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AbstrAct
Background: Adherence to medication is a key factor for 
successful treatment of children with ADHD. However, 
most children do not adhere to their pharmacotherapy 
regimen, and have no contact with their physician 
during the first month of pharmacotherapy. A mobile 
health (mHealth) approach may bridge the gap between 
physicians and patients, allowing for more frequent 
communications as well as better monitoring of adherence 
to the prescribed treatment. 

Method: The study sample included 39 children with 
ADHD (27 boys), aged 9.56±2.41 years. Participants were 
randomly assigned to one of the following two groups: (1) 
a study group in which participants and their parents were 
prompted to use a mobile application (i.e., mobile app or 
app); or to (2) a control group in which participants were 
treated as usual, without the app. Pill counts, which is a 
common strategy for confirming medication adherence, 
was recorded at week 4 and week 8. Clinical assessment 
conducted at baseline, week 4, and week 8.

Results: Participants who were prescribed with the 
app demonstrated higher overall pill counts over 
8-weeks period, F=4.33, p<.05. In addition, a significant 
improvement in total CRS score was found among the 
study group compared to controls in week 4 and week 
8, F=4.74, p<.05.

Conclusions: The current study provides initial support 
for the feasibility of a new mobile app in promoting 
adherence to stimulants among youth with ADHD.

Address for Correspondence:  Prof. Doron Gothelf, MD, The Child and Adolescent Psychiatry Division, Edmond and Lily Safra Children’s 
Hospital, Sheba Medical Center, Tel HaShomer 5262000, Israel   gothelf@post.tau.ac.il 

IntroductIon
Attention-deficit/hyperactivity disorder (ADHD) is the 
most prevalent neurodevelopmental disorder, affecting 
approximately 6-10% of school-age children (1). Left 
untreated, ADHD can lead to impairments in multiple 
domains, including academic performance, productiv-
ity and social adjustment (2). Along with behavioral 
therapies, stimulants are among the first-line treatments 
for ADHD (3, 4). However, poor adherence can make 
even the best medication become ineffective. Adherence 
is defined as the extent to which a patient’s actions 
correspond to the treatment recommendations of the 
healthcare provider with respect to timing, dosage and 
frequency of taking medication during the prescribed 
length of time (5). Adherence to treatment is usually 
lower for children as compared to adults, and for psychi-
atric patients as compared to non-psychiatric (medical) 
patients (6). As such, children with ADHD constitute a 
risk group for low medication adherence (7). 

One of the main challenges for physicians treating chil-
dren with ADHD is to maintain their patients’ adherence 
to pharmacotherapy. A recent review of adherence and 
discontinuation rates for ADHD interventions showed 
that almost half (44%) of all individuals originally enrolled 
to these studies were withdrawn from it ahead of time 
(8). Discontinuation rates for stimulants are generally 
high, ranging between 19% for long-acting and 38% 
for short-acting stimulants in individuals of all ages (9). 
The discontinuation rates of children aged 6-12 years 
old are especially high (10). An analysis of the medical 
records of a large urban elementary school cohort from 
the Philadelphia area showed that only one in five of those 
prescribed with MPH adhered to treatment (7). Similar 
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adherence rates were found in another community-based 
study conducted in Germany (11).

Smartphone applications (mobile apps) are being 
increasingly recognized for their potential utility in 
promoting healthcare delivery and health-supportive 
behaviors and habits (12). Encouraging adherence to 
treatment, including pharmacotherapy, is one way by 
which mobile apps can promote healthcare at the indi-
vidual level (13, 14). Having that said, however, no study 
we know of has tested the usefulness (i.e., utility) of a 
mobile app for managing adherence to stimulant medica-
tions among individuals with ADHD. 

The aim of the current investigation was to assess the 
utility and effectiveness of a mobile app in improving 
adherence to stimulants among children with ADHD. 
We hypothesized that children whose parents are offered 
to engage with the app will demonstrate better adher-
ence and improvement in clinical symptoms compared 
to children treated as usual. 

Method
PArtIcIPAnts And recruItMent
Thirty-nine children (27 boys, 12 girls) who met criteria 
for a diagnosis of ADHD according to the Diagnostic 
and Statistical Manual of Mental Disorders (15) were 
enrolled in the study. Participants’ mean age was 9.56 
± 2.41 years (range 6-16 years). Participants were either 
drug naïve (n = 18; 46.2%) or already treated for ADHD 
with stimulant medications prior to their participation 
in the study (n = 21; 53.8%). The medications prescribed 
for participants as well as the number of individuals that 
completed each of the visits are detailed in Table 1. 

Recruitment took place between December 2015 and 
August 2016 in a child and adolescence psychiatry outpa-
tient unit in a large tertiary medical center in Israel. Parents 
signed an informed consent prior to child’s participation in 
the study. Participants were randomly assigned to one of 
the following: the study group (n = 19) which was provided 
with the app, and the control group (n = 20) which was 
treated as usual, without the app. The groups were matched 
for age, sex distribution, socioeconomic status and type 
of ADHD medication. A research assistant guided and 
trained the study group parents in using the mobile app 
during their first visit to the clinic (baseline visit, T1). 
Both parent and child were debriefed immediately after 
completing the study. The research received the approval 
of the Institutional Review Board (IRB). 

Three subjects (n = 3) who were originally randomized 

to the study group were excluded from the study during 
the screening phase as they failed to download the app 
as requested. 

Procedure And dIAgnostIc InstruMents
Diagnostic interviews with children and parents were 
conducted by a qualified child and adolescent psychiatrist. 
An assessment of child’s ADHD symptoms was conducted 
with the Attention Module of the Kiddie-SADS (16) and 
the MINI-KID (17) was used for screening of symptoms 
of comorbid psychiatric disorders. 

Pill counts were recorded by the parent in a paper 
medication log that was not part of the application. The 
log was completed daily by the parents and reviewed by 
the clinician while children and their parents were visit-
ing the clinic or during a phone interview at 4-week and 
8-week post-study initiation (T2 and T3, respectively). 
The Clinician Rating Scale (CRS; 18), the ADHD-Rating 
Scale (ADHD-RS; 19), and the Clinical Global Impression 
(CGI; 20) were administered at T1, T2 and T3 to assess 
improvement in levels of ADHD symptom severity. CGI-
Improvement subscale was administered only at T2 and 
T3 as it meant to capture change from baseline assessment.

the Icon™ MobIle APP
The app was developed by a local (Israeli) software com-
pany that specializes in digital health. The app develop-
ment, as well as the current efficacy study, was sponsored 
by Janssen Israel, pharmaceutical companies of Johnson 
& Johnson. The app was designed with the purpose of 
allowing patients or their parents to report their clinical 
status following initiation of prescription or after changing 
medication dosage. The overarching purpose of the app 

Table 1. Sample Characteristics

Measure
Total 
Sample App

Controls Statistics
(p-value)

Male/Female 27/12 14/5 13/7 .56
Age, mean (SD) 9.56 (2.41) 10.21 (2.21) 8.93 (2.47) .09
ADHD Medications, n
Methylphenidate 21 10 11
Mixed amphetamine 
salts

6 33

Dexmethylphenidate 6 5 1
Lisdexamfetamine 6 1 5
Study Visits Completed, n (%)
T1 5 (12.82%) - 5 (26.31%)
T2 10 (25.64%)  

7 (35%)
3 (15.79%)

T3 24 (61.54%) 12 (60%) 12 (63.16%)
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was to facilitate the communication between the patient 
and the treating physician. 

Furthermore, the app included questions regarding the 
severity of child’s ADHD symptoms and potential side 
effects. Parents were asked to answer these questions once 
a week via their smartphone device. The survey included 
11 questions and referred to the following domains: (1) 
Decline in appetite (yes/no); (2) Child’s mood (rate 1–5 on 
a Likert-scale, with 5 reflecting more positive affect); (3) 
Child’s functioning in social circumstances (rate 1–5); (4) 
Child’s dealing with learning/school setting (rate 1–5); (5) 
Child’s function at home (rate 1–5); (6) Parental satisfac-
tion with the medication (rate 1–5); (7) Child’s severity 
of hyperactivity (rate 1–5); (8) Impulsivity (rate 1–5); and 
(9) Attention (rate 1–5) symptoms; (10) Child’s level of 
organization (rate 1–5); (11) Child’s experiences of stomach 
aches or headaches (yes/no). The app is designed to afford 
the treating physician ability to review the questionnaires 
completed by the parents at any given time. In our study 
the treating child psychiatrist reviewed the weekly surveyed 
questions completed by the parents at visit 2 and visit 3. 

The app may also function as a medication reminder. 
By default, the app was set to remind to take the medica-
tion at 7am every morning. Users have the option to set 
the trigger notification to the time that suits them the 
most. Importantly, both the mobile app and the web-
portal associated with it include a host of information for 
parents and children regarding ADHD disorder and the 
different ways of treatment that exist (thus, promoting 
psycho-education). Materials included short clips, articles 
and links to additional reading materials.

Noteworthy, although the app was curated by Janssen, 
it is open for use by all physicians and patients regardless 
of the brand/type of medication prescribed. The app can 
be downloaded from the Google Play (https://play.google.
com/store/apps/details?id=com.ideomobile.icon) and 
the iTunes (https://itunes.apple.com/il/app/icon4adhd/
id726377799?mt=8) app stores. The official website of 
the app can be reached here (https://icon4adhd.co.il/
login.html). 

stAtIstIcAl AnAlyses
The analysis was conducted using IBM statistical pack-
age for social sciences (SPSS) version 20.0. Repeated-
measures analysis of variance (ANOVA) was computed to 
examine the effect of the app on pill counts and symptoms 
severity for each of the study visits (visits/time was treated 
as the within-subject variable and group identity treated 
as the between-subject variable). Pill-counts, CRS score, 

ADHD-RS score and CGI-Severity score were handled 
as dependent variables, each analyzed separately. The 
rates of improvers/deteriorators (i.e., CGI-I score) were 
assessed with Chi-square or Fisher’s Exact Test (when n 
was < 5). Huynh-Feldt test was employed when sphericity 
was not assumed. In such cases, post-hoc comparisons 
were calculated with Mann-Whitney test. Finally, miss-
ing values were completed using the Last Observation 
Carried Forward (LOCF) approach. 

results
The distribution of ADHD sub-types among the 39 
subjects were: combined presentation (n = 18, 46.2%), 
inattentive presentation (n = 16, 41.0%), hyperactive/
impulsive presentation (n = 4, 10.3%), and ADHD-NOS 
(n = 1, 2.6%), with no significant difference between the 
groups, p > .05. Children were diagnosed with several 
psychiatric comorbidities, including: learning disorders 
(n = 8, 20.51%), oppositional-defiant disorder (n = 11, 
28.21%), and anxiety disorders (n = 4, 10.26%). The latter 
included specific phobia (n = 2), social anxiety disorder 
(n = 1) and generalized anxiety disorder (n = 1). 

A group main effect was found for pill-counts, F(1,32) 
= 4.331, p < .05, η2 =.12. Specifically, participants who 
were prompted to use the app demonstrated higher over-
all adherence to medication compared to those in the 
control group (see Figure 1). Post-hoc comparisons with 
Mann-Whitney U showed that individuals who used the 
app consumed significantly more pills than controls at 
week 8 (Mdn = 20.74 vs. 13.40), U = 81.00, p < .05, but 
not at week 4 (Mdn = 19.29 vs. 15.23), U = 108.50, p > 
.05 (see Table 2). 

Group main effect in CRS score was found, F (1,30) = 
4.74, p < .05, η2 = .13, as the study group participants 
demonstrated higher scoring, above and beyond study 
visit. Time by group interaction was significant, Huynh-
Feldt F (2, 64) = 4.57, p05. > , η2 = 0.1, showing a linear trend 
across time, p < .05. Post-hoc comparisons with Mann-
Whitney U indicated that the CRS scores did not differ 
between groups during baseline assessment (T1; Mdn 
= 21.13 vs. 18.93, respectively), U = 168.50, p > .05, but 
that the study group participants showed better scoring 
compared to controls at week 4 (T2): Mdn = 20.92 vs. 
13.17), U = 77.50, p < .05, and week 8 (T3); Mdn = 21.34 
vs. 12.63, respectively), U = 69.50, p < .01 (see Table 2 
& Figure 2). No significant differences in ADHD-RS or 
CGI scores were found. 

Finally, analysis found no difference in the levels of 
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medication adherence and clinical parameters between 
medicated and drug-naïve participants.

dIscussIon
Adherence to medication is a key factor for success-
ful treatment of children with ADHD (21). Literature 

suggests that the majority of children with ADHD are 
treated by primary care providers (22). Unfortunately, 
the quality of ADHD care in this setting, such as fre-
quency of follow-up meetings, is often poor (23). For 
example, it was claimed that most children with ADHD 
have no contact with their physician during the first 
month of medication treatment (24). A mobile health 
(mHealth) approach seems viable in this respect, as it 
has the potential to bridge the gap between physicians 
and patients, allowing for more frequent communica-
tions as well as better monitoring of adherence to the 
prescribed treatment.

Indeed, our findings support the utility of mobile app 
intervention for promoting adherence in psychiatric 
populations, and more so among children with ADHD. 
The current findings show that the iCON™ app is a 
workable model for improving implementation of phar-
macotherapy in this population. Specifically, children of 
parents who were prompted to download and use the app 
received daily notifications to remind their children to 
take medication, completed questionnaires concerning 
the severity of symptoms and potential side effects on a 
weekly basis, and were exposed to educational materials 
about ADHD, were more likely to follow their prescrip-
tion as instructed. Notably, this effect, as evidence by the 
parameter of pill counts, was stronger after eight weeks 
of using the app than it was after four weeks.

Of note is that children in the app group showed 
improved adherence to treatment, measured by the CRS 
and pill counts. However, the mobile app had no signifi-
cant effect on severity of ADHD symptoms, measured 
by the ADHD-RS and CGI. 

Figure 1. Comparing pill counts (level of medication adherence) 
between the study group (app users) and the control group
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Table 2. Comparison of Clinical Measurements at Baseline (T1),  
4 Weeks (T2), and 8 Weeks (T3) Between the Study Group (mobile 
app users) and Control Group

Measure N App Controls
Statistics

App / 
Controls

(p-value)
Pill Counts .04

T2 19/15 0.92 ± 0.18 0.74 ± 0.37 .20

T3 19/15 0.93 ± 0.18 0.72 ± 0.36 .015

CRS Total .04

T1 19/20 5.79 ± 1.43 5.60 ± 1.39 .53

T2 19/15 6.16 ± 1.12 5.00 ± 1.60 .02

T3 19/15 6.32 ± 0.95 5.00 ± 1.60 .008

ADHD-RS .28

T1 19/20 25.22 ± 9.57 31.60 ± 9.86 .17

T2 18/15 18.16 ± 7.77 17.46 ± 10.28 .62

T3 19/15 13.83 ± 7.86 16.66 ± 9.77 .58

CGI-S .61

T1 19/20 5.11 ± 0.74 4.90 ± 0.79 .40

T2 19/15 3.84 ± 1.06 3.80 ± 1.37 .75

T3 19/15 3.05 ± 1.43 3.66 ± 1.04 .21

CGI-I, n (% improvers)
T2 18/15 12 (66.6) 8 (53.3) .43

T3 18/15 12 (66.6) 10 (66.6) 1.0

Note. CRS = Clinician Rating Scale; ADHD-RS = ADHD Rating Scale; 
CGI-S = Clinical Global Impression Scale–Severity; CGI-I = Clinical 
Global Impression Scale–Improvement

Figure 2. Comparing CRS scores between the study group and 
the control group at baseline (T1), week 4 (T2), and week 8 (T3)
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We do not have an explanation for the lack of effect of 
the app on severity of ADHD symptoms. It could be that 
a larger sample size or a longer-term follow-up are needed 
to expose an effect if such exists. Following participants 
for a longer time will allow more ecological understanding 
of adherence patterns in these populations. In addition, 
users’ level of interaction with the app (e.g., total usage 
time, usage frequency) was not documented or logged 
by the app and so it could not be analyzed together with 
clinical parameters. For instance, although the app offers 
a host of online educational materials concerning ADHD 
symptoms and intervention practices it does not save 
users’ level of engagement with these materials. 

Several factors were shown to associate with poor adher-
ence among individuals with ADHD, including male 
gender, lower intelligence, lower socioeconomic status, 
multiple daily regimen and the presence of fewer ADHD 
symptoms (e.g., 25-27). Conversely, individuals with high 
levels of adherence to stimulants usually have more severe 
ADHD symptoms and are shown to be more educated 
about the disorder (28, 29). Whereas some of these factors 
are less relevant for the current study given the homog-
enous nature of our cohort, they should be considered 
by researchers aiming to test the effectiveness of mobile 
interventions in the future. Obviously, accounting for more 
variables also necessitates larger sample size, similar to what 
has been done with non-psychiatric populations (30, 31). 

Limitations of the study include the relatively small 
sample size and the fact that only 61.5% of the children 
and parents initially enrolled to the study completed all three 
visits. The relatively high drop-out rate goes in line with 
our clinical impression that many parents of children with 
ADHD tend not to adhere to regular follow-up scheduled 
visits. The fact that many parents of children with ADHD fail 
to show up for scheduled visits supports the need to develop 
other means for remote monitoring and management of 
children with ADHD such as the mHealth solution mobile 
app (32). It is noteworthy that the app itself was relatively 
easy to use and required only authentication of users’ email 
to initiate its use. The app’s functionality did not constitute 
a barrier for participation of parents in the study. 

In conclusion, the current study is a first step towards 
validating the feasibility of a mHealth approach in promot-
ing medication adherence among children with ADHD.
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