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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder that affects children, adolescents, 
and adults. Symptoms include carelessness, hyperactivity, 
and impulsivity. ADHD is diagnosed according to the follow-
ing criteria established by the Diagnostic and Statistical Man-
ual of Mental Disorder-fifth edition (DSM-5): above-thresh-
old symptoms of carelessness or hyperactivity-impulsiveness; 
the presence of symptoms in more than one domain of rela-
tionships involving home, school, work, friends, or relatives; 
and if such symptoms interfere with, or reduce, the quality 
of social, academic, or professional functions [1].

The primary drugs used to treat ADHD are central ner-
vous system (CNS) stimulants approved by the US Food and 
Drug Administration (FDA); from these, methylphenidate 

(MPH) is the most commonly prescribed and studied drug. 
It is known to be effective in treating all three core ADHD 
symptoms: carelessness, hyperactivity, and impulsivity. The 
types of CNS stimulants currently available for use in South 
Korea are MPH immediate release (MPH IR), MPH extend-
ed release (MPH ER), and MPH osmotic-controlled release 
oral delivery system (MPH OROS) [2]. The common side ef-
fects of MPH OROS include decreased appetite, insomnia, 
headache, and nausea [3].

Atomoxetine (ATX), a selective norepinephrine reuptake 
blocker, is an FDA-approved non-CNS stimulant. It is also 
effective in reducing ADHD symptoms and is well-tolerated 
[4]. Atomoxetine, a non-stimulant, is preferred for patients 
who are at risk of drug abuse and dependence, and it can 
serve as an alternative for patients with tics or those who ex-
perience severe side effects of CNS stimulants such as severe 
insomnia or loss of appetite. 

Among the existing studies that compared MPH and ATX, 
some studies have reported that MPH and ATX did not show 
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significant differences in efficacy and tolerability [5,6]. Oth-
er studies reported that both MPH and ATX are superior to 
placebo in improving executive function and that the differ-
ences between the two drugs are not significant [7]. Although 
there were no differences observed in the efficacy and toler-
ability of MPH and ATX, some studies have shown that the 
efficacy of MPH OROS is superior to that of ATX [8-10].

In addition to efficacy and side effects, compliance and sat-
isfaction are important factors in selecting treatment drugs 
for ADHD patients to improve their quality of life. Neverthe-
less, in previous comparative studies of drugs used for the 
treatment of ADHD, none involved comparisons of the drugs 
across various aspects, such as efficacy, compliance, and sat-
isfaction. Investigating the compliance, efficacy, and satisfac-
tion associate with a treatment in patients taking ADHD drugs 
and understanding the differences between each drug may 
greatly aid drug selection for ADHD patients in the future. 
As such, this study investigated the compliance, efficacy, and 
satisfaction associated with treatment in ADHD patients un-
dergoing drug treatment. 

METHODS

Study subjects
Patients diagnosed with ADHD based on the DSM-5 [1] and 

receiving drug treatment for at least 2 months at the Inje Uni-
versity Sanggye Paik Hospital were recruited between Decem-
ber 2019 and February 2020. Among them, patients with an 
existing autism spectrum disorder, intellectual disability, con-
genital genetic disorder, organic brain disease (epilepsy, stroke, 
cerebral palsy, post-concussion syndrome, etc.), or severe cog-
nitive deficits or those who required continuous treatment 
due to severe physical conditions (renal failure, liver disease, 
cancer, hyperthyroidism, etc.) were excluded. After explain-
ing the research purpose and methodology to the patient or 
caregiver, consent for participation in the study was obtained. 
This study was approved by the Research Ethics Review Com-
mittee of Inje University Sanggye Paik Hospital (IRB SGPAIK 
2019-11-009-005).

Methods
Compliance, efficacy, and satisfaction were evaluated us-

ing a self-reported questionnaire at the time of visit of the pa-
tient and parents to the mental health clinic as outpatients.

The patients were divided into MPH and ATX groups ac-
cording to the drug used for comparison between the two 
groups. The MPH group was further divided into MPH OROS, 
MPH IR, and MPH ER groups for comparison. Here, patients 
who were taking MPH OROS along with MHP IR or ER were 
included in the MPH OROS group. The dose of MPH was cal-

culated by converting MPH OROS 18 mg, MPH IR 5 mg twice 
a day or three times a day, and MPH ER 20 mg into MPH 15 
mg at equivalent doses [11].

Disease duration was defined as the period from the pa-
tients’ initial diagnosis of ADHD and commencement of drug 
treatment at the mental health department at Inje University 
Sanggye Paik Hospital to the date at which the consent form 
and questionnaire were completed. Additionally, electronic 
medical records (EMRs) were reviewed to determine the pres-
ence of other diagnosed psychiatric disorders and coadmin-
istration of antidepressants and antipsychotics as well as their 
respective doses. 

Evaluation of compliance with ADHD drug treatment
Drug compliance was evaluated using subjective and ob-

jective evaluations. A self-report questionnaire was used for 
subjective evaluation. The average number of days in the week 
on which drugs were taken over the last month was explored, 
with a score of 0 if no drugs were taken during the week and 
7 if, on average, drugs were taken daily.

For objective evaluation, the EMRs were used to evaluate 
the medication possession ratio (MPR), which was calculat-
ed by dividing the number of days prescribed on the day of 
the outpatient visit by the number of days taken until the out-
patient visit, when the consent form and questionnaire were 
filled out. Periods of one month or longer were included.

Evaluation of the efficacy of ADHD drug treatment
In order to evaluate the efficacy of ADHD treatment drugs, 

the ADHD-RS (ADHD Rating Scale, K-ARS), was used for par-
ents [12]. It consists of 9 items suggestive of carelessness and 
9 items suggestive of hyperactivity-impulsivity, with a total 
of 18 items. Each item is ranked by the frequency at which the 
child demonstrates problematic behavior, as follows: 0 de-
notes “rarely or never”; 1 point, “sometimes”; 2 points, “fre-
quently”; and 3 points, “very often.” A rank greater than or 
equal to 2 is considered abnormal for the child’s develop-
mental stage. 

Evaluation of satisfaction with ADHD drugs
In order to evaluate satisfaction of parent’ and patients’ 

with ADHD drugs, the Satisfaction with Medication Scale- 
parent report form (SAMS-P) and the Satisfaction with Med-
ication-self report form (SAMS-S), developed by GÖrtz-Dorten 
et al. [13] were used, respectively. The SAMS is a question-
naire that enables consistent assessment of drug satisfaction, 
including symptom severity, dysfunction, and quality of life 
using a rating scale from 1 (strongly disagree) to 6 (strongly 
agree), ranked by the patients and the parent, for the follow-
ing 12 items: 1) behavior regulation, 2) ability to pay attention, 
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3) reduced hyperactivity, 4) maintained attention and focus 
on tasks, 5) ability to cope with tasks, 6) forming peer relation-
ships, 7) getting along with family, 8) getting along at school, 
9) time taken to take effect, 10) duration of effects, 11) sense 
of well-being, and 12) overall satisfaction.

Statistical methods
The demographic data of the MPH and ATX groups were 

compared using an independent-sample t-test on SPSS ver. 
25 (IBM Corp., Armonk, NY, USA). An independent-sample 
t-test was also used to compare the compliance, efficacy, and 
satisfaction between the MPH and ATX groups, and a Krus-
kal-Wallis test, a non-parametric statistical method, was 
performed to compare the three MPH groups (MPH OROS, 
MPH IR, and MPH ER) and ATX group. A Mann Whitney 
U-test was conducted in post hoc analysis for comparing two 
groups at a time. All statistical significance levels were set at 
p<0.05. 

RESULTS

Demographic characteristics
Of the 44 patients who participated in the study, 35 were 

in the MPH group and 9 were in the ATX group. The average 
age of the patients was 19.18±3.81 years (range, 13–30 years), 
and the average disease duration was 4.34±3.72 years (Table 1). 

The average ages of the MPH and ATX groups were 19.54± 
4.00 years and 17.78±2.68 years, and the average disease du-
rations were 4.40±3.93 years and 4.11±2.98 years, respective-
ly. Further, 26 of the 35 patients in the MPH group were male, 
while 8 out of the 9 patients in the ATX group were male.

In the two groups, 31 patients in the MPH group and 7 pa-
tients in the ATX group had their intelligence quotient (IQ) 
test results. There was no difference between the two groups 
in the full-scale IQ results upon comparison and analysis.

Patients in the MPH group were taking MPH OROS 18–
72 mg, MPH ER 30–60 mg, or MPH IR 2.530 mg. Some were 
taking a combination of MPH OROS and MPH ER or MPH 
IR. The ATX group received 40–100 mg doses. The average 
dose converted to equivalent dose was 45.79±21.99 mg for 
the MPH group and 71.78±23.82 mg for the ATX group. The 
average disease duration of the patients included in this study 
was over 4 years, and most patients had been taking a stable 
dose for a long period of time.

In terms of comorbidities, depressive disorder was the most 
common, prevalent in 24 patients, followed by anxiety disor-

Table 1. Comparison of demographic features of MPH and ATX-treated groups 

MPH (n=35) ATX (n=9) p-value
Age (mean±SD, yr) 19.54±4.00 17.78±2.68 0.219
Duration of illness (mean±SD, yr) 4.40±3.93 4.11±2.98 0.838
Sex 

Male 26 8 0.657
Female 9 1

Full scale IQ (mean±SD) 94.42±15.82 95.29±11.47 0.892
Dose (mean±SD, mg) 45.79±21.99 71.78±23.82
Cormorbid diagnosis (%)

Depressive disorder 21 (60) 3 (33) 0.334
Anxiety disorder 2 (6) 3 (33) 0.028
Obsessive compulsive disorder 2 (6) 0
Tic disorder 0 2 (22)

Conduct disorder 1 (3) 0
Bipolar disorder 1 (3) 0
Schizophrenia 1 (3) 0

Concommitant antidepressants (%)

Escitalopram (5-30 mg) 18 (51) 5 (56) 0.879
Fluoxetine (20 mg) 1 (3) 0
Brintellix (10-20 mg) 1 (3) 1 (11)

Bupropion (300 mg) 1 (3) 0
Concommitant antipsychotics (%)

Risperidone (1-5 mg) 2 (6) 2 (22) 0.143
Olanzapine (20 mg) 1 (3) 0
Aripiprazole (5-25 mg) 3 (9) 2 (22)

SD: standard deviation, MPH: methylphenidate, ATX: atomoxetine, IQ: intelligence quotient
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der, obsessive compulsive disorder, and tic disorder. There was 
no difference in the prevalence of depressive disorder be-
tween the MPH and ATX groups (p=0.334). Among the oth-
er psychiatric drugs being taken by the patients, escitalopram 
was the most common antidepressant, while a combination 
of risperidone and aripiprazole was the most common anti-
psychotic medication.

Comparison of the compliance, efficacy and 
satisfaction of the MPH and ATX group

In the comparison of the two drug groups, subjectively re-
ported compliance of the MPH group was, on average, 6.43 
days per week and 6.89 days per week for the ATX group, 
with no significant difference between the two groups. How-
ever, when compliance was objectively evaluated using MPR, 
the compliance was higher in the ATX group (1±0) than in 
the MPH group (0.93±0.16) (Table 2).

The average K-ARS ADHD-RS results were 12.26 points 
for the MPH group and 13.00 points for the ATX group, in-
dicating no statistically significant difference between the 
groups.

The parent satisfaction measured by SAMS-P, on average, 
was 54.29 points in the MPH group and 43.78 points in the 
ATX group, while the average patient satisfaction measured 
by SAMS-S was 53.89 points and 42.33 points, respectively. 
The results indicated that both parent (p=0.014) and patient 
(p=0.003) satisfaction were higher in the MPH group than in 
the ATX group.

On comparing the individual items in the SAMS-P and 
SAMS-S of the MPH and ATX groups, the MPH group dem-
onstrated higher satisfaction than the ATX group for most 
items, including improvement in function of daily life, sat-
isfaction with the duration of action of the drug, and mood 
improvement (Table 3 and 4). There were no differences in 
the SAMS-P and SAMS-S results between the groups in terms 
of satisfaction with the aspect of the drug enabling patients 
to form relationships with peers and get along at school.

Comparison of the MPH OROS, MPH IR, MPH ER, 
and ATX groups

On comparing the MPH OROS, MPH IR, MPH ER, and 
ATX groups, subjectively evaluated compliance (p=0.018), 
objectively evaluated compliance (p=0.022), SAMS-P (p= 
0.041), and SAMS-S (p=0.010) demonstrated differences be-
tween groups but not the K-ARS scores (p=0.849) (Table 5).

The post-hoc analysis comparing two groups revealed 
that the MPH OROS group demonstrated higher subjective 
and objective compliance than the MPH IR and MPH ER 
groups (p=0.023, p=0.034), where as both parents and pa-
tients in the MPH IR and MPH ER groups showed higher 
satisfaction than those in the ATX group (p=0.027, p=0.003). 
Furthermore, the ATX group showed higher subjective and 
objective compliance (p=0.014, p=0.012) than the MPH IR 
and MPH ER groups, whereas the parents and patients in 

Table 3. Item statistics for parent satisfaction (SAMS-P)

Item MPH (n=35) ATX (n=9) p-value
  1. I am satisfied with how my child behaves while taking this medication 4.66±1.03 3.78±1.39 0.039
  2. I am satisfied with how this medication helps my child to pay attention 4.69±1.02 3.89±1.27 0.054
  3. I am satisfied with how this medication helps my child getting less hyperactive 4.77±1.00 3.78±1.20 0.015
  4. I am satisfied with how this medication helps my child sustain attention and stick to tasks 4.71±1.13 3.56±0.73 0.006
  5. I am satisfied with how this medication helps my child cope better with homework 
       assignments and other tasks 

4.51±1.25 3.44±1.01 0.022

  6. I am satisfied with how this medication helps my child get along with other kids 4.23±1.16 3.44±1.51 0.098
  7. I am satisfied with how this medication helps my child get along with my family 4.57±1.20 3.56±1.51 0.037
  8. I am satisfied with how this medication helps my child to get along at school 4.20±1.45 3.89±1.17 0.556
  9. I am satisfied with the onset of the medication’s effect in the morning 4.46±1.09 3.33±1.32 0.012
10. I am satisfied with the duration of the medication’s effect 4.51±1.07 3.56±1.51 0.033
11. I am satisfied with how this medication helps my child feel good 4.29±1.02 3.67±1.23 0.125
12. Overall, I am satisfied with the medication 4.69±0.90 3.89±1.27 0.035
Data are presented as mean±SD. SD: standard deviation, MPH: methylphenidate, ATX: atomoxetine, SAMS-P: satisfaction with 
medication scale-parent report form

Table 2. Compliance, efficacy, and satisfaction between MPH 
and ATX treated groups

MPH (n=35) ATX (n=9) p-value
Compliance-reported 6.43±1.01 6.89±0.33 0.187
MPR 0.93±0.16 1±0 0.008
ADHD-RS 12.26±8.28 13.00±8.63 0.813
SAMS-P 54.29±10.48 43.78±12.68 0.014
SAMS-S 53.89±9.98 42.33±8.11 0.003
Data are presented as mean±SD. SD: standard deviation, MPH: 
methylphenidate, ATX: atomoxetine, MPR: medication posses-
sion ratio, ADHD-RS: attention deficit hyperactivity disorder Rating 
Scale, SAMS-P: satisfaction with medication scale-parent report 
form, SAMS-S: satisfaction with medication scale-self report form
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the MPH IR and MPH ER groups showed higher satisfac-
tion than those in the ATX group (p=0.023, p=0.049).

DISCUSSION

Depressive disorder has been identified as one of the most 
common comorbidities of ADHD in previous research [14,15], 
and the prevalence of major depressive disorder in ADHD pa-
tientsis 3–75%. Likewise, in this study, 55% of the ADHD pa-
tients also received a diagnosis of major depressive disorder, 
and there was no difference observed between the two groups 
in this regard. It was difficult to perform a meaningful anal-
ysis involving other conditions, such as anxiety disorders, 
given the small sample size. As no differences were observed 
between the groups in terms of taking antidepressants and 
antipsychotics, it is unlikely that other psychiatric drugs would 
have affected the study results.

Although subjective compliance reported by the patients 
and parents were not different between the MPH and ATX 
groups, objective compliance was higher in the MPR group 
than in the ATX group. This can be attributed to reported av-
erage compliance, at 5.43 days per week, being higher than 
the average obtained through MPR in the MPH IR, MPH ER 

group was 0.75, which indicated the drugs were being taken, 
on average, 5.25 days per week. Even in studies on drug treat-
ment compliance in internal medicine [16,17], self-reported 
measurements of compliance were found to have lower sen-
sitivity towards low levels of compliance than objectively eval-
uated compliance. Similar findings were obtained in this study, 
where the patients’ or parents’ reports of compliance were ex-
cessively high. As such, when evaluating patient drug compli-
ance, using objective indicators as well as patient or parent re-
ports would provide accurate data.

When comparing compliance between the four groups, the 
MPH IR and MPH ER groups demonstrated lower compli-
ance with treatment than the MPH OROS and ATX groups. 
In a study investigating the factors affecting compliance with 
drug treatment in children [18], compliance was reported to 
be affected by a variety of factors including ADHD symptoms, 
comorbidities, intellectual ability of the patient, and parents’ 
education levels in addition to the type of drug taken.

In previous studies that compared MPH OROS and MPH 
IR, no difference was found in the adverse effects, but one 
study reported that MPH OROS had greater efficacy and par-
ent satisfaction than MPH IR [19]. Inaddition, compliance 
improved when patients with low compliance with MPH IR 

Table 4. Item statistics for patient satisfaction (SAMS-S)

Item MPH (n=35) ATX (n=9) p-value
  1. My medicine helps me reduce the trouble I have 4.74±0.89 3.89±0.93 0.014
  2. My medicine helps me pay attention 4.83±0.89 4.00±1.00 0.019
  3. My medicine helps me stay in my seat when I am supposed to 4.51±1.31 3.67±1.00 0.079
  4. My medicine helps me sustain attention and stick to tasks 4.77±1.14 3.89±0.60 0.004
  5. My medicine helps me cope better with homework assignments and other tasks 4.63±1.14 3.89±0.60 0.013
  6. My medicine helps me get along with other kids 4.11±1.28 2.78±1.79 0.061
  7. My medicine helps me get along with my family 4.40±1.27 3.33±1.50 0.035
  8. My medicine helps me get along at school 4.40±1.48 3.44±1.33 0.086
  9. The effect of my medicine start in good time in the morning 4.57±1.04 3.67±1.12 0.027
10. My medicine is effective long enough during the day 4.60±1.04 3.67±0.87 0.017
11. My medicine make me feel good 3.69±1.28 2.44±1.24 0.012
12. Overall, I am quite happy with my medicine 4.63±1.11 3.67±0.71 0.018
Data are presented as mean±SD. SD: standard deviation, MPH: methylphenidate, ATX: atomoxetine, SAMS-S: satisfaction with medi-
cation scale-self report form

Table 5. Compliance, efficacy, and satisfaction of OROS MPH, MPH IR/ER, and ATX treated groups

OROS MPH (n=28) MPH IR/ER (n=7) ATX (n=9) p-value
Compliance-reported 6.68±0.48 5.43±1.81 6.89±0.33 0.018
MPR 0.97±0.07 0.75±0.27 1±0 0.022
ADHD-RS 12.71±8.69 10.43±6.63 13.00±8.63 0.849
SAMS-P 53.64±11.32 56.86±6.04 43.78±12.68 0.041
SAMS-S 53.79±9.34 54.29±13.09 42.33±8.11 0.010
Data are presented as mean±SD. SD: standard deviation, MPH: methylphenidate, ATX: atomoxetine, OROS: osmotic-controlled re-
lease oral delivery system, IR: immediate release, ER: extended release, MPR: medication possession ratio, ADHD-RS: attention deficit 
hyperactivity disorder Rating Scale, SAMS-P: satisfaction with medication scale-parent report form, SAMS-S: satisfaction with medi-
cation scale-self report form
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were given MPH OROS [20]. In a study investigating the fac-
tors affecting compliance with MPH IR [21], treatment was 
often discontinued in older or hyperactive children. 

A previous study on ADHD compliance [22] reported that 
more than 40% of patients discontinued treatment after less 
than 6 months from the start of treatment, and only 20% of 
patients continued MPH treatment for more than 36 months. 
The patients included in this study had received drug treat-
ment continuously throughout the duration of disease from 
out patient mental health services for more than 4 years on 
average. Thus, compared to other studies, this study may have 
included a high proportion of ADHD patients who contin-
ued long-term treatment for over 36 months. Therefore, the 
results of this study may have underestimated the difference 
in compliance between drugs. 

There were no statistically significant differences in the 
K-ARS scores between the MPH and ATX groups and the 
MPH OROS, MPH IR, MPH ER, and ATX groups. K-ARS is 
designed to evaluate the patient’s carelessness and hyperac-
tivity-impulsivity according to the DSM diagnostic criteria, 
where a high score indicates a high severity of ADHD symp-
toms. Additionally, it demonstrates excellent sensitivity in 
evaluating the behavior of children following drug treat-
ment, where high K-ARS scores indicate in effective control 
of symptoms by drug treatment [23]. In this study, MPH and 
ATX showed similar efficacy in relieving ADHD symptoms.

The SAMS-P and SAMS-S scores obtained in this study 
were significantly higher in the MPH group than in the ATX 
group, indicating greater drug satisfaction with MPH than 
with ATX. The formulation of MPH did not result in any dif-
ferences. Patient and parent satisfaction with drug treatment 
is an important factor in the evaluation of overall treatment 
outcomes. Although the main goal of drug treatment is im-
provement of symptoms, the drug cannot be deemed effec-
tive unless compliance with the treatment is high. Satisfac-
tion with drug treatment increases compliance and prevents 
early termination of treatment. Severity of symptoms, dys-
function, and quality of life significantly affect patient and 
parent satisfaction [13].

In previous research exploring the satisfaction of parents 
of children with ADHD using a different scale, MPH OROS 
group showed satisfaction for factors such as lasting drug ef-
fects until the afternoon, school life, in-class behavior, fam-
ily life, and homework [24,25]. Some studies have reported 
improvements in quality of life and academic performance 
after drug treatment with MPH OROS [26]. Similar to the 
findings in previous research, the current study demonstrat-
ed high satisfaction with MPH for alleviation of symptoms, 
improvement of school and home lives, and lasting drug ef-
fects, which can be considered as advantages over ATX. There 

were no significant differences in satisfaction between the 
MPH and ATX groups in terms of enabling children to form 
better relationships with peers and get along at school. These 
two items received the lowest satisfaction scores. The differ-
ence between the two drugs was not large because the level 
of satisfaction with the role of ADHD drug treatment in form-
ing better relationships with peers and getting along at school 
was lower than those of other aspects. 

There are several limitations to this study. First, the study 
subjects were not randomized according to patient charac-
teristics such as age and sex, and symptom severity was not 
evaluated prior to starting treatment. As such, the changes 
before and after treatment were not tracked. Second, the small 
number of subjects and the large variance in the number of 
subjects per group resulted in a limited interpretation of the 
results, despite correction with non-parametric statistical 
analysis. 

Nevertheless, the strength of this study was that it simul-
taneously compared the compliance, efficacy, and satisfac-
tion associate with MPH and ATX, which are the most com-
mon drugs used for ADHD treatment. Considering the relative 
lack of studies on patient and parent satisfaction with ADHD 
treatment and the fact that not only symptom severity but fac-
tors that directly influence the patients’ life, such as dysfunc-
tion and quality of life, are comparable between the drugs, 
these aspects must be taken into account when selecting drugs 
for ADHD patients in the future. 

CONCLUSION

Although both MPH and ATX were found to be effective 
in improving ADHD symptoms, greater satisfaction was ob-
served with MPH than with ATX. Among the types of MPH, 
MPH OROS showed higher compliance rates than MPH IR 
and MPH ER. Thus, considering the scores for compliance, 
efficacy, and satisfaction, MPH OROS may be a better choice 
among the drugs for the treatment of ADHD. 
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