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ABSTRACT

AIM: This study aims to investigate whether there is a relationship between attention-deficit/hyperactivity
disorder (ADHD) and inflammation, using hematologic inflammatory parameters in a large sample of children

and adolescents.

METHOD: This retrospective study comprises 347 children and adolescents with ADHD between 6 and 17
years of age who met the inclusion criteria as well as 205 healthy children and adolescents in the control
group. Serum parameters such as white blood cell (WBC), neutrophil, lymphocyte, platelet, monocyte,
eosinophil and basophil counts, mean platelet volume (MPV), and platelet distribution width (PDW) were
recorded from complete blood count tests at the time of admission, while neutrophil lymphocyte ratio (NLR),
platelet lymphocyte ratio (PLR), and other ratios were calculated based on these counts.

RESULTS: NLR, PLR, MPV, PDW, WBC and neutrophil counts were significantly higher in children and
adolescents with ADHD than in the control group. In the ADHD group, NLR, WBC and neutrophil counts were

significantly higher in girls than in boys.

CONCLUSIONS: The results of this study support the hypothesis that inflammation plays an important role
in the complex pathophysiology of ADHD. In addition, our data confirm that easily obtainable and reliable
hematological parameters can be used when investigating the role of inflammation in ADHD etiology (Tab. 4,

Ref. 44). Text in PDF www.elis.sk

KEY WORDS: ADHD, inflammation, mean platelet volume, neutrophil/lymphocyte ratio, platelet/lymphocyte

ratio.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder characterized by inattention, exces-
sive mobility, and impulsiveness that do not confirm with the
developmental level. It negatively affects community, school, or
work-related activities (1). The worldwide prevalence of ADHD
in children and adolescents is 5.29 % (2). Based on manifestation,
there are three subtypes of ADHD, namely inattentive predomi-
nant subtype, hyperactive/impulsive predominant subtype, and
combined subtype. In a meta-analysis study, ADHD was found
to be more commonly diagnosed in males, inattentive predomi-
nant subtype was more common in community-based studies, and
combined subtype was predominantly observed in patients admit-
ted to the clinic (3). ADHD has a complex etiology that involves
an interaction between genetic and environmental factors (4). In
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addition, the exaggerated inflammatory response of the central
nervous system to the damage that occurred during the prenatal
period was assumed to be a potential cause of ADHD (5). Despite
numerous studies carried out to date, the etiology of ADHD has
not yet been fully clarified.

It is believed that the immune system has a role in the etio-
logy of neurodevelopmental disorders. Studies show that patho-
physiological mechanisms related to the immune system play a
role in the emergence and progression of neurodevelopmental
disorders (6). Various immune system-related disorders such as
thyrotoxicosis, type 1 diabetes, autoimmune hepatitis, psoriasis,
and ankylosing spondylitis have been associated with ADHD (7).
The role of inflammation in has been proven also in neuropsy-
chiatric disorders in line with increased interest in inflammation in
recent years (8). In studies investigating the relationship between
ADHD and inflammation, researchers showed that the levels of
some cytokines (e.g., [IFN-g) were elevated in ADHD patients and
they found a correlation between elevated cytokines (proinflam-
matory and anti-inflammatory) and ADHD symptoms (9,10).
Additionally, the facts that cytokines may regulate basal ganglia
and play a critical role in dopamine synthesis in the brain support
the relationship between ADHD and cytokines (11).

Cytokines play an important role in both natural and cellular
immune systems. However, the process of measuring peripheral
cytokine levels is expensive because it employs complex proce-
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dures such as immunoassays. Based on this, recent studies on
biomarkers have been focused on parameters obtained from the
basic serum, such as blood cell count and blood cell ratios (12). A
complete blood count is a readily available and inexpensive test
that provides easily analyzable information about the body. Leuko-
cytes play a critical role in inflammation since changes in leukocyte
subgroups reflect the response of the immune system during the
inflammatory state (13). The neutrophil/lymphocyte ratio (NLR)
is a well-accepted clinical biomarker that can be easily obtained
from blood and used for the evaluation of systemic inflammation
(13). NLR was reported to be associated with the inflammatory
response and prognosis in many clinical conditions such as auto-
immune diseases and cardiovascular diseases (14, 15). It has also
been reported that NLR value is significantly higher in psychiatric
disorders such as schizophrenia, bipolar and depressive disorders
in adults, as compared to the control group (16—18). In addition,
an elevation in the neutrophil lymphocyte ratio has been shown
to be present in child and adolescent psychiatric diseases (19, 20).

Platelets are cells that can interact with other circulating im-
mune system cells and vascular endothelial cells. The activation of
platelets and secreted proinflammatory cytokines (platelet-induced
IL-1) play an important role in psychiatric disorders (21). The
Platelet/lymphocyte ratio (PLR) is another biomarker derived from
whole-blood count parameters, and considered to be an indicator
of chronic low-grade inflammation (22). The mean platelet vol-
ume (MPV) is routinely given as part of the complete blood count
(CBCQ) test. It is a machine-calculated parameter of the mean size
of circulating platelets. In many studies, MPV has been shown to
be a clinical marker of chronic low-grade inflammation (23, 24).
Platelet distribution width (PDW) is another parameter that is
available in nearly all laboratories. Changes in platelet functions
and size have been reported to be associated with systemic inflam-
mation, thus suggesting that PDW may be a valuable marker in
predicting some disease outcomes (25, 26).

The relationship between hematologic inflammatory markers
and ADHD has been studied in a small number of studies in chil-
dren and adolescents. However, these studies had conflicting re-
sults. Avcil reported that NLR, PLR, MLR and MPV values were
significantly higher in 82 children with ADHD, compared to the
control group (27), whereas Binici et al. reported that NLR, PLR
and MPV in 65 children with ADHD was not statistically different
as compared to the control group (28). As far as we know, no pre-
vious studies have investigated eosinophil/lymphocyte ratio (ELR),
basophil/lymphocyte ratio (BLR) and PDW, which are considered
inflammatory markers in children and adolescents with ADHD.
Thus, this study aims to clarify the relationship between ADHD
and inflammation by using hematologic inflammatory markers in
children and adolescents with ADHD.

Materials and methods

Sample

This retrospective study consisted of 347 children and ado-
lescents with ADHD between 6 and17 years of age that had been
admitted to the Outpatient Child and Adolescent Psychiatry Cli-

nic between February 2019 and April 2020. All data were taken
from the hospital records of each patient stored in our hospital’s
electronic medical records database. These records include age,
gender, BMI, diagnosis at the time of admission based on DSM-5
criteria, comorbid psychiatric disorders, other medical conditions
and diseases, and laboratory test results. Both authors, who are
child and adolescent psychiatrists, have examined the patients’
files, and consensus was reached in all cases. This study was ap-
proved by the ethics committee of Karatay University (Date: 22
May 2020, number: 2020/019) and Konya Provincial Directorate
of Health (Date: 29 July 2020, number: 86737044-806.01.03) Also,
all procedures were conducted in accordance with the Declaration
of Helsinki and local laws and regulations.

The inclusion criteria for the ADHD group were as follows:
patients aged 17 and below (1); patients who met the DSM-5 diag-
nostic criteria for ADHD (2); no other psychiatric disorder (3); no
psychiatric medication history at any period of life (4). The control
group consisted of 205 healthy children and adolescents. The pa-
tient and control groups were similar in terms of age, gender and
BMLI. Exclusion criteria for both groups were as follows: concur-
rent psychiatric diagnoses (1); presence of an autoimmune disease,
acute infection, systemic disease, epilepsy, allergic diseases, as
well as other psychiatric, hematologic, endocrine, immunological,
renal diseases, neurological and cardiological diseases (2); cur-
rent use of all types of drugs (3); obesity, body mass index (BMI)
more than 30 kg/m2 (4); significant abnormalities in laboratory
test results indicative of anemia, polycythemia, leukocytosis, leu-
kopenia, lymphopenia, lymphocytosis, neutropenia, neutrophilia,
thrombocytopenia or thrombocytosis (5).

Procedure

After collecting venous blood from patients into containers
containing anticoagulant ethylene diaminetraacetic acid (EDTA),
the Mindray BC-6800 auto hematology analyzer (BC-6800, Min-
dray, Shenzhen, China) was used to analyze hemograms. WBC,
neutrophil, lymphocyte, platelet, monocyte, eosinophil, and ba-
sophil counts were recorded from complete blood counts at the
time of admission, and NLR, PLR, MLR, ELR and BLR were
calculated based on these measurements. Based on the data from
hospital records and DSM-5 criteria, the patients were divided
into three groups of subtypes, namely combined, inattentive and
hyperactive/impulsive.

Statistical analysis

The data were analyzed using SPSS 20 software (IBM Cor-
poration, Armonk, NY, USA). The data were presented as mean
(standard deviation [SD]) for numerical variables and percentages
for categorical variables. The Shapiro-Wilk normality test was
used to determine whether the variables have a normal distribu-
tion. Chi-square (y2) test was used to compare categorical vari-
ables and frequencies. Continuous variables were expressed as
means (SD). Student’s t-test and one-way ANOVA and post-hoc
Bonferonni test was used to compare the variables with normal
distribution between two and three groups, respectively. However,
the Mann—Whitney U test and the Kruskal-Wallis test was used to
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analyze non-normally distributed variables. All statistical analyses
were performed within 95 % confidence interval, and a p value of
< 0.05 was considered statistically significant.

Results

This study included 347 children and adolescents with ADHD
diagnosis (264 boys, 83 girls) with the mean age of 9.6842.63
years. The mean age of the 205 children and adolescents (150
boys, 55 girls) in the control group was 9.69+2.56 years. There
were no significant differences between the groups in terms of age,
gender and BMI distribution (p > 0.05). Demographic data of the
participants are shown in Table 1.

NLR and PLR values were significantly higher in children and
adolescents with ADHD than in the control group (p <0.05). In ad-
dition, there was a significant difference between the two groups in
terms of WBC, neutrophil count, PDW, and MPV (p <0.05). There
was no significant difference between the groups in regard to the
red blood cell distribution width (RDW), lymphocyte, monocyte,
eosinophil, basophil, and platelet counts and MLR, ELR, and BLR
values (p > 0.05). The comparison of serum parameters between
groups is shown in Table 2.

As presented in Table 3,219 (63.1 %) patients were diagnosed
with ADHD combined subtype, 93 (26.8 %) with ADHD inattentive
subtype, and 35 (10 %) with ADHD hyperactive/impulsive sub-
type. Only MPV was statistically significant within hematological
parameters among the ADHD subtypes (post hoc analysis, I > H).

In the study group, as shown in Table 4, there were significant
differences between NLR, hemoglobin (Hb), WBCs, and neutrophil
counts between girls and boys, while other parameters were similar.

Discussion

of psychiatric diseases, hematological values that are considered
new clinical markers of inflammation have been investigated in
a variety of diseases. These values can easily be obtained from
complete blood count tests and their analysis is cheap, repeat-
able and easily accessible. Inconsistent results were obtained in
a limited number of studies evaluating these markers in ADHD,
including NLR, PLR and MPV. Avcil’s study reported an increase
in these values, and suggested that they could be used as potential
inflammatory markers in children with ADHD (27). Another study
showed that the values of NLR, PLR and MPV in children with
ADHD and healthy controls were similar (28). However, in the
latter study, the children with additional psychiatric disorders were
included in the ADHD group. The results of our study are con-
sistent with the increased NLR, PLR and MPV values in children
with ADHD. On the other hand, the increased values of MLR in
the ADHD group shown in that study were not shown in our study.
This may be attributable to the fact that the value of MLR loses its
significance with an increase in the number of patients. In addition,
in a study investigating the relationship between immune system
cells and suicide attempts, no significant differences in MLR be-
tween the groups were found, which is supportive of our study

Tab. 1. Demographic and clinical characteristics of the participants.

Variables ADHD Group Control Group Statistical
(n:347) (n:205) analysis
n(%) n(%) P
Boy/Girl 264 (76.1%)/83 (23.9%)  150(73.2%)/55 (26.8%)  0.446
Mean SD Mean SD p
Age 9.68 2.63 9.69 2.56 0.946
BMI 18.67 2.51 18.71 2.40 0.847

SD: standard deviation, BMI: body mass index (kg/m?)

Tab. 2. Comparison of hemogram parameters of the study groups.

In this study, which discusses the role ) ADHD Group Control Group Statistical
of inflammation in the pathophysiology of PERELIES (@iif)) (AT AT
ADHD, the inflammation status in pediat- Mean SD Mean SD P

. ’ . . HGB 13.48 0.93 13.47 1.02 0.963
ric and adolescent ADHD patients without e 3997 256 40.01 280 0855
medication and without comorbidity wasas-  RBC 4.96 0.34 4.92 0.35 0.182
sessed using parameters that can be detected =~ RDW-CV 13.44 0.74 13.45 0,82 0.826
by a complete blood count test. The results IYIVEB[? Z‘S g }; g ;ég iﬁ 300()2(;51
of the study show.ed that NLR, PLR, PDW LYM 278 0.78 588 0.86 0.167
and MPV values in the ADHD group were  \MON 0.49 0.14 0.48 0.13 0.857
significantly higher compared to the control ~ EOS 0.19 0.13 0.17 0.12 0.140
group. Also, WBC and neutrophil counts ~ BAS 0.030 0.014 0.029 0.014 0.612
were higher in children and adolescents with L+ 29754 60.97 290.66 75.80 0.270

& . PDW 15.76 0.43 15.64 0.55 0.008
ADHD than in healthy controls. As far as MPV 8.72 0.88 8.50 0.85 0.004
we know, this is the study with a relatively =~ NLR 1.59 0.84 1.42 0.74 0.002
large sample size evaluating hematologic ~ PLR 114.26 37.01 110.12 44.66 0.014
inflammation markers in children and ado- ~ MLR 0.19 0.08 0.18 0.09 0.663
| ith i< also the fi ELR 0.071 0.054 0.063 0.050 0.077
escents with ADHD. Itis also the firststudy gy p 0.011 0.006 0.010 0.006 0321

that investigated particular markers of in-
flammation, such as ELR, BLR, and PDW,
in children and adolescents with ADHD.

SD: standard deviation, BMI: body mass index (kg/m?), HGB: hemoglobin (g/dL), HTC: hematocrit (%),
RBC: red blood cell (106/uL), RDW-CV: red cell distribution width (%), WBC: white blood cell (103/uL ),
NEU: neutrophile (10°/uL), LYM: lymphocyte (10°/uL), MON: monocyte (10°/uL), EOS: eosinophil (10°/uL),

BAS: basophil (10°%uL), PLT: platelet (10°%/uL), PDW: platelet distribution width (%), MPV: mean platelet vol-

Along with the growing interest in the
role of inflammation in the pathophysiology
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findings (29). One of the strengths of our study is the large sample  adolescents with ADHD. Our results showed that ELR and BLR
size. The other strength lies in the fact that the present researchis ~ were similar in both groups. This result is consistent with recent
the first study that investigates ELR, BLR and PDW in childrenand literature that investigated lymphocyte-related ratios (29). On the

Tab. 3. Comparison of hemogram parameters among ADHD Subgroups.

ADHD-C ADHD-I ADHD-H

Variables ~ (n:219) (n:93) (0:35) St enl A
Mean SD Mean SD Mean SD F p Post-Hoc
Age 968 260 990 272 906 252 1315 0270
BMI 18.66 248 1865 247 1879 258 2028 0.157
HGB 1349 098 1352 088 1330 064 0728 0483
HTC 3994 264 4033 256 3916 179 2687 0.070
RBC 494 032 501 039 500 033 1257 0286
RDW-CV 1342 073 1349 079 1341 071 0345 0.708
WBC 753 159 756 161 777 151 0335 0715
NEU 403 124 408 132 417 1.9 0213 0.808
LYM 276 079 277 075 286 083 0201 0818
MON 049 0.4 049 013 045 016 1572 0209
EOS 020 014 016 009 019 0.116 2919 0.166
BAS 0.030 0016 0030 0013 0028 0011 0575 0.563
PLT 20627 6487 29781 5532 30474 50.07 0291 0.748
PDW 1575 044 1575 031 1583 0.64 0450 0.638
MPV 871 091 88 079 838 090 4158 0016 I>H
NLR 159 084 156 064 170 126 0346 0.708
PLR 113.93 3480 11272 29.18 12045 6182 0577 0.562
MLR 0.19 009 018 007 016+ 006 1.643 0.195
ELR 0.075 0057 0060 0040 0074 0062  2.538 0.081
BLR 0011 0006 0011 0005 0010 0004 0731 0482

SD: standard deviation, BMI: body mass index (kg/m?), HGB: hemoglobin (g/dL), HTC: hematocrit (%),
RBC: red blood cell (106/uL), RDW-CV: red cell distribution width (%), WBC: white blood cell (103/uL ),
NEU: neutrophile (10°/uL), LYM: lymphocyte (10°/uL), MON: monocyte (10%/uL), EOS: eosinophil (10°/uL),
BAS: basophil (10*/uL), PLT: platelet (10°/uL), PDW: platelet distribution width (%), MPV: mean platelet vo-
lume, NLR: neutrophile/lymphocyte ratio, PLR: platelet/lymphocyte ratio, MLR: monocyte/lymphocyte ratio,
ELR: eosinophil/lymphocyte ratio, BLR: basophil/lymphocyte ratio

Tab. 4. Comparison of hemogram parameters among boys and girls with ADHD group.

Boys Girls Statistical
Variables (n:264) (n:83) Analysis
Mean SD Mean SD P
Age 9.69 2.58 9.65 2.79 0.916
BMI 18.70 2.43 18.57 2.76 0.681
HGB 13.53 0.97 13.32 0.75 0.046
HTC 39.98 2.67 39.94 2.20 0.900
RBC 498 0.33 4.93 0.38 0.280
RDW-CV 13.43 0.70 13.48 0,87 0.598
WBC 7.43 1.56 7.99 1.61 0.005
NEU 3.93 1.21 4.45 1.31 0.001
LYM 2.77 0.75 2.81 0.86 0.642
MON 0.48 0.14 0.50 0.13 0.207
EOS 0.19 0.14 0.16 0.10 0.178
BAS 0.031 0.015 0.028 0.013 0.108
PLT 297.19 60.24 298.64 63.60 0.851
PDW 15.76 0.45 15.75 0.39 0.779
MPV 8.71 0.87 8.73 0.93 0.849
NLR 1.55 0.80 1.74 0.94 0.015
PLR 114.73 38.54 112.78 31.80 0.938
MLR 0.18 0.07 0.19 0.10 0.272
ELR 0.074 0.058 0.061 0.039 0.109
BLR 0.011 0.006 0.010 0.005 0.100

SD: standard deviation, BMI: body mass index (kg/m?), HGB: hemoglobin (g/dL), HTC: hematocrit (%),
RBC: red blood cell (106/uL), RDW-CV: red cell distribution width (%), WBC: white blood cell (103/uL ),
NEU: neutrophile (10°%/uL), LYM: lymphocyte (10°/uL), MON: monocyte (10%/uL), EOS: eosinophil (10°/uL),
BAS: basophil (10°/uL), PLT: platelet (10°/uL), PDW: platelet distribution width (%), MPV: mean platelet vo-
lume, NLR: neutrophile/lymphocyte ratio, PLR: platelet/lymphocyte ratio, MLR: monocyte/lymphocyte ratio,
ELR: eosinophil/lymphocyte ratio, BLR: basophil/lymphocyte ratio

other hand, the PDW value was significantly
higher in the ADHD group, compared to the
control group. In other words, the increase
in PDW in children and adolescents with
ADHD is a new finding.

Other parameters interpreted as in-
flammatory markers include the changes
in platelet features. Studies have shown that
platelets play an important role in psychiat-
ric disorders (30). In a single study inves-
tigating the level of PDW in psychiatric
disorders, the PDW increase was found to
be significant in patients with panic disor-
der as compared to the control group (26).
The increase in PDW supports the immune
system irregularity hypothesis in relation
with ADHD in children and adolescents.
On the other hand, the increase in PDW
was found to be an independent predictor
for myocardial infarction (31). The MPV
is not only a useful predictor in the evalu-
ation of systemic inflammation, but also a
powerful predictor that shows the disease
activity in a variety of inflammatory diseas-
es (24,32). In addition, MPV was reported
to increase significantly in children with
ADHD as compared to the control group
(33). The increase in MPV which is con-
sidered as an inflammation marker was also
demonstrated in this study. In other words,
the MPV is an important risk factor in terms
of cardiovascular disease (34). Yorbik et al.
hypothesized that childhood ADHD may
be a risk factor for coronary heart disease
in adulthood (33). Similarly, in a study on
the link between hyperactive behavior in
childhood and cardiovascular risk in young
adulthood, the childhood hyperactivity was
associated with increased carotid artery in-
tima media thickness (35). Both studies
blame atherosclerotic changes among the
underlying causes of the increased cardio-
vascular risk. Chronic inflammation causes
the development of atherosclerosis through
proinflammatory cytokines, which can pose
arisk of cardiovascular disease in the future
(36). Therefore, increased PDW and MPV
values may be useful markers for early de-
tection of possible cardiovascular complica-
tions that may occur as a result of chronic
inflammation in later ages in children and
adolescents with ADHD.
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It was also reported that the combined subtype diagnosis was
more predominant in patients admitted to the clinic while the
hyperactive/impulsive subtype was the least common (3). The
present study is in line with the literature in terms of the distri-
bution of ADHD group subtypes. A significant difference was
found only in the MPV value, when hematological inflammatory
markers were compared between ADHD subtypes. While there
was no significant difference between the inattentive subtype and
combined subtype, there was a statistically significant difference
between hyperactivity/impulsivity and inattention. Unlike our
findings, there was no significant relationship between the MPV
and ADHD subtypes in Avcil’s study (27). However, it is believed
that a direct comparison could not be made between the subtypes
due to the small number of samples in their study. Although the
association between inflammation and ADHD has been reported,
there are no studies investigating the differences in inflammation
between all three subtypes. In a study that investigates the inflam-
matory cytokines in ADHD, no difference was reported between
IL-6 and TNF-a between combined and inattentive subtypes (37).
This result supports the conclusion of our study that there was no
difference between inattentive and combined subtypes. On the
other hand, a positive relationship was shown between the MPV
and IL-6 levels (34). In the present study, the difference in MPV
levels between inattentive and hyperactive/impulsive subtypes
is hypothesized to be due to the changes in the levels of IL-6 or
other inflammatory cytokines. Further studies are needed to clarify
the underlying mechanisms that may be causing this. Moreover,
additional studies need to be conducted to reveal the relationship
between ADHD and inflammation in all three subtypes.

When girls and boys were analyzed separately in the study
group, girls with ADHD had significantly higher WBC and neu-
trophil counts and NLR, as compared to boys with ADHD. NLR
was higher in females at younger ages than in males (38). Besides,
in their study of patients with major depressive disorder, Adhikari
et al. hypothesized that females exhibited a greater inflammatory
response than males, and that an increase in NLR was associated
with poor prognosis in females (39). All these findings suggest that
females may be more prone to inflammation. It has been stated
that females exhibit a more proinflammatory condition compared
to males, and are more likely to develop an autoimmune disease
(40). Additionally, it has been noted that there is a positive rela-
tionship between ADHD and immune-related diseases in females
while gender-specific immune-mediated neurodevelopmental pro-
cesses may be involved in the ADHD etiology (41).

There is growing evidence of a relationship between inflam-
mation and ADHD in studies on the causes of ADHD. Cytokines
function in the regulation of the immune system, while high cy-
tokine levels associated with chronic inflammation affect fetal
development either directly through the effect on the neuronal
development or through epigenetic mechanisms resulting in gene
expression (42). In a study investigating the relationships between
serum cytokines in children and adolescents with ADHD, and
pregnancy and perinatal characteristics, significant correlations
were demonstrated between increased IFN-g, shortened duration
of pregnancy and low birth weight, decreased TNF-a and increased
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pregnancy-related problems, in addition to increased IL-6 and pa-
ternal smoking (43). In addition, the increase in cytokine release
due to an inflammatory process may affect the maturation of the
prefrontal cortex in individuals with ADHD (44). These studies
show that the immune system activation may play a role in the etio-
logy of neurodevelopmental disorders such as ADHD. However,
because of the high costs and limited availability, inflammatory
cytokine levels in patients with ADHD are unlikely to be exami-
ned routinely. In contrast, hematological inflammatory ratios have
advantages in both low cost and availability as compared to other
markers of inflammation, such as cytokines. Inflammatory ratios
give information about innate and adaptive systems that are the
components of the immune system, and reflect a reliable measure-
ment of the inflammatory condition. Therefore, we believe that
hematological parameters can be used when investigating the role
of inflammation in the etiology of ADHD.

Although this current study shows that inflammatory processes
play an important role in ADHD etiology, it still has some limita-
tions. Our first and most important limitation is that the retrospec-
tive design of the study did not allow for a structured psychiatric
interview to be carried out. Secondly, the possible correlations
between symptom severity and duration of illness and inflamma-
tory markers could not be assessed. Thirdly, other inflammatory
markers such as inflammatory cytokines and acute-phase reac-
tants were not evaluated. Fourthly, although the two groups were
similar in age, gender, and BMI, one potential limitation was the
inability to evaluate the uncontrollable factors such as the genetic
characteristics, lifestyle and diet of the children and adolescents.
On the other hand, the large sample size together with the facts
that the subjects were taking no drugs and had no comorbidities
are the major strengths of the study. As far as we know, it is also
the first study that investigated the values considered as markers
of inflammation, such as ELR, BLR, and PDW, in children and
adolescents with ADHD.

Conclusion

As aresult, this study shows that NLR, PLR, PDW, and MPV
values, as well as WBC and neutrophil counts are significantly
higher in children and adolescents with ADHD than in healthy
controls, and that there is an association between low-grade in-
flammation and ADHD. Hematologic parameters may be useful
markers for early detection of possible cardiovascular complica-
tions that may occur as a result of chronic inflammation at later
age in children and adolescents with ADHD. The facts of higher
WBC and neutrophil counts and higher NLR values in girls with
ADHD, as compared to boys with ADHD, suggest that girls may
be more prone to inflammation. In addition, prospective studies are
needed to determine whether hematologic inflammatory marker
levels would change after ADHD treatment. Also, we believe that
these markers in ADHD should be investigated if they are corre-
lated with cytokines and other markers of inflammation.
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