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Abstract

Objectives The potential role of neuroinflammation in adult attention deficit hyperactivity disorder (ADHD) patients has
been investigated with peripheral hemogram-related inflammatory markers. Systemic immune inflammation index (SII) is
defined as a new index that has been developed for the balance of inflammatory and immune status.

Methods Our study was based on a prospective routine complete blood count(CBC) analysis of 74 Adult ADHD patients and
70 healthy participants. The DSM-5-Clinician version and Barratt impulsivity scale-11 were used to evaluate the participants.
Results There was no statistical difference in the comparison of the SII ratios, platelet distribution width (PDW), and plat-
eretritis (PCT) (p>0.05 for each) in a group of a young adults with ADHD and in a comparison control group. These inflam-
matory indicators were found to be similar between patients newly diagnosed with ADHD (n=40) and patients using methyl-
phenidate (n=34) (p>0.05 for each). The relationship between ADHD clinical symptoms and severity and inflammation was
evaluated. A significant negative correlation was observed between attention deficit scores and PCT (r=-0.301, p=0.009).
A positive significant correlation was found between hyperactivity scores and SII (r=0.247, p=0.034). A significant positive
correlation was found between Barrat motor scores and PDW(r=241, p=0.038). In the regression analysis, the PCT variable
changed the attention deficit variable (f=.33, #(70)= —2.703, p=.009, pr’= .094) predicted negatively and significantly.
Conclusions We demonstrated the association of SII, which is independently associated with adverse outcomes in many
diseases, and the severity of hyperactivity symptoms in adult ADHD. The fact that PCT predicts attention deficit negatively
and decisively shows the importance of inflammatory assessments specific to clinical presentations. The critical importance
of platelets in inflammatory processes in ADHD has been demonstrated once again with inflammatory markers such as SII,
PLT, and PDW, which can be accessed by an easily applicable complete blood count method.

Keywords Adult ADHD - ADHD-associated Problems - Inflammatory markers - Platerethritis - Systemic immune
inflammation index

Attention deficit hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder that is defined by the age-inap-
propriate symptoms of attention deficit, hyperactivity, and
impulsivity that appear before the age of twelve, interfere
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with social or academic functioning (Association, 2013).
Although ADHD is often considered as a childhood disor-
der, it is reported that 50% of the symptoms continue during
adolescence and 30-60% extend into adulthood and continue
to meet the diagnostic criteria in adulthood (Ahmed et al.,
2014). It has been suggested that the number of adults with
ADHD has increased over the past 20 years, and some of this
increase is explained by the persistence of ADHD symptoms
in adulthood (Nufiez-Jaramillo et al., 2021). As developmen-
tal brain processes alleviate some of the consequences of
ADHD with neural normalization, the symptoms of hyper-
activity disappear wherever they are in adulthood, but the
persistence of the symptoms of inattention from childhood
to adulthood is emphasized (Duan et al., 2021). As well as
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changes in ADHD symptoms throughout life, the variable
and complex interaction of genetic and environmental fac-
tors is believed to play a role in the continuity of the disorder
(Caye, et al., 2016).

In the etiology of ADHD, it is thought that neuroin-
flammation may affect neurodevelopment in the immune
system with changes in normal microglia, astrocytes,
cytokines, chemokines, oxidative stress, and related
molecular processes in the first months or years of life
(Corona, 2020). An increased profile of ADHD risk is
reported in children of mothers with inflammatory and
immune system diseases (Instanes et al., 2017). The first
study, which provides forward-looking human evidence
that inflammation is an intermediary mechanism for brain
development and behavior, suggests that maternal levels of
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a),
and monocyte chemoattractant protein-1 (MCP-1) are a
possible marker of ADHD risk (Gustafsson et al., 2020).

In addition to epidemiological and clinical studies,
mechanistic evidence has been obtained from animal mod-
els consistent with the behavioral and neural consequences
of maternal immune activation with ADHD (Dunn et al.,
2019). It has been reported that neurodevelopmental high
inflammatory responses by a number of mechanisms such
as exposure to heavy metals, preterm birth, and perina-
tal problems such as nutrition or environmental factors
may increase the risk of ADHD by conditional triggering
evidence during perinatal development (Nufiez-Jaramillo
et al., 2021).

Peripheral pro-inflammatory cytokines, whose concen-
trations change with increased inflammatory response and
decaying the balance between inflammatory anti-inflam-
matory mechanisms, can access the brain through humoral
and neural pathways and maintain inflammatory responses
through neuroimmune mechanisms. Changes in pro-inflam-
matory and anti-inflammatory cytokines have been shown to
cause neurotransmission changes in tryptophan metabolism
and dopaminergic pathways in the brain similar to those seen
in ADHD (Koztowska et al., 2019). . By activating multiple
signaling pathways such as macrophages activated by the
activation of microglia, chemokines are proposed to be able
to induce the expression of a wide range of natural immune
and inflammatory genes by the activation of many different
transcription factors (Gustafsson et al., 2020).

It is thought that prenatal exposure to inflammation may
hinder brain development, cause structural changes in the
volume of gray matter and brain regions such as the prefron-
tal cortex, anterior cingulate cortex, and corpus callosum,
cause permanent neural circuits to fail to mature, or cause
neuroendocrine changes and increase the risk of ADHD in
children (Buske-Kirschbaum et al., 2013). It is also known
that hypothalamic pituitary adrenal (HPA) axis interactions
with the chronic increase of immune system cytokine signals
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in developmental processes are involved in the pathogenesis
of ADHD (Chen et al., 2009).

Various cytokines were found not only in the cerebrospi-
nal fluid of children with ADHD but also in peripheral blood
samples. Pro-inflammatory activity such as significantly
higher IL-6 serum levels has been shown in children with
ADHD (Donfrancesco et al., 2020). It supports an increased
inflammatory response in adults as well as children with
ADHD:; levels of pro-inflammatory cytokines and inflam-
mation-related proteins in serum, the presence of infections,
and some acquired autoantibodies afterward have been
reported (Toto et al., 2015; Oliva et al., 2020). Although the
hypothesis that inflammation plays an important role in the
pathophysiology of ADHD is supported, it is not enough
alone to make a clear comment. A small number of small-
sample clinical studies that evaluated different inflammatory
variables investigating the role of the immune system in the
pathophysiology of ADHD have yielded conflicting results.
In addition to consistent findings, there are also studies in the
literature that do not report changes in inflammatory param-
eters (Binici & Kutlu, 2019; Elsadek et al., 2020).

At the same time, although inflammatory cytokines are
useful biomarkers, the high costs and limited availability
disadvantages of requiring complex processes such as immu-
noassays to determine their level limit the feasibility of the
research. On the other hand, leukocytes and platelets, which
can be evaluated from complete blood count parameters, are
low cost and widely used markers that play a central role
in mediating inflammation, reflecting the dynamic response
of the immune system. In the context of inflammation,
neutrophils are triggered by the secretion of cytokines and
chemokines, such as interleukin-6 (IL-6), tumor necrosis
factor (TNF), and myeloid growth factors.

They have key functions in the inflammatory response
and neutrophil-lymphocyte ratio (NLR) reflects the balance
between innate and adaptive immune responses in many
diseases and medical disciplines and chronic low-grade
inflammation has been accepted as a standard to evaluate
the use in routine clinical practice(Zahorec, 2017). NLR has
been elevated in a number of psychiatric disorders, includ-
ing schizophrenia, depression, and bipolar disorder (Zulfic
et al., 2020). White blood cell (WBC), platelet count (PLT),
platelet/lymphocyte ratio (PLR), monocyte/lymphocyte ratio
(MLR), basophils/lymphocyte ratio (BLR), percentage of
monocytes, and red blood cell distribution width (RDW)
rates evaluated from peripheral blood are other indicators
of inflammation.

Circulating platelets have been proposed as an acces-
sible peripheral biomarker for neuropsychiatric disorders
as an alternative model for investigating neuronal dysfunc-
tions (Canobbio, 2019). Shared by neurons and platelets in
neuropsychiatric disorders; changes in the metabolism of
reelin, amyloid peptides, serotonin, and other proteins and
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biochemical properties may also be reflected in abnormali-
ties in circulating platelets. Platelets play a critical role in
inflammatory and proliferative events by producing and
secreting internal membrane proteins, coagulation, and
growth factors during the activation process (Ghoshal &
Bhattacharyya, 2014).

Platelet/lymphocyte ratio (PLR) is calculated as the ratio
of the platelet-lymphocyte count. PLR is a widely used sim-
ple marker associated with chronic diseases and infections
as well as psychiatric disorders (Mazza et al., 2018). An
increase in average platelet volume (MPV) with the activa-
tion of platelets was positively associated with more meta-
bolic and enzymatic activity, more pronounced thrombo-
genic properties, coronary artery disease, and inflammation
parameters of CRP (Citirik et al., 2015). MPW platelet vol-
ume is determined by the number of megakaryocytes present
during platelet production and is associated with platelet
function and activation. Normally, the size and number of
platelets are inversely proportional.

Platerethritis (PCT) in platelet indices is a measure of
the total platelet mass per unit volume of blood. It is deter-
mined by the combination of PLT and MPV (PLT x MPV),
thus providing more accurate information than PLT or MPV
alone (Sahbaz et al., 2016). PCT is a new, simple, inexpen-
sive, and also easily obtainable biomarker of the inflam-
matory response of change in PLT and MPV levels (Qian
et al., 2021).

Although various inflammation and immune-based prog-
nostic scores have been developed using traditional clinico-
pathological indices, it is known that these scores alone do
not comprehensively reflect the balance of inflammatory
and immune status. Therefore, a novel index, defined as the
systemic immune inflammation index (SII), was developed
based on the balance of inflammatory and immune status.
SII=P x N/L based on platelet, neutrophil, and lymphocyte
counts. (Hu et al., 2014). A high SII appears to be associated
with subclinical low-grade inflammation. The importance of
the systemic immune inflammation index as an inflammation
parameter in prognostic prediction has been demonstrated
by meta-analyses in patients with coronary artery disease,
patients with acute pulmonary embolism, and patients with
solid tumors or multiple cancers (Yang et al., 2020; Gok &
Kurtul, 2021; Yang et al., 2018). The low cost, easy determi-
nation, and reproducibility of CBC have made SII a promis-
ing tool for treatment strategy decisions in clinical practice
today.

Confirming the potential role of neuroinflammation in
the pathophysiology of ADHD may also be important in
opening up new intervention pathways that involve the
inflammatory system in treatment. A small number of stud-
ies examining the relationship between psychiatric symp-
tomatic and inflammation in children and adolescents have
revealed conflicting data on ADHD. As far as we know,

routine complete blood count parameters and rates in stud-
ies previously conducted to confirm the presence of lifelong
subclinical inflammation in adult ADHD; PDW, PCT, and
SII have not been evaluated as inflammatory markers. The
aim of this study for routine use in adult ADHD patients
with new, easy, and peripheral hemogram parameters, which
is a cheap option; WBC, NLR, PLR, MLR, BLR, monocyte
percentage, RDW, PLT, PDW, PCT, and MPV are associ-
ated with increased inflammatory response and ADHD by
evaluating whether to investigate. Second, the relationship
between different ADHD appearances, variability in symp-
tom severity, impulsivity in particular, and ADHD treat-
ment with systemic inflammatory response levels will be
evaluated.

Methods
Participants

The sample size was calculated as 80% effect size, 5%
alfa error, and 20% beta error with the G*power (version
3.1.9.7) program determined power analysis. The subjects
included two samples of 74 adults with ADHD (45 men
and 29 women) and of 70 healthy controls (36 men and 34
women). The first group which was consisted of 74 adults
with ADHD was recruited from outpatients who were admit-
ted to the Psychiatry Clinics of Atatiirk University Faculty
of Medicine Mental Health and Diseases in December April
2020-September 2021. The control group was formed from
individuals who had not been diagnosed with any active psy-
chiatric diagnosis who had been admitted to our outpatient
clinic for the purpose of consulting or reporting the situa-
tion. The mean age of these two samples were 25.22 years
(SD=6.75) and 27.13 years (SD=7.06), respectively. There
was no significant difference in mean age (p = 0.099), gen-
der (p=0.257), or BMI (p= 0.803) decoupling between the
groups. The demographic characteristics of the subjects are
summarized in Table 1.

Procedure

Our study is focused on prospective and cross-sectional rou-
tine CBC analyses of 144 participants. The research proto-
col of the current observational study was approved by the
Research Ethics Committee of Ataturk University (Erzurum,
Turkey) and conducted in accordance with the Declaration
of Helsinki. Prior to their initial assessment, all subjects gave
their written informed consent.

ADHD diagnosis and sub-appearance were determined
by the presence of pre-12 age symptoms confirmed by him
and his relatives along with a structured clinical inter-
view for the DSM-5-clinician version (SCID-5/CV) by
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Table 1 Demographics of subjects

Adults with Healthy p value
ADHD (n = controls (n =
74) 70)
Age (years), mean += SD  25.22 + 6.75 27.13 +7.06  0.099
Gender (n) 0.257
Male 45 36
Woman 29 34
BMI (kg/m?), mean + SD  24.41 +3.64 2457 +3.35 0.803
BMI range 0.864
15-25 37 36
25-30 37 34
Status of doing sports 0.189
Yes 18 24
No 56 46
Doing heavy exercise 0.558
Yes 13 15
No 61 55

the same psychiatrist. From patients receiving treatment
with a diagnosis of ADHD, those who still had symp-
toms at the diagnostic level were enrolled in the study,
and patients who showed partial remission were excluded
from the study. Patients who met the diagnostic criteria
in the clinical interview, but had active comorbid psychi-
atric diagnoses, acute and/ or chronic medical or inflam-
matory disease, and healthy controls were not included in
the study. In addition to methylphenidate, ADHD patients
receiving treatment were among the criteria for inclusion
of newly diagnosed ADHD patients and healthy controls
without simultaneous use of any medications. No changes
were made to the treatment of patients who were enrolled
in the study and did not want to participate in the study.

Obesity (body mass index-BMI>30 kg/m?), hypercho-
lesterolemia, the presence of abnormal vital signs (e.g.,
fire), the results of a complete blood count abnormal (e.g.,
anemia, leukopenia), a history of the family immunologi-
cal disease, and active alcohol, drug, and cigarette use
which may affect inflammatory parameters were excluded
subjects with. The exclusion of acute conditions was made
according to the testimony and symptomatic status of the
participants, as well as medical records.

Those who had volunteered their evaluation as a result
of research informed written consent were received with
similar inclusion criteria for adult ADHD patients without
psychiatric or physical illness and the age and gender of
the group of 77 and 75 healthy controls formed the study
sample.

@ Springer

Blood Samples

The presence of inflammatory disease was re-evaluated
by performing physical examinations and vital signs of all
participants before blood intake. Blood samples were taken
using a vacutainer in the morning after 12 hours of starva-
tion by experienced people from the antecubital area after
healthy checks and ADHD patients were provided with a
sitting position.

Complete Blood Count Measurement

All blood analyses were performed using an automatic
hematological analyzer (Sysmex XN-1000) in the biochem-
istry Central Laboratory of Ataturk University Hospital.
Patients with a Normal hemoglobin value of 12-16 g/dl were
evaluated. Normal reference ranges: leukocyte 4.8-10.8 10°%/
mm3, neutrophils 2.06-7.02 10°>/mm?, lymphocytes 1.3-3.5
10°/mm?, platelet 150-450 10*/mm?, monocytes 0.3-0.8
103/mm?, eosinophils <0.42 10>/mm?, and basophils <0.2
10°/mm? were. Normal NLR values were the following:
median 1.8-2.2 (1.00-2.39) in adult population and sub-
clinical inflammation 2.4-2.99% (Zahorec, 2017). Mono-
cyte, RDW, PLT, PDW, PCT, and MPV wer calculated by
automatic hematological analyzer. From Hemogram results,
SII values were obtained with the formula NLR, PLR, MLR,
BLR, and P X N/L by dividing the absolute numbers of the
related cells.

Patients with anemia or polycythemia, lymphopenia or
lymphocytosis, neutropenia or neutrophilia, and thrombo-
cytopenia or thrombocytosis were also excluded from the
study in a complete blood count analysis. A total of 74 adult
ADHD patients and 70 healthy controls evaluated at normal
limits after assessments and measurements were completed
with CBC values.

Measures
Socio-demographic and Clinical Data Form

In the study, a form prepared by the researcher in the light
of the literature was used to determine individual character-
istics, life routines and clinical characteristics of patients.

DSM-5-Clinician Version (SCID-5/CV) Structured Clinical
interview for the Structured interview

Including questions with detailed diagnostic criteria and
diagnostic categories diagnostic category includes only the
discovery 32 17 (Osoério et al., 2019). Turkish SCID-5/CV
validity and reliability study found that Kappa coefficients
between 0.65 and 1.00 among interviewers (Elbir et al.,
2019). In diagnostic interviews, the patient himself, his
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family and relatives, his medical records/documents, and
the medical team were considered as sources of information.
Adult ADHD diagnosis met the DSM-5 diagnostic criterion
with five or more symptoms of inattention or hyperactiv-
ity/impulsivity resulting in impaired functionality in two or
more environments in the clinician’s interview. Adult ADHD
is divided into presentations as a combined appearance, an
appearance dominated by inattention, and an appearance
dominated by excessive mobility and impulsivity. The clini-
cal severity of ADHD was assessed as non-severe, moderate,
and severe.

Barratt impulsivity Scale-11 (Barratt impulse Scale-11,
BIS-11)

This is a patient-filled scale used to evaluate impulsivity. It
consists of thirty items and has three subscales: attention
(inattention and cognitive disorders), motor (motor impul-
sivity, impatience), and plan (inability to control, cognitive
confusion, intolerance). In the BIS-11 evaluation, four dif-
ferent sub-scores are obtained: total score, lack of planning,
attention and motor impulsivity. The higher the total BIS-11
score, the higher the person’s level of impulsivity. The Turk-
ish validity and reliability study of BIS-11 was conducted by
Giileg et al. (Tamam, Giilec, & Karatag, 2013). Cronbach’s
alpha reported for internal consistency in the Turkish version
of the scale was 0.81 (patients). The reliability analysis of
the entire scale in our study was repeated and it was found
to be 0.798 for the patient group.

Data Analyses

Analysis IBM SPSS 20 (version 20, IBM, New York, USA)
statistical analysis program software package was used. Data
were presented as mean, standard deviation, median, mini-
mum, maximum, percentage, and number. The normal distri-
bution of continuous variables was looked at using the Kol-
mogorov Smirnov test. Chi-square test was used to evaluate
the relationships between categorical variables and student’s
t-test was used to compare group means. In the comparisons
between two independent groups, the independent samples
t-test was used when the normal distribution condition was
met, and the Mann Whitney u test was used if it was not.
Correlation analysis for variables with normal distribution
was performed using the Pearson test. A Spearman correla-
tion analysis was performed for variables that did not show a
normal distribution. Multiple linear regression analysis was
performed to investigate the effect of SII, PCT, and BIS-11
total score independent variables on the clinical severity of
attention deficit. The statistical significance level was con-
sidered p<0.05.

Results

No statistical difference was found in comparing WBC,
NLR, PLR, MLR, BLR, and SII ratios, % monocyte, RDW,
PLT, PDW, PCT, and MPV values of ADHD group with
healthy controls (p>0.05 for each, see Table 2). There were 6
subjects with NLR>2.39 in adult ADHD and 4 subjects from
healthy controls, and there was no statistical significance
between the groups for subclinical inflammation (p=0.571).

In the ADHD group, 34 people were receiving methyl-
phenidate treatment, while 40 were newly diagnosed. The
combined subtypes was 79.7% (n=59), while 20.3% (n=
15) had predominantly inattentive subtypes. Patients with
predominantly hyperactive/impulsively dominant subtype
were not included in the study. ADHD clinic, 35.1% (n=26)
were non-severe, 39.2% (n=29) were moderate, and 25.7%
(n=19) were severe.

The appearance groups in which combined and inat-
tention predominated were similar in terms of gender
(p=0.266). Subtype compared (independent samples 7 test,
age (p=0.891), BMI (p=0.484), and token inflammatory
blood parameters (WBC, NLR, PLR, MLR, monocyte per-
centage, RDW, PLT, PDW, PCT, MPV, BLR, and SII for
each p>0.05), and there was not a significant difference. In

Table2 Comparison of complete blood count parameters between
ADHD patients and healthy controls

Group statistics

ADHD patients Healthy controls. p

(n=74) (n=70)

Mean=+SD Mean+ SD
AGE 22.22+6.753 27.13+7.059 0.099
BMI 24.2024+3.67285 24.578+3.65083 0.803
WBC 10%/mm® 6.9291+1.25993 7.30761.30699 0.079
Monocytes %  7.8081+1.7864 7.6643+1.97360 0.647
RDW 13.0270+0.87856 12.8743+0.95016 0.318
PLT 10%mm®  274.8378+49.80923  278.3429+45.66954  0.661
PDW 11.4230+1.5843 11.968+1.9097 0.064
PCT 0.2741+0.0463 0.2781+0.0515 0.622
MPW 9.9568+0.8067 10.0509+0.9065 0.511
NLR 1.5676+0.5404 1.6030+0.4549 0.672
PLR 118.1160+30.3809 112.7672+29.1992  0.284
MLR 0.2442+0.1201 0.2200+0.0683 0.143
BLR 0.0159+0.0089 0.0145+0.0163 0.523
SII 442.7342+174.0495  444.4662+136.8076  0.947

BLR basophils-to-lymphocyte ratio, MLR monocyte-to-lymphocyte
ratio, MPV mean platelet volume, NLR neutrophil-to-lymphocte ratio,
PCT platerethritis, PDW platelet distribution width (fL), PLR plate-
let-to-lymphocte ratio, PLT platelet count, RDW red blood cell distri-
bution width, SII systemic immune inflammatory index, WBC White
blood cell
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the comparison between newly diagnosed ADHD patients
(n=40) and patients receiving methylphenidate (n=34), the
mean inflammatory blood parameters were statistically simi-
lar (p>0.05 for each, see Table 3).

Socio-demographic characteristics, age, gender, and BMI
were evaluated for correlations with inflammatory markers;
The age variable showed significant positive correlations
with RDW values (r=0.264, p=0.023). Male sex showed
significant positive correlations with PCT, MPW, and PLR
(r=0.229, p=0.05, r=0.350, p=0.002, r=0.347, p=0.002,
respectively). BMI showed a positive correlation with RDW
(r=237, p=0.042) and a negative correlation with PRL
(r=-292, p=0.012).

The relationship between ADHD clinical symptoms
and severity and inflammation was evaluated. A significant
negative correlation was observed between attention deficit
scores and PCT (r=—0.301*%*, p=0.009). A positive signifi-
cant correlation was found between hyperactivity scores and
SII (r=0.247*, p=0.034). A significant positive correlation
was found between Barrat motor scores and PDW (r=241%,
p=0.038). (See Fig. 1a—c). No correlation between attention
deficit and impulsivity values and other blood parameters
was detected.

A multivariate linear regression analysis was performed
to procedural the attention deficit variable using SII, PCT,
and BIS-11 total score variables. A meaningful regression
model as a result of the analysis F (3.70)= 3.31, p=0.025
and 9% of the variance in the dependent variable (R?
adjusted=.087) was found to be explained by arguments.
Accordingly, from the independent variables, the PCT pre-
dicts the dependent variable as negative and significant:
33, ¢t (70)= -2.703, p=0.009, pr2=0.094. It was observed
that the SII and BIS-11 total score variables did not provide

statistical significance in predicting the dependent vari-
able attention deficit (respectively, p=0.322, p=0.164) (see
Fig. 2)

Discussion

In this study, we found the averages of WBC, NLR, PLR,
MLR, BLR, % monocyte, RDW, PLT, PDW, PCT, MPYV, and
SIT among the adult ADHD group and healthy controls to be
similar, but alone it does not support the role of inflamma-
tion in ADHD etiology.

Routine Complete Blood Count Analysis in ADHD

According to our reviews in the literature on this childhood-
onset disorder, there are no studies conducted in the adult
sample. Different from our results in the literature; in the
first study investigating peripheral inflammatory markers
that can be calculated from routine CBC analysis in children
with ADHD, Avcil et al. reported that the ADHD group’s
NLR, PLR, MLR, and neutrophil numbers were significantly
higher than those of healthy controls when 82 children with
ADHD who did not receive treatment compared with 70
healthy controls (Avcil, 2018). Following Onder et al. in
a study conducted by 100 children and adolescents diag-
nosed with ADHD (85 of whom received treatment) and 99
physically and mentally healthy children, they supported the
finding of significantly higher average NLR and PLR rates
in patients compared to controls (Onder et al., 2021). Pro-
inflammatory and anti-inflammatory cytokines and cytokine
neurotrophy were associated with ADHD in children and
adolescents compared to the control group in the evaluation

Table 3 Comparison of blood

. Group statistics
count parameters according to

whether ADHD patients receive

methylphenidate therapy
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Treatment receiving (n=34) Not receiving treatment (n=40) p

Mean +SD Mean+ SD
Age 24.21+5.482 26.08+7.634 0.238
BMI 24.2024+3.6728 24.578+3.6508 0.661
WBC 10*/mm? 6.8871+1.1904 6.9648+1.3302 0.794
Monocytes % 7.9882+1.8117 7.655+1.77301 0.428
RDW 12.8618+0.7169 13.1675+0.9828 0.137
PLT 10%/mm? 276.0882+45.8412 273.775+53.5089 0.844
PDW 11.5853+1.76225 11.285+1.42407 0.420
PCT 0.2806+0.0468 0.2685+0.04583 0.266
MPW 10.0676+0.9031 9.8625+0.7128 0.279
NLR 1.6001+0.5498 1.54+0.5377 0.637
TLR 121.544+32.6703 115.2022+28.3825 0.374
MLR 0.2721+0.1584 0.2204+0.0671 0.065
BLR 0.0177+0.0087 0.0144+0.0088 0.105
N 447.2999+167.0633 438.8534+181.8044 0.837
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Fig. 1 a—c Pearson correlation

charts

a)

1000004

Sl

400,004

o

o
000 O
o000

R Lnear = 0082

oo

b)

©
"
“
-
»

Hiperactivity

o

457

407

PCT

R Linear = 0,086

©)

Attention defict

16,00
14,00
=
o 1200
o
10,00

8,00

T T T T T T T
10,00 15,00 20,00 2500 30,00 35,00 40,00
BIS motor

R? Linear = 0,056

@ Springer



218

Advances in Neurodevelopmental Disorders (2022) 6:211-223

Scatterplot
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Fig.2 multivariate linear regression analysis to Attention deficit vari-
able using SII, PCT, and BIS-11 total score variables

of a higher pro-inflammatory L-6, and anti-inflammatory
activity which IL-10 cytokine levels revealed (Donfrancesco
et al., 2016).

It is not surprising that changes in pro-inflammatory bal-
ance obtained due to the variability of individual character-
istics of children cannot be shown in adults with ADHD.
Again, in the mentioned child and adolescent atudies,
comorbid diagnoses were reported at high rates of ADHD in
general (Paucke et al., 2018), and neuropsychiatric disorders
that have been shown to act in an inflammatory way may
also have different results as an artifact of comorbidities.
Due to a retrospective model of some studies, the history of
acute-chronic infection and autoimmune disease that may
affect inflammatory markers may not be clearly evaluated
and excluded.

High comorbidity of ADHD is reported in the literature
on immune conditions such as recurrent infections, asthma,
and type 1 diabetes in both childhood and adulthood (Cor-
tese et al., 2018; Nielsen et al., 2017; Oliva et al., 2020).
At the same time, it can be assumed that causes such as
daily life routines and the possible confounding effects of
BMI may be effective in statistical difference when intra-
individual variability is adequately taken into account. Obe-
sity, known to be comorbid with ADHD, has been shown
to have moderately elevated SII levels associated with low-
grade chronic inflammation (Furuncuoglu et al., 2016). In
our study, it was found that RDW and PRL were affected by
BMI status, although BMI similarities were found between
groups by decimating obesity.

The literature is evaluated in the light of each of these
factors. With a methodology similar to our study by Bilici
et al. in the study, 65 newly diagnosed children with ADHD
aged 6-11 and 65 healthy control groups reported similar
NLR and PLR values, supporting our results (Binici &
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Kutlu, 2019). Although our ADHD group in our study was
consistent with the literature in terms of appearance distribu-
tion (Wilens et al., 2009), the lack of a patient in our sample
and the lack of subjects with increased inflammation may
have been instrumental in the change in our results in the
appearance of hyperactivity/impulsivity in childhood ADHD
presentations.

Blood Parameters and Methylphenidate

In our study, blood parameters did not change decidedly
between those who received a new diagnosis in ADHD
patients and those who had not yet started medication ther-
apy, and those who took methylphenidate. In the literature
on pro- and anti-inflammatory cytokines and cytokine asso-
ciated with that neurotrophy evaluated in previous studies,
such methylphenidate (Mph) psychostimulants, there is some
evidence that cytokine levels are lower than in patients who
received the drug (Oades et al., 2010). Both low-measured
pro-inflammatory and anti-inflammatory cytokine values
have been interpreted as the effect of treatment or improved
symptomatic on well-controlled cytokine levels.

In human and animal studies, neurodegenerative effects
of chronic use of Mph at doses such as 2, 3, and 5 mg/kg
have been reported in the literature, in which inflamma-
tory changes in brain cells such as the hippocampus induce
apoptosis, oxidative damage, and DNA degradation (Sekine
et al., 2008). Mph again, toxic at high doses (10 and 20 mg/
kg) for 21 days in acute and chronic animal experiments in
brain cells use oxidative and IL-1-, IL-6, and TNF-a, have
been shown to induce the expression of pro-inflammatory
cytokines, such as increases and the neurodegeneration
(Motaghinejad et al., 2017).

Our study results do not reflect the potential role of Mph
therapy as a trigger for the expected inflammatory response.
Similar to our results, Onder et al. could not decipher the
relationship between psychopharmacological treatment sta-
tus for ADHD and NLR and PLR rates, which are indica-
tors of inflammation (Onder et al., 2021). Similar rates in
the inflammatory parameters in our study results may be
associated with the lack of statistical significance of Mph’s
role as a trigger for the inflammatory response. Oades et al.
(Oades, 2011) considering that the tendency of drug therapy
to normalize slight changes in cytokine levels in children
with ADHD correlates with clinical well-being; our group
receiving drug therapy consists of patients whose clinical
improvement has not been achieved while still meeting the
diagnostic criteria, which may be effective in the difference
in results. At the same time, it should be taken into account
that The Mph used in patients does not exceed 1 mg/kg, and
the level of peripheral inflammation does not fully reflect the
central nervous system.
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Blood Parameters and Clinical Symptom Severity
or Presentation of ADHD

The effects on the corticosteroid-striatal-cortical network
that contribute to the regulation of motor, cognitive, and
emotional functions are known in the pathogenesis of
ADHD. Within this network, immune-related dysfunction
is also thought to exist, and differences in neurophysiologi-
cal processes can be expressed clinically by different pheno-
types (Bluschke et al., 2017). In the literature, no inflamma-
tory changes specific to the clinical severity and presentation
of ADHD have been reported to this day (Elsadek et al.,
2020). NLR and PLR rates in ADHD patients and the lack of
association between platelet marker and total ADHD symp-
tom severity suggested that none of the clinical features had
an adequate neurobiological effect on inflammatory markers
(Metin et al., 2018; Onder et al., 2021).

Hyperactivity and Systemic Inmune Inflammation
Index

This study correlates with clinical symptom severity and
different levels of variability in the systemic inflamma-
tory response are considered views; with systemic immune
inflammation index (SII), there is a positive correlation
between the severity of hyperactivity with weak statisti-
cally significance. In the literature, an association has been
established between the increase of IL-16, a cytokine with
pro-inflammatory activity, and hyperactivity(Oades, 2011).
High levels of IL-6 and TNF-a have been associated with
the intensity of hyperactivity and inattention, triggering
increased levels of norepinephrine as well as decreased
levels of dopamine (Oades et al., 2010). In the context of
inflammation, neutrophils are triggered by the secretion of
cytokines and chemokines, such as interleukin-6 (IL-6),
tumor necrosis factor (TNF), and myeloid growth factors.
SII was developed based on platelet count and NLR (SII,
platelet count X neutrophil/lymphocyte ratio) to simultane-
ously assess patients’ inflammatory and immune status.
SII’s prognostic significance has been proven in various
types of cancer and COVID infection, superior to inflam-
mation-based indices of different cell counts such as NLR,
PLR, or MLR, but similar to CRP. Chronic heart failure is
reported to be independently associated with adverse out-
comes associated with many diseases, including cancer,
metabolic disorders, and cardiovascular disease (Yang et al.,
2020). Higher SII before treatment has a high prognostic
value, especially for the poorer prognosis of hepatocellu-
lar carcinoma patients, and helps to develop clinical treat-
ment strategies (Wang et al., 2020). With increased levels
of SII, neutrophils can release large amounts of nitric oxide,
arginase, and reactive oxygen species and, as inhibitors of
activated T cells, may contribute to the increased apoptosis

found in ADHD brains, a hallmark of ADHD (Yun et al.,
2014).

It is known that increased inflammation may be associ-
ated with the development of psychopathology or resistance
to treatment. It is noted that the etiology of ADHD may be
very different from patient to patient and that the underly-
ing physiological changes may possibly explain the varia-
tion in effect at the point of ADHD treatment effectiveness
and treatment resistance (Miller & Raison, 2016; Nuiez-
Jaramillo et al., 2021). Non-invasive prognostic marker and
as a low-cost SIIs the development of psychopathology, as
well as on the clinical management of ADHD at the point
of treatment response in ADHD symptoms as a marker of
effective use, could be considered.

Attention Deficit and Platelets

In our study, there was no significant increase in PLT, MPV,
and PCT values in ADHD patients. Abnormal (very low or
very high) levels of platelet counts and MPV parameters
have also been reported in the literature on psychiatric dis-
orders such as schizophrenia, unipolar depression, and bipo-
lar disorder (Yu et al., 2020; Wysokirski & Szczepocka,
2016). Significantly higher MPV values were also reported
in children with ADHD than in the healthy control group
(Yorbik et al., 2014). MPV levels have been reported to be
significantly higher in Alzheimer’s disease with advanced
and moderate cognitive impairment than in early-stage
patients (Giizel et al., 2017). MPV levels are based on the
fact that young erythrocytes released from the bone marrow
during inflammation are volumetric larger than older ones.
Metabolic and enzymatic as being activated platelets with
a mean platelet volume (MPV) can give information about
the course, the increase of inflammation; but with the rela-
tionship of CRP levels, the higher volume of low platelets
also shrunk in physiologically older MPV has been shown
(Sun et al., 2014).

We have not found a statistically significant difference
in MPV values; it can be caused by the severity of inflam-
mation and the inability to spend enough time in periph-
eral blood to cause changes in platelet volumes as a result
of Tuesday’s release from the bone marrow or the rate of
destruction in the periphery. But our determination of a
significant negative relationship between PCT values and
the attention deficit variable, and the fact that PCT pre-
dicts attention deficit negatively and decisively, shows the
importance of inflammatory assessments specific to clinical
presentations.

Clinically, adults with ADHD are known to have pro-
nounced symptoms of inattention (LeRoy et al., 2019).
Although it is not strong enough to meet the levels of sensi-
tivity and specificity required for routine ADHD diagnosis,
our finding suggests that PCT is a largely underestimated
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parameter in ADHD, a heterogeneous disorder. Low PCT
may also indicate increased platelet consumption by coag-
ulation, impaired platelet production, decreased platelet
survival time, decreased vascular endothelial growth fac-
tor secretion, and impaired serotonergic neurotransmission
(Mathew et al., 2018). In ADHD pathogenesis, both sero-
tonin and inflammation hypotheses are platelet-containing
hypotheses. This relationship can be evaluated as the active
role of platelets in modulation between immune system
cells, as in all inflammatory processes, ADHD decays.

According to our reviews in the literature, there has
been no publication on PCT change in ADHD. In recent
publications evaluating the relationship between diabetic
neuropathy and PCT, the correlation of a lower PCT level
with a slower nerve conduction rate and a higher rate of
diabetic neuropathy has been reported(Qian et al., 2021).
Our finding suggests that thrombocytcrit (PCT) has effects
on attention and may indicate high expression of subunits
that are majorly expressed in o« 3 GABA A receptors, and
monoaminergic and cholinergic basal forebrain cells, with
GABAergic, acetylcholinergic, or any mechanical connec-
tion (Mohler, 2007). Genetic studies showing the potential
role of inflammation in ADHD suggest that polymorphisms
in many small-acting genes associated with inflammatory
pathways may provide a genetic predisposition to adult and
childhood ADHD (Leffa et al., 2018; Tylee et al., 2018).
Considering that platelet-derived growth factor regulates
oligodendrocyte progenitor numbers in the adult central
nervous system, GABAergic signaling expressed by oligo-
dendrocytes, ADHD may point to the possibility of having
a common genetic basis for cognitive changes, including
immunological conditions and attention deficit symptoms.

Similar to our results in previous studies, adult ADHD
peripheral pro-inflammatory markers, IL-6 and TNF-a pri-
mary growth were not seen, although IL-6 and TNF-a, cor-
tisol awakening response, with differences of presentation in
the relationship between ADHD and careless of the presence
of low basal cortisol levels and HPA activation in response
to stress changing the dysfunction of circadian rthythms with
different neurobiological profiles that can be united with
important conclusions were reached from the presentation
(Corominas-Roso et al., 2017). Further research is therefore
needed to examine the underlying mechanism and examine
refined phenotypes that can reduce heterogeneity, focusing
on ADHD presentations, to confirm the association between
PCT and attentional deficity.

Impulsivity and PDW
Barrat motor scores with PDW were significantly less
positively correlated when the relationship of impulsivity

to systemic inflammatory response levels was evaluated.
PDW values were significantly higher in a large sample
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of children and adolescents with ADHD than in the con-
trol group (Akinct & Uzun, 2021). PDW, as a simple and
widely used platelet activation index, reflects platelet
activation’s change in platelet sizes with morphological
changes, including both spherical shape and pseudopodia
formation. PDW has been used as a useful marker associ-
ated with a high risk of thromboembolic events for autoim-
mune and inflammatory diseases as well as cardiovascular
diseases (Mehrpouri & Satlsar 2020). The critical impor-
tance of impulsivity and platelets can be used to identify
more effective early intervention programs in the evalu-
ation of candidates for early detection of risky behaviors
such as accidents, criminal cases, suicide attempts, and
alcohol-substance abuse for affected individuals in ADHD
patients.

Evidence that increased immune system activation may
be a common pathway in neuroimmune responses to critical
effects in neurodegeneration and behavior should be consid-
ered with the dimensions of development, treatment, and
prevention of ADHD. It is now known that inflammatory
changes in the central nervous system are triggered in indi-
viduals affected by the severe acute respiratory syndrome
coronavirus (COVID-19) pandemic. At the point of pre-
venting psychiatric sequelae of the epidemic and providing
anti-inflammatory effects with neuroprotective mechanisms
against the risk of ADHD in the next generation, dietary and
dietary content of D-vitamin, zinc, iron, magnesium and N-3
PUFA, such as ADHD, such as low rates of elements may be
effective (LaChance et al., 2016; Chang et al., 2018). At the
same time, do not respond to pharmacological treatments,
or for those who suffer the negative effects of this medicine
for ADHD patients, the inflammatory system in the path
of the opening of a new intervention is more effective with
higher response rates and the fewer negative results will help
identify new targets for therapeutic development.

The strengths of this study are that ADHD diagnosis is
always carried out with a semi-structured interview and sup-
ported by a family interview. The study group included a
highly selected sample of adults with no psychiatric or acute
or chronic organic-inflammatory and autoimmune diseases
other than ADHD. As eating lifestyle, the presence of obe-
sity, or habits such as exercise, alcohol, and smoking can
also inhibit the expression of inflammatory markers, detailed
assessment was provided, risky conditions were excluded
in our study, and the similarity of BKI, sports, and heavy
exercise situations was achieved. The fact that some of the
patient group received new diagnoses and were not treated
with ADHD medications provided an advantage for study-
ing the natural course of ADHD. On the other hand, our
results from a sample of ADHD with a better trend may not
fully reflect the nature of ADHD by excluding psychiatric
comorbidities that pose a higher risk of ADHD persistence
in adulthood with a structured clinical interview in our study.
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Limitations and Future Studies

Our study is not without limitations. The use of possible
vitamins and dietary supplements has not been specifically
controlled, is cross-sectional, and cannot assess causality.
While our exclusion criteria have contributed to the reli-
ability of the current findings, 1t should be taken into account
that published studies are still very few and in a small sam-
ple to allow for definitive conclusions. Future research in
larger samples and focusing on ADHD presentations, using
the main biomarkers IL6, IL8, IL10, IL12, TNF, and CRP
in parallel with SII and PCT, are needed to draw firm con-
clusions. Additional studies will therefore be required that
take October into account existing limitations on whether
the inflammatory markers SII, PLT, and PDW obtained by
an easily accessible and feasible method such as CBC can
be used as a diagnostic and treatment evaluation parameter
in ADHD. We think that it will be possible to increase the
level of functionality and quality of life in ADHD patients
by revealing inflammatory evaluations specific to ADHD
clinical presentations and developing strategies for neces-
sary inflammatory and immune conditions. At the same
time, we expect the benefit of increasing our knowledge of
inflammatory and immune conditions in terms of preventing
life-threatening behavioral problems and comorbidities in
the clinical course.

We demonstrated the association of SII, which is indepen-
dently associated with adverse outcomes in many diseases,
and the severity of hyperactivity symptoms in adult ADHD.
The fact that PCT predicts attention deficit negatively and
decisively shows the importance of inflammatory assess-
ments specific to clinical presentations. The critical impor-
tance of platelets in inflammatory processes in ADHD has
been demonstrated once again with inflammatory markers
such as SII, PLT, and PDW, which can be accessed by an
easily applicable complete blood count method.
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