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Background: Attention-deficit/hyperactivity disorder (ADHD) is characterized by substantial clinical heterogeneity, underscoring the
need for a shift toward precision nursing approaches. The present study aimed to identify relatively homogeneous subgroups
(phenotypes) among children with ADHD based on multidimensional clinical characteristics and to validate their distinct cognitive
profiles using objective cognitive assessments, thereby providing an empirical basis for the development of a precision nursing practice
pathway.

Methods: A cohort of 403 treatment-naive children with newly diagnosed ADHD were included. Behavioral, emotional, and social
functioning were evaluated using the Swanson, Nolan, and Pelham Version IV Scale, the Strengths and Difficulties Questionnaire, and
the Weiss Functional Impairment Rating Scale—Parent Report. Cognitive validation was conducted using the Continuous Performance
Test (CPT). The primary analytical methods included latent profile analysis (LPA) and between-group comparisons.

Results: The optimal LPA model identified three distinct classes: the “functionally balanced type” (25.8%), the “impulsivity-
predominant type” (55.6%), and the “emotional-cognitive dysregulation subtype” (18.6%). Cognitive validation using the CPT
indicated that the impulsivity-predominant type demonstrated a significantly higher commission error rate, whereas the emotional-
cognitive dysregulation subtype exhibited significantly greater reaction time variability.

Conclusion: The “behavioral subtyping—cognitive validation” framework proposed in this study links subjective behavioral clustering
with objective cognitive indicators relevant to nursing care. This approach provides an important empirical foundation for shifting
ADHD management from a uniform model toward mechanism-informed precision intervention.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental disorder of childhood characterized
by three core features: inattention, hyperactivity, and impulsivity. In most affected individuals, symptoms persist into
adulthood and are associated with substantial impairment in academic achievement, social adaptation, and occupational
functioning."> Globally, the prevalence of ADHD among school-age children and adolescents is estimated to be
approximately 7.2%, while the prevalence among school-enrolled children aged 6 to 16 years in China has been reported
to be 6.26%.>* In addition to core cognitive dysfunction, children with ADHD frequently present with comorbid
emotional dysregulation and a range of behavioral problems. According to data from the latest Global Burden of
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Disease (GBD) study, the disease burden experienced by families of children with ADHD in China has increased steadily
between 1990 and 2021.°

To address the marked heterogeneity of ADHD, previous research has attempted to classify the disorder into subtypes
from multiple perspectives. Traditional diagnostic classifications including the predominantly inattentive presentation,
predominantly hyperactive—impulsive presentation, and combined presentation provide an initial clinical framework;
however, these categories do not adequately capture patterns of comorbidity or functional impairment that extend beyond
core symptoms.® In recent years, studies utilizing behavioral rating scales, neuroimaging, or genetic markers have
increasingly aimed to identify more homogeneous subgroups of individuals with ADHD.” Notably, recent advances in
neuroimaging have highlighted the potential to differentiate ADHD subtypes based on imaging features, supporting the use
of such techniques to refine subgroup identification.® Nevertheless, most existing studies have primarily focused on the
etiology or neurobiological mechanisms of ADHD, with limited attention directed toward translating subtyping findings
into practical nursing intervention pathways capable of guiding clinical management.” Nursing as a discipline holds
a distinct advantage in translating foundational scientific findings into clinically applicable decision-support frameworks;
however, nursing-led research addressing the transition from “subtyping” to “precision intervention” remains limited.'°

To address this gap, the present study aims to bridge the translational divide between research findings and clinical
nursing practice by proposing an integrative analytical framework that combines latent profile analysis (LPA) with objective
cognitive validation. LPA is a person-centered, data-driven method that identifies internally homogeneous patient sub-
groups, or “clinical phenotypes”, based on multidimensional clinical characteristics such as core behavioral symptoms,
emotional problems, and social functioning. This approach enables the characterization of heterogeneity beyond traditional
diagnostic classifications.'""'? Factor analytic studies have confirmed that CPT shares the same underlying cognitive
construct as standard attention paradigms, supporting its use as a valid measure of attentional function."® This “behavioral
subtyping—cognitive validation” paradigm is intended to link subjective behavioral clustering with underlying cognitive and
neurological mechanisms relevant to clinical care, including response inhibition and attentional stability.

Based on this framework, a cross-sectional study design was adopted, and treatment-naive children with newly
diagnosed ADHD were recruited. Standardized behavioral rating scales including the Swanson, Nolan, and Pelham
Version IV Scale (SNAP-IV) and the Strengths and Difficulties Questionnaire (SDQ) were used to assess clinical
symptoms. Multidimensional clinical data were subsequently analyzed using LPA to identify latent clinical phenotypes.
Cognitive functioning was then evaluated using the CPT, and between-group differences in CPT indices were examined
across the identified phenotypes to determine whether each phenotype demonstrated a distinct cognitive profile. A cross-
sectional design was chosen for two main reasons: (1) the primary aim was to identify latent phenotypes at a single time
point, which is best achieved with a cross-sectional snapshot; and (2) recruiting treatment-naive children at diagnosis
provides a “pure” baseline unaffected by medication, making it ideal for initial phenotype discovery and cognitive
validation.We hypothesized that: (1) LPA would identify three distinct clinical phenotypes (functionally balanced,
impulsivity-predominant, and emotional-cognitive dysregulation) based on multidimensional behavioral and functional
characteristics; (2) the impulsivity-predominant type would show a significantly higher commission error rate on the
CPT, reflecting response inhibition deficits; and (3) the emotional-cognitive dysregulation subtype would show greater
reaction time variability, reflecting attentional instability.

Participants and Methods

Study Population

A cross-sectional study design was employed. Children with ADHD who attended the outpatient clinic of the Department

of Psychiatry at the study institution between January and November 2024 were recruited using convenience sampling.
The inclusion criteria were as follows: (1) age 616 years; (2) fulfillment of the Diagnostic and Statistical Manual of

Mental Disorders, Fifth Edition (DSM-5) diagnostic criteria for ADHD; (3) no prior pharmacological treatment for

neurodevelopmental disorders, including ADHD, tic disorder, or autism spectrum disorder, before enrollment; and (4)

provision of written informed consent by the legal guardian.
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The exclusion criteria were as follows: (1) presence of severe physical illness, epilepsy, intellectual disability (IQ <
70), or other severe psychiatric disorders (eg., schizophrenia or bipolar disorder); (2) visual or auditory impairment, or
insufficient cognitive capacity to complete the required assessments; and (3) incomplete questionnaire responses, regular-
pattern responding, or other indicators of invalid data. Such cases were treated as missing data and excluded from the
final analysis.

Recent methodological studies have provided systematic guidance for power analysis and sample size estimation in
SEM, supporting the use of this rule of thumb as a practical approach.'* In the present study, 5 demographic variables
and 11 scale-derived observed variables were included, resulting in a total of 16 observed variables and an estimated
required sample size of 160-320 participants. After accounting for an anticipated invalid response rate of approximately
20%, the target sample size was adjusted to 192—384 participants. A total of 403 valid participants were ultimately
included in the analysis.

The study protocol was approved by the institutional Ethics Committee (Approval No. 2023-021-01). All study procedures
were conducted after written informed consent had been obtained from the legal guardians of participating children.

Research Instruments

General Information Questionnaire

A general information questionnaire was developed by the research team based on relevant literature and expert
consultation with two pediatric nursing specialists and one child psychiatry specialist. The questionnaire was completed
by the child’s legal guardian and collected demographic information, including the child’s sex, age, only-child status,
maternal parity, and the caregiver’s monthly household income.

Chinese Version of the SNAP-IV-Parent Form

The Chinese version of the SNAP-IV has demonstrated satisfactory reliability and validity.'>"'® This instrument is used to
assess behavioral symptoms and symptom severity in children aged 6 to 18 years with ADHD. The scale comprises 26
items across three dimensions: inattention, hyperactivity—impulsivity, and oppositional defiant disorder. Parents rate the
child’s behavior over the preceding six months, and completion typically requires less than 10 minutes. Items are rated
using a 4-point Likert scale (0 = never, 1 = sometimes, 2 = often, 3 = always). Scores for each dimension are calculated
as the mean of the corresponding item scores and interpreted as follows: 0—1.0 = normal, 1.1-1.5 = mild, 1.6-2.0 =
moderate, and 2.1-3.0 = severe. Higher scores indicate greater symptom severity in the respective domain. The
Cronbach’s a coefficients for the subscales were 0.90 for inattention, 0.89 for hyperactivity—impulsivity, and 0.88 for
oppositional defiant behavior.

SDQ-Parent Version

The SDQ was originally developed by Goodman, and the Chinese version was revised by Kou et al'”*'® The instrument is
applicable to children aged 4—16 years and is commonly used to screen for comorbid emotional and behavioral problems in
children with ADHD. The questionnaire contains 25 items distributed across five dimensions: emotional symptoms, conduct
problems, hyperactivity/inattention, peer relationship problems, and prosocial behavior. Parents complete the questionnaire
based on the child’s behavior during the preceding six months using a 3-point Likert scale (0 = not true, 1 = somewhat true,
2 = certainly true). In the present study, only the emotional symptoms and conduct problems subscales were used to screen
for comorbid emotional and behavioral difficulties in children with ADHD, comprising a total of 10 items.

The Cronbach’s a coefficient for the combined emotional symptoms and conduct problems subscales was 0.82.
Higher scores indicate greater severity of emotional or behavioral difficulties. For the parent-rated version, the cutoff
values are as follows: 0-3 = normal, 4 = borderline, and 5—10 = abnormal. This instrument functions as a screening tool,
and its results are not sufficient for the clinical diagnosis of mood disorders.

Weiss Functional Impairment Rating Scale-Parent Report

The Weiss Functional Impairment Rating Scale—Parent Report (WFIRS-P) is a disorder-specific instrument designed to
evaluate functional impairment associated with ADHD.'? The scale assesses the extent to which symptoms, behaviors, or
emotional difficulties affect functioning across multiple domains of daily life. The WFIRS-P consists of 50 items
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distributed across six functional domains: family, learning/school, daily living skills, self-concept, social activities, and
risk-taking activities. The total score ranges from 0 to 150, with maximum scores of 30, 30, 30, 9, 21, and 30 for the
respective domains. Higher scores indicate greater functional impairment in the corresponding domain.

The scale is completed by a parent or guardian and typically requires approximately 15 minutes. Items are rated using
a 4-point Likert scale (0-3). In clinical evaluation, the mean score of each dimension is commonly used to assess the
degree of functional impairment. Clinically meaningful impairment is indicated when the overall mean scale score
exceeds 1.5, when at least two items within a domain are scored 2, or when at least one item is scored 3. Scores
exceeding these thresholds are considered indicative of clinically significant functional impairment. The WFIRS-P
demonstrates satisfactory reliability, and subscale Cronbach’s a coefficients ranging from 0.70 to 0.89.

CPT

The CPT is an objective, quantitative instrument used to assess core cognitive deficits associated with ADHD and is
widely applied in the study of ADHD-related cognitive endophenotypes.?® In the present study, the Sustained Attention
Test Software System (Version 3.0), developed by Luo at the Mental Health Institute of Central South University, Hunan,
was used.”' This system is designed for cognitive assessment in children aged 6-16 years. The software provides three
testing modes differentiated by sensory modality: visual attention (VCPT), auditory attention (ACPT), and combined
visual and auditory attention (VCPT + ACPT).

All participants in this study completed the visual attention test. During the assessment, digits from 0 to 9 were
randomly presented at the center of a computer screen. Participants were instructed to press the spacebar when the target
digit “3” appeared. The interstimulus interval was 1,500 ms, and the target stimulus occurred with a frequency of 10%.
All participants first received standardized instructions followed by a 1-minute practice session. Formal testing com-
menced only after confirmation that the task instructions had been understood. The total duration of the formal test was
12 minutes. Upon completion, the software automatically generated five outcome indices: accuracy rate, number of
errors, number of omissions, correct response time, and reaction time variability.

The omission error rate reflects sustained attention and represents the proportion of target stimuli to which no
response was made; higher omission rates indicate reduced vigilance or attentional lapses. The commission error rate
reflects impulse control and represents the proportion of incorrect responses to non-target stimuli; higher commission
rates indicate impaired behavioral inhibition and increased impulsivity. Correct response time refers to the mean response
latency for correct responses to target stimuli and reflects information processing speed. Reaction time variability
represents the standard deviation of correct response times and reflects attentional stability, with higher variability
indicating greater attentional fluctuation and reduced attentional persistence.

Statistical Methods

All statistical analyses were conducted using R version 4.2.2. Continuous variables with a normal distribution are
presented as mean + standard deviation, whereas non-normally distributed continuous variables are reported as median
(interquartile range). Categorical variables are summarized as frequencies and percentages.

LPA

To identify heterogeneous clinical phenotypes among children with ADHD, LPA was performed using standardized
scores from 11 dimensions reflecting ADHD-related behavioral symptoms, emotional difficulties, and social functioning.
Z-score standardized mean item scores derived from the subscales of the SNAP-IV, SDQ, and WFIRS-P were used as
indicator variables. Model estimation began with a one-class model, and the number of latent classes was sequentially
increased to evaluate models specifying one to four classes. Model selection was based on a comprehensive evaluation of
the following fit indices, including the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC),
adjusted Bayesian Information Criterion (aBIC), entropy, and the Bootstrap Likelihood Ratio Test (BLRT). Lower values
of AIC, BIC, and aBIC indicate better model fit. Entropy values range from 0 to 1, with higher values indicating greater
classification accuracy. A statistically significant BLRT result (p < 0.05) indicates that the k-class model provides
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a significantly better fit than the (k — 1)-class model. Based on these criteria, the three-class model was identified as the
optimal solution.

Subtype Characterization Comparisons and CPT Validation Analysis

For continuous variables, including CPT indices, normality and homogeneity of variance were evaluated using the
Kolmogorov—Smirnov test and Levene’s test, respectively. Due to the large sample size (n = 403) and the robustness of
parametric methods against moderate violations of normality, one-way analysis of variance (ANOVA) was applied for
overall between-group comparisons,” followed by Tukey’s honestly significant difference (HSD) post hoc test when the
overall F-test was significant. Effect sizes were quantified using eta-squared (n%), with interpretation based on the
following thresholds: 0.01 <n?< 0.06 indicating a small effect, 0.06 <n’< 0.15 indicating a medium effect, andn®> 0.15
indicating a large effect.All statistical tests were two-sided, and the significance level was set at a = 0.05.

Results

General Characteristics

A total of 403 children with ADHD who met the DSM-5 diagnostic criteria were included in this study. The socio-
demographic characteristics of the participants are presented in Table 1. The sample was predominantly male (n = 292,
72.46%), and most participants were aged 69 years (n = 236, 58.56%). The majority of the children were only children
(n = 363, 90.07%). Maternal parity was predominantly primiparity (n = 296, 73.45%). Caregiver monthly household
income was most commonly within the range of 3,001-5,000 CNY (n = 299, 74.19%). Descriptive statistics for all
clinical scale scores are presented in Table 2. On the SNAP-IV, which assesses core ADHD symptoms, the inattention
subscale demonstrated the highest mean item score (1.64 + 0.79). On the SDQ, the mean score for emotional symptoms
(0.90 £ 0.68) was substantially higher than that for conduct problems (0.50 + 0.28). Regarding functional impairment
assessed by the WFIRS-P, scores across all six domains indicated a moderate level of impairment. The family domain
demonstrated the highest mean score (1.29 + 1.09), while scores for the remaining domains ranged from 1.18 to 1.26,
indicating widespread functional difficulties across multiple areas of daily life.

LPA Model Fit and Class Determination

To characterize heterogeneity in multidimensional clinical features among children with ADHD, including core beha-
vioral symptoms, emotional problems, conduct problems, and social functioning, LPA was conducted using 11 standar-
dized clinical indicators derived from the SNAP-IV, SDQ, and WFIRS-P. Model fit indices are presented in Table 3. As
the number of latent classes increased from one to four, the information criteria (AIC, BIC, and aBIC) demonstrated
a monotonic decrease. Considering model parsimony, classification accuracy (Entropy = 0.99), and the clinical

Table | Sociodemographic and Clinical Characteristics of Children with
ADHD (n = 403)

Variable Category N Percentage (%)
Sex Male 292 72.46
Female 11 27.54
Age 6-9 236 58.56
10-12 112 27.79
213 55 13.65
Only child Yes 363 90.07
No 40 9.93
Maternal parity <2 296 7345
2 107 26.55
Caregiver monthly income <RMB 3,000 50 12.41
3001-5000 299 74.19
>RMB 5,000 54 13.40
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Table 2 Social Functioning Scores in Children with ADHD (Mean Item Scores, n = 403)

Item Dimension Maximum | Minimum | Mean t SD
Core behaviors Attention Deficit Symptoms 3 0 1.64 + 0.79
(SNAP-1V) Hyperactivity-impulsivity 3 0 1.34 £ 1.01
Oppositional Defiant Behavior | 3 0 1.37 £ 0.96
Emotional and conduct symptoms | Conduct problem 1.6 0 0.50 + 0.28
(SDQ) Emotional symptoms 2 0 0.90 + 0.68
Social functioning Family functioning 3 0 1.29 + 1.09
(WFIRS-P) Learning/school functioning 3 0 126 + 1.12
Daily Living Skills 3 0 1.25 £ 1.04
Self-concept 3 0 1.21 £ 1.18
Social activities 3 0 122 £ 113
Risk-Taking Activities 3 0 1.18 £ 1.10

Note: Values in the table represent the mean item score for each scale, calculated by dividing the total dimension score by the number of
items within that dimension. All variables were standardized (Z-score transformation) prior to LPA to eliminate differences in
measurement scale.

Table 3 LPA Model Fit Indices (n = 403)

Model AIC BIC aBIC Entropy | P(BLRT) | Proportion of Cases

Minimum | Maximum

Class = | 12,613.30 | 12,701.27 | 12,631 | — - - -

Class =2 | 7705.91 7841.87 7734 1.00 0.0l 31% 69%
Class =3 | 6193.61 6377.56 | 6232 0.99 0.01 19% 56%
Class =4 | 4278.95 4510.89 4327 1.00 0.01 9% 33%

Note: Bold text indicates the selected model (the three-class model) based on the best fit indices.

interpretability of the latent profiles, the three-class model was selected as the optimal solution. The BLRT was
statistically significant (p < 0.01), indicating that the three-class model provided a significantly better fit than the two-
class model. The three latent classes accounted for 25.8% (n = 104), 55.6% (n = 224), and 18.6% (n = 75) of the sample,
respectively, indicating a relatively balanced distribution of participants across the identified subgroups.

Based on the patterns of standardized scores (z-scores) across the 11 clinical dimensions (Figure 1), the latent classes
were defined as follows.

Functionally Balanced Type

This class demonstrated scores across all clinical domains, including ADHD core symptoms, emotional symptoms,
conduct problems, and social functioning, closest to the overall sample mean. The profile reflects relatively mild and
balanced levels of symptoms and functional impairment and represents the subgroup with the lowest overall clinical
burden. The near-mean distribution across dimensions indicates the absence of prominent dysfunction in any specific

behavioral, emotional, or functional domain.

Impulsivity-Predominant Type

This class was characterized by markedly elevated externalizing symptoms, particularly in the hyperactivity—impulsivity
and oppositional defiant disorder—related domains. In contrast, emotional symptoms and impairment in certain executive
function—related domains (eg., self-concept and daily living skills) were comparatively less pronounced. This pattern
indicates that the underlying functional deficits in this subgroup may be primarily related to impaired behavioral
inhibition. These characteristics provided the rationale for further evaluation using the CPT to objectively assess impulse
control and related cognitive processes.
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Figure | Latent profile model of multidimensional symptoms and functional characteristics in children with ADHD.

Emotional-Cognitive Dysregulation Subtype

This class was characterized by markedly elevated emotional symptoms (internalizing problems, Z = 1.54), accompanied
by substantial impairment in executive function—related domains (such as self-concept and daily living skills), whereas
typical ADHD behavioral symptoms were relatively less pronounced. This pattern highlights the clinical relevance of
emotional and cognitive regulatory difficulties within the ADHD presentation and indicates that this subgroup may
require intervention strategies beyond those targeting behavioral symptoms alone.

Comparison of Neurocognitive Performance Across Latent Subgroups: CPT Results
One-way ANOVA was applied for between-group comparisons. Due to the large sample size (n = 403), parametric tests
are robust to moderate violations of normality. Normality was assessed using the Kolmogorov—Smirnov test. The
ANOVA revealed a statistically significant between-group difference only in the commission error rate (F(2,400) =
3.391, p = 0.034, n* = 0.017). No statistically significant differences were observed among the three groups for the
remaining indices, including omission error rate, correct response time, and reaction time variability (p > 0.05; Figure 2).

Descriptive statistics for commission error rates across the three groups are presented in Table 4. Post hoc
comparisons using Tukey’s HSD test showed that the impulsivity-predominant type (G2) had a significantly higher
commission error rate than the functionally balanced type (Gl) (adjusted p = 0.033). No statistically significant
differences were observed between G2 and G3 or between Gl and G3 (adjusted p > 0.05). Although the between-
group difference reached statistical significance, the effect size was small (3> = 0.017), indicating that the magnitude of
the observed difference in commission error rate was limited and that substantial within-subgroup variability was present
(standard deviation range: 18.5% to 21.8%).

Comparison of Demographic Characteristics Across Latent Profiles

To examine whether the identified clinical subtypes were associated with sociodemographic factors, the distribution of
key demographic variables across the three latent profiles was compared (Table 5). Chi-square tests indicated no
statistically significant differences among the three profiles with respect to sex (x> = 5.765, p = 0.056), age group (x°
= 8.051, p = 0.090), only-child status (x* = 1.557, p = 0.459), maternal parity (x> = 5.055, p = 0.282), or caregiver
monthly household income (}* = 3.882, p = 0.422). These findings indicate that the clinical heterogeneity identified in
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Figure 2 Comparison of core CPT cognitive indices across three ADHD clinical phenotypes identified by latent profile analysis. (A) Accuracy rate (%). (B) Omission rate
(%). (C) Correct reaction time (ms). (D) Commission error rate (%). (E) Reaction time variability (ms). One-way ANOVA revealed a significant difference among the three
groups only in commission error rate (D) (F(2,400) = 3.391, p = 0.034). No significant differences were found in the other indices (all p > 0.05).

this study is more likely attributable to intrinsic patterns of symptom expression and functional impairment associated
with ADHD rather than to the examined sociodemographic characteristics. Furthermore, these results reduce the like-
lihood that socioeconomic status or related demographic variables substantially confounded the subtype classification.

Table 4 Descriptive Statistics for CPT Commission Error Rate Across Three ADHD Clinical

Subtypes
ADHD Profile N Mean % SD (%) | Median (IQR) (%)
Functionally balanced type (GI) 104 67.8 £ 20.0 72 (58-84)
Impulsivity-predominant type (G2) 224 743 £ 185 76 (64-88)
Emotional-cognitive dysregulation subtype (G3) | 75 705 + 2138 76 (56-88)

Abbreviation: IQR, interquartile range.

Table 5 Comparison of Sociodemographic Characteristics Across Latent Classes of Children with ADHD

Variable Grouping Total Gl G2 G3 ¥2/F P
(n=403) (n=104) (n=224) (n=75)

Sex Male 292 (72.46) 69 (66.3) 173 (77.2) 50 (66.7) 5.765 0.056
Female 111 (27.54) 35 (33.7) 51 (21.8) 25 (33.3)

Age (years) 6-9 236 (58.56) 58 (55.8) 130 (58) 48 (64) 8.051 0.090
10-12 112 (27.79) 24 (23.1) 69 (30.8) 19 (25.3)
213 55 (13.65) 22 (21.2) 25 (11.2) 8 (10.7)

Only child Yes 363 (90.07) 96 (92.3) 202 (90.2) 65 (86.7) 1.557 0.459
No 40 (9.93) 8(7.7) 33 (9.8) 10 (13.3)

Maternal parity <2 296 (73.45) 69 (66.3) 173 (77.2) 54 (72) 5.055 0.282
22 107 (26.55) 35 (33.7) 51 (22.8) 21 (28)

Caregiver monthly income < RMB 3,000 50 (12.41) 10 (9.6) 26 (11.6) 14 (18.7) 3.882 0.422
3001-5000 299 (74.19) 78 (75) 169 (75.4) 52 (69.3)
> RMB 5,000 54 (13.40) 16 (15.4) 29 (12.9) 9 (12)

Notes: G, Functionally balanced type; G2: Impulsivity-predominant type; G3: Emotional-cognitive dysregulation subtype.
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Discussion

Clinical Heterogeneity and the Need for Precision Nursing

ADHD presents substantial challenges for clinical management due to pronounced heterogeneity in core symptoms,
patterns of comorbidity, and levels of functional impairment.> Traditional diagnostic subtypes and standardized inter-
vention protocols are often insufficient to address the individualized needs of children with ADHD. The present study
addresses this limitation by applying a data-driven analytical approach to identify internally homogeneous clinical
phenotypes and linking these phenotypes with specific cognitive—neurological characteristics.”* By integrating behavioral
assessment with objective cognitive validation, this approach provides empirical support for transitioning ADHD nursing
management from a uniform care model to a mechanism-guided precision nursing framework.

Identification and Validation of Three Behavioral Phenotypes

Using LPA, three stable and clinically interpretable ADHD phenotypes were identified: the functionally balanced type,
the impulsivity-predominant type, and the emotional-cognitive dysregulation subtype. These findings indicate that the
clinical heterogeneity observed in ADHD may reflect systematic differences in underlying neuropsychological
characteristics.”> Cognitive validation using the CPT further supported mechanistic interpretations of these behavioral
profiles, thereby extending the classification beyond descriptive symptom patterns toward cognitive—behavioral pheno-
types with identifiable intervention targets.”®

Consistent with this finding, adults with ADHD also exhibit elevated commission errors on the CPT, further
supporting the role of response inhibition deficits in the impulsive phenotype across developmental stages.”’ Elevated
reaction time variability has also been observed in clinical populations with emotion—cognition dysregulation, further
linking this cognitive feature to difficulties in emotional and attentional control.*® These findings are consistent with the
prominent emotional regulation difficulties observed in this phenotype. In comparison, the functionally balanced type
demonstrated relatively preserved cognitive performance, indicating that nursing strategies for this subgroup may benefit
from emphasizing environmental optimization and developmental support rather than intensive deficit-focused
interventions.

This interpretation is consistent with recent comprehensive reviews, which have emphasized that the heterogeneity of
ADHD is fundamentally rooted in the diverse presentation of symptoms and neurocognitive impairment, as well as
structural and functional brain differences, rather than being primarily driven by socioeconomic or other external
demographic variables.?” This interpretation is consistent with emerging evidence from genetic and neurobiological
research—including findings that genetic variations are directly associated with alterations in brain structure and
functional connectivity in ADHD—indicating that symptom expression and functional outcomes are influenced more
strongly by individual differences in genetic susceptibility and brain functional connectivity than by socioeconomic
background alone.>® Consequently, nursing assessment may benefit from prioritizing a comprehensive evaluation of
individual neuropsychological characteristics in order to support the development of individualized care strategies.

Constructing a Mechanism-Guided Precision Nursing Framework

Beyond the identification of clinical phenotypes, the present study aimed to provide a preliminary framework for
mechanism-guided precision nursing in ADHD care. Based on the identified phenotypes and their associated cognitive
characteristics, a structured nursing pathway spanning assessment, validation, and intervention can be proposed. Such an
approach represents a transition from traditional empirically driven nursing practice toward a precision-oriented decision-
making model informed by individualized clinical data.*'

The proposed pathway begins with stratified assessment, in which standardized behavioral rating scales are used to
conduct rapid screening and preliminary phenotype classification. The second stage involves targeted validation, during
which objective cognitive assessment tools such as the CPT may be used to quantify specific cognitive deficits,
particularly response inhibition and attentional stability, in children classified within higher-risk phenotypes. This step
allows nursing goals to be formulated with greater specificity and alignment with the individual’s cognitive profile.
Interventions may then be implemented according to phenotype-specific needs. For the impulsivity-predominant type,
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nursing care may focus on enhancing behavioral control through response inhibition training strategies, such as
structured “stop—think—act” behavioral exercises, along with the establishment of a low-stimulation and highly structured
environment.

For the emotional—cognitive dysregulation subtype, a dual-support approach integrating emotional regulation training
(eg., mindfulness-based techniques) with executive function support strategies may be appropriate.

For the functionally balanced type, nursing interventions may emphasize risk prevention and functional promotion
through parent education and environmental optimization.

This framework also highlights the potential role of nursing within translational clinical research by transforming
findings from cognitive neuroscience into practical assessment and intervention strategies that can directly inform
nursing decision-making in clinical settings.

Study Limitations and Future Directions

Several limitations should be considered when interpreting the findings of this study. First, the cross-sectional design
does not allow for causal inference and does not permit evaluation of the long-term stability of the identified phenotypes.
Second, the study sample was recruited from a single clinical center and consisted exclusively of treatment-naive
children, which may limit the generalizability of the findings. Future research should include longitudinal studies to
examine the stability of the identified phenotypes over time and to evaluate the effectiveness of phenotype-guided
precision nursing interventions. In particular, intervention studies are needed to determine whether strategies tailored to
specific cognitive mechanisms such as response inhibition training for the impulsivity-predominant type result in
improved outcomes compared with those achieved with standard care.

Replication of the phenotype structure in larger and more diverse populations will also be necessary to confirm the
reliability of the classification model. In addition, the integration of multimodal data sources, including neuroimaging and
neurophysiological measures, may facilitate a more comprehensive understanding of the biological mechanisms under-
lying the identified phenotypes. The incorporation of cognitive indicators such as attentional stability into digital health
platforms may also enable continuous home-based monitoring and intervention, potentially extending precision nursing
strategies beyond the clinical setting into everyday life.

Conclusion

Consistent with our hypotheses, this study integrated behavioral subtyping with objective cognitive validation and
identified three distinct clinical phenotypes of childhood ADHD using LPA. As hypothesized, the impulsivity-
predominant type demonstrated a significantly higher commission error rate, and the emotional-cognitive dysregulation
subtype showed greater reaction time variability, confirming the distinct cognitive profiles of these phenotypes. Each
phenotype was further linked to specific cognitive characteristics, particularly deficits in response inhibition and
variability in attentional stability. These findings provide empirical support for the development of a mechanism-
guided precision nursing pathway for children with ADHD.
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