additional hypothesis, we predicted that 
alterations in peripheral lymphocyte subpopulations would correlate 
with symptom severity in children with ADHD. 

2. Materials and methods 

2.1. Participants and procedure 

This single-center, cross-sectional case-control study was carried out 
at the Child and Adolescent Psychiatry and Child Immunology and Al-
lergy clinics of Selçuk University Medical Faculty between January 2019 
and February 2020. The sample was comprised of children with ADHD 
along with healthy control subjects. The exclusion criteria consisted of 
the presence of chronic neurological/metabolic/immunological disease, 
comorbid psychopathology, and previous treatment with a diagnosis of 
ADHD diagnosis. Possible cases meeting the DSM-IV-TR diagnostic 
criteria for ADHD were identified by the child psychiatrists involved in 
the study. Following clinical and psychometric evaluations, a semi- 
structured psychiatric assessment tool, the Kiddie Schedule for Affec-
tive Disorders and Schizophrenia for School-Age Children–Present and 
Lifetime Version (K-SADS-PL), was used to detect and exclude comorbid 
psychopathology in the patients diagnosed with ADHD. Drug-naive 
patients with a first-time diagnosis of ADHD and no comorbidities 
were then re-evaluated by the executive faculty member involved in the 
study and subsequently included in the study following confirmation of 
the ADHD diagnosis. This process ensured that diagnostic accuracy was 
maximized and minimized or eliminated any possible diagnostic in-
consistencies between different physicians. 

A total of 424 children aged 7 to 12 years diagnosed with combined 
type ADHD were evaluated for the present study. Of those not included 
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in the study, 311 could not participate due to exclusion criteria, 41 
dropped out, and 13 did not complete the MOXO d-CPT test, resulting in 
a total of 49 patients who completed the study. The control group was 
comprised of 35 children who had undergone routine check-ups at the 
clinics but were not diagnosed with any psychiatric disorders following 
clinical examination and psychometric tests (including K-SADS-PL). 
Children presenting with psychiatric, or neurological/metabolic/ 
immunological disorders were excluded as control subjects. The control 
group and the children with ADHD were matched with respect to 
gender, age, family structure, and parental employment status. A total of 
84 participants were analyzed in this study (see flowchart, Fig. 1). 

Written informed consent was obtained from the participants and 
their parents after they were informed of the study's objectives and 
methods. The MOXO d-CPT test, a continuous performance test that 
objectively assesses attention deficit, impulsivity, hyperactivity, and 
timing problems in ADHD by employing distracting and non-distracting 
tasks, was then administered to all of the study participants. Peripheral 
blood samples, remaing from samples previously taken during the 
diagnostic process for routine blood tests, were delivered to the immu-
nology laboratory for immunophenotyping. Ethical permission and 
approval for this study were granted by the local ethics committee of 
Selçuk University (date: 07.02.2018; no.: 2018/44). 

2.2. Data collection tools 

2.2.1. Socio-demographic form 
To gather information on the age, gender, parental employment 

status, family structure, and socio-economic status of the study partici-
pants, the researchers developed a socio-demographic form. The par-
ticipants' socio-economic status was categorized based on the official 
2019 hunger and poverty limits for Turkey. 

2.2.2. Kiddie schedule for affective disorders and schizophrenia for school- 
age children–present and lifetime version (K-SADS-PL) 

This semi-structured interview, created by Kauffman et al. for the 
purpose of screening psychopathologies in children aged 6 to 18 years 
(Kaufman et al., 1997), incorporates data elicited from both children 
and their parents. The scale encompasses the following psychopathol-
ogies: affective disorders, psychotic disorders, anxiety disorders, exter-
nalizing disorders, alcohol and substance abuse, and eating and tic 
disorders. Gokler et al. conducted the validity and reliability study of 

this scale for Turkish (Gokler, 2004). 

2.2.3. Distracted-continous performance test (MOXO d-CPT) 
This is an online measurement tool designed to detect ADHD-related 

symptoms that is objective and clinically approved, with a sensitivity of 
90% and a specificity of 85% (Cassuto et al., 2013; Berger et al., 2017). It 
consists of four performance index scores: attention, timeliness, impul-
sivity, and hyperactivity. The first of these, the attention index, involves 
measuring correct responses regardless of response time. For the time-
liness index, correct responses to the target stimulus are assessed based 
on whether they occur in a timely manner, whereas those to non-target 
stimuli are evaluated according to the impulsivity index. The hyperac-
tivity index is defined as the difficulty in regulating responses effec-
tively, as well as controlling unwanted and unnecessary movements. The 
MOXO d-CPT results generate a z score which is calculated for each 
index and divided into 4 levels. A z score of 0 or greater is classified as 
good performance with high norm width. If the z score is less than 0 and 
greater than or equal to − 0.825, the level is standard performance, 
within the medium norm width. A z score of less than − 0.825 and 
greater than or equal to − 1.65 is considered poor performance, low 
norm width range. If the z score is greater than or equal to − 1.65, the 
difficulty in r level performance is categorized as out of the norm range 
(Berger et al., 2021). Since the test is designed to measure the prob-
lematic range and focuses on the error, the highest 0 is taken and the z- 
score of each index increases negatively as the performance worsens. In 
other words, a low index score is a finding in favor of poor performance 
and is interpreted in favor of ADHD.The researchers involved in the 
present study (a senior faculty member and the specialist physicians) 
have acquired the necessary training and certificates to administer the 
relevant tests. 

2.3. Determination of peripheral lymphocyte subsets and regulatory T 
(Treg) cells 

Peripheral blood samples obtained from the patient and control 
groups were collected in vacutainer glass tubes containing EDTA. For T, 
B, NK, and NKT cell counts, 100 μl of blood was placed in a 12 × 75 mm 
test tube and cells were stained with combinations of CD45 (APC), CD3 
(PE-Cy5), CD4 (PE), CD8 (FITC), CD16 + 56 (PE), and CD19 (APC) mAbs 
(the supplier for all antibodies was BioLegend, San Diego, USA). The 
samples were incubated for 20 min. at room temperature in the dark. 

Fig. 1. Flowchart of study population.  
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The whole blood lysis method, which has previously been described 
(Bossuyt et al., 1997), was used to analyze the samples. 

For analysis of Tregs, peripheral blood mononuclear cells (PBMCs) 
were isolated using lymphopure (obtained from BioLegend) from 2 ml of 
blood collected in vacutainer glass tubes containing EDTA. The mono-
nuclear cells were collected and washed with PBS, and cells were then 
fixed using Foxp3 fixation buffer (BioLegend) and stained with CD3 
(APC), CD4 (PE-Cy5), CD25 (PE), and Foxp3 (FITC) monoclonal anti-
bodies. The samples were analyzed in dot plots and histogram plots 
employing the FACS Diva software package by BD FACS ARIA III (BD 
Biosciences). Peripheral blood lymphocytes were determined as follows: 
Total T lymphocytes: CD3+, helper T lymphocytes: CD3+CD4+, cyto-
toxic T lymphocytes: CD3+CD8+, B lymphocytes: CD19+, NK cells: CD3- 
CD16+CD56+, and NKT cells: CD3+CD16+CD56+ (Fig. 2). Tregs were 
defined as CD3+CD4+CD25+Foxp3+ (Fig. 3). 

2.4. Statistical analysis 

Statistical analyses were performed using the IBM Statistical Package 
for the Social Sciences 22.0 software program. Descriptive statistics are 
given as mean, standard deviation, and percentage. For categorical 
variables, the Chi-squared test or Fisher exact test was used in inter- 
group comparisons. The Kolmogorov-Smirnov test was conducted to 
determine whether the data were distributed normally; the responses for 
all the scales except the MOXO d-CPT z scores exhibited normal distri-
bution. To test whether the differences between groups for quantitative 
variables were significant, the student's t-test for independent samples 
was performed. The Spearman correlation test was used to calculate 
correlation coefficients and their significance. Multivariate analysis was 
conducted with the potential factors identified using univariate analysis 
as input data in logistic regression analysis in order to determine which 
factors predicted ADHD. Model fit was evaluated using Hosmer- 
Lemeshow goodness-of-fit statistics. Statistical significance was deter-
mined based on a p-value of less than 0.05. 

3. Results 

The mean ages of the ADHD and control groups were similar, with 
mean ages of 9.10 ± 2.37 and 9.45 ± 2.13 years, respectively (z =
1.762, p = .483). The gender distribution could also be considered ho-
mogeneous, as the boy/girl ratio of the ADHD group was 41/8 (83.7%/ 
16.3%) while that of the control group was 23/12 (65.7%/34.3%) (χ2 =

3.63, p = .057). Regarding parental cohabitation and parental employ-
ment status, the differences between the two groups were not statisti-
cally significant. Hunger and poverty limits, defined by the Turkish 
Statistical Institute as a monthly income of less than 1500 and 4500 
Turkish liras, respectively, were used as a basis to compare the monthly 
family income levels of the two groups; again, the differences were not 
statistically significant. The children in the ADHD group had signifi-
cantly higher MOXO d-CPT z scores compared to the control subjects 
(− 1.79 ± 2.84 vs. 0.40 ± 1.35; z = 2.365; p = .021 and 44.68 ± 8.88 vs. 
35.37 ± 8.67; z = 4.058, p < .001). The participants' socio-demographic 
and clinical characteristics are shown in Table 1. 

The children in the ADHD group were found to have significantly 
higher levels of CD3+CD4+CD25+Foxp3+ (Tregs) compared to their 
healthy peers (8.23 ± 2.09 vs. 6.61 ± 2.89, z = 2.965, p = .004). The 
other peripheral blood lymphocyte subsets exhibited no significant dif-
ferences between the ADHD and control groups. These subsets included 
T lymphocytes (for Total T: 69.03 ± 6.31 vs. 70.38 ± 6.01, z = − 0.980, 
p = .330; for helper T: 36.61 ± 6.53 vs. 38.51 ± 5.77, z = − 1.379, p =
.172; for cytotoxic T: 23.61 ± 4.99 vs. 22.82 ± 4.51, z = 0.741, p =
.461), B lympocytes (14.38 ± 4.66 vs. 14.42 ± 4.60, z = − 0.040, p =
.968), NK cells (13.22 ± 5.79 vs. 12.65 ± 5.13, z = 0.472, p = .638), and 
NKT cells (8.14 ± 3.43 vs. 8.34 ± 2.75, z = − 0.279, p = .781). The 
characteristics of the cell subpopulations analyzed and comparisons 
between the ADHD and healthy control groups are given in Table 2. 

Partial correlation was applied in ADHD group by controlling body 
mass index, age and gender. There were no correlations between cell 
subpopulations and the MOXO d-CPT indexes. The correlations between 
cell subpopulations and MOXO d-CPT scores in the ADHD group are 
presented in Table 3. 

Following the use of univariate analysis to identify suitable variables 
as possible predictors of ADHD, risk factors for the latter were evaluated 
using a logistic regression model. The model explained 63.2% (Nagel-
kerke R2) of the variance in ADHD and correctly classified 83.3% of 
cases. The sensitivity of the model was 83.7%, specificity was 82.9%, 
and its positive and negative predictive values were 87.2% and 78.3%, 
respectively. According to the results of Hosmer-Lemeshow goodness-of- 
fit, the model was well formed (χ2 = 7.57; p = .476). .Three of the seven 
predictive variables were statistically significant: age (Exp(B) = 0.721; p 
= .037; CI = 0.530–0.981), Tregs (Exp(B) = 1.334; p = .042; CI =
1.011–1.761), and attention index (Exp(B) = 0.411; p = .008; CI =
0.214–0.789). Elevated Treg levels and low attention and hyperactivity 
index scores were linked to an increased likelihood of ADHD. The 
regression model is presented in Table 4. 

4. Discussion 

The present study is the first to investigate alterations in lymphocyte 
subsets and Tregs as possible mechanisms of neuroinflammation in the 
pathophysiology of ADHD. The results showed that children with ADHD 
appeared to have higher levels of Tregs than healthy controls. In addi-
tion, there was a negative correlation between the timeliness index and 
the Tregs immune cells subpopulation in children with ADHD. The 
significance of Treg levels was also observed in the results of the 
multivariate analysis based on a logistic regression model. 

The immune system functions in a delicate balance between acti-
vator and suppressor immune cells and cytokines. Tregs, which maintain 
this balance by preserving immune homeostasis and inhibiting immu-
nopathology (Ward-Hartstonge and Vasanthakumar, 2018), constitute 
5–10% of the circulating CD4+ T cell population in healthy people. As 
regulators of the functioning of Th17 cells, Treg cells play a vital part in 
immunological self-tolerance and the suppression of autoimmunity 
(Ward-Hartstonge and Vasanthakumar, 2018). The transforming growth 
factor (TGF)-β1 together with IL-6 or IL-21 causes differentiation of 
Th17 cells (Bettelli et al., 2006). Treg cells have been found to impede 
the functioning of almost all proinflammatory immune cells, including T 
and B lymphocytes, dendritic cells, and macrophages (Shevach, 2018). 
Some of the inhibition processes are manifested as the secretion of sol-
uble factors (e.g., IL-10, TGF-β, and IL-35), actions dependent on cell 
contact, direct cytolysis (e.g., granzyme-mediated killing), and compe-
tition for proinflammatory signals required to initiate and/or maintain 
pro-inflammatory immune responses (Shevach, 2018). Studies have 
shown that Treg cell maturation is significantly delayed in children with 
allergies compared to healthy children, that pre-treatment Treg cell 
levels are correlated with allergic disease severity, and that the sup-
pressive function of Tregs is reduced in patients with allergies versus 
with that of healthy controls (Tulic et al., 2012; Kinoshita et al., 2014; Li 
et al., 2019). Proceeding from these findings, the combination of data in 
which Treg dysfunction results in allergic diseases and high allergic 
disease comorbidity in ADHD may explain the high percentage of Treg 
cells in children with ADHD observed in our study. Furthermore, this 
finding was obtained despite the exclusion of allergic comorbidity. In 
children with ADHD, Treg cells may be increased by means of a 
compensatory mechanism against increased inflammation. 

In the central nervous system, Treg cells play a major role in terms of 
regeneration immunology: myelination. Gallardo et al. showed that Treg 
cells secrete CCN3, a matrix cell protein of the CCN family, which in-
duces oligodendrocyte differentiation and myelination in the central 
nervous system (de la Vega Gallardo et al., 2019). Neuroimaging 
research in children with ADHD has revealed a delay in maturation in 
the development of brain structure, encompassing brain function as well 
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Fig. 2. Flow cytometry gating strategy to T, B and NK cells in children with ADHD. Total T lymphocytes: CD3+, Helper T lymphocytes: CD3+CD4+, Cytotoxic T 
lymphocytes: CD3+CD8+, B lymphocytes: CD19+, NK cells: CD3+CD16+CD56+, NKT cells: CD3+CD16+CD56+. 
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as structural and functional connectivity (Rubia et al., 2014). In 
particular, diffusion tensor imaging studies in children with ADHD have 
identified abnormalities in the microstructure of white matter, espe-
cially in the frontostriatal, fronto-cerebellar, and frontoparietal- 
temporal connections; these findings constitute evidence of reduced 
axonal branching or myelination (Rubia et al., 2014). Returning to our 
study, the elevated levels of Treg cells detected in children with ADHD 
may indicate an attempt to compensate for delayed brain maturation 
and myelination. On the other hand, increased but dysfunctional Treg 
cells may be responsible for both a delay in brain maturation and allergic 
disease comorbidity. Another finding of the present study was the 

negative correlation between the Treg cell percentage and the MOXO d- 
CPT timeliness index. In other words, as the timing approached normal, 
the patient's Treg cell count decreased. The timeliness index, also 
expressed in the literature with terms such as reaction time and reaction 
variability, is prolonged in children with ADHD; this occurs as a result of 
insufficient activation of the prefrontal cortex due to lack of myelination 
and maturation (Buzy et al., 2009). Proceeding from this result, a 
possible association with the myelination process of Treg cells merits 
consideration. 

Despite its strengths, the present study does nonetheless have several 
limitations. First of all, the small sample size represents a serious 
impediment to generalizing our results. Although excluding allergic 
comorbidity eliminated a confounding variable of Treg elevation in 
children with ADHD, the addition of a third group with ADHD and 
allergic comorbidity would have buttressed our findings. Failure to 
measure cytokine levels with peripheral immune cell subpopulations 
constitutes another shortcoming that makes it difficult to interpret im-
mune mechanisms. A further limitation was the lack of a follow-up study 
designed to evaluate how clinical parameters such as drug response 
affect peripheral lymphocyte distribution. Finally, although the gender 
distribution between the case and control groups did not reach statistical 
significance, there was a tendency to differ. The greater distribution of 
males in the ADHD group than in the control group may be associated 
with a two to nine-fold higher incidence of ADHD in males in the clinical 
sample. However, the semi-structured clinical interview undergone by 
all patients (although it resulted in a reduction of the number of par-
ticipants) and measuring ADHD severity with an objective computer 
program represent strengths. 

Fig. 3. Flow cytometry gating strategy to Treg cells in children with ADHA. CD4+ Treg (CD3+CD4+CD25+Foxp3+) cells were determined based on the expression of 
Foxp3+ and CD25+ in peripheral blook. 

Table 1 
Socio-demographic and clinical variables of the participants   

ADHD 
group 

Healthy 
control 

p X2 / Z 

(n = 49) (n = 35) 

Gender, n (%)     
Female 8(16.3) 12 (34.3) 0.057* 3630 
Male 41 (83.7) 23 (65.7) 

Age, Mean ± St. Dev. 9.10 ±
2.37 

9.45 ± 2.13 0.483# 1.762# 

Family income, n (%)     
<1500 TL 16 (32.7) 7 (20.0) 0.368* 1.997 
1500–4500 TL 20 (40.8) 19 (54.3) 
>4500 TL 13 (26.5) 9 (25.7) 

Parental cohabitation, n (%)     
Parents who live together 37 (75.5) 27 (77.1) 0.862* 0.030 
Divorced 12 (24.5) 8 (22.9) 

Maternal employment status, n 
(%)     
Unemployed 15 (30.6) 13 (37.1) 0.531* 0.392 
Employed 34 (69.4) 22 (62.9) 

Paternal employment status, n 
(%)     
Unemployed 6 (12.2) 3 (8.6) 0.592* 0.288 
Employed 43 (87.8) 32 (91.4) 

MOXO d-CPT (Z score), Mean 
± St. Dev.     
Attention index − 1.79 ±

2.84 
0.40 ± 1.35 0.000 − 4.356 

Timeliness index − 1.91 ±
2.06 

− 0.79 ±
2.12 

0.018 − 2.408 

Hyperactivity index − 0.07 ±
2.36 

1.56 ± 0.72 0.000 − 3.397 

Impulsivity index − 0.59 ±
2.21 

0.44 ± 1.01 0.012 − 2.585 

ADHD: Attention deficit hyperactivity disorder, St. Dev.: Standard deviation, d- 
CPT: distracted-Continous Performance Test. 
ADHD group had significantly higher MOXO d-CPT z scores compared to the 
control subjects. 

* Chi-square test. 
# Stundent's t-test 

Table 2 
Characteristics of cell subpopulations studied and comparisons between ADHD 
and healthy control groups.   

ADHD group (n =
49), M ± SD 

Healthy control (n 
= 35), M ± SD 

z p* 

Total T 
lymphocytes 

69.03 ± 6.31 70.38 ± 6.01 − 0.980 0.330 

Helper T 
lymphocytes 

36.61 ± 6.53 38.51 ± 5.77 − 1.379 0.172 

Cytotoxic T 
lymphocytes 

23.61 ± 4.99 22.82 ± 4.51 0.741 0.461 

B lymphocytes 14.38 ± 4.66 14.42 ± 4.60 − 0.040 0.968 
NK cells 13.22 ± 5.79 12.65 ± 5.13 − 0.279 0.781 
NKT cells 8.14 ± 3.43 8.34 ± 2.75 0.472 0.638 
Tregs 8.23 ± 2.09 6.61 ± 2.89 2.965 0.004 

ADHD: Attention deficit hyperactivity disorder, NK cells: Natural killer cells, 
NKT cells: Natural killer T cells, Tregs: Regulatory T cells M ± SD: Mean ±
Standard deviation. 
ADHD group had significantly higher levels of Tregs compared to the control 
subjects. 

* Stundent's t-test. 
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In conclusion, the present study showed that Tregs may contribute to 
the pathophysiology of ADHD. For future studies, we recommend that 
immunoregulatory cells be examined together with immunophenotyp-
ing and that a third group with ADHD and allergic disease comorbidity 
be included, in addition to children with ADHD and the control group. 
Researchers should seek to identify what other factors may be involved 
in the ADHD-immunology axis. 
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