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Abstract

Aim: Atomoxetine (ATX) is a non-central stimulant and a standard treatment for
adult attention-deficit/hyperactivity disorder (ADHD). The long-term efficacy of
Atomoxetine is about 40% at 6 months. The variability in efficacy between individuals
is thought to be related to patient-specific factors, but no detailed research has been
conducted. In this retrospective cohort study, we aimed to identify the factors associ-
ated with Atomoxetine efficacy.

Methods: A total of 147 patients with attention-deficit/hyperactivity disorder aged
>18years who were using Atomoxetine for the first time were included in this study.
The outcome was treatment success (treatment maintained for at least 6 months and
improvement in symptoms). Symptom assessment was based on the overall improve-
ment in symptoms judged by an expert physician.

Results: Of the patient sample, 103 (70.1%) achieved the outcome. Logistic regres-
sion analysis identified “the maximum dose of ATX” and “gambling habit” as factors
associated with efficacy (P <0.05). In the process of Atomoxetine titration, the larger
the maximum dose, the higher the efficacy was shown to be. Gambling habits may
be indicative of impulsivity, which is among the core symptoms of attention-deficit/
hyperactivity disorder. Thus, a gambling habit may be considered a surrogate marker
for impulsivity.

Conclusions: Knowledge of these factors will help healthcare professionals to predict
the likely efficacy of Atomoxetine in a given patient before subscribing it, facilitating

individualized pharmacotherapy for adult attention-deficit/hyperactivity disorder.

KEYWORDS
adrenergic uptake inhibitors, atomoxetine hydrochloride, attention-deficit disorder with
hyperactivity, cohort studies, multivariate analysis
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1 | INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a developmen-
tal mental condition characterized by inattention, hyperactivity,
and impulsivity. Its onset is usually in childhood or adolescence, and
symptoms may persist into adulthood.? The symptoms of hyperac-
tivity and impulsivity often go into remission in teenage years, but
inattention persists in many cases into the twenties and beyond.®
Thus, in adult ADHD, inattention is often the primary symptom. In
contrast, when hyperactivity/impulsivity symptoms are present, the
impact on social life is greater and symptom control is considered
more important. Recently, there has been an increase in the num-
ber of adult ADHD diagnoses. This may be because of the increased
public recognition of ADHD. The prevalence of ADHD in adults, in-
cluding those diagnosed in childhood, is estimated to be about 3.4%
worldwide.!

The etiology of ADHD has not been fully determined, but ge-
netic factors are thought to play a significant role. The risk of ADHD
is two to eight times greater in a child whose parents or siblings have
ADHD, and twin studies have estimated heritability at 76%.4° The
pathogenesis of ADHD appears to involve structural abnormalities
in the brain® and decreased dopaminergic and noradrenergic activity
inthe frontal subcortical circuits, resulting in functional impairment.”
Therefore, pharmacotherapy for ADHD comprises drugs that inhibit
the synaptic reuptake of dopamine and noradrenaline or stimulate
their release.® The standard treatment for ADHD is psychosocial and
pharmacological treatment, with psychosocial treatment as the base
treatment and additional pharmacological treatment as appropriate.
In Japan, different drugs are approved for pediatric and adult ADHD.
In adults, the central stimulant, methylphenidate, or the non-central
stimulants, atomoxetine (ATX) or guanfacine, are prescribed. ATX is
a selective noradrenaline reuptake inhibitor. The desired outcome of
pharmacotherapy for adult ADHD is the continuation of treatment,
the absence of major symptoms, and the maintenance of a stable so-
cial life. Long-term use of ATX in adults with ADHD has been shown
to improve outcomes.” However, the efficacy of ATX varies widely
between individuals, and the overall efficacy rate after 6 months of
use in those with adult ADHD is about 40%.%°

There have been several studies on the factors associated with
the efficacy of ATX in children and adolescents. It has been reported
that a lower initial dose of ATX reduces the duration of medication
adherence!! and that patients receiving concomitant central stimu-
lants had a higher response rate.!? However, there has been no re-
search into factors that affect the efficacy of ATX in adult ADHD.
Such factors might be used by clinicians as indicators of potential
efficacy. There are significant differences in treatment strategies,
therapeutic environments, and social support between adult and
childhood ADHD. Therefore, it is necessary to separately investigate
factors affecting the treatment efficacy of ATX on adult ADHD. ATX
efficacy with adult ADHD at 4weeks was found to correlate with
a 6-month treatment efficacy index.'® The presence of depression
was also shown to be associated with treatment success.* However,

as mentioned, no studies have focused specifically on factors that

might predict the efficacy of ATX at the initiation of treatment.
Therefore, we performed a retrospective cohort study to identify
factors associated with ATX efficacy in adult ADHD.

2 | METHODS

2.1 | Subjects

A total of 147 adults (aged =18years) diagnosed with ADHD at
Showa University Karasuyama Hospital between 2008 and 2018,
who had been started on ATX as the first-line treatment for ADHD,
were identified. The diagnosis of ADHD was made by a psychiatrist
using DSM-IV-TR or DSM-5 criteria.*>*¢ Patients who had used
other ADHD medications prior to ATX and patients who had used
central stimulants (methylphenidate, amphetamine, or metham-
phetamine) for purposes other than ADHD treatment were excluded
from the study. Patients who were treated concurrently with other
ADHD medications and patients with no follow-up information on
record were excluded from the study. The dosages of ATX were de-
termined according to the dosage regimen approved in Japan. The
titration schedule was based on the individual patient’'s symptoms
with a maximum dose of 120mg/day.

2.2 | Variables and outcomes

The outcome measure in this study was treatment success. This was
defined as adherence to medication for at least 6 months after the
initiation of ATX and improvement in symptoms at 6 months. The
follow-up period was 6 months from the initiation of ATX. Symptom
improvement was assessed through a comprehensive evaluation of
symptoms as reported by Scott et al.?

Table 1 shows the demographic and clinical characteristics of the
patients in our sample. These were obtained from medical records.
Education was categorized as anything up to, and including, high
school graduation, or college, junior college, or vocational school
degrees.

This is because, in Japan, over 95% of young people graduate
from high school, so these two educational categories are frequently
used. The initial dose, maintenance dose, and maximum dose for
each patient during the observation period were also investigated.
The maintenance dose was defined as the dose taken after the ef-
fects had stabilized and was calculated only for those patients who
achieved a successful outcome. The maximum dose was defined as
the highest dose administered to each patient during the follow-up
period, regardless of the maintenance dose.

2.3 | Statistical analyses

Subjects were divided into a success group and a failure group,
according to whether a successful outcome was achieved.
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TABLE 1 Patient characteristics (n = 147)
n (%) mean + SD
Age (y) 33.3+11.0
Sex

Male / female 80 (54.4) / 67 (45.6)

Age (y) at ADHD diagnosis 33.0+11.1
Trouble at birth 19 (12.9)
Family history of ADHD 34 (23.1)
Living alone 38(25.9)
Experience of school refusal 39 (26.5)
Experience of repeating the same class 16 (10.9)

Education level

High school/university? 43(29.3)/ 102 (69.4)

Career change history 95 (64.6)
Unmarried 114 (77.6)
Divorce history 8(5.4)
Gambling habit 8(5.4)
Initial dose of atomoxetine (mg/day) 224 +£9.6
Maintenance dose of atomoxetine (mg/ 88.7 +29.5
day)®
Maximum dose of atomoxetine (mg/day) 87.2 +32.9
Comorbidities
Schizophrenia 6(4.1)
Depression 31(21.1)
Bipolar disorder 6(4.1)
Pervasive developmental disorder 6(4.1)
Autism spectrum disorder 19 (12.9)
Asperger’s syndrome 5(3.4)
Panic disorder 4(2.7)
Social anxiety disorder 4(2.7)
Obsessive-compulsive disorder 2(1.4)
Phobia 1(0.7)
Generalized anxiety disorder 2(1.4)
Adjustment disorder 7 (4.8)
Symptoms of ADHD
Inattention 141 (95.9)
Hyperactivity/impulsivity 81(55.1)
Both symptoms 75 (51.0)
Poor adherence 29 (19.7)
Concomitant medication
Antipsychotic 20(13.6)
Antidepressant 30(20.4)
Mood stabilizer 9(6.1)
Anticonvulsant 5(3.4)
Anxiolytic, hypnotic 46(31.3)

Abbreviations: SD, standard deviation.
2University, junior college, or vocational school.

®The maintenance dose is the mean value for subjects in the successful
group only.

REPORTS

Differences between the two groups were compared using univar-
iate analyses. For the univariate analyses, we used the Student’s
t test or Welch’s t test with continuous variables and the chi-
squared test and Fisher’s direct probability test for nominal vari-
ables. A univariate analysis was conducted to exclude factors that
were not clearly relevant to maintain the detection sensitivity of a
multivariate analysis. In the univariate analysis, P <0.1 was set to
ensure that related factors were not missed. Subsequently, logistic
regression analysis (stepwise) was performed with those variables
that showed significant differences in the univariate analyses
(P <0.05). The statistical software, SPSS, was used to perform the
analyses.

3 | RESULTS

During the follow-up period, 103 patients (70.1%) achieved a suc-
cessful outcome. Thus, the success group consisted of 103 (70.1%)
patients and the failure group consisted of 44 (29.9%) patients. The
median age of our patients was 31.0 (18-68) years, and 80 (54.4%)
were male. The mean initial and maximum doses were 22.2 and
87.2 mg/day, respectively. A gambling habit was observed in eight
patients (5.4%). The most common comorbidity was depression, pre-
sent in 31 patients (21.1%). Of the clinical symptoms distinguishing
the types of ADHD, 141 (95.9%) patients had inattentive symptoms,
81 (55.1%) had hyperactivity/impulsivity, and 75 (51.0%) had both.
The most common concomitant medications were anxiolytics and
sleep medication, used by 46 patients (31.3%).

The results of our univariate analyses are shown in Table 2.
Significant differences were observed between the success and fail-
ure groups for a history of career change (P = 0.036) and in the maxi-
mum dose of ATX (P <0.001). There were also significant differences
in the history of truancy (P = 0.074), gambling habit (P = 0.052),
obsessive-compulsive disorder (P = 0.088), and generalized anxiety
disorder (P = 0.088) between the groups, with all these being more
prevalent in the failure group. No significant differences were found
for any of the other variables, including comorbidities, poor adher-
ence, and concomitant medications (univariate analyses).

Table 3 shows the results of a logistic regression analysis (step-
wise) of the six variables identified as significant in the univariate
analysis. The maximum dose of ATX (P <0.001) and gambling habit
(P = 0.030) was identified as significant factors that independently
contribute to the efficacy of ATX. The odds ratios (95% confidence
interval) of the maximum dose of ATX and gambling habits were 0.14
(0.03-0.83) and 1.41 (1.23-1.62), respectively.

4 | DISCUSSION

We found that a higher maximum dose of ATX may contribute to the
efficacy of ATX treatment in adult ADHD. The study also revealed
that having a gambling habit may contribute to the lack of efficacy.
Our identification of factors affecting the inter-individual efficacy of
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TABLE 2 Univariate analyses of potential predictive factors for associations with atomoxetine efficacy in adult ADHD (n = 147)

Agey)
Sex
Male / female
Age (y) at ADHD diagnosis
Trouble at birth
Family history of ADHD
Living alone
Experience of school refusal
Experience of repeating the same class
Education level
High school/university?
Career change history
Married
Divorce history
Gambling habit
Initial dose of atomoxetine (mg/day)
Maintenance dose of atomoxetine (mg/day)
Maximum dose of atomoxetine (mg/day)
Comorbidities
Schizophrenia
Depression
Bipolar disorder
Pervasive developmental disorder
Autism spectrum disorder
Asperger’s syndrome
Panic disorder
Social anxiety disorder
Obsessive-compulsive disorder
Phobia
Generalized anxiety disorder
Adjustment disorder
Symptoms of ADHD
Inattention
Hyperactivity/impulsivity
Both symptoms
Poor adherence
Concomitant medication
Antipsychotic
Antidepressant
Mood stabilizer
Anticonvulsant
Anxiolytic, hypnotic

Abbreviation: SD, standard deviation.
P<.1.

2University, junior college, or vocational school.

Success group
(n = 103)

n (%), mean + SD

33.7+11.3

55(53.4) / 48 (46.6)
334 +11.5

14 (13.6)

24 (23.5)

26(25.2)

23(22.8)

13(12.9)

29(28.4) / 73 (71.6)
61 (59.2)

22(21.4)

4(3.9)

3(2.9)

22.5+94

88.7 + 29.5

96.8 +26.3

3(2.9)
20 (19.4)
4(3.9)
4(3.9)
14 (13.6)
3(2.9

100 (97.1)
57 (55.3)
54 (52.4)
17 (16.5)

12 (11.7)
20 (19.4)
4(3.9)
3(2.9)
28(27.2)

Failure group
(n = 44)

n (%), mean + SD

32.5+10.3

25(56.8) / 19 (43.2)
32.2+10.1

5(11.4)

10(23.3)

12 (28.6)

16 (37.2)

3(7.1)

14 (32.6) / 29 (67.4)
34(77.3)

11 (25.0)

4(9.1)

5(11.4)

22.2 +10.0

64.8 + 35.9

3(6.8)
11 (25.0)

41(93.2)
24 (54.5)
21 (47.7)
12 (27.3)

8(18.2)
10 (22.7)
5(11.4)
2 (4.5)
18 (40.9)

P-Value
.535

.703
.533
712
972
679
.074*
.396

.036*
.628
.240
.052*
.855

<.001*

364
447
1.000
1.000
712
.636
1.000
1.000
.088*
1.000
.088*
428

364
929
.602
133

.290
.648
128
.636
.100
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TABLE 3 Multivariate analyses of
factors associated with the efficacy of Variable
atomoxetine in adult ADHD

Gambling habit

Maximum dose of atomoxetine®

REPORTS

95% Confidence
i} OR interval P-Value
-1.935 0.144 0.025-0.831 .030
0.345 1.412 1.234-1.616 <.001

Abbreviation: B, regression coefficient; OR, odds ratio.

30dds ratio per 10-mg increase.

ATX in adult ADHD under clinical practice conditions provides new
and useful data previously absent from the literature.

The maximum dose of the ATX variable identified in this study in-
dicates a higher probability of efficacy when patients receive higher
doses of ATX, up to the maximum of 120mg/day in the process of
titration. ATX can take over a month to achieve stable efficacy and
patients often stop taking the drug before it begins to take full ef-
fect. When patients experience unsatisfactory results from the drug
during titration, they must be encouraged to persevere. Increasing
the dose to the maximum may enhance efficacy. In fact, the mean
maximum dose of ATX in the failure group was 64.8 mg/day, suggest-
ing that many patients may have discontinued ATX when titration
was still possible. In other words, it is possible that patients in the
success group were aware of the effects of ATX earlier in the course
of treatment. At the same dose, the determination of whether the
failure group is less likely to show effects than the success group, or
whether the failure group has some characteristics that make them
more prone to discontinuation, requires further study in the future.

In this study, we defined the maintenance dose as the dose ad-
ministered regularly over a period of time once the effects have sta-
bilized. As the maintenance dose of ATX could not be determined
and measured in the failure group, the maximum dose was used as
the dose-related variable for comparison in our data analysis. Some
of the patients in the success group had a maintenance dose lower
than their maximum dose. In such cases, the dose increase was
tried once to the maximum dose as the patient realized a certain
effect, but the dose was reduced because further improvements in
the effect were not obtained. In other cases, the dose was reduced
to the maintenance dose because of side effects. However, in the
success group, the mean values of the maximum and maintenance
doses were equivalent. Therefore, the maximum dose was similar to
the maintenance dose, which may indicate the need to maintain the
maintenance dose at a high level. Previous research found that in pa-
tients who responded well to 80 mg/day of ATX, the greatest benefit
was achieved at week 26,'% but doses of 80-100mg are important
for ATX to achieve adequate efficacy.”” The maximum dose of ATX
in our success averaged 96.8 mg, supporting these findings.

In this study, it was suggested that patients with a gambling habit
may be less likely to experience the efficacy of ATX. In this context,
a gambling habit is a novel factor that has not been detected in pre-
vious studies. Although the act of gambling itself may affect the effi-
cacy of ATX, the preference for gambling itself may be a marker that
reflects some patient characteristics. The rate of gambling addiction
is higher in adults with ADHD than in the general population, and the

severity of the addiction is often greater in those with ADHD.18-%2

Furthermore, impulsivity has been reported to be strongly cor-
related with gambling habits.?>"?” Thus, gambling habits may have
been identified as a surrogate indicator of impulsivity. In accordance
with previous reports, hyperactivity and impulsivity, which are
core symptoms of ADHD, were categorized together in this study.
Therefore, the details of the composition of these two symptoms in
the patients are unknown, and we were unable to evaluate whether
the impulsivity symptom had an independent influence on the effect
of ATX. In adults with ADHD, symptoms of hyperactivity and impul-
sivity often go into remission or become latent when the individual
is sufficiently socially engaged. When latent, these symptoms are
difficult to assess. Habitual gambling is an alternative indicator of
latent impulsivity, which may have been identified as a factor influ-
encing the effects of ATX. Further studies are needed on the asso-
ciation between gambling and impulsivity in adults with ADHD, and
the effect of impulsivity on the efficacy of ATX. Addiction tenden-
cies other than gambling were not examined in this study. Previous
research has shown that ATX significantly improves alcohol cravings
in adult ADHD with comorbid alcohol use disorder.?® Further inves-
tigations of the relationship with other addictions are needed.

Based on a study by Scott et al,*? the outcome measures of this
study were treatment adherence for 6 months and symptom im-
provement at 6 months. In randomized controlled trials, Conners'
Adult ADHD Rating Scale (CAARS) has been used as a measure of
the effectiveness of ADHD treatments. However, CAARS is not
suitable for frequent assessments over time and is not widely used
in clinical practice because of the large number and complexity of
items. In addition, patients with ADHD often become aware of im-
provements in their daily lives only when those around them point
them out, so practitioners need to interview members of their pa-
tient’s support network. In clinical practice, treatment outcomes are
evaluated comprehensively based on assessments by medical staff,
the subjective experiences of patients, and improvements in daily
life ascertained from detailed interviews by physicians. Our study
outcomes were, therefore, determined in the same manner as that
used in the clinical setting. Any correlations between the outcomes
of this study and the assessment scores used in clinical trials need to
be investigated separately.

The efficacy of this study at 6 months was 70.1%, which was
high in comparison with previous research using randomized con-
trolled trials. As mentioned above, the difference in our outcome
measure is probably the most important factor in this difference,
but another factor might be the wide range of symptom severity
among the patient sample as the sample was drawn from clinical
practice. Although there has been no research on the relationship
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between ATX efficacy and ADHD severity, it is possible that effi-
cacy was higher in patients with more severe symptoms. It may also
be more difficult to recognize the effects of ATX in mild cases. All
patients in this study were prescribed ATX by specialists in ADHD
treatment, and although the severity of the disease was within a
certain range, further studies are needed to determine differences
in the effect of ATX with differing symptom severity. In addition, it
is thought that the influence of the different contents of the psy-
chosocial treatment of the study participants must be additionally
examined. The participants in this study attempted psychosocial
treatment at the discretion of the attending physician as a prereqg-
uisite for the introduction of drug treatment, but the content of
the treatment and its effects were not standardized. This lack of
standardization is because no protocol is available with established
evidence in psychosocial treatment for adult patients with ADHD.
In the future, it will be necessary to conduct a detailed investiga-
tion of the content of psychosocial treatment and establish clear
evidence.

Our results may also have been affected by the low starting
dose. In clinical practice, the initial dose is often low and it is then
titrated closely to minimize side effects. The initial dose in this study
was lower than the approved starting dose in Japan. This may have
led to more frequent medical visits during the titration process, with
fewer patients discontinuing treatment because of greater attention
to side effects. Although the initial dose was not identified as a vari-
able in this study, further investigation of the effects of different
titration processes is necessary.

The study sample was limited to a single university hospital, and
bias in the patient characteristics may need to be considered. In
fact, 54.4% of the study participants were male, and the mean age
at diagnosis was 33.0+11.1years. Although the symptom types of
ADHD were not classified, 95.9% had inattentive symptoms, 55.1%
had hyperactivity/impulsivity symptoms, and 51.0% had both symp-
toms. The comorbidity of depression was 21.1%. Previous large-
scale epidemiological studies on adult ADHD included a national
survey in Taiwan (n = 5397),%7 and the participants in the current
study are similar to the population in the national survey. Therefore,
we consider the results of this study to be broadly applicable to gen-
eral adult patients with ADHD.

For the results of this study to be more reliable and generaliz-
able, validation studies are needed with other populations using the
factors identified in this study. The identification of factors associ-
ated with the efficacy of other adult ADHD medications, such as
central stimulants, could promote greater individualization of treat-
ment choices.

This study identified the maximum dose and gambling habits
as factors that contribute to the efficacy of ATX in adult ADHD.
Considering these factors during treatment decisions could contrib-
ute to the individualization of pharmacotherapy for adult ADHD.
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