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Abstract

Objectives: The purpose of this study was to assess long-term improvement in quality of life (QOL) in adolescents with
attention-deficit/hyperactivity disorder (ADHD) treated with lisdexamfetamine dimesylate (LDX).

Methods: Adolescents with ADHD treated for >3 weeks in a 4 week, placebo-controlled study entered a 1 year, open-label
study. After the 4 week dose optimization (30, 50, and 70 mg/day LDX) period, treatment was maintained for 48 additional
weeks. Change from baseline (of prior study) to week 52/early termination (ET) (of open-label study) in ADHD Rating Scale
IV (ADHD-RS-IV) assessed effectiveness, and the Youth QOL-Research Version (YQOL-R) assessed participant-perceived
QOL. Post-hoc analyses described effectiveness and QOL for participants with self-perceived poor QOL at baseline (=1 SD
below the mean) versus all others, and for study completers versus study noncompleters.

Results: These post-hoc analyses included 265 participants. Participants with baseline self-perceived poor QOL (n=32)
versus all others (n=232) exhibited robust YQOL-R perceptual score changes (improvement) with LDX, emerging by week
28 and maintained to week 52/ET. Week 52/ET mean change score ranged from +9.8 to +17.6 for participants with baseline
self-perceived poor QOL and +0.4 to +5.1 for all others; week 52/ET improvements in ADHD-RS-IV total scores were
similar, regardless of baseline YQOL-R total score. At week 52/ET, study completers had greater YQOL-R improvements
than did noncompleters; ADHD-RS-IV total score changes were also numerically larger at week 52/ET for completers than
for noncompleters.

Conclusion: Participant-perceived QOL and ADHD symptoms improved from baseline with LDX in adolescents with
ADHD; greatest improvements occurred among participants with baseline self-perceived poor QOL.

Introduction

ATTENTION—DEFICIT/HYPERACTIVITY DISORDER (ADHD) is a
childhood-onset neurobehavioral disorder with symptoms
often continuing into adolescence and beyond (Pliszka 2007). In
2010, prevalence in the United States of parent-reported ADHD
diagnosis was 11.2% for adolescents 11-14 years of age and 13.6%
for those 15-17 years of age (Centers for Disease Control and
Prevention 2010). Adolescents with ADHD are at risk for poor life
outcomes, such as academic failure, emotional problems, delin-
quency, teenage pregnancy, sexually transmitted infections, early
onset of substance abuse, and poor driving records (Schubiner and
Katragadda 2008).

Although it is well established that psychostimulant and non-
psychostimulant therapy effectively improve core symptoms of
hyperactivity/impulsivity and inattention (Greenhill et al. 2002;
Pliszka 2007), detailed information about the impact of ADHD
treatment on adolescent life outcomes and quality of life (QOL) is
limited. With the growing recognition that ADHD often persists
into adulthood, researchers have begun to examine the effects of
ADHD and its treatment on broader life outcomes, beyond core
symptoms. Decreased QOL among individuals with ADHD is well
established (Klassen et al. 2004; Topolski et al. 2004; Zambrano-
Sanchez et al. 2012), with QOL negatively correlated with
symptom severity (Klassen et al. 2004; Matza et al. 2004). A meta-
analysis of five clinical trials (three randomized, double-blind,
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placebo-controlled trials; two open-label trials) of the nonstimulant
medication atomoxetine (all treatment durations: 8—12 weeks)
showed large baseline impairments in QOL among adolescents
with ADHD when only placebo-controlled trials were assessed and
when all trials were assessed (placebo-controlled + open-label);
impairment was particularly evident in the areas of self-esteem,
family involvement, and academic achievement (Wehmeier et al.
2010). Following 8-12 weeks of treatment with atomoxetine,
moderate correlations were detected between improvements in core
ADHD symptoms and QOL scores, suggesting that treatment-
related amelioration of core symptoms may contribute, over time,
to broader improvements in patient QOL (Wehmeier et al. 2010); in
particular, adolescents in the three placebo-controlled trials ex-
hibited significant improvements in risk avoidance and threats to
achievement. Similarly, pooled analyses from two published 12
week open-label trials examining psychostimulant medications in
children and adolescents (Berek et al. 2011) and a 4 week trial in
adults (Brams et al. 2011) reported improved QOL after treatment.
In the 12 week pooled analyses, the largest changes reported by
adolescents were improved school performance and decreased
burden of disease (Berek et al. 2011).

Patients with ADHD may experience serious and long-lasting
effects of functional problems, typically emerging during the ad-
olescent years (Barkley et al. 2002; Schubiner and Katragadda
2008); therefore, it is important to determine the potential impact of
treatment on QOL in adolescents with ADHD. A previously re-
ported 4 week, randomized, double-blind, placebo-controlled trial
(Findling et al. 2011) of lisdexamfetamine dimesylate (LDX), a
long-acting prodrug stimulant indicated for ADHD in children
(ages 6-12 years), adolescents (ages 13—17 years), and adults, re-
ported greater improvement in ADHD symptoms from baseline on
Attention-Deficit/Hyperactivity Disorder Rating Scale IV (ADHD-
RS-IV) total score at the end of the study, versus placebo. However,
greater improvements were not detected in participant-perceived
QOL based on the Youth QOL-Research Version (YQOL-R) for
any LDX dose (mean [SD] baseline value across doses: 79.5
[12.24]; mean end-point value across doses: 81.2 [12.53]) versus
placebo (mean baseline value: 79.2 [11.08]; mean end-point value:
81.3 [12.16]). The reason for failure to observe QOL improvements
despite improvements in symptoms with LDX treatment in this trial
is unclear, although the short study duration (4 weeks) may not
have permitted enough time for improvements in core symptoms to
have an effect on broader functioning.

This short-term, randomized, placebo-controlled trial was fol-
lowed by an additional 52 week open-label investigation. Primary
safety and effectiveness findings from this open-label trial have
been previously reported (Findling et al. 2013). In brief, the safety
and tolerability profile of LDX in adolescents was found to be
comparable to that in other long-term studies of LDX in children
and adults (Findling et al. 2008; Weisler et al. 2009). Treatment-
emergent adverse events (AEs) occurring in >10% of study
participants included upper respiratory tract infection, decreased
appetite, headache, decreased weight, irritability, and insomnia;
vital sign assessment revealed modest increases in systolic blood
pressure, diastolic blood pressure, and pulse rate at study end-point
(Findling et al. 2013). In terms of effectiveness, mean change from
baseline on ADHD-RS-IV total score with LDX at the end of the
study was significant, as was the mean change from baseline on the
transformed YQOL-R perceptual total score. However, because
mean baseline YQOL-R scores for the participant sample as a
whole did not indicate overall self-perceived poor QOL, a potential
ceiling effect may have made it difficult to detect more robust
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treatment-related improvements in QOL. We therefore conducted a
post-hoc analysis of this 52 week open-label study to explore QOL
improvements in those participants who perceived their QOL as
being poor (i.e., self-perceived poor QOL) at baseline.

Methods
Study design and overview

This 52 week, open-label, multicenter, single-arm extension
investigation was designed to assess effectiveness and safety of
clinically optimized doses of LDX (30, 50, or 70 mg/day) in ado-
lescents with ADHD who had just completed a 4 week, randomized
controlled trial. The preceding forced-dose-titration trial random-
ized participants to treatment with placebo or one of the three LDX
doses. Baseline effectiveness and safety parameters were those
from the baseline of the preceding 4 week study, and the enrollment
visit of the current study was the final visit of the 4 week study.
Participants who completed 3 weeks of the 4 week study and did not
discontinue because of AEs or nonadherence were recruited at their
week 3 visit. During the follow-up study, weeks 1-4 were for dose
optimization, with each participant initiated at LDX 30 mg/day and
having weekly (7%2 days) visits for dose titration in 20 mg/day
increments, based on investigators’ judgment of clinical response
and tolerability. During the maintenance phase (48 weeks), eval-
uations occurred every 28 +5 days, and the optimized LDX dose
was either continued or adjusted.

Signed informed consent was provided by a parent or guardian,
and participants signed documentation of assent to indicate that they
were aware of the study procedures and restrictions. This study was
conducted in accordance with the Declaration of Helsinki and Inter-
national Conference on Harmonization Good Clinical Practice
Guideline E6. In addition, the institutional review board of each in-
stitution reviewed and approved the consent form and the protocol.

Key inclusion and exclusion criteria

Participant selection criteria for the short-term antecedent trial
have been described in detail previously (Findling et al. 2011).
Briefly, eligible participants were 13-17 years of age, with a
baseline ADHD-RS-IV total score >28 (DuPaul et al. 1998). To
participate in the 52 week extension trial, participants were re-
quired to have reached visit 3 in the antecedent study without ex-
periencing clinically significant AEs that would preclude further
exposure to LDX. Key exclusion criteria included major psychi-
atric disorders as a comorbidity (with the exception of oppositional
defiant disorder); concurrent chronic or acute, or unstable general
medical condition; serious cardiac abnormalities; seizure or tic
disorder; and hypersensitivity, intolerance, or prior history of
nonresponse to amphetamine (Findling et al. 2011).

QOL assessment

The participant-reported YQOL-R, an additional secondary
effectiveness measure, is a participant-completed 56 item ge-
neric instrument for adolescents, including those with physical/
psychiatric disabilities (Edwards et al. 2002). Although not spe-
cifically designed for assessing QOL in adolescents diagnosed with
ADHD (Edwards et al. 2002), the YQOL-R has been validated for
this population (Patrick et al. 2002). This instrument consists of
contextual (potentially verifiable by others) and perceptual (known
only to participants) questions (Topolski et al. 2004). The YQOL-R
was completed by participants at baseline and week 4 (of the an-
tecedent study) and was reassessed at week 28 and at the final study
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visit (week 52 for study completers; the last available assessment/
early termination [ET] for those not completing the study) in the
current study; YQOL-R score at baseline of the antecedent study
served as the baseline score for the current study. Although
the contextual items may be useful in assessing the impact of
ADHD and changes in QOL with intervention, the authors of the
instrument describe the 41 perceptual items as the ‘‘heart of the
YQOL-R” (Topolski et al. 2004). Validation of the instrument also
focused on the perceptual domains (Patrick et al. 2002). Hence, the
current analysis presents data from only YQOL-R perceptual items
(Edwards et al. 2002; Patrick et al. 2002). Perceptual items comprise
four domain scores that include self (adolescents’ sense of self),
relationships (family and peer relationships), environment (engage-
ment and participation in life activities), and general QOL (overall
enjoyment and satisfaction with life), as well as a total perceptual
score (Edwards et al. 2002; Patrick et al. 2002). YQOL-R raw scores
are each transformed to a 100 point scale to aid interpretation. Higher
scores indicate better QOL (Patrick et al. 2002).

Post-hoc statistical analyses

Analyses were performed on the full analysis set, which con-
sisted of all participants who had taken at least one dose of study
medication and had had at least one valid post-visit 1 ADHD-RS-
IV assessment. Based on a two sided, one sample ¢ test, week 52/ET
changes from baseline ADHD-RS-IV total and YQOL-R scores
were assessed. The post-hoc analyses were also conducted on the
full analysis set. The study was not powered to detect statistically
significant differences among subgroups; therefore, only descrip-
tive statistics (e.g., mean, median, SD, standard error, 95% confi-
dence interval [CI]) for the YQOL-R total score and its domains
and for the ADHD-RS-IV were calculated post hoc.

Among participants stratified by baseline QOL score (partici-
pants with baseline YQOL-R scores <1 SD from the overall mean
vs. all others) results by baseline QOL might reveal a potential
ceiling effect of those with normal or near-normal QOL at baseline.
The final study visit value included week 52 assessments for
completers and ET assessments for noncompleters. Because QOL,
at baseline and during the study, might affect the decision to con-
tinue participation, ADHD-RS-IV total scores and YQOL-R scores
at baseline and change from baseline at week 52/ET were calcu-
lated for study completers versus noncompleters.

Results
Demographics and baseline characteristics

Detailed participant demographics and disposition for this study
population, as well as primary safety and effectiveness findings for
both the antecedent study and the current long-term study have
been reported previously (Findling et al. 2011, 2013). A total of 265
participants were included in these post-hoc analyses. According to
post-hoc stratification of participants by perceived QOL at baseline,
32 had a YQOL-R total perceptual score <1 SD of the mean (self-
perceived poor QOL), and 232 had a YQOL-R total perceptual
score above that level; stratification of participants by trial com-
pletion status yielded 156 study completers and 109 study non-
completers.

Effectiveness: Post-hoc analyses

Participants with self-perceived poor QOL at baseline (n=32)
had a mean (SD) transformed YQOL-R total perceptual score of
57.6 (9.84) at baseline versus 82.8 (7.38) for the others (n=232).

CHILDRESS ET AL.

With LDX treatment, those with self-perceived poor QOL ex-
hibited numerically greater change in transformed YQOL-R total
perceptual score at all time points assessed (ranging from 12.5 to
17.6) than those categorized as others (2.9-3.8) (Table 1). Nu-
merically greater mean YQOL-R improvements at week 52/ET
were also seen in YQOL-R domain scores for those with self-
perceived poor QOL (9.8-17.6) versus the others (0.4-5.1).

Mean ADHD-RS-IV total score at baseline and change scores at
week 52/ET, as stratified by baseline participant-perceived QOL,
were similar for participants with poor baseline YQOL-R scores
and others (Fig. 1A).

Study completers (n=156) and noncompleters (n=109) showed
similar baseline transformed YQOL-R perceptual total scores. At
week 52/ET, completers were noted to have numerically greater
improvements from baseline in transformed YQOL-R scores than
did noncompleters (Table 1). Also, baseline mean ADHD-RS-IV
total scores for study completers were similar to the scores of study
noncompleters; however, changes in ADHD-RS-IV total scores
were numerically larger at week 52/ET for study completers than
for study noncompleters (Fig. 1B).

Discussion
Findings overview

In a previous publication (Findling et al. 2013), the primary
safety and efficacy data from this 52 week open-label extension
trial were reported. Overall, the safety and tolerability profile of
LDX in adolescents was found to be comparable with that seen in
other long-term studies of LDX in children and adults (Findling
et al. 2008; Weisler et al. 2009). Furthermore, in the overall study
population, LDX demonstrated effectiveness, as measured by sig-
nificant reductions from baseline on ADHD-RS-IV total score and
by small reductions from baseline on the transformed YQOL-R
perceptual total score (Findling et al. 2013).

In the current study, the mean (SD) baseline transformed
YQOL-R perceptual total score in the overall population was 79.8
(11.28) (Findling et al. 2013), which is numerically higher than the
estimated marginal mean (SE) scores observed in individuals
with ADHD (75.19 [1.48]) in the initial validation study of the
YQOL-R, but numerically lower than was observed in individuals
with no self-reported chronic condition (82.2 [1.14]) (Patrick et al.
2002). This suggests that the overall population in the current study
exhibited slightly impaired QOL at baseline. At week 52/ET of the
current study, the mean (SD) transformed YQOL-R perceptual total
score of 83.9 (11.00) for the overall population (Findling et al.
2013) was somewhat higher than, but generally comparable with,
the estimated marginal mean score in individuals without a self-
reported chronic condition in the validation study (Patrick et al.
2002). The clinical significance of changes in YQOL-R scores has
not been fully established; however, a systematic literature review
reported that a change of 0.5 SD from the mean was indicative of a
minimally important difference in health-related QOL measures,
regardless of the scale response type or length, or whether the fact
that the scale was generic versus disease-specific was clinically
relevant (Norman et al. 2003). Therefore, the previously reported
YQOL-R change in the overall population approached, but did not
reach, a clinically meaningful improvement during open-label
LDX treatment.

In the current post-hoc analysis, participants with self-perceived
poor QOL at baseline (i.e., individuals with transformed YQOL-R
perceptual total scores =1 SD below the overall mean) exhibited
marked impairment compared with the study populations described
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TABLE 1. TRANSFORMED" YQOL-R PERCEPTUAL SCORES AND CHANGE FROM BASELINE® SCORES STRATIFIED
BY PARTICIPANT-PERCEIVED QOL AT BASELINE OR BY STUDY COMPLETION STATUS
Stratified by participant-perceived QOL at baseline
Poor® QOL (n=32) Others® (n=232)
Observed Change from Observed Change from
value baseline® score value baseline® score
Variables Visit n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
Transformed® YQOL-R Baseline® 32 57.6 (9.84) - - 232 82.8 (7.38) - -
total perceptual score ~ Week 28 20  75.2 (10.63) 20 17.6 (9.51) 160 85.9 (8.49) 160 3.0 (7.93)
Week 52 17 70.9 (14.24) 17 14.7 (11.16) 136 86.7 (7.89) 136 3.8 (8.59)
Week 52/ET 26  70.0 (15.29) 26 12.5 (13.02) 211 85.6 (9.03) 211 2.9 (8.72)
Transformed® YQOL-R domain scores
Self Baseline® 32 53.6 (10.96) - - 232 70.4 (9.05) - -
Week 52/ET 26  63.7 (11.77) 26 9.8 (13.55) 211 755 (8.72) 211 5.1 (9.83)
Relationships Baseline® 32 58.0 (16.11) - - 232 84.2 (9.89) - -
Week 52/ET 26  69.0 (17.73) 26 114 (16.43) 211 86.8 (11.16) 211 2.7 (10.83)
Environment Baseline® 32 62.2 (14.15) - - 232 85.5 (9.44) - -
Week 52/ET 26  72.8 (16.62) 26 114 (12.63) 211 88.9 (10.33) 211 3.3 (10.09)
General Baseline® 32 56.6 (17.79) - - 232 91.3 (10.10) - -
Week 52/ET 26 744 (22.45) 26 17.6 (22.26) 211 914 (11.73) 211 0.4 (13.48)

Stratified by completers® vs. noncompleters' of current study

Study completers® (n=156)

Study n(mcompletersf (n=109)

Observed Change from Observed Change from
value baseline® score value baseline® score
Variables Visit n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
Transformed® YQOL-R Baseline® 155  79.9 (11.66) - - 109  79.6 (10.76) - -
Total Perceptual Score ~ Week 52/ET 154  84.9 (10.04) 153 5.0 (9.52)% 82  82.1(12.55) 82 1.9 (9.64)
Transformed® YQOL-R domain scores
Self Baseline” 155 684 (11.24) - - 109  68.3 (10.12) - -
Week 52/ET 154  74.6 (9.45) 153 6.2 (10.38)® 82 73.6 (10.32) 82 4.9 (10.18)
Relationships Baseline® 155  81.1 (14.45) - - 109  80.9 (12.79) - -
Week 52/ET 154 85.8 (12.59) 153 4.7 (11.58)¢ 82  83.0(14.27) 82 1.8 (12.03)
Environment Baseline” 155  83.3 (12.93) - - 109  81.8 (12.22) - -
Week 52/ET 154  88.4 (11.03) 153 5.1 (10.42)¢ 82 849 (14.02) 82 2.4 (10.86)
General Baseline” 155 86.8 (16.06) - - 109  87.5 (15.95) - -
Week 52/ET 154 90.9 (12.00) 153 4.0 (14.47)¢ 82 86.9 (17.65) 82 -1.4(16.64)

“The YQOL-R raw score is transformed to a 0~100 point scale to assist in result interpretation; higher scores indicate improvement in QOL.

"Baseline is based on the baseline of the antecedent 4 week study.
“Poor = participants with YQOL-R scores <(mean—1 SD).
9Others = participants with YQOL-R scores >(mean—1 SD).
°Study completers = participants who completed the current study.

'Study noncompleters = participants who did not complete the current study.

£p<0.001 based on a two sided one sample  test.

ET, early termination; QOL, quality of life; YQOL-R, Youth Quality of Life-Research Version.

in the initial validation study (Patrick et al. 2002), as evidenced by
mean (SD) transformed YQOL-R perceptual total scores of 57.6
(9.84) at baseline. During open-label LDX treatment, substantial
YQOL-R improvements were observed at week 28 (mean [SD]
score, 75.2 [10.63]; mean [SD] change from baseline, 17.6 [9.51]
points) and week 52/ET (mean [SD] score, 70.0 [15.29]; mean [SD]
change from baseline, 12.5 [13.02] points). Based on a minimally
important difference threshold of 0.5 SD, the improvements in
QOL in those with self-perceived poor QOL at baseline would be
considered to be clinically relevant. In contrast, impaired QOL was
not observed in the other study participants at baseline (mean [SD]
score, 82.8 [7.38]), and little or no change in transformed YQOL-R

perceptual total scores was observed among other study partici-
pants (mean [SD] week 28 score, 85.9 [8.49], change from baseline,
3.8 [7.93] points; mean [SD] week 52/ET score, 85.6 [9.03], change
from baseline, 2.9 [8.72] points).

Post-hoc analysis also showed that among participants who
completed the 52 week trial, YQOL-R change scores at week 28 and
week 52/ET were numerically greater among completers than among
those who discontinued early, but the magnitude of improvements
in both completers and noncompleters was low. ADHD symptom
improvement at week 52/ET, based on the ADHD-RS-IV, was
comparable regardless of baseline QOL, and was numerically greater
among study completers than among noncompleters.
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FIG. 1. Mean (SD) ADHD-RS-IV total score in the full analysis
set at baseline® and change from baseline score” stratified by (A)
transformed participant-perceived QOL at baseline or (B) com-
pleters versus noncompleters® of the current study. *Baseline
score is based on the baseline of the antecedent 4 week study.
Change from baseline for study completers was assessed at week
52 and for noncompleters at ET. “Study completers = participants
who completed the current study. “Study noncompleters = partici-
pants who did not complete the current study. ADHD-RS-IV,
Attention-Deficit/Hyperactivity Disorder Rating Scale 1V; ET,
early termination; QOL, quality of life.

Interpretation and implications

The broad improvements in participant-perceived QOL ob-
served currently are in line with those described previously with
psychostimulant and nonstimulant treatment in children, adoles-
cents, and adults with ADHD (Spencer et al. 2008; Cannon et al.
2009; Gerwe et al. 2009; Brown and Landgraf 2010; Wehmeier
et al. 2010; Berek et al. 2011; Brams et al. 2011). The current
investigation, however, differs from prior research on QOL in
ADHD in several important aspects, adding to existing evidence
and raising new questions. Most of these prior reports have been
based on short-term or medium-term studies, ranging from 4 to 12
weeks in duration. To our knowledge, this is the first report to
describe adolescent participant-perceived QOL following up to 1
year of psychostimulant treatment. For the overall study popu-
lation, significant improvements in transformed YQOL-R total
and domain scores were seen at week 52/ET, with the largest
improvements reported for the self and environment domains
(Findling et al. 2013). The self domain assesses individuals’
perceptions about their own coping behaviors, inner strength, and
feelings of self-esteem. The environment domain ascertains
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individuals’ perceived safety and enjoyment within their daily
milieu at home, at school, and in the neighborhood (Patrick et al.
2002). At week 52/ET in the current trial, mean (SD) improve-
ment in self domain scores was 5.7 (10.37) and in the environment
domain was 4.1 (10.68). This contrasts with QOL findings from
the short-term antecedent trial, with 4 weeks of forced-dose ti-
tration LDX, in which YQOL-R total and domain scores at week
52/ET showed small improvements that were not statistically
significantly different from those seen with placebo (Findling
et al. 2011).

It seems likely that the longer duration of treatment and the use
of clinically optimized LDX dosing accounted for the differences in
QOL outcomes between the studies. QOL was only assessed after
four time points across these two trials (baseline and week 4 of the
antecedent trial, weeks 28 and 52/ET of this open-label trial).
Therefore, the complete time course of QOL improvements with
long-term LDX treatment is not known; assessment at earlier time
points would have provided additional insight. However, it should
be noted that discrepancies in the effects of treatment on ADHD
symptomatology and QOL are not uncommon, most likely because
of the multiple factors than can influence QOL. For example, in a
7 week open-label extension study of long-acting methylphenidate,
improvements in hyperactivity and impulsivity were associated
with improved QOL, but improvements in inattention were not
(Buitelaar et al. 2012).

As noted, minimally important differences in health-related
QOL measures are typically found at 0.5 SD from the mean
(Norman et al. 2003). Therefore, when interpreting the YQOL-R
changes observed in this study, a 0.5 SD change from the baseline
mean transformed YQOL-R perceptual total score corresponds to
~5.5 points (Findling et al. 2013). In the current post-hoc analysis,
mean changes in individuals with poor self-perceived QOL sub-
stantially exceeded this threshold, mean changes in study com-
pleters were roughly comparable to this threshold, and mean
changes in those without self-perceived poor QOL and in study
noncompleters did not meet this threshold.

The current post-hoc analysis identified participant-perceived
QOL at baseline as a potentially important moderator of QOL
outcomes. An impetus for the current analysis was the failure in the
antecedent trial to detect an improvement in QOL given short-term
LDX treatment. Baseline YQOL-R scores from the antecedent trial
suggested limited QOL impairment perceived among participants.
This represented a potential ceiling effect and, therefore, a limited
ability to observe QOL improvements, particularly over the short
duration of the antecedent study. To address this challenge, post-
hoc analyses were conducted based on stratified subgroups: par-
ticipants with baseline self-perceived poor QOL, and those with
average baseline perceived QOL. As expected, those with average
perceived QOL (others group), who comprised the large majority of
the sample (n=232), showed small improvements (range, 0.4-5.1
at week 52/ET) in QOL with up to 52 weeks of LDX treatment. In
sharp contrast, among the subgroup of participants with self-
perceived poor QOL at baseline (n=32), large improvements in
YQOL-R total and domain scores were seen (range, 9.8-17.6 at
week 52/ET); these improvements are approximately two- to
threefold larger than those observed based on analysis of the sample
overall. Such observations support the notion that ceiling effects in
the short-term study related to biased self-perceived symptom-
atology, as has previously been described in adolescents (Wolraich
et al. 2005), artificially elevated QOL scores and likely limited the
ability to detect QOL improvements. The current findings also
suggest that baseline patient-perceived QOL can strongly influence
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outcomes, and is an important factor that should be accounted for in
future investigations.

Despite the relatively high level of perceived QOL among most
current study participants, there are well-established functional
impairments and poor life outcomes seen in adolescents with
ADHD (Schubiner and Katragadda 2008). The high level of per-
ceived QOL reported by most participants, despite all having
moderate to marked ADHD symptoms at baseline, may be caused
by lack of patient insight. As alluded to, previous research has
found that adolescents with ADHD often underreport symptoms,
suggesting a lack of insight into their condition; therefore, patient
self-reported QOL in this population may not provide an accurate
assessment (Wolraich et al. 2005), In one survey investigation,
young adults with ADHD reported having a mean of only two core
symptoms, whereas parents reported a mean of nine symptoms for
their adult child (Barkley et al. 2002). The high level of QOL
reported by participants currently may also be related to potential
insensitivity of the YQOL-R for detecting self-perceived ADHD-
related QOL impairments. The YQOL-R is designed to assess
general QOL in adolescents and was validated in both normal
probands in the community as well as in adolescents with a range of
chronic disabilities, including ADHD. QOL instruments tailored to
adolescents with ADHD are needed, similar to the ADHD Impact
Module designed for adult patients (AIM-A) (Landgraf 2007).

There is increasing recognition of the importance of evaluating
the impact of therapy on QOL (Spencer et al. 2008; Wehmeier et al.
2010); relief of core clinical symptoms may not necessarily lead to
“normalized”’ functioning. It may be more clinically meaningful to
understand how a patient perceives the effects of treatment, com-
pared with parent/teacher-reported outcomes typically used in pe-
diatric studies. Moreover, adolescent/young adult perspectives on
QOL and the impact of treatment may play a role in decisions to
continue treatment as well as the perceived value of such treatment
(Spencer et al. 2008). The current findings highlight the fact that
QOL impairments in adolescents with ADHD are not fully un-
derstood; limited baseline and treatment-related QOL data are
available for this clinical population. To gain greater understanding
of disease-specific and patient-relevant information on QOL in this
group of patients in future investigations, it may also be useful to
pair disease-specific QOL instruments, such as the AIM-A, which
has frequently been used in adult patients with ADHD, with more
general health-related QOL instruments, such as the Short-Form 36
(Ware 1994).

Limitations

Several study limitations should be considered when interpreting
the current findings. This investigation employed an open-label
treatment design, raising the possibility of positive results caused
by expectation bias on the part of participants and investigators
when reporting and/or assessing improvement. In addition, open-
label extension studies present an additional potential bias because
participants who advance to the open-label phase are not advancing
at random. Unlike the antecedent short-term trial, the current in-
vestigation enrolled participants who had tolerated and/or re-
sponded to either placebo or LDX in the antecedent study. Those
who had experienced intolerable side effects with placebo or LDX,
or whose symptoms had responded poorly to study treatment were
unlikely to have enrolled, creating a nonrandom sample. Moreover,
a potential limitation of these data is the fact that parent report was
not used to assess QOL. With regard to reporting of symptoms,
discrepancies between participant self-report and parent-report
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data have been reported, with parent-reported data being consid-
ered to be more diagnostically sensitive than self-reports (Sibley
et al. 2012). Because QOL was a secondary end-point, planned
evaluation and statistical analyses were limited, and the post-hoc
nature of this analysis indicates that these data should be interpreted
with caution until they are confirmed in trials designed to pro-
spectively assess these end-points. Moreover, the QOL assessment
instrument used currently, the YQOL-R, is not ADHD-specific,
although it has been validated in adolescents with ADHD (Patrick
et al. 2002). Most participants reported only mild or moderate
perceived QOL impairments at baseline; the current post-hoc
analysis indicates that this may have created a ceiling effect, lim-
iting our ability to detect improvements with LDX treatment in the
overall sample. Also, the potential impact of regression to the mean
contributing to the observed differences between subgroups cannot
be discounted.

Conclusions

Adolescents with ADHD who received up to 52 weeks of
treatment with clinically optimized doses of LDX exhibited sta-
tistically significant improvements in QOL. Post-hoc analysis
showed that, at week 52/ET, those participants with baseline self-
perceived poor QOL exhibited robust QOL improvements across
all domains examined versus modest improvements among other
participants who reported average to normal baseline perceived
QOL. Future research regarding the impact of medication treatment
on perceived QOL in patients with ADHD should take into account
baseline perceived QOL as a critical moderating factor.

Clinical Significance

The current findings highlight the potential challenges faced by
clinicians in raising the awareness of adolescent and young adult
patients with ADHD about the impact of their symptoms on daily
functioning and the value of comprehensive disease management.
Most adolescents with ADHD in the current investigation did not
perceive QOL impairments at baseline, and reported average/
normal QOL throughout the 52 week trial. A small subgroup of
participants, however, perceived poor QOL at baseline and re-
ported large QOL improvements with LDX treatment, which were
maintained throughout the trial. For adolescent and young adult
patients with ADHD to begin to independently manage their
ADHD, clinicians can play an active role in helping them gain
insight into how core symptoms and ADHD treatment may affect
their broader personal lives and daily functioning.
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