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Functional outcomes of extended‑release 
methylphenidate and atomoxetine in children: 
retrospective chart analysis
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Abstract 

Background:  Recent guidelines emphasize the importance of functional outcomes in children with attention-
deficit/hyperactivity disorder (ADHD). Here, we assess the functional outcomes of the oral delivery system of osmotic-
release methylphenidate (OROS-MPH) and atomoxetine (ATX) from the retrospective review of the chart for the last 2 
years in the clinic.

Results:  Linear mixed-effects models were performed with outcome measures of difference in ADHD symptoms and 
functional impairment. After 9–12 weeks, OROS-MPH and ATX were statistically equivalent for total Weiss Functional 
Impairment Rating Scale-Parent Report (WFIRS-P) scores (difference in slope is β = 0.004, p = 1.000). However, OROS-
MPH was superior to ATX in terms of school domain (difference in slope is β = 0.139, p < 0.001); ATX was superior in 
the family domain (slope difference in slope is β = 0.103, p < 0.001). The other domains of functioning both were not 
responsive to pharmacotherapy and were similar between the two medications.

Conclusions:  Optimal management should monitor functional progress in ADHD beyond the core symptoms. As 
expected, ADHD medications provide a distinct pattern of functional improvement. Pharmacotherapy alone offers 
promising and reliable outcomes to improve school and family functions in ADHD. Some functional improvements 
did not respond to the medication; therefore, many of the techniques derived from behavioral interventions should 
be considered.
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Background
Attention-deficit/hyperactivity disorder (ADHD) is a 
neuropsychiatric disorder with a prevalence of 13% in 
the Turkish school population [1]. Diagnostic criteria for 
ADHD include symptoms of inattention/hyperactivity 
and functional impairment in social, academic, and occu-
pational areas [2]. As stated in the diagnostic criteria, 
functional impairment is typically the leading cause of 
admission [3], but it typically fades and becomes less ger-
mane during routine in clinical practice. Recent evidence 

suggests that ADHD-related emotional dysregulation 
symptoms (poor management of anger and irritability), 
fear learning [4] and difficulties in motor inhibition [5] 
which are thought to be related to some neuroanatomi-
cal [6] and neurochemical [7] developmental processes, 
could impact functioning [8]. Besides, functional impair-
ment in ADHD has attracted considerable interest in 
literature, which suggests that its trends are not always 
in parallel to symptoms [9, 10]. A significant number of 
those who may be considered asymptomatic might suf-
fer from unmet functional impairment with ADHD [9]. 
Moreover, the guidelines of the last decade underline 
the use of functional outcomes in children with ADHD; 
nonetheless, it still has not become a standard approach 
in clinical settings [11, 12]. Despite the accumulated data 
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in the literature, few studies have considered comparing 
ATX and other medications, including stimulants. Gen-
erally speaking, the evidence shows the superiority of the 
stimulants [13]. As such, randomized controlled studies 
indicated that ATX was weaker on the Weiss Functional 
Impairment Rating Scale—Parent  Report (WFIRS-P) 
total score and school subscale than other lisdexamfe-
tamine and guanfacine in children and adolescents [14, 
15]. This has been challenged by research in the adult 
population reported that ATX was as efficient as imme-
diate release methylphenidate (IR-MPH) in functional 
outcomes [16]. However, systematic data comparing 
the osmotic-release oral delivery system (OROS)-MPH 
form and ATX in a naturalistic setting were sparse. An 
exceptional study suggested that there was no signifi-
cant difference between ATX and OROS-MPH [17]. The 
study mentioned is an open-label randomized controlled 
study using stringent inclusion and exclusion criteria; 
hence, it may not be generalized to the clinical sample. 
To address the question outlined above, our primary out-
come measure was comparing the functional outcomes 
of OROS-MPH and ATX at 9–12 weeks, in a naturalistic 
retrospective review of the charts for last 2 years.

Methods
456 children and adolescents with ADHD aged 
6–14 years with Turgay DSM-IV-based ADHD and Dis-
ruptive Behavior Disorders Screening Scale (T-DSM-IV-
S) total scores of > 32, stating symptoms were moderate 
or severe, were screened for study eligibility from the 
child and adolescent psychiatry clinic between May 2019 
and May 2021. The diagnosis and selection of treatment 
was decided by the physician who was treating the patient 
after comprehensive clinical examination and T-DSM-
IV-S parent ratings. 81 subjects who were diagnosed with 
any psychiatric comorbidity except oppositional defiant 
disorder (ODD) and conduct disorder (CD); and chronic 
medical illnesses were excluded [obtained the online 
data protection system of the Turkish Ministry of Health 
(E-nabız)] (details could be seen in Fig. 1). The remaining 
375 children and adolescents who enrolled in the study 
(T0) consisted of 238 treated with OROS-MPH and 137 
treated with ATX. 54 participants have missing values, 
8 participants dropped out, 9 were excluded from T1 
(second visit at 4th–7th weeks) due to non-adherence or 
not obeying the titration schedule and, 4 were excluded 
due to adverse effects. 300 participants were analyzed in 
T1, consisting of 198 treated with OROS-MPH and 102 
treated with ATX. 21 participants had missing values, 10 
participants dropped out and 5 participants who did not 
adhere to medication were excluded in T2. 3 participants 
were excluded due to adverse effects. 19 participants in 
the OROS-MPH group switched to other medications 

and were not included in the T2 analysis. Finally, 242 
participants, consisting of 150 treated with OROS-MPH 
and 92 treated with ATX, were analyzed in T2 (Fig. 1 for 
details).

A retrospective naturalistic observational study was 
conducted to explore the functional outcomes of OROS-
MPH and ATX in the clinical setting without a G power 
analysis. We applied the scales used in the study as a part 
of routine clinical care for 2 years in our clinic, recorded 
scores and information about titration, adherence, 
descriptive variables to the abstraction form. Abstraction 
forms were included in Additional file  2. The measures 
were unfamiliar to data collectors before 2 years. Hence, 
for training, the data abstractors classified several patient 
records that did not participate in the study. The sched-
uled meetings were aimed at discussing issues encoun-
tered in the encoding process. All data collectors were 
physicians in Child and Adolescent Psychiatry. The same 
clinician collected the data and conducted treatment on 
the children over 9–12 weeks. Data collectors were blind 
to changes in WFIRS-P scores, but not to T-DSM-IV-
S and the objectives of the study. First author collected 
56%, second author 30% and third author 14% of the 
cases. Later, we chose the appropriate data based on pre-
defined criteria on the adherence, titration, and missing 
data. We would like to stress that this is not a prospective 
research.

The study protocol was conducted accordance with 
the Helsinki Declaration and the International Coun-
cil for Harmonisation Note for Guidance on Good 
Clinical Practice. The study was reviewed and approved 
by the Local Ethics Committee on 15 May 2019 (No: 
OMÜKAEK 2019/298) (B.30.2.ODM.0.20.08/304-431). 
Informed consent and assent forms were signed applica-
ble by Local Ethical Committee, as well. Due to the retro-
spective design, not all participants gave their informed 
assent included in the study. After obtaining informed 
assent for eligible patients, the researchers first reported 
a sociodemographic-clinical data form. Parents com-
pleted the Turgay Diagnostic and Statistical Manual of 
Mental Disorders (DSM-IV) Disruptive Behavior Disor-
ders Rating Scale (T-DSM-IV-S), and Weiss Functıonal 
Impairment Rating Scale—Parent Report (WFIRS-P) at 
three visits (baseline, 4–7  weeks, and 9–12  weeks). The 
interview, data collection, and medication administration 
were carried out three times at baseline (T0), weeks 4–7 
(T1) and weeks 9–12 (T2). No multiple raters were used 
for the scales. If the children has more than T-DSM-IV-
S > 32, the data collector recorded the information of the 
participant in the chart. The exclusion criteria were: (1) 
switching the ADHD medication during the last 2 years; 
(2) non-adherence: defined as taking the ADHD medica-
tion lower than 80% of the time during the study period; 
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Fig. 1  Flow diagram of the sample selection in the retrospective chart review. †ADHD attention-deficit/hyperactivity disorder, ATX atomoxetine, 
OROS-MPH osmotic-release oral delivery system methylphenidate, T-DSM-IV-S the Turgay DSM-IV disruptive behavior disorders rating scale
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(3) encountering any adverse events require to stop the 
medication; (4) missing data on any items in T-DSM-IV-S 
scale; (5) missing data in more than 1 item on a domain 
in WFIRS-P and more than 10% on the whole scale.

The indication for each drug was determined by the 
regular pediatric physicians. The dose of OROS-MPH 
and ATX was established based on clinical guidelines, as 
a part of routine clinical care for the study period [18]. 
The dose of OROS-MPH was titrated at T1 based on 
at least 40% improvement in T-DSM-IV-S, changed to 
the other medications with less improvement, and con-
tinued with the same dose if the children did not meet 
the DSM-5 ADHD criteria. The dose of ATX was not 
titrated until T2 (those weighing 70 kg or more initially 
received 40 mg/day, after 2 weeks, the dose was titrated 
to 100 mg/day; less than 70 kg initially received approxi-
mately 0.5 mg/kg/day, after 2 weeks, the dose was titrated 
to a final target dose of approximately 1.2  mg/kg/day); 
no other medications were used due to the absence of 
comorbidity except antipsychotics for disruptive behav-
ior disorders. Children were excluded from the study if 
their medication changed, non-adherence or adverse 
events occurred during the 9–12 weeks.

An accurate measurement of the number of missing 
doses was based on pill counts. We considered the patient 
as adherent if he had taken medication at least 80% of the 
time. If the patient did not adhere, was excluded.

Sociodemographic‑clinical data form
This form, which was prepared and completed by the 
researchers, included data on sex, age, education and job 
of parents, subtype of ADHD, medication choice, weight, 
dose/weight calculation of the ADHD medication.

Socioeconomic status evaluation (SES)
The SES is evaluated by using the Hollingshead index, 
based on the work and education of parents, as shown in 
Additional file 1: Table S1 [19].

Turgay DSM‑IV‑based ADHD and disruptive behavior 
disorders screening scale (T‑DSM‑IV‑S)
The T-DSM-IV-S scale has been used as an outcome 
measure in clinical trials to diagnose children with prob-
able ADHD, ODD, and CD [1]. The T-DSM-IV-S was 
developed by Turgay [20] and was translated and adapted 
into Turkish by Ercan and colleagues [21] The T-DSM-
IV-S is a 41-item scale completed by parents or teachers. 
Each item is scored 0–3 (0 not at all; 1 just a little, 2 quite 
a bit, and 3 very much). It has been founded as accept-
able for internal consistency with Cronbach α; 0.88 for 
the inattention score, 0.90 for hyperactivity/impulsivity 
score; 0.91 for the ODD score and 0.76 for the CD score 
[21]. Missing data on any items were not allowed. In this 

study, we used the scale to check ADHD diagnoses and 
measure the severity of ADHD symptoms.

Weiss functional impairment rating scale‑parent report 
(WFIRS‑P)
It was developed by Dr. Margaret Weiss [22]. The scale 
provides a metric for ADHD-specific functional impair-
ments without taking into account ADHD DSM-5 cri-
teria. Scores from 0 to 3 on the 50 item questionnaire 
are listed as mean scores in total and in each WFIRS-P 
domain: family, school (with learning and behavior sub-
scale), life skills, self-concept, social activities, and risky 
activities. The parent form adapted to the Turkish popu-
lation by Tarakçıoğlu and colleagues and Cronbach alfa 
was 0.93 [23]. Maximum 1 item on a domain and 10% on 
the whole scale were allowed to missing data and calcula-
tion of ındex score were made as the sum-score divided 
by the items completed as previously ascertained in stud-
ies with the same issue [24].

Statistical analysis
SPSS 25.0 (Statistical Package for Social Sciences Soft-
ware, 2019, IBM, New York, USA) was used to analyze 
the data. Baseline similarities in descriptive statistics 
were tested in two groups using a t-test and Mann–Whit-
ney U test for continuous variables and Chi-square tests 
for categorical variables. Linear mixed-effects models 
were performed to address the lack of statistical inde-
pendence of repeated measurements of the same partici-
pants at three time points. The outcome variables were 
the T-DSM-IV-S and WFIRS-P scores. The time was 
measured as ordinal variable coded T0–T1–T2. Both 
intercepts and slope (time) effects in the linear mixed 
model with time-dependent variables (T-DSM-IV-S and 
WFIRS-P) were treated as random effects to account for 
variations among subjects in baseline values and slopes 
for individual trajectories of changes, in addition to the 
main treatment and fixed time effects of the two treat-
ment groups. To test the difference in the slope of change 
between the two medications, the interaction terms 
between drug x time were analyzed. Unstructured covar-
iance type for repeated measures within the medication 
groups and AR [1]: heterogeneous between the medica-
tion groups fitted best to the data as judged by the Akaike 
Information Criterion (AIC). Cohen’s d was used to cal-
culate the effect size for comparisons between baseline 
(T1) and weeks 4–7 (T2) to 9–12 (T3). Cohen’s d calcula-
tion was based on the formula: mean difference/standard 
deviation of mean difference for repeated measure within 
subjects (OROS-MPH or ATX) [25]. Holm–Bonferroni 
adjustment was used on the p-values for multiplicity on 
the WFRIS-P subscales in Table 3. As a result, certain p 
values that appear statistically significant (e.g., 0.05) are 
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not considered significant after multiplicity adjustment. 
The alpha value was determined as p < 0.05 for other 
comparisons. Missing data on items of T-DSM-IV-S were 
not allowed. 10% missing data were allowed for WFIRS-P 
subscales.

Results
The initial sample consisted of 375 participants, 238 
treated with OROS-MPH, and 137 with ATX. Descrip-
tive statistics for the initial sample are shown in Table 1. 
The mean doses were determined as 0.88 ± 0.17 mg/kg/
day for the OROS-MPH group and 1.19 ± 0.10 mg/kg/day 
for the ATX group (the dose represented the participants 
who remained through three phases of 9–12 weeks).

Changes in ADHD symptoms from baseline to weeks 
4–7 to 9–12 are detailed in Table  2. Change in scores 
of total, inattention, and hyperactivity/impulsivity sub-
scales from baseline to 9–12  weeks revealed significant 
reductions with effect size ranges 0.59–2.94. However, 
only OROS-MPH has significant reductions in the first 
4–7  weeks with effect size ranges 1.33–2.64 (Table  2). 
Figure  2a–c represents the decrease in total, inatten-
tion, and hyperactivity/impulsivity scores for T-DSM-
IV-S, indicating that OROS-MPH was superior to ATX 
(the difference in slope difference is β = 6.125, β = 3.917 
and β = 2.085 in between 9–12  weeks (T2) and base-
line (T0), p < 0.001). The difference in slope in the first 
4–7  weeks was even greater; β = 20.199, β = 12.321 and 
β = 7.877 (p < 0.001), respectively, for total, inattention 

Table 1  Descriptive statistics for two groups in the baseline

ADHD attention-deficit/hyperactivity disorder, AP antipsychotics, AD antidepressants, ATX atomoxetine, CD conduct disorder, H/I hyperactivity–impulsivity, ODD 
oppositional defiant disorder, OROS-MPH osmotic-release oral delivery system methylphenidate, T-DSM-IV-S the Turgay DSM-IV Disruptive Behavior Disorders Rating 
Scale, WFIRS-P Weiss Functional Impairment Rating Scale-Parent Report

OROS-MPH (n = 238) ATX (n = 137) Statistics p

Demographics

 Age 9.29 ± 2.30 9.51 ± 2.33 t = − 0.908 0.919

Sex χ2 = 0.243 0.622

 Female 100 (42%) 54 (39.4%)

 Male 138 (58%)  83 (60.4%)

Hollingshead Index (mean of both parents 
total score)

3.88 ± 2.37 3.97 ± 2.31  t = − 0.354 0.723

ADHD subtype χ2 = 0.587 0.746

 Inattentive 113 (47.5%) 69 (50.4%)

 Hyperactive/impulsive 20 (8.4%) 13 (9.5%)

 Combined 105 (44.1%) 55 (40.1%)

 ODD 53 (22.3%) 26 (19%) χ2 = 0.566 0.452

 CD 92 (%38.7) 58 (%42.3) χ2 = 0.491 0.484

 AP usage 39 (%16.4) 21 (%15.3) χ2 = 0.072 0.788

 AD usage 14 (%5.9) 7 (%5.1) χ2 = 0.098 0.754

T-DSM-IV-S

 Total 35.80 ± 2.60 35.72 ± 2.71  t = 0.267 0.790

 Inattention 21.53 ± 4.21 21.20 ± 4.69 t = 0.690 0.491

 H/I 14.27 ± 4.38 14.22 ± 4.50 t = -0.526 0.600

 Opposition-defiance 7.72 ± 5.82 7.02 ± 5.19 t = 1.158 0.247

 Conduct disorder 4.22 ± 2.90 4.56 ± 2.99 t = -1.091 0.276

WFIRS-P

 Total 1.29 ± 0.32 1.32 ± 0.35 t = -0.966 0.335

 Family 1.40 ± 0.84 1.32 ± 0.79 t = 0.915 0.361

 School 1.51 ± 0.86 1.59 ± 0.86 t = -0.881 0.379

 Learning*** 1.85 ± 0.94 1.47 ± 0.97 t = 3.668  < 0.001

 Behavior*** 1.27 ± 0.89 1.65 ± 0.87 t = -3.973  < 0.001

 Life skills 1.47 ± 0.85 1.57 ± 0.84 t = -1.052 0.294

 Self-concept 0.51 ± 0.42 0.53 ± 0.37 t = -0.453  0.651

 Social activities 1.44 ± 0.85 1.43 ± 0.83 t = 0.057  0.954

 Risky activities 0.90 ± 0.85 0.98 ± 0.59 t = -1.216 0.225
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and hyperactivity/impulsivity scores. A reversal was pre-
sented skid into ATX β = 8.498 (total score), β = 4.782 
(inattention score) and β = 3.717 (hyperactivity/impul-
sivity score) (p < 0.001) over the course of 9–12  weeks. 
However, ATX was superior in the oppositional defiance 
(ODD) (β = 1.96, p = 0.002) and conduct disorder (CD) 
(β = 0.617, p = 0.003) scores. The T-DSM-IV-S scores at 
the end of the study (T2) are displayed in the Additional 
file 1: Table S3.

The baseline index scores of WFIRS-P for all domains 
and the total score were higher than the optimal thresh-
olds [24], as seen from Table 1. Change in scores of total, 
school, and family domains from baseline to 9–12 weeks 
revealed significant reductions with effect size ranges 
0.19–0.91 (Table  3). However, only OROS-MPH has 
significant reductions in the first 4–7  weeks with effect 
size ranges of 0.33–1.03. The highest mean reductions 
were in the school domain (highest for OROS-MPH with 
0.398) and family domain (highest for ATX with 0.361) 
for both medications. All reductions in WFIRS-P except 
for total, school and family domains were insignificant 
(Table  3). Figure  3a shows a clear trend of decreasing 
WFIRS-P scores in two groups at different visit periods; 
dramatic decrease at first 4–7  weeks of OROS-MPH 
treatment then plateau through 9–12  weeks; a rush of 
decreasing is seen after 4–7  weeks of ATX treatment, 
on top of that, mixed-model repeated-measures analy-
sis (MMRM) did not show any significant differences 
between two drugs at the end of the study. From Fig. 3b 

it can be noted that ATX is superior in family domain, 
accelerating after 4–7  weeks. Figure  3c represents 
the decrease in school domain scores, indicating that 
OROS-MPH was superior to ATX (β = 0.139, p < 0.001). 
When the school domain was divided into learning and 
behavior (Fig. 3d–e), the results converted; OROS-MPH 
superiority in learning (β = 0.704, p < 0.001), ATX supe-
riority in behavior (β = 0.244, p < 0.001) subscales. The 
other WFIRS-P domains did not indicate any difference 
between the within-subjects level (detailed analysis in 
Table 3). WFIRS-P scores at the end of the study (T2) are 
displayed in Additional file 1: Table S3.

Discussion
This study is a naturalistic retrospective chart review 
aimed at investigating the progression of the functional 
outcome of OROS-MPH and ATX in a routine clinical 
setting. After carefully analyzing the two alternatives, it 
was found that OROS-MPH was better in school; none-
theless, ATX was better in the family domains. MMRM 
analysis with two independent variables as OROS-MPH 
and ATX, did not display any significant differences 
between WFIRS-P total scores. Overall, both ADHD 
medications provide an improvement in functionality on 
total, school, and family domains. Expectedly, changes 
were established in T1; preserved toward T2 and the 
slope of improvement decreased for OROS-MPH, while 
ATX did not have a significant positive impact on func-
tioning at the first 4–7 weeks; the notable improvement 

Fig. 2  Line chart depicts the result of mixed-model repeated-measures analysis of ADHD symptom severity. †ATX atomoxetine, OROS-MPH 
osmotic-release oral delivery system methylphenidate, T-DSM-IV-S the Turgay DSM-IV disruptive behavior disorders rating scale, AIC Akaike 
information criterion. a Is total score, b is inattention score, and c is hyperactivity/impulsivity score
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was observed between 4–7th weeks and 9–12th weeks. 
The improvement pattern signifies greater progress over 
time in more extended designs. Similar conclusions were 
drawn by Fuentes et.al, in the comparison of ATX and 
other medications, suggesting more excessive reduc-
tions in the total WFIRS-P mean scores at 6 months 
of follow-up [26]. The results corroborate the sugges-
tion that the appreciation of ADHD should include the 
evaluation of functional impairment using a reliable rat-
ing scale. To our knowledge, this work makes an original 
contribution as the first naturalistic observational retro-
spective research comparing functional improvement in 
extended-release MPH and ATX.

As seen from the effect sizes, the WFIRS-P school and 
family domains were the most prominent and sensitive to 
the two medications, which corresponds well to previous 
evidence [26–28]. Contrary to expectations, one interest-
ing aspect that emerged from the correlation analysis is, 
for both total and two separate medication groups; 

reductions of the family domain did not correlate neither 
inattention, hyperactivity/impulsivity, ODD and CD 
symptom decrease; the school domain correlates with 
both inattention and hyperactivity/impulsivity coefficient 
of lower than 0.3, did not correlate with a reduction in 
ODD and CD symptoms (Additional file  1: Tables S4–
S6). In contrast to earlier findings of Coghill [13] (2017) 
and (2021) [29], even though the relatively higher initial 
scores of WFIRS-P and T-DSM-IV-S than previous 
reports [30, 31], these results suggest that symptom-
based outcomes are not intersecting with functional out-
comes. Also, the T-DSM-IV-S total score had a greater 
effect size at the endpoint than any other domain of the 
WFIRS-P, indicating that symptoms and functioning are 
different but related phenomena. It seems possible that 
both drugs have the ability to strengthen appropriate 
behavior in these functional domains not just improving 
ADHD symptoms [32, 33], might be precipitated by other 
factors such as emotion regulation [34, 35], self-control 

Fig. 3  Line chart depicts the result of mixed-model repeated-measures analysis of functional impairment. †ATX atomoxetine, OROS-MPH 
osmotic-release oral delivery system methylphenidate, WFIRS-P Weiss Functional Impairment Rating Scale-Parent Report, AIC Akaike information 
criterion. a Is total score, b is family domain, c is school domain, d is learning subscale of the school domain, and e is behavior subscale of the 
school domain
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[32], and theory of mind [36, 37]. OROS-MPH had the 
most substantial impact on the school domain (especially 
learning subscale), ATX have in the family domain. 
Moreover, these two domains showed the largest 
observed divergences between the two drugs. In both 
cases, the effect size varies 0.34–0.83, hence possess valu-
able clinical significance. This might reflect the reality of 
the pharmacokinetics of two drugs. The effect of MPH, 
even in extended release, is most significant during 
school hours, and a possible rebound effect might arise 
after late hours while the action of ATX is prolonged over 
24  h. Thus, the improvement of the school domain was 
presented predominantly in OROS-MPH. Some quanti-
tative analysis implied the advantage of MPH (any form) 
in school subscale scores [26, 38]; was matched by pre-
sent results. However, our results reveal that ATX has a 
larger impact on the behavior subscale of the school 
domain. As noted previously, ATX has been shown to 
have a considerable impact on school interactions [39], 
some trials demonstrated a limited impact on academic 
performance [40]. It is plausible that strong dopamine-
enhancing property of methylphenidate may have a role 
in academic achievement through memory and learning 
[38]. Nevertheless, our results may differ because parents 
have less direct access to information about school-based 
achievement and peer interaction. School observations 
and classroom studies would also be valuable in examin-
ing school functioning. OROS-MPH had a substantial 
impact on the school domain (effect size = 0.778). The 
learning subscale of the school domain had a larger effect 
size, even higher equal 0.904. ATX also have a significant 
improvement in school domain with smaller effect size 
(0.478). The effect size of OROS-MPH and ATX was 
smaller than more heterogeneously aged studies [17, 28]. 
Even for these otherwise successful ADHD probands, the 
adolescent and college years pose a serious challenge, 
with a mix of higher level academic tasks, sudden per-
sonal autonomy, and considerably broader responsibili-
ties [41]. This may lead to a large window of impairment 
to treatment, resulting in a larger effect size [28], other-
wise in our study the sample age was much more smaller 
(mean was between 9 and 11). OROS-MPH has a greater 
improvement in the learning subscale, ATX had superi-
ority in behavior subscale and did not significantly 
improve learning, validates the previous works [40]. The 
learning subscale maps closely onto executive function, 
attention [42], and academic achievement [40, 43]. The 
extensive data about MPH on neuropsychologic [44], 
memory [38] and learning [45]; behavioral benefits [40, 
46] of ATX that support the psychometric soundness of 
our results, are therefore not shocking therein. However, 
WFIRS-P does not tap all areas related school such as 
homework [47], and academic productivity that could be 

fully measured with classroom studies [45]. Future 
research should be done to learn more about the ways in 
which ATX affects school functions. Much like that tryp-
tophan–kynurenine pathway, which have shown positive 
effects on various neurodegenerative and neurodevelop-
mental diseases [48], is thought to be potential target for 
future pharmacotherapy studies by suppression of this 
pathway allow memory enhancement [49, 50].Unlike the 
results of the school functioning subscale, family func-
tions improved better in the ATX group. Insufficient con-
trol of ADHD symptoms during the waking day has 
negative consequences not only for the child, but also for 
their caregivers. For working parents, mornings and eve-
nings are the times have the greatest contact with their 
children. Inadequate management of symptoms and con-
comitant impairment during these bookends of the day is 
a source of stress for families and caregivers [51, 52]. 
Instead, the decline in systemic concentrations of OROS-
MPH during rebound or off periods may lead to a loss in 
potential benefits on family functioning [29]. Additional 
stimulant dose in the afternoon has considerable benefit 
for parents’ pleasantness [53]. Similarly, in a randomized 
placebo-controlled study that evaluated the ADHD-spe-
cific family stress index, ATX had a significant positive 
effect on family perception of the burden associated with 
ADHD symptoms after 10 weeks [54]. In general, these 
findings indicate that improvements in family function-
ing related to ATX treatment occur rather quickly over a 
short period of time. On the contrary, a 24-week open-
label trial with smaller sample size and a different meas-
ure of family functioning by Shang (2020) and colleagues 
suggested no considerable improvement for OROS-MPH 
and ATX as home behaviors [17]. The disparity with our 
study can be attributed to the use of a family functioning 
scale not specific to ADHD in the Shang study [17], and a 
high percentage of AP medication and CD comorbidity 
in our study (%15.3 and %39.7 in the endpoint). There-
fore, ODD and CD are defined by a pattern of inappro-
priate negative, hostile, and defiant behaviors that impede 
social, family, or academic performance and are likely to 
worsen family functions. Therefore, a great variance in 
improving family functioning could also be attributed to 
reduction of symptoms of CD or ODD rather than dura-
tion of ATX action, but correlation analyses were not sig-
nificant between family functioning and ODD/CD 
symptoms; whereas, the placebo-controlled effect of 
OROS-MPH was found to be higher than ATX in post 
hoc analyses, suggesting that our results might be con-
taminated by AP medication [29]. The same research also 
found that the standardized mean differences were high-
est with ODD and without ODD in family among all 
areas of functioning. Further, multiple ADHD-related 
impairments in family functions may result from 
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combinations of multiple factors that are only partially 
compensated by MPH or ATX, such as parent–child 
interactions. Similarly, behavioral and parental interven-
tions were associated with improvements in parent–child 
interactions in individuals with ADHD in several 
researches [55]. Further, recent guidelines gave weight to 
the benefits of behavioral treatments in family context in 
ADHD [56], still, WFIRS-P family domain did not pre-
cisely construe elements of family–child interaction. This 
restricts the overall assessment of what types of family 
difficulties are triggered by ADHD symptoms and even 
the depth to which of these may be utilized in the treat-
ment protocol. More studies are needed to determine 
whether medication paired with behavioral and parental 
interventions is the right way to approach parent–child 
relationships in ADHD families. Still, our results support 
the efficacy of ATX in familyfunctioning given its larger 
effect size (Cohen’s d: 0.918). OROS-MPH also had an 
acceptable effect size on family functioning (Cohen’s d: 
0.505). In sum, the evidence herein suggests that both 
family and school domains of WFIRS-P, help detect to 
extent of the treatment benefit.

Generally speaking, extended-release formulations of 
MPH have moderate-to-large improvements in sum and 
across most WFIRS-P domains with the most substan-
tial improvement in school/learning [9, 28]. Our results 
do not agree with previous researches, suggesting that 
OROS-MPH have significant improvements only in the 
total, school and family domain. Some comment on the 
trend in the WFIRS-P score have been made by Canu 
(2020) [42]; on the surface, several aspects appear to excel 
in detecting short-term improvements with pharma-
cologic treatment. The school items seem to be notori-
ously well formulated for this purpose, while other scales 
can reasonably be supposed to change only with longer-
term follow-up therein. To build on this, a placebo-con-
trolled study with 56 children and adolescents suggested 
that both extended-release MPH and extended-release 
mixed amphetamine salts have a positive impact on 
most WFIRS-P domains except life-skills and self-esteem 
[57]. Also, the ATX group in our study has the same pat-
tern of WFIRS-P improvement; only significant changes 
were in the total, family and school domains. A pilot 
study on ATX in children supports our results in the 
first 2 months, but life skills and self-concept improved 
at 6 months, suggesting that these two domains may lag 
after the improvement of ADHD core symptoms [58]. 
In a similar vein, placebo-controlled study more similar 
to our sample, confirmed our results, speaks clearly that 
only the total and school domains change with ATX [15]. 
Furthermore, a systematic review of randomized pla-
cebo-controlled studies indicated that life skills and self-
concept were less responsive to ADHD medication [13]. 

By the nature of the real-life setting study design, not all 
samples have impairment in all WFIRS-P domains. The 
reality of functional impairment varies interpersonally, 
which likely causes the observed effect sizes to be lower 
for some WFIRS-P domains. In the present study, a pos-
sible explanation for lack of significance in self-concept 
and risky activity is low initial scores in these domains, 
whereas this is not valid for life skills and social activity. 
The WFIRS-P self-concept domain has just three items; 
scales with more items are typically more reliable, and 
hence better at discriminating across groups than scales 
with fewer items, so WFIRS-P self-concept domain 
might not reflect self-esteem properly [59]. The majority 
of studies that said ADHD symptoms were highly related 
to functional impairment in self-esteem were conducted 
with the adolescent sample [46, 60]. Since ADHD-related 
risky activities are expected to be more common in 
mid- and late-adolescent period [61, 62], possibly our 
younger ADHD sample did not encounter adolescence 
challenges that drive to risky behavior herein [63]. So 
age group might have been responsible for self-esteem 
and risky behavior domains in our results. In fact, some 
life skills tap into different aspects that are not detected 
by WFIRS-P, in which four items are sleep and appe-
tite (interrelated with various factors including medica-
tion and comorbidity) and two were about medical help. 
However, WFIRS-P is a well-known scale for ADHD, it 
was not intended to cover all aspects of social function-
ing such as conflict resolution [64], social competence 
[64], leisure time and social satisfaction [65]. Some evi-
dence indicated that MPH has a positive impact on 
social cognition by interacting with the oxytocin system 
[66, 67]. While not strictly focus of the current research, 
internalizing symptoms might contaminate domain 
scores, therefore, WFIRS-P might not be independently 
linked with ADHD [42]. This may not be expected given 
the general nature of life impairment associated with 
psychopathology and in itself will not pose critical draw-
backs in clinical assessment where comorbidity is the rule 
rather than the exemption. Further research is indicated 
to determine whether specific treatments are somewhat 
effective for different functional impairments beyond 
what has been indicated herein. Thus, interventions that 
specifically target these residual domains of dysfunction 
over and beyond the medication may be more useful. To 
give a notable example, transcranial magnetic stimulation 
(TMS) could be a promising alternative for improving 
pharmacotherapy-resistant clinical and cognitive symp-
toms of ADHD [68].

The main strength of the study was the inclusion of a 
representative sample of children in a real-life setting 
with a retrospective chart design. Furthermore, eligible 
participants were included from a well-defined dataset. 
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However, the present study has several additional notable 
strengths. The sample size was much larger than previous 
studies to allow the detection of differences in functional 
domains. The large sample size and linear mixed-effects 
models (preventing false-positive associations) increase 
the power of the study. As was the case in our sample 
here, data on individual improvement are important, 
together with group responses to treatment. Linear-
mixed model indicates individual significance of change 
rather than distributional methods that are based exclu-
sively on variation around the group mean, so it might be 
valuable for the prevention of false-positive associations 
[69].

Conclusions
In summary, we believe that the research points in this 
document toward ADHD medications provide a clini-
cally relevant benchmark for reading progression in 
functioning. This research is the first naturalistic obser-
vational retrospective study to compare the functional 
improvement in extended-release MPH and ATX, 
approaching the issue with a novel perspective. The 
results propose a distinct pattern of improvement in 
functional outcomes. To our knowledge, our findings 
are unique in that OROS-MPH is superior to ATX in the 
school domain of functioning, while OROS-MPH is infe-
rior in the family domain after linear mixed-model analy-
sis. Conversely, there were no significant differences in 
the WFIRS-P total scores between the two medications. 
The short-term outcome of these medications can be 
translated into clinically relevant improvements in global, 
family, and school functioning. Therefore, this pattern 
should be taken into account in management of ADHD. 
To place a clinical context, it might be worth looking at 
functionality once choosing a particular ADHD medica-
tion. Improved functioning would be a conceivable tar-
get for ADHD pharmacotherapy. The data presented here 
underlie that clinicians should receive baseline informa-
tion on functioning and monitor in follow-up with stand-
ardized measurements. These results can help clinicians 
understand the potential effect of ADHD drugs and help 
researchers conduct clinical research.

The data in this document have potential for clinical 
management, but the study contains some limitations 
that must be recognized before considering further 
conclusions. Retrospective design for ethical reasons 
limits us from having randomization with a placebo. 
Hence, this precludes the elimination of spontaneous 
improvement with time, and further testing is neces-
sary before one could state that the effect sizes are reli-
able. Improvement in the other areas, except school 
and family, might be incremental, and longer periods of 

time could be required to capture functional improve-
ment therein [58]. Furthermore, the retrospective 
design did not allow us to make comparisons of the 
same age and sex. There are no neuropsychological test 
data to objectively assess symptoms, other than rating 
scales, which are subjected to reporting bias. The scales 
were scored based on parent reports; no teacher evalu-
ations were included. Since the WFIRS-P is principally 
used to assess global functioning, little particular infor-
mation concerning problems in each area could inevita-
bly be gleaned. Finally, considerable number of children 
with ODD and CD were part of the sample. This may 
have impacted WFIRS-P scores, as discussed above.

Our results speaks directly that OROS-MPH and 
ATX give a unique pattern of functional recovery and 
provide adequate depth and breadth to clinical prac-
tice. However, pharmacotherapy might be a powerful 
treatment for improving school and family functions in 
ADHD, whether improvement is the result of comor-
bid pharmacotherapy remains to be tested. Further-
more, it would be striking to investigate the long-term 
trends of two medications’ effectiveness beyond what 
has been shown here. Future research should con-
sider the potential effects of different formulations of 
methylphenidate. Some functional impairments were 
less responsive to medication; therefore, multimodal 
approaches derived from behavioral interventions 
should be considered [70]. Larger samples might be 
helpful to detect improvements in these separate areas 
of functioning. For such studies, it is necessary to use 
effective recruitment and retention strategies to maxi-
mize the effectiveness of research in difficult target 
groups. By exploring these therapeutic possibilities, the 
effect of ADHD symptoms may be minimized.
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