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Background: Growth differentiation factor-15 (GDF-15) is a stress-responsive cytokine involved in inflammatory signaling and
metabolic regulation. Although inflammation has been implicated in attention-deficit/hyperactivity disorder (ADHD), the role of GDF-
15 in pediatric ADHD has not been previously investigated.

Methods: This cross-sectional study included 72 children with ADHD. Participants were grouped as stimulant-treated (=12 months,
n=32) and treatment-naive (n=40). Clinical symptoms were assessed using the Conners’ Parent Rating Scale and the Child Behavior
Checklist (CBCL/6 —18). Serum GDF-15 levels were measured using ELISA. Group comparisons and age-adjusted regression
analyses were performed.

Results: Stimulant-treated participants were older and exhibited lower symptom severity across Conners and CBCL domains. Serum
GDF-15 levels did not differ between groups and were not associated with medication status after age adjustment. Additionally, no
significant correlations were observed between GDF-15 levels and clinical symptom measures.

Conclusion: Serum GDF-15 levels were not associated with symptom severity or stimulant exposure in children with ADHD.
Although no significant associations were identified in this sample, further adequately powered longitudinal studies are needed to
clarify the potential role of GDF-15 and inflammatory pathways in pediatric ADHD.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is one of the most common neurodevelopmental disorders of childhood
and adolescence and is characterized by significant difficulties in attention, impulsivity, and hyperactivity.! The clinical
presentation of ADHD is heterogeneous, and its etiology involves a complex interplay of genetic vulnerability, environ-
mental risk factors, and multiple neurobiological mechanisms. Increasing evidence suggests that ADHD is not limited to
alterations in neurotransmitter systems but may also be associated with neuroendocrine and systemic biological
processes.” In particular, meta-analytic studies focusing on the hypothalamic pituitary adrenal (HPA) axis and
inflammatory markers have shown that certain neuroendocrine and inflammatory parameters may differ in children
and adolescents with ADHD compared with healthy controls.** Similarly, several studies have reported associations
between inflammatory markers and ADHD symptom domains as well as symptom severity.”

Growth differentiation factor-15 (GDF-15) is a stress-responsive cytokine that increases in conditions of metabolic
stress, inflammation, and cellular burden, and has recently emerged as an important biomarker associated with systemic
stress responses and energy regulation.”® GDF-15 has been shown to exert appetite-suppressing effects through GFRAL
receptors located in the brainstem and to play a role in the regulation of energy intake.”” Therefore, GDF-15 is thought to
function as an integrated stress signal linking peripheral metabolic processes with the central nervous system and may
play a role in the interaction between energy metabolism and behavioral processes.® Evidence also suggests that
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biological signals involved in energy metabolism and appetite regulation may influence brain regions associated with
attention and executive functions through dopaminergic systems.’ Although GDF-15 is not a direct marker of dopami-
nergic dysfunction, its role as a stress- and metabolism-responsive cytokine suggests that it may indirectly reflect
biological processes relevant to ADHD. In this context, the fact that methylphenidate one of the most commonly used
pharmacological treatments for ADHD is frequently associated with decreased appetite and weight loss suggests that
biological mechanisms related to energy balance may be involved not only in the pathophysiology of the disorder but
also in treatment-related physiological changes.'®!' Nevertheless, data regarding the long-term biological effects of
methylphenidate remain limited and some long-term follow-up studies have reported that treatment does not lead to
clinically significant changes in basic hematological or biochemical parameters.'>'?

Emerging evidence indicates that the biological effects of GDF-15 are not limited to metabolic processes but may also
involve the central nervous system. The presence of GDF-15 receptor subunits in brain regions associated with cognitive
functions, such as the hippocampus and prefrontal cortex, suggests a potential link between this molecule and
neurocognitive processes.®'* Psychiatric studies have also shown that GDF-15 levels may vary in schizophrenia and
other psychiatric disorders and may be associated with illness severity.>'® In addition, several studies have reported
associations between GDF-15 levels and cognitive performance as well as neuroprogressive processes.'”'® Experimental
animal studies further suggest that modulation of GDF-15 levels may influence neuroinflammatory responses and
behavioral symptoms.'> Moreover, the GDF-15 signaling pathway has been identified as a strong regulator of energy
balance and appetite control and may therefore represent a pharmacologically targetable system.?’-!

Despite these findings, studies examining GDF-15 in the field of child and adolescent psychiatry are extremely
limited, and the role of this biomarker has not yet been investigated in ADHD samples. Considering the potential links of
GDF-15 with energy metabolism, inflammation, and neurobiological processes, examining the possible role of this
molecule in the pathophysiology of ADHD appears to be important.

The aim of the present study was to investigate serum GDF-15 levels in school-aged children and adolescents
diagnosed with ADHD, to compare individuals receiving regular stimulant treatment with treatment-naive patients, and
to evaluate the relationship between GDF-15 levels and symptom severity. In this regard, our study aims to contribute to
the limited literature examining GDF-15 in pediatric ADHD samples and to provide a new perspective for biologic
marker research focusing on inflammation-related mechanisms. We hypothesized that serum GDF-15 levels would differ
according to stimulant treatment status and would be associated with ADHD symptom severity.

Methods

This cross-sectional, comparative, observational study was conducted at the Child and Adolescent Psychiatry Outpatient
Clinic of a tertiary university hospital between April 2025 and December 2025. The study aimed to examine the
association between serum growth differentiation factor-15 (GDF-15) levels and clinical symptom measures in children
and adolescents with attention-deficit/hyperactivity disorder (ADHD) across different treatment statuses.

School-aged children and adolescents diagnosed with ADHD according to DSM-5 criteria were eligible for inclusion.
Preschool children receiving ADHD treatment were not included. Participants were allocated into two groups: 1.
Medicated group: participants receiving regular stimulant treatment (methylphenidate derivatives) for at least 12 months
(n=32). 2. Non-medicated group: newly diagnosed participants who had not yet initiated pharmacological treatment (n =
40). The total sample comprised 72 participants.

Inclusion criteria were DSM-5 diagnosis of ADHD, school-age status and for the medicated group, regular stimulant
treatment for at least 12 months. Exclusion criteria were acute infection or systemic illness within the previous month,
any chronic medical condition and use of any systemic medication other than stimulant treatment within the previous
month. Learning disorders and other psychiatric comorbidities were not considered exclusion criteria.

All participants underwent standardized parent-report assessments: Child Behavior Checklist (CBCL/6-18)/Conners’
Parental Rating Scale-Short Form, Sociodemographic Form.** In addition, the medicated group completed the Barkley
Stimulant Side Effect Rating Scale.

Venous blood samples were collected in the morning after an 8 —10 hour overnight fast. Samples were drawn into gel-
containing, additive-free serum separator tubes. After clot formation, samples were centrifuged at 1500 x g (3500 rpm)
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for 10 minutes to separate serum. Serum aliquots were transferred into Eppendorf tubes and stored at —80°C until
analysis. Serum GDF-15 concentrations were measured using a commercially available sandwich enzyme-linked
immunosorbent assay (ELISA) kit (Human GDF-15 ELISA Kit, Cat. No. E0037Hu; BT Laboratory, Shanghai, China)
according to the manufacturer’s instructions. The assay had a measurement range of 10-3000 ng/L and a sensitivity of
5.57 ng/L. According to the manufacturer, the intra-assay coefficient of variation (CV) was <5% and the inter-assay CV
was <10%. Absorbance was measured at 450 nm, and all analyses were performed in the same laboratory using
standardized procedures. Sample concentrations were calculated from the standard calibration curve and expressed as
ng/L.

All analyses were two-tailed, and p < 0.05 was considered statistically significant. Distributional properties of
continuous variables were evaluated using histograms, Q-Q plots, and the Shapiro—Wilk test. When normality assump-
tions were not met, non-parametric methods were preferred; to demonstrate robustness, parametric and non-parametric
results were reported together where appropriate. Between-group comparisons for continuous variables were performed
using Welch’s independent samples #-test; when normality was not satisfied, Mann—Whitney U-tests were used as
confirmatory analyses. Categorical variables were compared using the chi-square test. Welch’s ¢-test was preferred
because it provides more robust estimates when variances between groups may be unequal. Non-parametric analyses
were additionally performed when distributional assumptions were violated to ensure the robustness of the findings.

Because serum GDF-15 values showed a right-skewed distribution, analyses were conducted using both raw values
and natural log-transformed values. Group comparisons and multivariable linear regression models were performed using
log-transformed GDF-15. Associations between GDF-15 and clinical scale scores were examined using Spearman’s rank
correlation coefficients. Multiple comparisons were controlled using the Benjamini-Hochberg false discovery rate (FDR)
procedure. To evaluate the independent effect of medication status on clinical scale scores while accounting for the
potential confounding effect of age, multivariable linear regression analyses were conducted. In each model, the
dependent variable was the relevant scale score, and the independent variables were medication status (0 = non-
medicated, 1 = medicated) and age (months). Regression results were reported as B coefficients with standard errors,

95% confidence intervals, and model explained variance (R?).

Results

The study included 72 participants, of whom 32 were receiving stimulant treatment and 40 were treatment-naive. The
medicated group was significantly older than the non-medicated group (122.9 + 27.3 vs 101.2 + 25.9 months; Welch’s t =
3.43,p=0.001, Cohen’s d = 0.82), indicating a large effect size. Sex distribution did not differ between groups (84.4% vs
85.0% male; ¥* = 0.00, p = 1.00) (Table 1).

Among the medicated participants (n = 32), all were receiving long-acting methylphenidate formulations (Concerta or
extended-release Medikinet) and had been on regular treatment for at least 12 months. The mean daily methylphenidate
dose was 26.97 £ 8.79 mg (range 10-54 mg). Correlation analyses showed no significant association between methyl-
phenidate dose and serum GDF-15 levels (Pearson r = —0.004, p = 0.983; Spearman r = 0.055, p = 0.766).

Table | Sociodemographic Characteristics of the Study Sample According to Treatment

Status
Variable Medicated Non-Medicated Test P Effect
(n=32) (n=40) Size
Age (months) 1229 £273 | 101.2 £ 259 Welch t 0.001 | d=0.82
Sex (% Male) 84.4% 85.0% Chi-square test 1.00

Notes: Data are presented as mean * standard deviation or n (%). Group comparisons were performed using Welch’s
t-test for continuous variables and chi-square test for categorical variables. A two-tailed p-value <0.05 was considered
statistically significant.
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Conners Scale Comparisons
Children receiving stimulant treatment demonstrated significantly lower symptom severity across all Conners domains.
The ADHD Index was significantly lower in the medicated group (14.63 + 5.16) compared to the non-medicated
group (20.20 + 5.36; t = —4.48, p < 0.001, d = —1.06).
Similarly, oppositional symptoms (t =—2.92, p = 0.005, d = —0.68), cognitive problems (t =—4.64, p <0.001, d =—1.10),
and hyperactivity (t = —5.69, p < 0.001, d = —1.32) were all significantly reduced in the medicated group (Table 2).
Age-adjusted linear regression analyses confirmed that medication status independently predicted lower ADHD Index
(B =-5.52, p <0.001), oppositional symptoms (f = —1.93, p = 0.020), cognitive problems (B = —3.19, p < 0.001), and
hyperactivity (p = —2.61, p <0.001). Age was independently associated only with hyperactivity ( = —0.022, p = 0.039).

CBCL Comparisons

In the CBCL 6-18 scales, no significant differences were observed in internalizing domains, including withdrawn

behavior, somatic complaints, anxious/depressed symptoms, and total internalizing scores (all p > 0.10).

However, significant reductions were observed in the medicated group for aggressive behavior (t = —2.63, p =
0.011, d = —0.64), externalizing problems (t = —2.75, p = 0.008, d = —0.65), and attention problems (t = —2.81, p =
0.006, d = —0.67).

Age-adjusted regression analyses confirmed that medication independently predicted lower aggressive behavior (B =
—3.40, p = 0.015), externalizing problems (B = —5.19, p = 0.012), and attention problems (f = —2.47, p = 0.005). No

significant associations were observed in internalizing domains.

Table 2 Comparison of Conners and CBCL Scale Scores According to Treatment Status

Scale Medicated Non-Medicated t p Cohen’s d
(n=32) Mean £ SD (n=40) Mean = SD
CONNERS
ADHD Index 14.63 £ 5.16 20.20 * 5.36 —4.48 <0.001 -1.06
Oppositional 475 +2.76 6.88 + 34| -2.92 0.005 —0.68
Cognitive Problems 744 £ 323 11.05 + 3.34 —4.64 <0.001 —=1.10
Hyperactivity 4.97 +2.04 8.05 + 2.55 —5.69 <0.001 -1.32
CBCL (6-18)
Withdrawn 341 £233 3.50 £ 2.11 —0.18 0.860 —0.04
Somatic Complaints 1.66 + 1.23 2.60 = 3.31 —1.66 0.102 —-0.36
Anxious/Depressed 5.19 +2.88 6.10 = 34| -1.23 0.223 -0.29
Internalizing Problems 10.28 + 5.00 1223 £ 7.19 —-1.35 0.182 —0.31
Rule-Breaking Behavior 2.50 +2.34 5.63 £ 10.43 —-1.84 0.073 —0.39
Aggressive Behavior 9.06 + 5.93 1243 + 4.64 —2.63 0.011 —0.64
Externalizing Problems 1147 £7.76 16.55 + 7.85 -2.75 0.008 —0.65
Attention Problems 10.50 + 3.28 12.70 + 3.32 —2.81 0.006 —-0.67
Thought Problems 328 £ 244 348 £2.70 —-0.32 0.750 —-0.07
Social Problems 5.47 £ 253 643 £ 278 —-1.53 0.132 —-0.36

Notes: Values are presented as mean + SD. Group comparisons were performed using Welch’s t-test. Effect sizes are reported as Cohen’s d. A two-tailed p-value
<0.05 was considered statistically significant.
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Table 3 Comparison of GDF-15 Levels According to Treatment Status

Parameter Medicated Non-Medicated Test p-value
(n=32) (n=40)
GDF-15 (ng/L) Mean = SD 269.99 £ 161.75 282.32 + 135.54 Welch t 0.731

GDF-15 (ng/L) Median (IQR) | 231.70 (213.85-302.94) | 25432 (210.91-327.92) | Mann-Whitney U | 0.533

Log-GDF-15 Mean * SD 541 +£0.72 551 +0.59 Welch t 0.530

Notes: Data are presented as mean * SD or median (IQR). Because GDF-15 values were right-skewed, both raw and log-transformed values
were analyzed. Group comparisons were performed using Welch’s t-test or Mann—Whitney U-test as appropriate. A two-tailed p <0.05 was
considered statistically significant.

Serum GDF-15 Levels

Raw serum GDF-15 values demonstrated a right-skewed distribution in both groups (Shapiro—Wilk p < 0.01). Therefore,
both raw and log-transformed values were analyzed.

Mean GDF-15 levels were 269.99 + 161.75 ng/L in the medicated group and 282.32 + 135.54 ng/L in the non-
medicated group. Median values were 231.70 (213.85-302.94) and 254.32 (210.91-327.92), respectively.

No significant difference was observed between groups using Welch’s #-test (p = 0.731) or Mann—Whitney U-test (p =
0.533). Log-transformed GDF-15 values also did not differ between groups (5.41 £ 0.72 vs 5.51 £ 0.59; p = 0.530)
(Table 3).

Age-adjusted linear regression analysis showed that medication status was not associated with log-GDF-15 levels (
=-0.137, p=0.417). Age was also not a significant predictor (p = 0.561). The overall model explained only 1.1% of the
variance (R> = 0.011).

Correlation Analyses
Across the entire sample (n = 72), log-GDF-15 levels were not significantly correlated with any CBCL subscale (all |p| <
0.12, all p > 0.30). False discovery rate correction did not alter these findings.

Within the medicated subgroup (n = 32), log-GDF-15 was not associated with any CBCL subscale (all p > 0.30) or
with individual items of the Barkley side-effect scale after FDR correction (all q > 0.05).

Sex-Based Analyses
Serum GDF-15 levels did not differ between males and females in the total sample (log-GDF-15 p = 0.479). Similarly, no
sex-specific differences were observed within treatment groups (all p > 0.50).

Additional Laboratory Parameters
Comparisons of additional laboratory parameters revealed no significant differences between groups after FDR correction
(all g > 0.05) (Supplementary Table 1). GDF-15 remained non-significant in this multivariate laboratory context.

Discussion
In this study, we provide the first evidence examining serum GDF-15 levels in children and adolescents with ADHD in
relation to symptom severity and stimulant treatment status. Our findings indicate that, although stimulant treatment was
associated with expected reductions in behavioral symptom scores, GDF-15 levels did not vary according to treatment
status or clinical symptom severity. Our findings highlight two main points. First, as expected, the stimulant-treated
group showed significant reductions in all Conners domains and in several externalizing/attention domains of the
CBCL.>* Second, GDF-15 levels were not associated with treatment status or symptom severity and did not differ
significantly according to age or sex. In addition, no clinically meaningful differences were observed between groups in
other laboratory parameters.

The finding that the treated group showed lower symptom severity across all subscales of the Conners scale, and that
treatment status remained an independent predictor in age-adjusted models, is clinically expected and consistent with
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previous literature.”* Similarly, the absence of significant differences in the internalizing domains of the CBCL, alongside
lower scores in aggression, externalizing behavior, and attention problems in favor of the treatment group, suggests that
stimulant treatment may exert more pronounced effects on outward behavioral patterns and attention-related domains.
Although behavioral changes and side effects associated with methylphenidate have been described in the literature, data
regarding their frequency and long-term course remain limited, and many studies emphasize that adverse effects have not
been systematically assessed using standardized scales.'*'**** Therefore, monitoring long-term treatment effects not only
through symptom scores but also through broader behavioral and biological outcomes remains important.

The primary aim of this study was to explore whether GDF-15, a molecule associated with cellular stress and
inflammatory signaling, could serve as a biomarker reflecting clinical features of ADHD. Although we hypothesized that
serum GDF-15 levels might vary according to symptom severity, no significant associations were observed in the present
study. Therefore, our findings did not support this hypothesis. In recent years, appetite-regulating hormones have been
suggested to be related not only to metabolic processes but also to neuropsychological performance, and methylphenidate
use has been reported to alter certain hormonal profiles.'® Within this framework, the positioning of GDF-15 as
a hormone/signal molecule that conveys energy balance and stress signaling to the brain theoretically raises the
expectation that it could show changes parallel to symptom dynamics in ADHD.>’ However, our findings did not
demonstrate an association between serum GDF-15 levels and treatment status or scale-based symptom severity.

This finding does not exclude the involvement of inflammatory mechanisms in ADHD; rather, it suggests that
peripheral inflammatory signals may not show simple or linear relationships with symptom domains. Indeed, systematic
reviews and meta-analyses examining cortisol dynamics and various inflammatory markers in ADHD report hetero-
geneous results, even when certain parameters differ between patients and controls.** Similarly, meta-analytic evalua-
tions of peripheral inflammatory markers emphasize that sample characteristics, comorbidities, and methodological
differences may substantially influence findings, and that single markers are unlikely to serve as specific stand-alone
diagnostic biomarkers but should instead be interpreted as indicators reflecting biological heterogeneity.* The absence of
an association between GDF-15 and symptom domains in our sample is consistent with this broader framework.

The biological characteristics of GDF-15 position it not merely as a metabolic marker but as a more integrative stress
signal. GDF-15 has been proposed to act as a “somatic distress” signal that conveys peripheral stress responses to the
central nervous system, particularly through the GFRAL receptor in the brainstem, where it suppresses energy intake.>*
Experimental findings examining the relationship between GDF-15 and stress-related behavioral responses also suggest
that this axis may be context-dependent and multi-layered. For example, studies showing that GDF-15 increases
mediated through adrenergic activation and lipolysis can modulate anxiety-like behaviors position GDF-15 as
a mediator linking metabolic responses and behavioral processes.”* In neuropsychiatric populations, several studies
have reported associations between GDF-15 levels, illness burden, and cognitive performance.'>'®?° Taken together,
these findings suggest that GDF-15 may reflect broader biological processes related to systemic stress and metabolic
regulation rather than momentary clinical symptom severity. However, given the cross-sectional design and single-time-
point measurement of the present study, no conclusions can be drawn regarding whether GDF-15 represents a state- or
trait-related biomarker in ADHD.

On the other hand, it has been suggested that in pediatric populations GDF-15 levels may vary substantially in
relation to age, growth, and metabolic processes, and that developmental factors should therefore be considered when
interpreting such biomarkers.?® For this reason, capturing a direct relationship between clinical state and biomarker levels
through single time-point measurements may be more challenging in children and adolescents compared with adult
populations. Moreover, in some neurodevelopmental disorders, elevated GDF-15 levels have been reported alongside
heterogeneous relationships with clinical severity, supporting the possibility that GDF-15 may relate to phenotypic
indicators in a non-linear manner.”’ Similarly, experimental findings suggesting that GDF-15 may not exert a direct
determining influence on dopaminergic system integrity raise the possibility that its role in certain neurobiological
pathways may be context-specific.”®

Increasing attention has been given to the interaction between peripheral inflammatory mediators and central nervous
system processes in neurodevelopmental disorders, including potential effects mediated through the blood-brain barrier,
microglial activation, and neuroinflammatory pathways.?’ Within this broader framework, inflammation in ADHD may
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be more prominent in certain subgroups or biological subtypes, suggesting that a “single marker—single clinical measure”
approach may be insufficient to capture the underlying heterogeneity. Although some studies have reported significant
associations between inflammatory markers and symptom domains, the literature also emphasizes that findings are not
always consistent.>**® Our findings align with this perspective, suggesting that GDF-15 does not emerge as a universal
peripheral biomarker reflecting ADHD symptom severity.

The absence of significant differences between groups not only in GDF-15 but also in other laboratory parameters
provides preliminary evidence that long-term stimulant treatment is not associated with measurable alterations in this
stress-responsive biomarker or the general biochemical profile. This observation is consistent with findings from a two-
year open-label study in which children treated with OROS methylphenidate did not show clinically meaningful changes
in hematological or biochemical parameters, and no treatment discontinuations were required due to laboratory
abnormalities.'? Nevertheless, these findings should be interpreted cautiously given the cross-sectional design and
relatively modest sample size of the present study.

Although interest in biomarkers capable of predicting treatment response or clinical course in ADHD has increased,
none of the proposed neuroimaging, electrophysiological, or peripheral biomarkers have yet demonstrated sufficient
sensitivity, specificity, and reproducibility for routine clinical use.* The negative findings of the present study are
consistent with this broader picture and underscore the need for larger samples, better-defined subgroups, multi-
biomarker panels, and longitudinal designs in future biomarker research.

Several limitations should be considered. First, the study has a cross-sectional design; therefore, temporal variability
of GDF-15 and its relationship with symptom fluctuations could not be evaluated. Second, the treated group was older;
although statistical adjustments were made for age in months, developmental and puberty-related physiological varia-
bility cannot be entirely excluded, as pubertal stage was not systematically assessed.”® Third, the absence of a healthy
control group prevented comparisons of GDF-15 levels between children with ADHD and typically developing peers,
limiting the interpretation of whether GDF-15 levels are altered in ADHD itself. Fourth, because comorbidities were not
excluded, clinical heterogeneity may have increased; this may have attenuated potential biomarker—symptom relation-
ships present in specific subgroups.* Additionally, body mass index was not systematically recorded. Given the
established role of GDF-15 in energy metabolism and appetite regulation, future studies should include anthropometric
measures such as BMI when evaluating this biomarker.

Finally, GDF-15 was examined as a single biomarker. Future studies incorporating cortisol/HPA axis markers,
hematological inflammatory indices, other metabolic appetite-related hormones, and ideally multi-omics approaches
may provide more comprehensive insights.>**° In addition, considering evidence that GDF-15 can be induced by acute
psychosocial stress, longitudinal designs incorporating contextual variables such as stress, sleep, and physical activity
may be particularly informative.**> Furthermore, GDF-15 was measured in fasting serum at a single time point. Recent
studies suggest that salivary GDF-15 may provide a non-invasive measure of dynamic stress responses. Future studies
comparing serum and salivary GDF-15, particularly under stress-challenge paradigms, may further clarify the biological

relevance of this marker in ADHD.

Conclusion

In conclusion, although we hypothesized that serum GDF-15 levels would differ according to stimulant treatment status
and be associated with ADHD symptom severity, our findings did not support this hypothesis. Stimulant treatment was
associated with expected improvements in behavioral symptoms, whereas serum GDF-15 levels were not significantly
associated with treatment status or symptom severity in pediatric ADHD. Although no significant associations were
identified in the present sample, larger adequately powered longitudinal studies are needed to clarify the potential role of
GDF-15 in pediatric ADHD. However, it may still reflect broader biological processes related to systemic stress or
metabolic regulation. Further longitudinal and multi-biomarker studies are needed to clarify its potential role in ADHD.
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