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Introduction:  Attention-deficit  hyperactivity disorder (ADHD) is a
neurodevelopmental disorder with an unclear etiology. Systemic inflammation
and immune dysregulation may play a role in the pathogenesis of ADHD.
Morphology-derived parameters such as neutrophil to lymphocyte ratio (NLR),
platelet to lymphocyte ratio (PLR), and monocyte to lymphocyte ratio (MLR),
have been proposed as peripheral biomarkers of the immune-inflammatory
process in various diseases. However, studies examining their role in ADHD
remain inconclusive.

Methods: A systematic review and a meta-analysis were conducted to evaluate
the association between NLR, MLR, PLR and ADHD. Relevant articles were
identified, screened, and assessed for quality according to PRISMA guidelines.
Moreover, a qualitative and quantitative analyses were performed.

Results: The review contained eight eligible studies, five of which were included
in the meta-analysis. The meta-analysis showed that ADHD patients had higher
NLR and PLR values compared to health controls. No significant difference in
MLR value was observed between the two groups. Analysis in relation to ADHD
subtypes showed no significant differences in inflammatory markers in any of the
included studies as well. The influence of medical treatment on these ratios could
not be adequately assessed due to limited data.

Conclusion: ADHD patients exhibit higher NLR and PLR than healthy controls,
which may indicate the potential immune-inflammatory involvement in this
disorder. Further studies on inflammatory markers and ADHD, especially those
considering the impact of treatment and clinical symptoms, are essential to
comprehensively understand this association.
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1. Introduction

Attention-deficit (ADHD) is a
neurodevelopmental disorder characterized by persistent patterns

hyperactivity ~disorder

of inattention, hyperactivity, and impulsivity (1). The disorder
affects individuals across different age groups, carrying significant
implications for daily functioning and the overall quality of life
for them and their families (2). Despite its prevalence and impact,
the exact underlying pathophysiological mechanisms remain
undiscovered (3).

In recent years, there has been a growing interest in exploring
the role of systemic inflammation and immune dysregulation in
the pathogenesis of ADHD (4, 5). Inflammatory and autoimmune
diseases, such as eczema, asthma, rheumatoid arthritis, type 1
diabetes, or hypothyroidism, co-occur significantly more frequently
with ADHD (6, 7). Studies to date have suggested that patients
with ADHD have higher levels of inflammatory cytokines, such
as 11-6 or II-10, than healthy individuals (8, 9). Furthermore,
some of the studies have also demonstrated an association of
inflammatory markers with disease severity (10). In addition, it has
been observed that the patients who take psychostimulants display
lower levels of inflammatory markers (11). Moreover, several lines
of evidence from genetic studies have indicated links between
ADHD and polymorphisms in genes associated with inflammatory
pathways (5).

Alterations in various peripheral blood cell ratios, such as
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte
ratio (PLR), and monocyte to lymphocyte ratio (MLR), have been
shown to serve as potential biomarkers of immune-inflammatory
processes or poor prognoses in various diseases, such as cancers,
cerebrovascular, cardiovascular, or autoimmune diseases (12-16).
In recent years, the assessment of NLR, MLR, and PLR in
patients with mental illnesses has also been investigated. These
inflammatory markers were elevated in depressed, bipolar, or non-
affective psychosis patients (17-20).

To date, several studies have investigated the link between NLR,
PLR, MLR, and ADHD, but the findings have been inconsistent.
Some studies have reported elevated ratios among individuals
with ADHD, suggesting a potential role of inflammation in the
pathophysiology of the disorder (21, 22). However, other studies
have found no significant differences in these parameters among
ADHD patients, pointing to the complexity of the immune-
inflammatory mechanisms involved (23, 24).

Therefore, the aim of this study was to conduct a systematic
review and meta-analysis to evaluate the association between
immune-inflammatory markers such as NLR, PLR, MLR, and
ADHD. Specifically, we planned to: (1) compare NLR, MLR, PLR
levels between ADHD patients and healthy controls; (2) assess
the effects of psychostimulant treatment on NLR, MLR, PLR in
ADHD patients; (3) evaluate the association of NLR, MLR, PLR
levels with ADHD subtypes; (4) evaluate the association of NLR,
MLR, PLR levels with ADHD symptoms and their severity. To
our best knowledge, no systematic review on this topic has been
conducted to date.

We hypothesized that NLR, MLR and PLR levels differ
significantly between ADHD patients and healthy controls, and
that psychostimulant treatment affects these markers in ADHD
subjects. We also hypothesized that NLR, MLR and PLR level differ
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in various subtypes of ADHD and are related to symptoms and
severity of the disease. This systematic review and meta-analysis
provide a comprehensive insight into the relationship between
NLR, MLR, PLR and ADHD.

2. Materials and methods

This systematic review was conducted according to the
PRISMA statement (Preferred reporting items for systematic
review and meta-analysis) (25).

2.1. Search strategy

A literature search in April 2023 included the contents
of Pubmed, Scopus, and Web of Science electronic databases
without any filters. Additionally, clinicaltrialregistry.gov was
searched. The following search strategy was used: (“neutrophil-to-
lymphocyte ratio” OR “NLR” OR “neutrophil to lymphocyte ratio”
OR “neutrophil/lymphocyte ratio” OR “neutrophil-lymphocyte
ratio” OR “neutrophil lymphocyte ratio” OR “platelet-to-
lymphocyte ratio” OR “PLR” OR “platelet to lymphocyte ratio”
OR “platelet/lymphocyte ratio” OR “platelet-lymphocyte ratio”
OR “platelet lymphocyte ratio” OR “monocyte-to-lymphocyte
ratio” OR “MLR” OR “monocyte to lymphocyte ratio” OR
“monocyte/lymphocyte  ratioc” OR  “monocyte-lymphocyte
ratio” OR “monocyte lymphocyte ratio”) AND (“ADHD”
OR “Attention Deficit Hyperactivity Disorder”). In addition,
references from selected articles were screened to confirm
potentially related studies.

2.2. Inclusion and exclusion criteria

The following criteria were a condition for the inclusion of the
studies in this systematic review: (1) observational study design
(case-control, cohort, or cross-sectional); (2) concerning ADHD
patients over 6 years of age and under 18 years of age and
controls without mental disorders; (3) at least one of the NLR,
MLR, or PLR levels were measured; (4) published in English.
The exclusion criteria were as follows: (1) reviews, letters, and
conference abstracts; (2) non-human studies; (3) duplicate data; (4)
full text was not available; (5) not in English. Two investigators
worked independently to complete the preliminary screening
through browsing titles and abstracts. The final decisions were
made after reviewing the full texts. Disagreements between the
researchers were resolved by consultation with the third author.

2.3. Data extraction

The original data was extracted from the included studies by
two of the researchers. The following information was collected:
the surname of the first author, publication year, country, matching
information for sex and age, diagnostic criteria, sample size,
mean age, percentage of men, information about comorbidities,
medical treatment and subtypes of ADHD, peripheral blood cell
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ratios (NLR, MLR, PLR). Any divergences were resolved through
discussion between the two investigators and consultation by a
third researcher.

2.4. Quality assessment

The quality of the selected studies was independently evaluated
by two authors with the Newcastle-Ottawa scale (NOS) (26).
The study was assessed with respect to three aspects: Selection,
Comparability, and Exposure. A maximum of one star was awarded
in each category for Selection and Exposure, while a maximum
of two stars could be awarded for Comparability. Studies were
rated from 0 to 9, with those scoring from 0 to 2 being ranked as
poor quality, 3 to 5 as fair quality and 6 to 9 as high quality. Any
disagreements were managed by group discussion. Only high and
fair quality studies were included in meta-analysis.

2.5. Statistical analysis

The meta-analysis was conducted using RevMan5 (version
5.4; Cochrane Collaboration) software. Continuous outcomes were
pooled as standardized mean difference (SMD). Heterogeneity was
evaluated visually on the Forest plot and statistically using the
Chi?, 12, and Tau?. Thresholds from Cochrane Collaboration were
consistent with interpretation of heterogeneity: 0-40% might be
not important; 30-60% may represent moderate heterogeneity; 50—
90% may represent substantial heterogeneity, and 75-100% high
level of heterogeneity. A fixed-effect model was used to analyze and
P < 0.05 was set as a statistical significance. The subgroup analysis
with regard to the psychostimulant treatment used was planned.

3. Results

3.1. Study selection

A total of 110 articles were identified through the search
strategy. After removing 57 duplicates, 53 remained for titles and
abstracts screening. Initially, eleven full-text articles were carefully
assessed for eligibility. However, this number was later reduced
to eight eligible articles, which were used for data extraction and
summarization of the results (21-24, 27-30). Five of the articles
were included in quantitative analysis (21-24, 30). The search
process flow and results are detailed in Figure 1.

3.2. Characteristics of included studies

Among included studies 8, 7, and 6 of them investigated the
NLR, PLR, and MLR, respectively. The papers were published
between 2018 and 2022. All studies included both male and
female subjects. The age of patients ranged from 8.3 £+ 1.7 to
10.33 £ 3.15 years old. Seven of these studies were conducted
in Turkey, one in Egypt. In all papers ADHD diagnoses were
identified based on DSM-V criteria, while in one study additionally
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Records identified through
databases searching (n=104)
PubMed (n=28)
Scopus (n=39)

Web of Science (n=37)

110 of all identified
records
57 of duplicates
v records removed
53 of records
screened
42 of records
removed based on
titles and abstracts
11 of full-text articles
assesed for eligibility
8 of studies included in

qualitative analysis;
5 of studies included in

Records identified through
others sources
clinicaltrials.gov registry (n=1)
references review of included
articles (n=5)

3 of full-text articles
excluded with reasons.
- aduit population (n=1)
- no ADHD diagnosis (n=1)
- notin English (n=1)

quantitative analysis

FIGURE 1
Flowchart showing an overview of the study selection process.

with the Schedule for Affective Disorders and Schizophrenia for
School-Age Children - Present and Lifetime Version (K-SADS-
PL) (23). Patients with other mental disorder were excluded in all
cases. All ADHD children were diagnosed with delayed language
development (DLD) in one of the studies (27) and in another with
specific learning disorder (SLDs) (30). One study excluded patients
with other psychiatric disorders, with the exception of oppositional
defiant disorder (ODD) (24). In all but one study, participants
received no treatment, in one study the majority of patients
(85%) were treated. One study did not provide information about
diagnosis criteria, numbers and sex of participants, comorbidities
and medical treatment (29). The detailed information about
included studies are presented in Table 1.

3.3. Quality assessment of included
studies

Table 2 provides quality scores for the papers, assessing risk of
bias. Six of the studies were of high quality, one was of fair quality
(30), and one was of poor quality (29). Only the high and fair quality
studies were included in meta-analysis.

3.4. Patients with ADHD vs. healthy
controls

Table 3 provides information about inflammatory markers
(NLR, MLR, PLR) in studies included in the meta-analysis.

34.1.NLR

NLR in ADHD patients was evaluated in eight studies. The
mean NLR were significantly higher in ADHD patients group than
in healthy controls in six of them (6/8, 75%). the difference between
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TABLE 1 Characteristics of included studies.
References| Diagnosis| Matching| Individuals with ADHD
Country criteria age and
sex

Onder et al. DSM-V Yes 100
(21)Turkey 2.65

Controls

i

99

Mean
age

10.21 +
2.74

(n)

82

Main
findings

The mean NLR,
PLR were
significantly
higher in ADHD
patients group
than in HC
(both p < 0.001).

Comorbidities

Organic mental
syndromes,
psychotic disorders,
mental retardation,
autism spectrum
disorders, mood and
anxiety disorders,
and also systemic
diseases (e.g.,
malignancy, cardiac
disease, hematologic
disease) that could
lead to abnormal
hemogram results
were in the exclusion

criteria.

Medical
treatment

Of the 100 patients
in the ADHD group,
85 (85%) patients
used at least one
medication
(methylphenidate or
atomoxetine), and 15
(15%) patients
received no
psychopharmacologic
treatment. The most
commonly used drug
was methylphenidate
(n=76),and
atomoxetine

(n =14). In addition,
19 patients were
receiving
antipsychotic
treatment.

In the ADHD group,
no significant
difference was
determined between
patients who
received
psychopharmacological
treatment for ADHD
and patient that did
not with regard to
NLR and PLR. No
significant
correlation was
found between the
duration of
medication use and
NLR and PLR in the
group using
atomoxetine and/or

methylphenidate.

Association with subtypes
of ADHD and correlation
with symptoms/severity
of disease

There ~ were  no significant
differences in NLR and PLR values
among the subtypes of ADHD.
No associations were found between
NLR and PLR and T-DSM-IV-S
scores.

(Continued)
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TABLE 1 (Continued)

References| Diagnosis| Matching

Country

criteria

Individuals with ADHD

Controls

Main
findings

Mean | Males Mean | Mal
age (n) age (n)

Comorbidities

Medical
treatment

Association with subtypes
of ADHD and correlation
with symptoms/severity

of disease

(p < 0.001 for
NLR; p < 0.001
for PLR;
p=0.002 for
MLR)

autism, organic brain
lesions, psychiatric
conditions,
hematological
disease,
acute/chronic
medical illnesses
were in the exclusion

criteria.

Topal et al. K-SADS-PL, Yes 61 87+15 46 70 84+38 49 Only the mean Comorbid chronic Use of long-term NLR tended to correlate with CD
(23)Turkey DSM-V NLR differed medical diseases, medications and (Conduct Disorder) scores on
significantly those with infectious | vitamin supplements | T-DSM-IV-S, although not reaching
across diagnostic | diseases during the was in the exclusion significance.
groups (ADHD, application and criteria.
ASD, controls) children refusing
in univariate participation were in
ANOVAs the exclusion
(p =0.016 for criteria.
NLR; p = 0.896
for PLR;
p=10.343 for
MLR)
Fahiem and DSM-V Yes 70 87+19 49 44 83+1.7 30 NLR, MLR, and Only patients with Only patients, who The NLR, PLR, and MLR levels in the
Mekkawy PLR were ADHD and DLD did not receive any ADHD subtypes of children were non-
(27)Egypt significantly were included in this medications were significant.
higher in the study. Epilepsy, included in the
ADHD group mental study. Drug history
than HC sub-normality, was in the exclusion

criteria.

(Continued)
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TABLE 1 (Continued)

References| Diagnosis
criteria

Country

Matching
age and
sex

"

Mean
age

Individuals with ADHD

W EIES
(n)

Controls

"

Mean
age

Males
(n)

Main
findings

Comorbidities

Medical
treatment

Association with subtypes
of ADHD and correlation
with symptoms/severity
of disease

Avcil DSM-V Yes 82 8.9+1.96 65 70 9.242.03 60 NLR, PLR, and Seizure disorders, Only drug-naive No associations were found between
(28)Turkey MLR were mental retardation, participants were the inflammatory —markers and
significantly autistic disorder, included in the questionnaire scores (T-DSM-IV-S
higher in organic brain study. A history of subscale and CTRS scores).
children with damage, psychotic any drug use during
ADHD than in disorder, conduct the last month was in
the HC disorder, elevated the exclusion
(p < 0.001, blood pressure, criteria.
p =0.006, hypercholesterolemia,
p=0.023 any other acute or
respectively) chronic physical
illnesses, or smoking
were in the exclusion
criteria.
Akinci et al. DSM-V Yes 347 9.68+2.63 264 205 9.69 £ 2.56 150 The mean NLR, No other psychiatric No psychiatric There were no significant differences
(22)Turkey and PLR were disorder was in the medication history at in NLR, PLR, and MLR values among
significantly inclusion criteria. any period of life was | the subtypes of ADHD.
higher in Concurrent in the inclusion
patients with psychiatric criteria. Use of all
ADHD than in diagnoses, presence types of drugs was in
HC (p = 0.002, of an autoimmune the exclusion
p=0.014 disease, acute criteria.
respectively); the | infection, systemic
mean MLR was disease, epilepsy,
not significantly allergic diseases, as
different well as other
(p=0.663) psychiatric,
hematologic,
endocrine,
immunological,
renal diseases,
neurological and
cardiological
diseases were in the
exclusion criteria.
Alpay et al. No info No info 30 No info No info 30 No info No info The mean NLR No info No info No info
(29)Turkey values were
significantly
higher in
patients with
ADHD than in
HC (p < 0.001)

(Continued)
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TABLE1 (Continued)

References| Diagnosis

criteria

Matching
age and
sex

Individuals with ADHD

\| Mean | Males I\ Mean
age (n) age
80 75

Controls

WETES

(n)

Main
findings

Comorbidities

Medical
treatment

Association with subtypes
of ADHD and correlation
with symptoms/severity
of disease

disorders were
excluded. Exclusion
criteria also
contained an
intellectual disability
and/or autism
spectrum disorder
according to DSM-5
criteria, an acute,
chronic or
inflammatory
disease.

Yektas et al. DSM-1V Yes 9.1+ 1.6% 68% 93+15 50 NLR, MLR, PLR | Only patients with Only drug-naive Parent rated hyperactive/impulsive
(30)Turkey were as follows Specific learning participants were scores correlated significantly with
in ADHD ad HC disorders (SLDs) and included in the PLR (rho = 0.30, p = 0.002). Parent
groups: NLR 1.8 ADHD were study. rated  inattention,  oppositional
(SD1.2) vs 1.3 included in the and conduct disorder symptoms
(SD 0.4); MLR study. did not correlate  significantly
0.2 (SD 0.1) vs. Children with mental with  any of the peripheral
0.2(SD0.1); retardation/intellectual inflammatory markers. Teacher rated
PLR 124.4 (47.9) disabilities, autistic hyperactivity/impulsivity ~ correlated
vs 111.0 (23.7) spectrum disorders, significantly with PLR (rho = 0.21,
organic brain p =0.036). Teacher rated oppositional
damage, epilepsy, behaviors correlated significantly with
psychotic disorders, PLR (rho = 0.40, p = 0.000). Teacher
and any other acute ratings of conduct disorder symptoms
or chronic physical correlated significantly with PLR
illnesses were (rho =0.29, p = 0.003).
excluded from the
study.
Aksu and Dag DSM-V Yes 169 9.68+2.98 130 59 10.33+3.1 48 NLR, PLR, MLR | Comorbid Use of psychotropic There were no significant differences
(24)Turkey values did not psychiatric disorders medication was in in NLR, PLR, and MLR values among
differ between were screened and the exclusion the subtypes of ADHD.
the groups. ODD was included, criteria.
all other psychiatric

HC, health controls; T-DSM- IV-S, the Turgay DSM-IV-Based Child and Adolescent Behavior Disorders Screening and Rating Scale; CTRS, The Conners” Teacher Rating Scale; ODD, oppositional defiant disorder; SLDs, specific learning disorders. *Data for the entire

study group including patients with ADHD and SLD (n = 80) and pure (n = 20); no separate data for ADHD and SLD patients.
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groups was not significant in one of the studies (24), in another one
the statistical significance was not reported (30).

Three of the eight studies were excluded from the meta-
analysis: two due lack of raw data (27, 28) and one due to
poor quality (29). The pooled analyses showed that the ADHD
subjects had higher levels of NLR than the healthy controls. The
heterogeneity of the studies was substantial (I* = 86%, Chi? = 28.75,
df =4, Tau? = 0.12, P <0.00001). The standardized mean difference
(SMD) was 0.49 [0.15, 0.82]. Test for overall effect: Z = 2.87
(p = 0.004). The analysis found discrepancies reflected in the

response
0
0
0
0
0
0
0
0

considerable heterogeneity of analyzed studies. Specifically, we
identified one significant outlier (21). This study was the only
il el =l el one in which the majority of the patients (85%) received medical

controls

treatment. Thus, we performed a sensitive analysis excluding

Exposure
Same method
ascertainment
for cases and

this study. It resulted in a substantial decrease in heterogeneity
(1 = 78%, Chi? = 13.71, df = 3, Tau? = 0.07, p = 0.003). The result
of meta-analysis did not change substantially. SMD was 0.37 [0.07,
0.66], test for overall effect: Z = 2.43, p = 0.02 (Figure 2).

34.2. PLR

PLR in ADHD patients was evaluated in seven studies. The
mean PLR were significantly higher in ADHD patients group than
in healthy controls in four of them (4/7, 57%). The difference
between groups was not significant in two of the studies (23, 24),
Nl Njalalolo in another one the statistical significance was not reported (30).

exposure

analysis

Two of seven studies were excluded from the meta-analysis
due to lack of raw data (27, 28). The heterogeneity of included
studies was substantial (I2 = 81%, Chi? = 21.36, df = 4, Tau® = 0.08,
p = 0.0003). The standardized mean difference (SMD) was 0.31
[0.03, 0.59]. Test for overall effect: Z = 2.14 (p = 0.03). The
= e el B sensitivity analysis was performed and one significant outlier was

Comparibility
of cases and
the basis of

the design or

Comparability | Assessment of
controls on

G
[¢]
=}
c
]
O

identified (21). This study was the only one in which the majority

-
o
c

e

=
c

€=
o
(a)]

of patients (85%) received medical treatment. Excluding this one
outlier resulted in a substantial decrease in heterogeneity (I? = 33%,
Chi? = 4.49, df = 3, Tau? = 0.01, p=0.21). SMD was 0.17 [0.00, 0.33],
test for overall effect: Z = 1.97, p = 0.05 (Figure 3).

34.3. MLR

MLR in ADHD patients was evaluated in six studies. The
mean MLR were significantly higher in ADHD patients group
than in healthy controls in two of the studies (2/6, 33%) (27, 28).
The difference between groups was not significant in three of the
studies (22-24), in another one the statistical significance was not
il el e N el el el e reported (30).

Two of six studies were excluded from the meta-analysis due

Selection of
controls

Selection

of the cases

to lack of raw data (27, 28). The heterogeneity was substantial
(I? = 72%, Chi® = 10.56, df = 3, Tau?> = 0.05, p = 0.01). The
standardized mean difference (SMD) was 0.22 [—0.04, 0.47]. Test
for overall effect: Z = 1.63 (p = 0.10) (Figure 4).

Representativeness

Is the case
definition
adequate?

3.5. The association of NLR, PLR, and
MLR with regard to the subtypes of
ADHD

Four of the studies evaluated these inflammatory markers in
ADHD subtypes (21, 22, 24, 27). Two of the studies did not provide
any raw data on inflammatory parameter values (21, 27) and one

Onder et al. (21)
Topal et al. (23)
Fahiem and
Mekkawy (27)
Avcil (28)

Aksu and Dag (24)
Akinci et al. (22)
Alpay et al. (29)
Yektas et al. (30)

TABLE 2 Quality assessment of included studies with Newcastle-Ottawa Scale (NOS).
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TABLE 3 Studies included in meta-analysis and inflammatory markers ratio.

Inflammatory ratio References Mean value in patients with ADHD/sample size Mean value in controls/sample size Medical Psychiatric
treatment comorbidities
(yes/no) (yes/no)
NLR Akinci et al. (22) 1.59 +0.84 347 142 4+0.74 205 no no
Onder et al. (21) 1.74 £0.71 100 1.17 £ 0.49 99 yes no
Topal et al. (23) 147 +£0.77 70 1.02 £ 0.33 61 no no
Yektas et al. (30) 1.8+1.2 80 1.34+04 75 no no, except SLDs
Aksu and Dag (24) 1.39 £0.75 169 1.38 £ 0.65 59 no no, except ODD
PLR Akinci et al. (22) 114.26 £ 37.01 347 110.12 £ 44.66 205 no no
Onder etal. (21) 140.32 4 45.70 100 108.29 & 31.57 99 yes no
Topal et al. (23) 120.98 + 38.02 70 109.10 £ 29.61 61 no no
Yektas et al. (30) 124.4 +47.9 80 111.0 +23.7 75 no no, except SLDs
Aksu and Dag (24) 117.06 =+ 34.40 169 118.19 + 45.85 59 no no, except ODD
MLR Akinci et al. (22) 0.19 £ 0.08 347 0.18 +0.09 205 no no
Topal et al. (23) 0.21 4 007 70 0.17 4 0.04 61 no no
Yektas et al. (30) 02+0.1 80 0.2+0.1 75 no no, except SLDs
Aksu and Dag (24) 0.22+£0.09 169 0.21 £0.10 59 no no, except ODD

ODD, oppositional defiant disorder; SLDs, specific learning disorders.
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Testfor overall effect Z= 243 (P=0.02)

FIGURE 2
Meta-analysis forest plot for NLR.
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FIGURE 3
Meta-analysis forest plot for PLR.
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FIGURE 4
Meta-analysis forest plot for MLR.
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did not report the exact number of patients for each disease subtype
(24). Therefore, a meta-analysis was not feasible. However, the
narrative synthesis appears to provide consistent results.

The mean NLR and PLR values with regard to the subtypes
of ADHD were assessed in four of the studies. There were
no statistically significant differences in these values among the
subtypes of ADHD in all of them (4/4, 100%) (21, 22, 24, 27).

The mean MLR value in context of ADHD subtypes was
assessed in three of the studies. There was no statistically significant
difference in MLR value among the subtypes of ADHD in three of
them (3/3, 100%) (22, 24, 27).

3.6. The influence of medical treatment
on NLR, PLR, and MLR

Only one study assessed patients with ADHD on medical
treatment (85% participants) (21). This study was also a cause
of heterogeneity in the meta-analysis. However, in the ADHD
group, no significant difference was observed between patients who
received psychopharmacological treatment for ADHD and patients
who did not, with regard to NLR and PLR. Moreover, no significant
correlation was found between the duration of medication use and
the values of NLR or PLR in the group using atomoxetine and/or
methylphenidate (21).
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3.7. The correlation of NLR, PLR and MLR
with disease symptoms and severity

The correlation between inflammatory markers and scores
on clinical scales was assessed in three studies. One of the
studies showed no associations between NLR and PLR and
T-DSM-IV-S scores (Turgay DSM-IV-Based Child and Adolescent
Behavior Disorders Screening and Rating Scale) (21). Another
one found no associations between the inflammatory markers
(NLR, MLR, PLR) and questionnaire scores (T-DSM-IV-S
subscale and CTRS scores - The Conners Teacher Rating
Scale) (28). In third one NLR tended to correlate with CD
(Conduct Disorder) scores on T-DSM-IV-§, although not reaching
significance (23).

One
markers and parent/teacher-rated
IV-S  (30).
correlated significantly with PLR (rho =

study assessed correlation between inflammatory
on T-DSM-
hyperactive/impulsive
030, p =

oppositional

symptoms
Parent-rated scores
0.002).
Nevertheless, parent-rated inattention, and
conduct disorder symptoms did not correlate significantly
with any of the peripheral inflammatory markers. Teacher-
rated hyperactivity/impulsivity, oppositional behaviors and
conduct disorder symptoms correlated significantly with PLR
(rho = 0.21, p = 0.036; rho = 0.40, p = 0.000; rho = 0.29, p = 0.003,

respectively) (30).
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4. Discussion

The present study aimed to systematically review and meta-
analyze data on the association between - morphology-derived
parameters - NLR, PLR, and MLR values and ADHD. To the best of
our knowledge, this is the first systematic review and meta-analysis
examining the above-mentioned associations in ADHD.

This study demonstrated that NLR and PLR values are higher
in ADHD patients as compared to healthy controls. Undoubtedly,
prospective clinical studies would be needed to confirm the role
of these parameters as markers in ADHD; however, retrospective
studies to date indicate the possibility of such potential use.
These findings, however, may point to the involvement of
inflammation in the pathogenesis of ADHD. NLR is a marker of
systemic inflammation that links two different immune pathways.
Neutrophils are front-line cells of innate immune defense and
engage in a variety of physiological and pathological processes,
such as inflammation, autoimmunity, and others (31). While
migrating to the site of infection, they engage in phagocytosis
and subsequently execute the elimination of pathogens (32). On
the other hand, lymphocytes play a central role in adaptive
immunity by actively contributing to the recognition of pathogen-
specific immune responses, the generation of immune memory,
and the maintenance of host immune homeostasis (33). The
result of our meta-analysis may indicate that innate immunity
is probably more responsible than adaptive immunity in the
pathogenesis of ADHD. However, these pathways are connected as
indicated by the neutrophil’s interaction with adaptive immunity.
Furthermore, both neutrophils and lymphocytes can migrate into
the brain, taking part in the development and exacerbation of
neuroinflammation (20). Several studies have shown that platelets
are important components of both innate and adaptive immunity
(34). They are a major source of cytokines and pro-inflammatory
molecules and have some similarities with neurons, such as the
transport, metabolism, and release of several neurotransmitters.
Although this effect was not as strong as that of NLR, our
study demonstrated that PLR can suggest neuroinflammation in
patients with ADHD. In contrast, the combined MLR score of
the four studies showed no significant difference between ADHD
patients and health control. Monocytes are involved in innate and
adaptive immunity, primarily responsible for phagocytosis, antigen
presentation, and cytokine production (35). They can also migrate
to the brain, where cooperating with microglia, they contribute to
neuroinflammation (36). More research is needed in this field to
draw more reliable conclusions.

Only study with
psychostimulants. No significant difference was determined

one included patients treated
between patients who received psychopharmacological treatment
for ADHD and patients that did not with regard to NLR and
PLR. However, this study was an outlier contributing significantly
to the heterogeneity in the meta-analysis comparing ADHD
patients with healthy controls, suggesting that psychostimulant
treatment may affect peripheral inflammatory markers (21).
Some previous studies reported proinflammatory properties
of psychostimulants. Preclinical study found that chronic
treatment with methylphenidate can cause oxidative stress,
neuroinflammation and neurodegeneration in hippocampus of
adult rats (37). Moreover, young animals appear to be more
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susceptible to damage induced by methylphenidate (38). Another
animal study found that amphetamine-like agents induced
neuroinflammation in the hippocampus of mice, which could
be prevented by anti-inflammatory treatment (39). However, in
human study lower levels of IFN-y and IL-13 in treated patients
with ADHD compared to untreated patients were reported,
indicating an effect of medication on levels of these cytokines (11).
Further prospective studies are needed to assess the correlation
of NLR, MLR, PLR, and others inflammatory markers with drug
treatment in ADHD.

Our study did not find any significant association between
NLR, PLR, and MLR, and specific subtypes of ADHD diagnosis.
These result suggest that increased inflammation may be a feature
of overall ADHD diagnosis rather than specific subtypes. Our
finding are consistent with those of other studies on inflammatory
markers in ADHD. No difference in 11-6, TNF-a and morning
cortisol measurement was observed between combined and
inattentive ADHD subtypes (40, 41). Additionally, inflammation
may indicate a ADHD diagnosis, but not reflect the severity of
the disease. None of the studies included in the review confirmed
a correlation between scores on the clinical assessment scale and
inflammatory markers.

As regards the relationship between inflammatory markers and
ADHD symptoms, this issue remains unclear. In study conducted
by Oates et al., elevated levels of IL-13 were associated with
inattention, while elevated levels of IL-16 were associated with
hyperactivity. Oppositional symptoms were found to be associated
with a decrease in IL-2. Furthermore, an increase in IL-16 and
a decrease in TNF-a and IL-6 were positively correlated with
commissions errors (10). In our review, two studies found no
correlation with scores on the T-DSM-IV-S scale (21, 28), while one
observed a tendency to correlate with conduct disorder symptoms
(23). Interestingly, PLR was correlated with hyperactive/impulsive
scores assessed by parents and hyperactive/impulsive scores,
oppositional behaviors and conduct disorder symptoms assessed by
teachers (30). Although the results obtained so far do not appear to
support a correlation between symptoms and NLR, MLR, and PLR,
more research is needed to evaluate this issue.

Current treatment of ADHD involves symptom reduction and
is purely symptomatic. Investigating the role of inflammation in
the pathogenesis of ADHD may contribute to the development of
new therapies. To date, no study has been conducted to assess the
efficacy of anti-inflammatory treatment in ADHD, with used e.g.,
non-steroidal anti-inflammatory drugs (NSAIDs). Clinical trials
have confirmed the efficacy and safety of NSAIDs in other mental
disorders in which inflammation plays a role in the pathogenesis,
such as mood disorders (42, 43). However, there are studies
evaluating additional treatment of nutraceuticals with postulated
anti-inflammatory properties in ADHD. A randomized controlled
trial conducted over 8 weeks with 103 children showed that
supplementation with omega-3 fatty acids, which are involved
in arachidonic acid pathways, led to a significant reduction in
inflammatory markers such as CRP and IL-6. In addition, this
supplementation resulted in a noticeable clinical improvement
(44). A recent meta-analysis showed that polyunsaturated fatty
acids (PUFA) may have a limited effect on treatment outcomes
in ADHD (45). Nevertheless, a better understanding of the
inflammatory background in ADHD may help to identify patients
with higher levels of inflammation. For these patients, the
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probability of response to add-on anti-inflammatory treatment
could be much greater and result in an improved quality of life.

In recent years, the number of adults diagnosed with ADHD
has been increasing (46). To date, there has been only one
study evaluating NLR, MLR, and PLR values in adult patients
(47). There were no differences in these parameters compared to
the control group, as well as no associations with treatment or
clinical symptoms were observed. However, further studies with a
prospective, longitudinal model including a larger study group are
required for conclusive results.

Our study has certain limitations, that should be acknowledged.
Firstly, the correlations presented may not demonstrate a causal
relationship. Elevations in inflammatory markers may indicate
the role of inflammation in the pathogenesis of ADHD; however,
it is also possible that ADHD develops independently and
that its particular features, such as hyperactivity, lower social
functioning status, or hygiene, contribute to the increase of
these markers. Therefore, careful interpretation of the results is
required to understand the complex association between ADHD
and inflammatory markers. Secondly, with the exception of one
study, all the included studies were conducted within the same
country. A recent meta-analysis demonstrated that individuals with
depression in Turkey and China displayed significantly higher
NLR values compared to other countries. Conversely, PLR was
higher among individuals from China rather than Turkey (17).
This indicates that these parameters may vary depending on
ethnicity. Thirdly, only one study included pharmacologically
treated patients. Additional investigations are needed to evaluate
whether these markers can serve as indicators of treatment efficacy.
Fourthly, we did not conduct a subgroup analysis based on gender
differences, as the majority of the studies did not include gender-
specific groups. Gender disparities may play a crucial role and
potentially explain the diverse range of outcomes observed. Fifth,
inflammatory markers may be affected by many other variables,
such as medical disease, nutrition, or smoking, which many studies
have not reported. Future studies should consider these variables in
the evaluation of NLR, MLR, and PLR.
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