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Background: Attention-deficit/hyperactivity disorder (ADHD) is a common

neurodevelopmental disorder, and recent research suggests systemic

inflammation contributes to its pathophysiology. This study aimed to evaluate

novel inflammatory markers—neutrophil-to-HDL ratio (NHR), lymphocyte-to-

HDL ratio (LHR), monocyte-to-HDL ratio (MHR), platelet-to-HDL ratio (PHR), and

systemic immune-inflammation index (SII)—in children with ADHD compared to

healthy controls. Additionally, it assessed changes in these markers after 12

weeks of long-acting methylphenidate treatment and potential differences

among ADHD subtypes.

Methods: This prospective study included 114 newly diagnosed, treatment-naive

ADHD patients (aged 6–12) and 52 matched controls. Blood samples were

obtained at baseline and after 12 weeks of treatment. Inflammatory markers

were calculated from complete blood count and HDL levels. ADHD symptom

severity was assessed using the Conners Parent Rating Scale-Revised: Short

Form (CPRS-R:S), and anxiety and depression were measured with the Revised

Child Anxiety and Depression Scale (RCADS).

Results: ADHD patients showed significantly elevated baseline levels of NHR,

LHR, MHR, PHR, and SII compared to controls (Cohen’s d range = 0.17–0.69).

NHR independently predicted ADHD. Post-treatment, all inflammatory markers

significantly decreased, suggesting a potential anti-inflammatory effect of

methylphenidate (Cohen’s d range = 0.17–0.91). Post-treatment LHR was

higher in the combined ADHD subtype.

Conclusions: This study underscores inflammation’s role in ADHD and suggests

thesemarkers may reflect systemic inflammation in ADHD, but their clinical utility

requires further investigation.
KEYWORDS

attention deficit hyperactivity disorder, inflammation, methylphenidate, blood
parameters, NHR, SII
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a prevalent

neurodevelopmental condition affecting approximately 5.3% of the

pediatric population. It is characterized by age-inappropriate

inattention, hyperactivity, and impulsivity levels that significantly

impair daily functioning (1). The etiology of ADHD remains

unclear, but it is believed to result from complex interactions

between genetic and environmental factors. Genetic influences are

substantial, with heritability estimates ranging from 70% to 80% (2).

In addition, emerging evidence highlights the role of stress-related

systems, particularly neuroinflammation, in the pathophysiology of

ADHD (3).

Neuroinflammation is hypothesized to contribute to the

etiology of ADHD by disrupting neurodevelopmental processes

through early-life alterations in microglia, astrocytes, cytokines,

chemokines, oxidative stress, and associated molecular pathways

(4). Peripheral pro-inflammatory cytokines, driven by heightened

inflammatory responses and an imbalance between pro-

inflammatory and anti-inflammatory mechanisms, can access the

brain via humoral and neural pathways. Once in the brain, these

cytokines perpetuate inflammatory cascades through neuroimmune

interactions, further influencing neurodevelopmental trajectories.

(5). Altered cytokine levels have been reported in both

cerebrospinal fluid and peripheral blood samples of children with

ADHD. For instance, studies have demonstrated significantly

elevated serum IL-6 levels and reduced TNF-a levels in children

with ADHD, indicating pro-inflammatory activity (6).

Furthermore, multiple studies have suggested a relationship

between inflammatory markers and ADHD severity, with elevated

inflammatory markers often associated with more pronounced

symptoms (7). However, conflicting evidence exists, as some

research has reported no significant differences in inflammatory

biomarkers in patients with ADHD (8).

Despite the significant emphasis on inflammation in ADHD

research, most studies have primarily focused on biomarkers such

as cytokines, chemokines, and oxidative stress markers.

Nevertheless, the clinical utility of these biomarkers remains

constrained by their limited availability, high costs, and the

complexity of their measurement procedures (9). As an

alternative, inflammatory markers derived from routine complete

blood count (CBC) parameters, such as leukocyte and platelet levels,

offer a cost-effective and widely accessible option. These parameters

also reflect the dynamic immune response central to inflammation

(10). High-density lipoprotein (HDL), which exerts antioxidant and

anti-inflammatory effects by reducing cytokine release from

monocytes and macrophages, is another promising biomarker

(11). Given the roles of leukocytes, platelets, and HDL in

inflammation, ratios such as the neutrophil-to-HDL ratio (NHR),

lymphocyte-to-HDL ratio (LHR), monocyte-to-HDL ratio (MHR),

and platelet-to-HDL ratio (PHR) have recently emerged as novel

markers for systemic inflammation and oxidative stress. These

ratios have demonstrated potential utility in various diseases (9,

12, 13). However, while studies examining these novel

inflammation ratios in psychiatric disorders such as bipolar
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disorder (14–16), schizophrenia (9, 17) and depressive disorder

(18, 19) are increasing, no such research has been conducted in

ADHD. NHR, LHR, MHR, and PHR may serve as more reliable

biomarkers by integrating the anti-inflammatory and antioxidant

properties of HDL with the pro-inflammatory effects of leukocyte

and platelet levels, making them valuable indicators of

inflammation and oxidative stress (16).

Interestingly, the systemic immune-inflammation index (SII), a

ratio initially developed for tumor assessment (20), has emerged as

a promising tool for quantifying immune response and

inflammation (21). SII combines three peripheral inflammatory

cell counts—neutrophils, lymphocytes, and platelets—and has

demonstrated utility in detecting inflammation in psychiatric

disorders (9, 22, 23). Notably, a recent study reported a positive

correlation between SII and the severity of hyperactivity symptoms

in adults with ADHD (22).

Methylphenidate (MPH) is the first-line pharmacological

treatment for ADHD in children and adolescents (24). MPH

exerts its effects primarily by targeting dopamine and

norepinephrine transporters (DAT and NET). It also interacts

with adrenergic and AMPA receptors and modulates serotonin,

glutamate, and GABA signaling (25). While the mechanisms

underlying MPH’s therapeutic effects are complex and not fully

understood, its ability to alleviate core ADHD symptoms is well

established. However, studies examining the impact of MPH on

oxidative stress, apoptosis, and inflammation markers—factors

implicated in the etiology of ADHD—have yielded inconsistent

results (3, 26). Therefore, the relationship between MPH treatment

and inflammatory mechanisms in human plasma warrants

further investigation.

This study hypothesizes that children with ADHD exhibit a

pro-inflammatory state compared to healthy individuals and that

MPH treatment is associated with an anti-inflammatory profile.

Therefore, the primary aim was to evaluate differences in NHR,

MHR, LHR, PHR, and SII levels between untreated children with

ADHD and healthy controls at baseline. Furthermore, we sought to

assess changes in NHR, MHR, LHR, PHR, and SII levels before and

after 12 weeks of treatment with long-acting MPH in children with

ADHD. Lastly, we aimed to explore whether these inflammatory

markers differed between ADHD subtypes before and

after treatment.
Materials and methods

Participants

This study was conducted in 2024 at the Child and Adolescent

Psychiatry outpatient clinic of Ankara Etlik City Hospital. A total of

166 children (113 boys and 53 girls), aged between 6 and 12 years

(mean age: 8.89 ± 1.79 years), were included in the study. The study

employed a prospective and open-label design.

ADHD patients and healthy control groups were determined

based on inclusion and exclusion criteria. Inclusion criteria for the

patient group were as follows: (a) age between 6 and 12 years, (b)
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meeting the diagnostic criteria for ADHD according to the DSM-5,

and (c) obtaining informed consent from both the child and their

parents to participate in the study. Exclusion criteria included: (a)

the presence of any psychiatric disorder other than oppositional

defiant disorder, (b) the presence of a neurological or genetic

disorder, (c) the presence of a chronic systemic disease (e.g.,

endocrinological, allergic, immunological, cardiac and

hematologic disease), (d) the presence of liver or kidney failure or

malignancy, (e) abnormal leukocyte and platelet values indicative of

active infection (leukocytosis: >10 × 109 cells/L, leukopenia: <4 ×

109 cells/L, thrombocytosis: >450 × 109 cells/L, thrombocytopenia:

<100 × 109 cells/L), (f) prior use of psychotropic medication, (g) use

of anti-inflammatory, antioxidant, or immunosuppressive

medications within the past month, and (h) use of vitamin or

dietary supplements within the last three months.

The control group comprised psychiatrically and physically

healthy children who were age—and sex-matched to the ADHD

group. These children were recruited from outpatients who

presented to the child psychiatry clinic for consultation and
Frontiers in Psychiatry 03
volunteered to participate in the study. To ensure the absence of

any psychiatric disorder, they were screened through clinical

psychiatric interviews based on DSM-5 criteria. The same

exclusion criteria applied to the ADHD group were also

implemented for the healthy control group. Figure 1 illustrates a

detailed overview of the study design.

The Ethics Committee of Ankara Etlik City Hospital approved

the study (Protocol No: AEŞH-2024-0076). By the principles of the

Declaration of Helsinki, all parents and children were informed

about the study, and consent forms were signed.
Procedure

An informative psychoeducational session was held for all

participants and their parents, focusing on the effects of ADHD

and its treatment on attention and behavioral control. During the

session, treatment options for ADHD, including the effects and

potential side effects of medications, were all explained in detail
FIGURE 1

Flowchart of the study enrollment protocol.
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Subsequently, a demographic information form (age, gender, grade

level, etc.) was completed by the ADHD and control groups. Height

and weight measurements were recorded, and body mass index

(BMI, kg/m²) was calculated. A semi-structured clinical interview

using the Schedule for Affective Disorders and Schizophrenia for

School-Age Children–Present and Lifetime Version (K-SADS-PL)

was administered to all participants and their parents to assess

psychiatric comorbidities. Parents of children diagnosed with

ADHD completed the Conners’ Parent Rating Scale-Revised:

Short Form (CPRS-R:S) and the Revised Child Anxiety and

Depression Scale (RCADS).

Blood samples from all participants were collected the following

morning between 8:00 AM and 9:00 AM (after 12 hours of fasting),

provided there were no acute or severe illnesses.
Treatment and assessments

Treatment
At recruitment, all patients were naive to any type of MPH and

had received no other pharmacologic or psychological treatment. In

the study, only long-acting MPH was used in the ADHD group.

Parents were advised to administer the medication daily, including

on weekends. The initial dose was set at 0.5 mg/kg/day, and dose

adjustments were made based on treatment response and

tolerability (absence of adverse symptoms).

After initiating medication, patients were assessed biweekly. In-

person evaluations were conducted at weeks 0, 4, 8, and 12 in the

clinic, while interim assessments were conducted via telephone. At

each visit, parents were queried regarding medication adherence.

Participants who missed more than three doses throughout the

study were classified as non-adherent and subsequently excluded

from the analyses.

Blood samples were collected from ADHD patients at baseline

and week 12 to evaluate NHR, LHR, MHR, PHR, and SII levels. At

these time points, clinicians assessed ADHD symptom severity and

anxiety and depression symptom levels using the CPRS-R: S (27)

and RCADS (28), respectively.
Measurement tools

Laboratory procedures
Venous blood samples were analyzed to measure total

cholesterol, HDL, low-density lipoprotein (LDL), triglycerides

(TG), and CBC-derived values, including monocyte, neutrophil,

platelet, and lymphocyte counts. Hemogram parameters were

recorded in x109/L, and HDL levels were expressed in mmol/L.

The NHR was determined by dividing the neutrophil count by

the HDL level. At the same time, the MHR, LHR, and platelet-to-

HDL ratio (PHR) were similarly calculated by dividing respective

cell counts by HDL levels. SII, a novel indicator of immune activity

and inflammatory status, was calculated using the formula: (Platelet

count) × (Neutrophil count/Lymphocyte count).
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Body mass index

BMI (kg/m²) was calculated, and age-specific percentiles were

determined based on theWorld Health Organization (WHO) growth

reference curves (http://www.who.int/growthref/who2007_bmi_

for_age/en/, Accessed on 01/11/2024). Using BMI percentile cut-

off points specific to Turkish children, values below the 5th

percentile were categorized as underweight, those between the 5th

and 85th percentiles as normal weight, and values above the 85th

percentile as overweight (29).
Conners’ parent rating scale-revised: short
form

The CPRS-R:S (27), is a 27-item, 4-point Likert scale designed

to assess ADHD-related symptoms. It generates four independent

subscale scores: cognitive problems/inattention (6 items),

hyperactivity (6 items), oppositional behavior (3 items), and the

ADHD index (12 items). Each item is rated from 0 (“never”) to 3

(“very often”). This study asked parents to assess their children’s

behaviors using this scale. The Turkish adaptation of the scale has

been validated and shown to be reliable by Kaner et al. (30). The

original version of the scale exhibited high reliability and validity,

with Cronbach’s alpha coefficients reported between 0.86 and 0.94.
Revised child anxiety and depression scale

The Revised Child Anxiety and Depression Scale (RCADS),

developed by Chorpita et al. (28), is a validated screening tool

designed to assess anxiety disorders and depression in children and

adolescents. The instrument is available in two versions: one

completed by children and the other by parents, both comprising

47 items. Each item is rated on a 4-point Likert scale, ranging from 0

(“never”) to 3 (“always”). The RCADS includes six subscales that

correspond to specific anxiety disorders, and it provides total scores

for both anxiety and anxiety-depression by summing the relevant

subscale scores. In this study, the parent version of the RCADS was

utilized to evaluate participants. The Turkish adaptation of the scale

was validated by Görmez et al. (31). In the original validation study,

Cronbach’s alpha coefficients ranged from.78 for separation anxiety

disorder to.88 for generalized anxiety disorder (28).
Statistical analysis

Data were analyzed using SPSS® 20.0 (SPSS Inc., Chicago, IL,

USA). Continuous variables were presented as mean and standard

deviation, while categorical variables were expressed as percentages

and frequencies. The Kolmogorov-Smirnov test was used to

determine whether the data followed a normal distribution.
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Group comparisons were conducted using the Student’s t-test for

normally distributed parameters, whereas the Mann-Whitney U-

test was applied to non-normally distributed parameters.

Categorical variables were compared using the appropriate chi-

square or Fisher’s exact test. Correlation analyses between

inflammatory markers and ADHD-related psychometric scores

(CPRS-R:S) were conducted. Pearson’s correlation coefficient was

used for normally distributed data to evaluate linear relationships

between two variables, and Spearman’s correlation coefficient was

applied for non-normally distributed data. Comparisons of

dependent variables at two-time points (pre- and post-treatment)

were conducted using the paired-samples t-test for normally

distributed variables and the Wilcoxon signed-rank test for non-

normally distributed variables. For comparisons among ADHD

subtypes, one-way ANOVA was performed for variables with

normal distribution, and the Kruskal-Wallis test was used for

variables without normal distribution. Additionally, binary

logistic regression analyses were conducted to explore the

relationships between NHR, LHR, MHR, PHR, and SII and the

presence of ADHD. Before the regression analyses, the presence of

multicollinearity among the parameters was evaluated using

correlation analysis (r > 0.7). Model fit was assessed using the

Hosmer-Lemeshow test, with p > 0.05 indicating a good fit.

Nagelkerke’s pseudo-R² coefficient was used to evaluate the

model’s predictive ability. A p-value of less than 0.05 was

considered statistically significant across all analyses.
Frontiers in Psychiatry 05
Results

This study included 114 patients with ADHD and 52 age- and

gender-matched healthy controls. The mean age of the ADHD

group was 8.8 ± 1.76 years (range: 6–12 years), with 79 (69.3%)

males and 35 (30.7%) females. The control group had a mean age of

9.05 ± 1.84 years (range: 6–12 years), comprising 34 (65.4%) males

and 18 (34.6%) females. There were no statistically significant

differences in mean age (p = 0.450) or gender distribution (p =

0.747) between the ADHD and control groups. Similarly, BMI and

BMI percentiles showed no significant differences between the

groups (p = 0.667 and p = 0.583, respectively). Prior to treatment,

27.2% (n = 31) of the ADHD group were categorized as having the

inattentive subtype, 2.4% (n = 4) as the hyperactive-impulsive

subtype, and 69.3% (n = 79) as the combined subtype.

During the pre-treatment evaluation, the ADHD group

exhibited significantly higher levels of NHR, LHR, MHR, and

PHR than controls (p = ≤ 0.001, p = 0.005, p = 0.003, and p = ≤

0.001, respectively). In addition, a significant difference in the SII

levels was observed between the two groups (p = 0.031). Detailed

demographic and blood count parameters for both groups are

provided in Table 1.

An analysis of blood parameters in the ADHD group,

categorized by predominant presentation, revealed no significant

differences in NHR, LHR, MHR, PHR, and SII levels prior to

treatment (p > 0.05) (Table 2).
TABLE 1 Comparison of demographic and complete blood count parameters between ADHD patients and healthy controls.

Variables ADHD (n=114) Control (n=52) c2/Z/t p Effect size

Gender (male) 79 (69.3%) 34 (65.4%) 0.104 0.747 0.04

Age (years) 8.8 ±1.76 9.05±1.84 -0.756 0.450 0.06

BMI (kg/m2) 17.46±3.02 16.82±1.78 -0.430 0.667 0.03

BMI_Percentil 54.69±31.36 51.92±21.62 -0.548 0.583 0.04

HDL (mmol/L) 1.45±0.28 1.57±0.17 -3.521 <0.001 0.27

NEU (×109/L) 3.59±1.10 3.00±0.76 -3.128 0.020 0.24

LYM (×109/L) 2.86±0.56 2.83±0.6 0.268 0.789 0.05

MON (×109/L) 0.55±0.2 0.49±0.13 -1.721 0.085 0.13

PLT (×109/L) 331.83±61.07 330.67±47.37 0.133 0.894 0.02

NHR 2.59±0.98 1.93±0.55 -4.162 <0.001 0.32

LHR 2.05±0.57 1.82±0.45 -2.817 0.005 0.22

MHR 0.4±0.2 0.32±0.1 -2.958 0.003 0.23

PHR 238.07±65.37 202.11±34.11 3.356 <0.001 0.69

SII 437.86±202.22 368.60±149.88 -2.157 0.031 0.17
Pearson Chi-square (c2), Mann-Whitney U test (Z) and student’s t test (t) were used for between-group analyses. Cohen d was used to calculate effect size. p < 0.05 was statistically significant and
demonstrated in bold.
Hemogram parameters were measured in x109/L, and HDL was measured in mmol/L.
ADHD, Attention Deficit Hyperactivity Disorder; BMI, body mass index; HDL, high-density lipoprotein; NEU, neutrophils; LYM, lymphocyte; MON, monocytes; PLT, platelet; NHR,
neutrophil/high-density lipoprotein ratio; LHR, lymphocyte/high-density lipoprotein ratio; MHR, monocyte/high-density lipoprotein ratio; PHR, platelet/high-density lipoprotein ratio; SII,
systemic inflammatory index; Values are mean and standard deviation (SD).
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Associations between inflammatory parameters and CPRS-R:S

subtest scores, including the total score, were analyzed while

controlling for age, gender, BMI, and total cholesterol. A

significant positive correlation was found between CPRS-cognitive

problems/inattention scores and PHR (p = 0.008, r = 0.253). In

addition, CPRS-ADHD Index scores were significantly correlated

with both the MHR (p = 0.046, r = 0.191) and PHR (p = 0.013, r =

0.237). The CPRS-Total score also significantly correlated with PHR

(p = 0.025, r = 0.214). However, no significant correlations were

found between the other CPRS subtest, total scores, and

inflammatory parameters. The detailed results of partial

correlation analyses are shown in Table 3.

Binary logistic regression analysis was conducted using the

enter method on baseline (pre-treatment) data in the ADHD

group. The variables included in the model were NHR, LHR,

MHR, and PHR. The SII marker was excluded from the analysis

due to its high correlation with NHR and LHR, indicating potential

multicollinearity. Model fit was evaluated using Hosmer-Lemeshow

goodness-of-fit statistics (p = 0.439). The model’s explanatory

power was assessed using Cox & Snell R² and Nagelkerke R²

(0.127 and 0.179, respectively). NHR was identified as an

independent influencing factor for ADHD (p=0.004). Table 4

shows logistic regression analysis results.

Of the 114 patients initially enrolled in the ADHD group, 22

discontinued treatment due to non-adherence or adverse effects.
TABLE 3 Partial correlation of pre-treatment inflammatory parameters
with CPRS-R:S scores in ADHD group.

Correlation NHR LHR MHR PHR SII

Oppositional

rp 0.033 -0.081 -0.006 0.121 0.105

p 0.733 0.397 0.953 0.207 0.275

Cognitive problems/inattention

rp 0.121 0.084 0.182 0.253 0.114

p 0.209 0.384 0.580 0.008 0.234

Hyperactivity

rp -0.093 -0.006 0.000 0.146 -0.027

p 0.333 0.948 0.999 0.127 0.781

ADHD index

rp 0.093 0.018 0.191 0.237 0.084

p 0.333 0.853 0.046 0.013 0.385

Total Score

rp 0.033 -0.008 0.105 0.214 0.076

p 0.732 0.931 0.275 0.025 0.432
fron
Pearson/Spearman Correlation Analysis: rp: Partial correlations were controlled for age,
gender, BMI, and total cholesterol (TC, mg/dL), p < 0.05 was statistically significant and
demonstrated as italic.
Hemogram parameters were measured in x109/L, and HDL was measured in mmol/L.
ADHD, Attention Deficit Hyperactivity Disorder; CPRS-R:S, Conners’ Parent Rating Scale-
Revised: Short Form; NHR, Neutrophil/high-density lipoprotein (HDL) ratio; LHR,
lymphocyte/HDL ratio; MHR, monocyte/HDL ratio; PHR, platelet/HDL ratio; SII, systemic
inflammatory index.
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Accordingly, follow-up analyses were conducted on the remaining

92 participants who completed the 12-week study protocol. The

mean initial dose of methylphenidate was 15.72 ± 5.75 mg/day, and

the final dose at the end of the 12th week was 23.64 ± 7.55 mg/day.

After 12 weeks of long-acting methylphenidate treatment in

ADHD patients (n = 92), NHR, LHR, MHR, and PHR levels were

significantly reduced compared to pre-treatment levels (p ≤ 0.001

for all). SII levels also significantly decreased following treatment (p

= 0.002). The comparison of inflammatory markers, CPRS-R:S, and
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RCADS total anxiety and depression scores before and after

treatment is provided in Table 5.

When blood parameters in the ADHD group were analyzed

based on the dominant presentation, post-treatment NHR, MHR,

PHR, and SII levels did not significantly differ among subgroups (p

> 0.05). However, post-treatment LHR levels were significantly

higher in the combined presentation subtype compared to the

inattention and hyperactivity-impulsivity subtypes (p = 0.015)

(Table 2) (Figure 2).
Discussion

This 12-week, open-label, single-center observational

prospective study examined the levels of a group of novel CBC-

derived inflammatory markers, including NHR, LHR, MHR, PHR,

and SII, in ADHD patients compared to healthy controls, and

investigated the impact of long-acting methylphenidate treatment

on these markers in children aged 6–12 years. As far as we know,

this is the first study to longitudinally evaluate various common

hematologic parameters related to inflammation in children with

ADHD. Baseline comparisons revealed significant differences in
TABLE 5 The comparison of complete blood count parameters and CPRS and RCADS-total scores before and after treatment in patients with ADHD.

Variables Pre-treatment (n=92) Post-treatment (n=92) t/Z p Effect size

Weight (kg) 30.81±8.73 30.68±9.46 -0.770 0.441 0.08

HDL (mmol/L) 1.45±0.28 1.62±0.23 9.009 <0.01 0.94

NEU (×109/L) 3.59±1.10 3.10±0.89 -5.465 <0.01 0.57

LYM (×109/L) 2.86±0.56 2.69±0.70 -3.515 <0.01 0.37

MON (×109/L) 0.55±0.2 0.54±0.81 -5.765 <0.01 0.60

PLT (×109/L) 331.83±61.07 318.17±51.48 -3.891 <0.01 0.41

NHR 2.59±0.98 1.94±0.67 -7.395 <0.01 0.77

LHR 2.05±0.57 1.67±0.50 -6.686 <0.01 0.70

MHR 0.4±0.2 0.35±0.58 -6.881 <0.01 0.72

PHR 236.72±64.98 198.25±51.73 8.680 <0.01 0.91

SII 437.86±202.22 380.68±161.65 -3.162 0.002 0.17

CPRS

Oppositional 10.6±5.10 6.49±3.12 -7.277 <0.01 0.76

Cognitive problems/inattention 12.35±3.90 6.73±2.57 -8.096 <0.01 0.84

Hyperactivity 9.67±5.15 5.71±3.12 -7.595 <0.01 0.79

ADHD index 24.06±6.42 14.09±4.62 -8.200 <0.01 0.85

Total 50.68±15.55 29.74±9.93 -8.330 <0.01 0.87

RCADS_total anxiety and
depression scores

32.66±19.21 22.41±12.29 -7.820 <0.01 0.81
Paired-samples t-test (t) and the Wilcoxon signed-rank test (Z) were used for examining the pre-test and post-test analyses between dependent groups. Cohen d was used to calculate effect size. p
< 0.05 was statistically significant.
Hemogram parameters were measured in x109/L, and HDL was measured in mmol/L.
ADHD, Attention Deficit Hyperactivity Disorder; HDL, high-density lipoprotein; NEU, neutrophils; LYM, lymphocyte; MON, monocytes; PLT, platelet; NHR, neutrophil/high-density
lipoprotein ratio; LHR, lymphocyte/high-density lipoprotein ratio; MHR, monocyte/high-density lipoprotein ratio; PHR, platelet/high-density lipoprotein ratio; SII, systemic inflammatory index;
CPRS, Conners Parent Rating Scale; ADHD, Attention Deficit Hyperactivity Disorder; Values are mean and standard deviation (SD).
TABLE 4 Logistic regression analysis of the effect of NHR, LHR, MHR,
and PHR on patients with ADHD.

Variables B S.E. p OR OR 95% Cl

NHR -1.012 0.351 0.004 0.363 0.183-0.722

LHR -0.367 0.472 0.438 0.693 0.275-1.749

MHR -0.248 1.759 0.888 0.781 0.025-24.520

PHR 0.002 0.005 0.683 1.002 0.993-1.011
Cox & Snell R² = 0.127 and Nagelkerke R2 = 0.179, p <0.001
Model fit was investigated by Hosmer-Lemeshow goodness-of-fit statistics (p = 0.439).
ADHD, Attention Deficit Hyperactivity Disorder; NHR, neutrophil/high-density lipoprotein
(HDL) ratio; LHR, lymphocyte/HDL ratio; MHR, monocyte/HDL ratio; PHR, platelet/
HDL ratio.
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NHR, LHR, MHR, PHR and SII levels between patients with ADHD

and healthy controls . After 12 weeks of long-act ing

methylphenidate treatment, significant reductions in NHR, LHR,

MHR, PHR and SII levels were observed in patients with ADHD.

Following treatment, LHR levels were found to be higher in ADHD-

C compared to other subtypes. However, no significant differences
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were observed in other markers either before or after treatment

among ADHD subtypes.

NHR, LHR, MHR, and PHR are comprehensive markers of

systemic inflammation derived from routine CBC parameters,

incorporating measurements such as HDL, neutrophils,

lymphocytes, monocytes, and platelets. These components are
FIGURE 2

The values of NHR (a), LHR (b), MHR (c), PHR (d), and SII (e) in the ADHD group before and after treatment. **p<0.001.
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closely linked to inflammation and oxidative stress (32, 33).

Neutrophils, as key cells of the innate immune system, play a

critical role in various physiological and pathological processes,

including inflammation and autoimmunity, acting as the first line of

cellular defense (34). Lymphocytes, the central components of the

adaptive immune system, are pivotal in generating pathogen-

specific immune responses, establishing immunological memory,

and maintaining immune regulation (35). Monocytes, also essential

to adaptive immunity, are involved in phagocytosis, antigen

presentation, and the secretion of pro-inflammatory and pro-

oxidant cytokines. By migrating to the brain and interacting with

microglia, monocytes contribute to neuroinflammation (36).

Platelets are critical components of both innate and adaptive

immunity and function in various physiological and pathological

conditions, including endothelial permeability, recruitment of

neutrophils and macrophages, and as sources of cytokines and

pro-inflammatory molecules (37). HDL, on the other hand, exerts

antioxidant, anti-inflammatory, anti-infectious, anti-thrombotic,

and immunomodulatory effects through multiple pathways,

including the reduction of inflammatory responses in monocytes,

platelet aggregation, lipid peroxidation, and pro-inflammatory

cytokines such as TNF-a, IL-6, and IFN-g (38). Considering the

intricate interplay among neutrophils, lymphocytes, monocytes,

platelets, and HDL, novel composite indices such as NHR, LHR,

MHR, and PHR have gained recognition as promising biomarkers

for assessing systemic inflammation levels. In recent years, there has

been a growing body of research focusing on the role of systemic

inflammation and immune dysregulation in the pathogenesis of

ADHD (39). It has been found that inflammatory and autoimmune

conditions such as atopic dermatitis, asthma, rheumatoid arthritis,

type 1 diabetes and hypothyroidism may have higher odds of

developing in individuals with ADHD (40). Furthermore, genetic

studies have identified associations between ADHD and

polymorphisms in genes linked to inflammatory pathways (41).

These findings collectively suggest that inflammation may play a

significant role in the etiology of ADHD and provide a robust

foundation for further investigation in this field. In addition, NHR,

LHR, MHR, PHR, and SII have been increasingly recognized as

easy-to-measure biomarkers of systemic inflammation in various

diseases (42, 43). These markers not only reflect the balance of

immune responses but are also considered independent predictors

in inflammatory diseases such as cancer, coronary heart disease,

and COVID-19 (44, 45). These ratios, employed in other fields of

biology, have recently been demonstrated in studies to be effective

in identifying the role of inflammation in the etiopathogenesis of

varied psychiatric conditions (14, 46).

Recent studies have shown that patients with schizophrenia,

bipolar disorder, depressive disorder, and obsessive-compulsive

disorder exhibit significantly higher NHR, LHR, MHR, and PHR

values compared to healthy adults (9, 14, 15, 46, 47). However, no

studies in the literature evaluate NHR, MHR, LHR, and PHR values

in patients with ADHD. In this study, children with ADHD were

found to have significantly higher NHR, MHR, LHR, and PHR
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values and lower HDL cholesterol levels compared to healthy

controls. Furthermore, multivariate logistic regression analysis

revealed that only higher NHR values were significantly

associated with an ADHD diagnosis. These findings may be

linked to the anti-inflammatory effects of HDL, as highlighted by

Cameron et al. (2015) (48) and Nazir et al. (2020) (49). These results

further support the hypothesis that inflammation may play a role in

the pathogenesis of ADHD, emphasizing the importance of

investigating inflammatory processes in ADHD in greater detail.

The SII has increasingly been recognized as a practical

biomarker for systemic inflammation. Previous studies have

demonstrated the significant role of SII in predicting the

prognosis of patients with physical conditions such as tumors,

neurological and cardiac diseases, and acute pancreatitis (21, 50,

51). Growing evidence supporting the role of inflammation in the

etiology of psychiatric disorders has led researchers to investigate

biomarkers like SII in mental health conditions. Recent studies have

shown that patients with schizophrenia, bipolar disorder, depressive

disorder, anxiety, and substance use disorders have significantly

higher SII levels compared to healthy controls (9, 52–54). These

findings suggest that SII may provide valuable insights into the

pathophysiology of psychiatric disorders. In the child and

adolescent population, however, there is a limited number of

s tudies examining the re lat ionship between SII and

neurodevelopmental disorders such as ADHD and specific

learning disorders (SLD). For example, in a study by Avs ̧ar et al.,
comparing 90 patients with SLD and 90 healthy controls, SII values

were reported to be significantly higher in the patient group (23).

Similarly, Öz et al. evaluated inflammatory markers in 22 newly

diagnosed children with ADHD and 21 healthy controls and

reported significantly higher SII levels in the ADHD group (55).

Consistent with the existing literature, this study also found

significantly elevated SII levels in children with ADHD compared

to healthy controls. These findings suggest that inflammation may

play a potential role in the pathophysiology of ADHD.

In our study, no significant relationship was found between pre-

treatment NHR, LHR, MHR, PHR, and specific ADHD subtypes.

Our findings align with previous research on inflammatory markers

in ADHD. For instance, studies conducted on adults with ADHD

have demonstrated no significant differences in IL-6, TNF-a, and
morning cortisol levels between the combined and inattentive

subtypes (8, 56). Similarly, a meta-analysis by Gedek et al. (2022)

found no significant differences in inflammatory markers such as

NLR, MLR, and PLR among ADHD subtypes (57). These findings

suggest that increased inflammation may not be specific to

particular ADHD subtypes but rather a general feature of ADHD

as a whole. The data support the idea that inflammation may be

associated with the underlying general pathophysiological

mechanisms of ADHD and may be observed across all ADHD

subtypes, independent of subtype differences. However, the

interpretation of these findings should be cautiously approached

due to the small sample sizes in certain subgroups, particularly the

hyperactive-impulsive subtype (n = 4), which may have limited the
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statistical power of the ANOVA analysis. This limitation may

reduce the reliability of the subgroup comparisons, and future

studies with larger and more balanced subtype distributions are

needed to validate these results.

In this study, post-treatment levels of NHR, LHR, MLR, PHR,

and SII in the ADHD group were significantly lower compared to

pre-treatment levels. The existing literature underscores the

importance of further research to evaluate changes in these

biomarkers before and after pharmacological treatment in

patients with ADHD, aiming to enhance our understanding of

the role of inflammation in its etiology (58). Current studies

investigating the effects of psychostimulants on oxidative stress

and inflammation yield inconsistent findings, largely derived from

animal models or measurements conducted on different samples

and brain regions. The effects of methylphenidate have been shown

to vary depending on age, duration of treatment, and brain region.

For instance, acute MPH treatment in young rats reduced lipid

peroxidation (LPO), whereas chronic treatment increased oxidative

damage; in adult rats, however, chronic treatment reduced oxidative

stress (59). Regional differences in the brain were also observed,

with oxidative stress decreasing in some areas (e.g., the striatum and

cerebellum) but worsening in the prefrontal cortex (60). In ADHD

animal models, the therapeutic use of MPH increased antioxidant

capacity and reduced oxidative damage. In contrast, non-

therapeutic use of MPH in healthy rats increased oxidative and

nitrosative stress and produced pro-inflammatory effects. In

addition, MPH treatment improved the pro-inflammatory profile

in ADHD models while inducing a pro-inflammatory state under

control conditions (61). These findings suggest that the effects of

MPH depend on the context and mode of use. Limited studies have

shown that MPH treatment not only improves oxidative and

inflammatory conditions but also enhances hypothalamic-

pituitary-adrenal (HPA) axis function in children with ADHD (7,

58, 62). The findings of this study align with clinical research,

further supporting the notion that MPH reduces inflammation in

ADHD. Future studies should incorporate extended treatment

durations, explore the effects of other forms of MPH, and

examine the impact of treating comorbid conditions to provide

deeper insights into this association.

This study should be evaluated in light of its strengths and

limitations. Among its strengths, the prospective design employed

for children with ADHD, the use of standardized and validated

assessment tools (CPRS-R:S, RCADS), and the evaluation of

biological parameters (lipid profile, inflammatory markers) are

notable. In addition, including a control group allowed for

comparative analyses, enhancing the study’s methodological rigor.

However, several limitations should also be considered. First, the

study was conducted in a single center and employed an open-label

design, which may limit the generalizability and introduce potential

observer bias. Second, the narrow age range of the sample and the

exclusion of psychiatric comorbidities (e.g., disorders other than

oppositional defiant disorder) and chronic medical conditions

ensured a focus on a homogeneous ADHD group but
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simultaneously excluded the common real-world occurrence of

ADHD with comorbid medical and psychiatric conditions. This

may limit the applicability of the findings to routine clinical

practice. Furthermore, the reliance solely on parent-reported

measures, without incorporating teacher or self-reported

assessments, increases the risk of single-source bias. The 12-week

duration of this study may have been insufficient to assess the long-

term effects of extended-release MPH on inflammation

comprehensively. Additionally, this study did not include several

promising inflammatory biomarkers, and there was an absence of

measurement for potential confounding variables such as dietary

habits and physical activity, which may have influenced

the outcomes.
Conclusions

This study provides significant insights into the relationship

between ADHD and systemic inflammation. It demonstrated that a

12-week treatment with long-acting MPH significantly reduced

inflammatory markers such as NHR, LHR, MHR, PHR, and SII.

These findings suggest that MPH not only alleviates core symptoms

of ADHD but also modulates inflammatory processes, highlighting

the potential role of inflammation in the pathophysiology of

ADHD. Furthermore, the study emphasizes that hematologic

ratios derived from routine blood tests can serve as accessible and

cost-effective biomarkers for assessing systemic inflammation in

ADHD. However, these findings should be considered preliminary

and insufficient to support clinical application without

further validation.

These findings hold important implications for both research

and clinical practice. Associating ADHD treatment with changes in

inflammatory markers contributes to the growing evidence

supporting the role of immune dysregulation in ADHD. The

observed anti-inflammatory effects of MPH underline the

necessity of exploring its broader biological impacts and its

potential long-term effects on ADHD outcomes.

Future studies should address the limitations of this research by

focusing on the long-term effects of MPH on inflammation. In

addition, incorporating advanced biomarkers such as cytokines,

oxidative stress indicators, and neuroinflammatory markers could

provide a more comprehensive understanding of the underlying

mechanisms. Research examining the relationship between

systemic inflammation and ADHD subtypes, as well as the

potential impact of comorbid conditions, will further enhance our

understanding of these complex interactions.
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Analysis, Supervision, Writing – original draft, Writing – review &

editing. FK: Data curation, Writing – original draft, Writing –

review & editing. YÖ: Formal Analysis, Methodology, Validation,

Writing – original draft, Writing – review & editing. AE:

Methodology, Supervision, Writing – original draft, Writing –

review & editing.

Funding

The author(s) declare that financial support was received for the

research and/or publication of this article.
Frontiers in Psychiatry 11
Acknowledgments

We thank the children who participated as volunteers in this

study and their families.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Polanczyk G, De Lima MS, Horta BL, Biederman J, Rohde LA. The worldwide
prevalence of ADHD: a systematic review and metaregression analysis. Am J Psychiatry.
(2007) 164:942–8. doi: 10.1176/ajp.2007.164.6.942

2. Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren MA, et al.
Molecular genetics of attention-deficit/hyperactivity disorder. Biol Psychiatry. (2005)
57:1313–23. doi: 10.1016/j.biopsych.2004.11.024

3. Garre-Morata L, de Haro T, Villén RG, Fernández-López ML, Escames G,
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